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ABSTRACT 

This is the fifth report in a series of baseline marine natural science inventories for Haida 
Gwaii (Queen Charlotte Islands) region including Gwaii Haanas National Park Reserve 
and Haida Heritage Site. The coastal zone is the most important area within the mountain-
top-to-sea-bottom conservation continuum envisioned for Gwaii Haanas and the key area 
for human-ocean relations around Haida Gwaii. This coastal synthesis includes traditional 
Haida knowledge, prehistoric and contact era archaeology and post-contact industrial his
tory. We update and expand the 1994 Gwaii Haanas coastal biophysical inventory to all 
of Haida Gwaii. Other coastal attributes covered include geology, climate and sea level 
change, oceanography, biodiversity and prominent ecosystem types and animal groups. 
Vital human coastal uses such as fishing and tourism deepen the discussion towards a more 
values-based approach including ecosystem-based management for the archipelago. For a 
healthy coastal zone over the long-term, we will need to monitor indicators of well-being 
and better understand land-to-sea linkages as well as nearshore marine ecosystems. Core 
coastal challenges include the prospects of the Haida Title case and oil and gas develop
ment, archaeological resource protection, achieving sustainable fisheries and tourism and 
using the proposed Gwaii Haanas National Marine Conservation Area to foster regional 
sustainabilitv. 

RESUME 

Voici le cinquième rapport d'une série de répertoires scientifiques de base sur les milieux 
marins de la région de Haida Gwaii (îles de la Reine-Charlotte ), qui englobe la réserve de 
parc national et le site du patrimoine haïda Gwaii Haanas. La zone côtière est l'élément le 
plus important de l'aire de conservation allant du sommet des montagnes jusqu'au fond de 
l'océan que Ton envisage de créer à Gwaii Haanas, sans compter qu'elle se trouve au cœur 
des relations humains-océan à Haida Gwaii. Cette synthèse du littoral repose sur le savoir 
traditionnel des Haidas, sur des ressources archéologiques de l'époque préhistorique et de la 
période de contact de même que sur des ressources liées à l'histoire industrielle suivant les 
premiers contacts. Ce rapport se veut une mise à jour du répertoire biophysique du milieu 
côtier de Gwaii Haanas de 1994, que nous avons élargi pour englober l'ensemble de Haida 
Gwaii. Nous y traitons d'autres caractéristiques du littoral, dont la géologie, le climat et la 
variation du niveau de la mer, l'océanographie, la biodiversité et les types d'écosystèmes et 
groupes fauniques prédominants. Les usages que font les humains de la côte pour assurer 
leur subsistance, comme la pêche et le tourisme, donnent au débat une perspective davan
tage axée sur les valeurs, dont la gestion écosystémique de l'archipel. Pour assurer la santé 
a long terme du milieu côtier, il nous faudra surveiller les indicateurs de bien-être et mieux 
comprendre les liens qui existent entre la terre et la mer, de même que les écosystèmes 
marins littoraux. Les enjeux principaux à traiter sont les zones productives possibles de la 
cause liée au titre du peuple haïda et la mise en valeur de ressources pétrolières et gazières, 
la protection des ressources archéologiques, l'objectif de durabilité des pêches et du tour
isme et la mise en oeuvre d'un projet d'aire marine nationale de conservation Gwaii Haanas 
pour favoriser la viabilité de la région. 
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PREFACE 

Take a hike on the west coast, over a muskeg meadow hilltop with the wind 
blowing steady and straight from the open North Pacific. Crouch by a forest 
stream, night birds calling under an autumn moon, salmon splashing and 
something goes bump in the night. Walk on a beach knee-deep in wind-whipped 
foam, cruise the low tide for shellfish, ride the waves for salmon and halibut, the 
air pungent with ocean smell. 

One thing connects all of these different things — on land, at sea, in the air as far 
as you can see and as small as you can imagine. It's water, one molecule of oxygen 
and two of hydrogen, here a solid, there a liquid, now a vapor. It's in the roots and 
veins, the inside and outside of every cell of every animal, vegetable and mineral. 
From rain-swept mountaintops to the abyssal ocean deep, water is the constant 
element, the universal solvent for the transfer of nutrients, the major means of 
erosion, dispersion, transportation, entrainment and locomotion, at scales that 
range from molecules in solution to mountains eroding through geological time. 

Modern technology has expanded our understanding of the ways that coastal 
ecosystems work, and our ability to do all sorts of damage in them. It's easier to 
search for and find things of value, exploit them for food and capital profit. It's 
also easier to do scientific research, to publish books like the one you hold in your 
hands, to increase our awareness of the consequences of our actions. And, last but 
not least - to contemplate the choices we might make next. 

In this report, Parks Canada has compiled, summarized and referenced most 
everything known to science about the ecological ties that bind the "hypermaritime" 
coastal ecosystems of Haida Gwaii. If your goal is to make well-informed 
decisions about protecting certain parts or special features — to get them in 
the right place, in the right measure and in balance with the impacts of human 
commerce — this report is a good place to start. It isn't a casual read, but it's a 
very important one for anyone with an interest in the well-being of Haida Gwaii 
and its denizens. And for that we can all be thankful. 

John Broadhead 
President, Gowgaia Institute 

Queen Charlotte, B.C. 
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Fbntispiee. A coastal commercial venture unique to Haida Gwaii - the great razor clam digging machine (photograph courtesy of the Dixon Entrance 
Maritime Museum and F. and J. Thorgeirson, Masset). In 1971, BC Packers, with financial assistance from Fisheries and Oceans Canada, created this behemoth 
to dig razor clams on North Beach (Simpson and Simpson 2002). Moving slowly on modified wheels in the surf, the machine pumped jets of water onto the 
beach surface to liquefy the sand. Clams were then removed by a dredge/sieve apparatus and conveyed up into a holding area. Although the digger could 
sift over a tonne of clams per hour, its wheels would bog down in the liquefied sand the instant they stopped turning. Accordingly, in its first (and only) year 
of commercial operation, the digger often foundered in the surf. Once, there was a helicopter rescue of the crew off the machine as the sea overwhelmed it! 
The many commercial hand diggers are, no doubt, grateful that this equipment failed, along with other mechanical diggers dating back to the 1920s. 



EXECUTIVE SUMMARY 

This is the fifth report in a series providing baseline marine science inventories for the 
Haida Gwaii (Queen Charlotte Islands) region including the proposed Gwaii Haanas 
National Marine Conservation Area (NMCA) surrounding Gwaii Haanas National 
Park Reserve and Haida Heritage Site. Unlike the first four volumes that each focused 
on different organism groups, this volume is multidisciplinary and covers many topics 
towards an overall synthesis of humans and coastal values around Haida Gwaii. 

The key spatial reference of this report is the updated 1994 biophysical inventory of 
coastal resources comprising a layer within Gwaii Haanas' geographic information 
system (GIS) database. We have expanded this coverage to all of Haida Gwaii. 
Components of this coastal zone overview include the following: 

• an overview of human coastal uses including Haida knowledge, archaeology, post-
contact era history, non-governmental organization involvement, sewage disposal, 
mariculture, tourism and fisheries; 

• a review of coastal attributes including geology, climate and sea level change and key 
océanographie processes; 

• a history of British Columbia coastal biophysical mapping with an upgrade of the 
Haida Gwaii coast biophysical GIS dataset to current standards, including a detailed 
methodology as an appendix, and analyses into coastal thematic summaries with 
discussions of their ecosystem attributes where appropriate; 

• overviews of particular coastal values including birds, mammals, biodiversity and 
ecosystem types such as seagrass meadows, kelp forests and sand-dominated systems; 

• discussions of transitional land-to-sea issues, habitats and processes such as estuaries 
and salt marshes, the riparian fish forest and salmon escapement into watersheds; 

• oil-related thematic summaries of oil residence index and spill response logistics and 
a literature review of oil effects on temperate coasts; 

• a review of sustainability issues including the precautionary approach, monitoring 
environmental trends, ecosystem-based management and applying marine ethics; 

• a synthesis into an integrated coastal overview relevant to coastal challenges such 
as the prospects of the Haida Title case and oil and gas development, archaeological 
resource protection, achieving sustainable fisheries and tourism and using 
forthcoming consultations on the proposed Gwaii Haanas NMCA to feature regional 
use issues including zoning and industry involvement as well as identification of key 
knowledge gaps with recommendations for needed research; and 

• a detailed bibliography of the source materials to facilitate further inquiry. 

This volume is, therefore, a broad-based technical reference on coastal zone issues 
relevant to forthcoming public consultations towards establishment of the proposed 
Gwaii Haanas NMCA. Our intent is to advise a wide public and technical readership 
about knowledge on regional coastal values to aid discussions towards long-term 
sustainability of our natural heritage, conservation management and addressing 
knowledge gaps warranting attention. 
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1. INTRODUCTION 
N.A. Sloan 

"When xœ go down to the low-tide line, 
we cuter a world that is as old as the earth 
itself- the primeval meeting place of the 
elements of earth and water, a place of 
compromise and conflict and eternal change." 
(Carson 1955: "The Edge of the Sea") 

"As the sea washes in and out among these 
enchanted islands, each wave, each rising 
and falling tide inspires among onlookers 
a sense of renewal. Here, the sea makes an 
indelible impact on the landscape and its life." 
(Denning 1984: "Islands at the Edge") 

"Island dwellers are ocean-going people. In the 
beginning we came out of the ocean, and like 
even/thing else that inhabits the land we are 
nourished and shaped by it - in terms of food, 
the supematurals, many stories, the cycle of 
the tides, currents and weather, and our use of 
cedar canoes for travel, trade and adventure." 
(CHN 2004: "Haida Land Use Vision") 

This overview of human-environment 
relations in the coastal zone of Haida 
Gwaii (Queen Charlotte Islands) comes at 
a time of a national shift in attitudes about 
oceans. For example, Canada's Marine 
Protected Areas Strategy (released by 
Fisheries and Oceans Canada in June 2005) 
stated: "The health of Canada's marine and 
coastal ecosystems continues to decline due to 
an ever increasing range of threats, including 
land and sea-based sources of pollution such as 
sewage and oil dumping, habitat degradation, 
unsustainable fisheries, an increasing demand 
on ocean resources, invasive species, and larger 
scale impacts such as global climate change." 

This report provides a Geographic 
Information System (GlS)-based inventory 
and synthesis of coastal natural and social 
scientific knowledge for citizens interested 
in the Haida Gwaii coastal zone. Further, 
the report is intended to assist forthcoming 
public consultations towards the proposed 
Gwaii Haanas national marine conservation 

area (NMCA). This is the fifth report in a 
series of baseline marine inventories of the 
Haida Gwaii region produced by Gwaii 
Haanas for these consultations. Other reports 
are on marine plants (Sloan and Barrier 
2000), marine invertebrates (Sloan et al. 
2001), marine birds (Harfenist et al. 2002), 
and marine mammals (ITeise et al. 2003). 
A volume on marine fishes is planned. 

1.1. RATIONALE FOR RE-EVALUATING 
THE COASTAL ZONE 

The conservation continuum envisioned 
for Gwaii Haanas, that is, the union of the 
current Gwaii Haanas National Park Reserve 
and Haida Fleritage Site with the proposed 
Gwaii Haanas NMCA Reserve, will span 
alpine to deep-sea ecosystems. The extent 
of the combined area, -5,000 km2 (lands 
plus -3,400 km2 of proposed sea space) of 
southern Haida Gwaii, and the breadth and 
completeness of the ecosystem coverage 
will be globally unique for a temperate 
coastal rainforest protected area (Figure 1). 
Within this mountaintop-to-sea-bottom 
scope are >200 islands > 1.0 ha in area and 
-1,700 km of coastline punctuated by streams 
draining -780 small watersheds of which 
>100 support salmon (Oncorhynchus spp.) 
(Krishka 1997). Gwaii Haanas' future will 
meet the new marine conservation challenge 
identified by Ray (1999); "... to establish land-
and-sea parks under harmonious jurisdictions." 
Locations of the place names mentioned 
in this report are provided in Figure 2. 

The coastal zone is; "...the part of the land 
affected by its proximity to the sea, and that part 
of the sea affected by its proximity to the land... " 
(RSA 2004). In this report, we define the 
coastal zone as the vegetated fringe landward 
of the shoreline and going seaward across 
the intertidal into the shallow subtidal 
(approximate seaward limit of kelp forest 
at ~20m depth). This represents the most 
complex segment of sea-to-land transition, 
the greatest levels of current and historical 
human uses, and productive, biologically 
diverse ecosystems. A glossary of some 
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Figure 1. Map of the Haida Gwaii (Queen Charlotte Islands) region including Gwaii Haanas National 
Park Reserve and Haida Heritage Site and the proposed Gwaii Haanas National Marine Conservation 
Area. The continental shelf (<200 m depth) and the continental slope are indicated by the shading of 
the bathymétrie surface (courtesy of J. Ardron, Living Oceans Society). Locations of the Bowie 
Seamount (proposed Marine Protected Area) and the ecological study area of the Scott Islands group 
proposed Marine Wildlife Area are also shown. 
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Figure 2A. Map of the northern Haida Gwaii region showing place names mentioned in the text. 
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Figure 2B. Map of the southern Haida Gwaii region showing place names mentioned in the text. 
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technical coastal terms used is provided 
in Appendix A. Ecologically, the British 
Columbia coastal zone is an "ecotone," 
or an area of transition between adjacent 
ecological land and sea systems with 
characteristics uniquely defined by scales of 
time and space, and by the strength of the 
interactions between those adjacent systems 
(Levings and Jamieson 2001). For Haida 
Gwaii, virtually the entire landscape is a 
marine-influenced ecotone, that is, the sea 
defines its terrestrial ecosystems where even 
the alpine is classified as "hypermaritime" 
(MSRM 2003). There is no complete system 
of watersheds along Pacific Canada more 
maritime than that of Haida Gwaii, indeed, no 
point on land is >20 km from the shoreline. 

Three land form types (physiographic 
regions) characterize Haida Gwaii 
(Figure 3). The Queen Charlotte Lowlands 
to the northeast occur at <500 m elevation. 
The Skidegate Plateau includes hills to 
-700 m elevation whose rounded tops were 
covered during the last glaciation. The 
steep, jagged Windward Queen Charlotte 
Ranges have two peaks exceeding 1,100 m 
elevation and the areas above 900 m were 
likely not covered during the last glaciation. 
The Plateau and Ranges land forms that 
dominate Gwaii Haanas' landscape 
give the park its rugged topography. 

Columbia Marine Ecosystem Classification 
system will be described later in section 5. 

Thinking of the whole region respects Parks 
Canada Agency policy of incorporating 
broader regional marine attributes, not just 
those within conservation area boundaries 
(Parks Canada 1994). The proposed NMCA 
represents Parks Canada's National Marine 
Conservation Area Natural Regions (Mercier 
and Mondor 1995) of "Queen Charlotte 

The archipelago is exposed to powerful, saline 
sea winds and heavy rains which strongly 
influence biogeoclimatic zoning (Green and 
Klinka 1994), as shown in (Figure 3). The 
Coastal Western Hemlock zone represents 
most lands and is divided into two sub-
zones. The Very Wet Hypermaritime Coastal 
Western Hemlock sub-zone (CHW vh) 
represents the windward west coast, and is 
dominated by boggy woodlands. The Wet 
Hypermaritime Coastal Western Hemlock 
sub-zone (CHW wh) represents the leeward 
eastern side of the archipelago and is 
the typical coastal temperate rainforest 
dominated by large hemlocks, spruces and 
cedars. The Mountain Hemlock and the 
Alpine Tundra zones combined occur at 
elevations exceeding 550 m. The British 

Figure 3. Physiographic Regions (labelled) and 
Biogeoclimatic zones and subzones of Haida 
Gwaii. Data from Research Branch, British 
Columbia Ministry of Forests, <ftp://ftp.elp.gov. 
bc.ca/dist/arcwhse/wildlife/> (last accessed 
May 31, 2005). 
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Islands Shelf" to the west, "Hecate Strait" to 
the east, and borders the "Queen Charlotte 
Sound" region to the south (Figure 4). This 
broader concept of roles for national marine 
areas is also accepted in the United States. 

The National Park Service Advisory Board 
in 2001 looked at the next 25 years for 
the Service's role in marine conservation, 
concluding; "... think beyond the vision of 
maintaining sustainable parks to encourage 

Figure 4. Parks Canada's National Marine Conservation Natural Regions (after Mercier and Mondor 1995) 
superimposed upon Fisheries and Oceans Canada (DFO) Pacific North Coast Integrated Management 
Area (PNCIMA) and Pacific Offshore Ecoregion (data courtesy of J. Mathias and D. McCullogh, DFO, 
Vancouver). The seaward edge of PNCIMA is approximately the base of the continental slope. Height of 
land was used by DFO to delineate the watersheds draining into the PNCIMA. These watersheds are not 
included in the PNCIMA because lands are under provincial control. 
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sustainable communities and ecosystems 
with parks as part of them" (Davis 2004). 

The Haida Gvvaii marine region is 
defined as the archipelago's coastal 
zone and surrounding waters including 
Dixon Entrance, Hecate Strait, Queen 
Charlotte Sound and westward into the 
Northeast Pacific. Hereafter, this area is 
referred to as the Haida Gwaii region. 

This report builds upon the first Gwaii Haanas 
coastal biophysical inventory by Harper et al. 
(1994 a) to include the entire Haida Gwaii 
coastal zone. Further, regional coastal data 
are upgraded here to compliment the most 
recent British Columbia inventory standards 
(Howes 2001). This upgrade reflects the 
enormous progress made by GIS technology 
to coastal conservation and management 
(Wright and Scholz 2005). Finally, the 
natural science baseline is enriched with 
cultural (e.g., archaeology and history) and 
commercial (e.g., fisheries and tourism) values 
towards a broader coastal understanding. 

The use of GIS vastly improves coastal 
information. Using GIS enables layering 
information, such as species occurrence, 
human uses, sea bottom characteristics and 
océanographie features, over a coastal base 
layer demarcating land and sea. This is a 
powerful tool to begin addressing technical 
questions in aid of area management. 
Establishing a geo-referenced inventory 
is, therefore, a key step in linking natural 
and social science information to help 
inform the public on coastal values towards 
establishing the proposed Gwaii Haanas 
NMCA (Sloan and Barrier 2004 a). 

As national parks strive to become "centres 
of ecological understanding," as recommended 
in the Parks Canada report on ecological 
integrity (PCA 2000), inventory and 
monitoring are critical tasks. That is, we 
must define what we are protecting and 
be able to assess its well-being over time 
by comparisons with a sound baseline. As 
of 2005, Gwaii Haanas has assembled a 
bibliographic database of regional knowledge 

of > 12,000 items, a document archive 
exceeding >5,000 titles (some dating from the 
19"1 century and many of them rare) of which 
>1,500 titles are in electronic (PDF) format. 

The province of British Columbia pioneered 
coastal conservation around Haida Gwaii, 
as shown in the list of parks and reserves in 
Table 1. The Ecological Reserves Act (1971) 
facilitated the creation of the region's first two 
Ecological Reserves (Tow Hill and Rose Spit 
- 1971), under the Act's strict preservation 
mandate (Krajina 1973). Five of the region's 
eight Ecological Reserves were aimed 
primarily at protecting seabird breeding 
colonies and three of these were absorbed 
into Gwaii Haanas. Indeed, protecting 
breeding seabirds has been an important 
theme for coastal Ecological Reserves 
generally (Foster 1979). Naikoon Provincial 
Park was established in 1973 to conserve 
beaches, sand dune systems, bogs and Sitka 
spruce-dominated dune forests of the Queen 
Charlotte Lowlands includine: the lareest 
sand beaches in Pacific Canada (Table 1). 
The province has also established Wildlife 
Management Areas, such as those in Laskeek 
Bay, for the protection of seabird breeding 
colonies on small islands. The province has 
also facilitated a land use planning process 
(discussed in section 2) that recommends 41 
coastal areas for protecting seabird breeding 
colonies (HG/QC1 2005). Finally, the province 
had a key role in the establishment of Gwaii 
Haanas through the federal-provincial 
South Moresby Agreement in 1988 as well as 
the transfer of jurisdiction of the proposed 
NMCA's seabed into federal hands in 2001. 

A historical footnote on the coastal biology 
of Haida Gwaii is warranted. In the summer 
of 1946, Ed Ricketts, the marine biologist 
"Doc" made famous in John Steinbeck's 
Cannery Row and other books, surveyed 
some northern Graham Island intertidal 
areas in pursuit of an idea for a west coast of 
Vancouver Island and Haida Gwaii marine 
biological shoreline survey of what he called 
the "Outer Shores" (Hedgpeth 1978; Scudder 
and Gessler 1989; Tamm 2004; Rodger 2006). 
Sadly, Ricketts died in May of 1948, just before 
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1 these were established on Crown lands under the Ecological Kr.-vrrrs Act (Krajina 1973; Foster 1979) and are separate administrative 
entities from provincial parks 

2 one of Canada's 13 United Nations Educational/ Scientific and Cultural Organization (UNESCO) World Heritage Sites 
3 part of the province-Haida Nation Land Use Flan process recommendations package (11G/QC1 2003), and their locations are 

illustrated in Figure 114 
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Table 1. Protected areas, most of which are coastal, around Haida Gwaii established or proposed by the 
province of British Columbia (with assistance of A. Cober, British Columbia Ministry of Environment, 
Queen Charlotte). 

Name Notes on the protected area (locations of parks and ERs are in Figure 2) 

Naikoon Provincial Park occurs entirely in the Queen Charlotte Lowlands (Figure 3) consisting of boggy, Sitka 
(class A provincial park spruce-dominated coastal forests on glacial deposits and marine-derived sand dunes; 
managed under the Park there are -70,100 ha of land and -108 km of mostly sandy shoreline comprising -216 
Act and with a ha of park "foreshore" (intertidal within -200 m seaward of the high tide line), but no 
management plan (BC subtidal; with the exception of rocky promontories at Yakan Point and Tow Hill, the 
Parks 1999)) shores are mostly sand to cobble beaches exposed to high wave energy and are Pacific-

Canada's longest; North and South Beaches represent -21 km and -12 km respectively 
of continuous sand beaches (-1 km wide intertidal zone) facing northward into Dixon 
Entrance, East Beach faces eastward into northern Hecate Strait and extends south from 
Rose Point as a continuous sandy to cobble shore for -75 km to Tlell 

Pure Lake Provincial -143 ha of Pure Lake, surrounding wetlands and forests characteristic of the Queen 
Park (class A park) Charlotte Lowlands 

Tow Hill Ecological —199 ha of coastal Sitka spruce forest on sand dunes, bogs and intertidal sandv beach; 
Reserve (ER) (ER No. 9) adjacent to Naikoon Provincial Park 

Rose Spit (No. 10) -421 ha of coastal sand dune systems; inside Naikoon Provincial Park 

Vladimir J. Krajina (No. -9,125 ha of intact coastal old-growth forest watershed, estuaries, Hippa Island and 
45) nearby marine waters including Port Chanal, intertidal rocky shore and seabird 

breeding colonies 

Drizzle Lake (No. 52) -813 ha of lake and bogs with a unique stickleback {Gasterosteus spp.) fish species 

Lepas Bay (No. 93) -3 ha of coastal seabird colony, mostly Storm-petrels (Oceanodroma spp.) 

East Copper Island and these three ERs, all established because of their coastal seabird breeding colonies, 
Rankine Islands (No. 44) were absorbed into Gwaii Haanas through the federal-provincial South Moresby 
Anthony Island' (SGang Agreement of 1988 
Gwaay) (No. 95) 
Kerouard Islands (Cape 
St. James) (No. 96) 

Wildlife Management there is one on Crown land; Reef, Low, South Low, Limestone and Skedans Islands of 
Area (WMAs are the Laskeek Bay - east coast of Louise Island area adjacent to Gwaii Haanas were 
managed under the established as a WMA for seabird breeding colony protection through the South 
Wildlife Act) Moresby Agreement 

Wildlife Habitat Area -854 ha total on 18 seabird islands within the Identified Wildlife Management 
(WHAs are managed Strategy for Ancient Murrelet (Synthliboramphus antiquus) and/or Cassin's Anklet 
under the Forest Practices (Ptychoramphus aleuticus) colony protection from logging or log salvage; WHAs 
Code and Forest and Range overlap with some of the proposed Seabird Protection Areas listed below 
Practices Acts) 

Seabird Protection Area' 41 areas on Crown lands have been adopted in the land use planning process 

Various types of there are various coastal Reserves on Crown lands (for renewable 5-year terms) for 
Reserves (established protecting wetlands, waterfowl habitats and marine bird breeding areas; also, small 
under the Land Act) islands (usually <60 ha) of Crown land are automatically protected under the Land Act 



embarking on his Outer Shores survey. He 
was to be accompanied by Steinbeck, who 
wrote: "At the time of Ed's death our plans 
were completed, tickets bought, containers and 
collecting equipment ready for a long collecting 
trip to the Queen Charlotte Islands, which reach 
so deep into the Pacific Ocean. There was one 
deep bay [Masset Inlet] with a long and narrow 
opening where we thought we might observe some 
changes in animal forms due to a specialized life 
and a long period of isolation. Ed was to have 
started within a mouth and I was to have joined 
him there. Maybe someone else will study that 
little island sea. The light has gone out of it for 
me" (Tamm 2004, p. 294). Who knows how 
much further along our coastal knowledge 
of Haida Gwaii would be if Ricketts had 
published this (northern) third and final 
part of his grand Pacific coast series that 
included California (Between Pacific Tides [lsl 

edition, 1939]) and Mexico (Sea qfCortez: A 
Leisurely Journal of Travel ami Research [1941]). 

1.2. OBJECTIVES OF THIS REPORT 

This report aims to inform a broad readership 
interested in regional coastal zone issues, 
including those associated with forthcoming 
public consultations necessary for declaration 
of the proposed Gwaii Haanas NMCA. 
We incorporate both cultural and natural 
coastal values aimed at an integrated 
synthesis towards developing a future, 
knowledge-based relationship with the 
coastal zone. The following are included: 

• an overview of human coastal uses 
including Haida knowledge, archaeology, 
post-contact era history, ecotourism, NGO 
involvement, mariculture and fisheries; 

• a review of coastal attributes including 
geology, climate change, coastal effects 
of sea-level change and influential 
océanographie processes; 

• a history of British Columbia coastal 
biophysical mapping and classification; 

• an upgrade of the Haida Gwaii coast 
biophysical CIS dataset to current 
standards, including a detailed 
methodology as an appendix 
and supporting databases; 

• an analysis of GIS information into 
coastal thematic summaries with 
discussions of their ecosystem 
attributes where appropriate; 

• overviews of particular coastal 
values including birds, mammals, 
biodiversity and habitat types such 
as seagrass meadows, kelp forests 
and sand-dominated systems; 

• discussions of transitional land-to-
sea issues, habitats and processes; 

• oil-related thematic summaries of oil 
residence index and spill response 
logistics and a literature review of 
oil effects on temperate coasts; 

• a synthesis into an integrated coastal 
overview relevant to forthcoming NMCA 
consultations including zoning and 
identification of key knowledge gaps with 
recommendations for needed research; and 

• a detailed bibliography of the source 
materials to facilitate further inquiry. 

The synthesis of regional coastal knowledge, 
at the report's conclusions in section 10, 
is intended to bring coastal issues into 
sharp focus. Section 10 begins with a 
framework of four guiding values, followed 
by key management issues and finally a 
discussion of strategic information gaps 
requiring consideration. The bottom line is 
that innovation will be required for broad 
societal cooperation towards a sustainable 
coastal future. Examples of innovations 
are; reflecting on our ethics for right action 
towards sustainability, visualizing the coast 
not as a line but a band hosting the continuum 
from land to sea, respecting land-sea linkages 
and rethinking fisheries management. 
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2. IMPORTANT CONTEXT FOR 
THE COASTAL ZONE 

N.A. Sloan 

This section provides key context on the 
coastal zone of Haida Gvvaii. Overarching 
issues include the role of coasts in 
current land use and future marine 
use planning, how environmental or 
resource legislation mandates government 
agencies, the prospect of the Haida 
Title case, proposed offshore energy 
developments and the threat of tsunamis. 

2.1. THE COASTAL ZONE IN LAND A N D 
MARINE USE PLANNING 

The post-contact industrial-era, conservation 
history of the land and sea living resources 
of Haida Gwaii has usually been over-
exploitation driven by short-term gain (Foster 
1989). However, times are changing and key 
context for this regional coastal assessment 
is the active land and the proposed marine 
use planning processes guided by the 
prospect of sustainability. In the 1990s, the 
province of British Columbia initiated a 
strategic land use planning process to guide 
use of Crown lands and resources. The 
government-led, consensus-based process 
was designed to facilitate community 
involvement in ecosystem-based management 
that respects First Nations and local culture, 
fosters community well-being and enables 
sustainable economic development from 
Land and Resource Management Plans 
(LRMPs) for large regions. For each plan 
region, a broad representative planning table 
is used to develop recommendations for 
government. Once approved by Cabinet, 
these plans establish protected area systems 
and provide policy advice and guidance 
on activities within the plan region. 

organization - NGO) formed the "Turning 
Point Initiative" to facilitate land use planning 
solutions for coastal First Nations. In 2001, 
this led to a General Protocol Agreement on 
Land Use Planning and Interim Measures 
between British Columbia and participating 
First Nations, including representatives of 
the Council of Haida Nation, Old Massett 
Village Council and Skidegate Band Council. 
The Protocol Agreement provided a way 
to support the negotiation of more specific 
land use agreements by individual First 
Nations and the provincial government. 
Further, the Ministers of Fisheries and Oceans 
(DFO) and Indian Affairs and Northern 
Development signed an Interim Measures 
Framework for Fish and Aquatic Resources, 
within the First Nations Turning Point, in 
November 2002 to independently fund 
marine use planning that facilitates north 
coast First Nations participation (K. Cripps, 
Turning Point, personal communication). 

In September 2003, the planning table first 
met on the Haida Gwaii /Queen Charlotte 
Islands Land Use Plan. The process was 
cooperatively designed and managed by 
British Columbia and the Haida Nation 
[http:/ /srmwvvw.gov.bc.ca/cr/qci/] . The 
Gwaii Llaanas lands, being under federal 
control, were not formally included in 
the process, although Parks Canada staff 
participated. A meeting in February 2005 
resulted in a Draft Recommendations 
Package to the province and to the Haida 
Nation for government-to-government 
negotiations (HG/QCI 2005). After 
individual review, the parties will attempt 
to resolve any outstanding matters 
and draft final recommendations for 
presentation to Cabinet and the Council 
of the Haida Nation for decision. This co-
managed process also yielded a separate 
Haida Land Use Vision (CHN 2004) and 
other technical background reports. 

On the north coast of British Columbia, First 
Nations have a key role in this process. In 
1999, eight First Nations of the central and 
north coasts (including Haida Gwaii) and the 
David Suzuki Foundation (a non-government 

When the land use planning process began, 
terrestrial and marine areas issues were to 
be addressed simultaneously. However, 
this approach proved too complex and 
time-consuming despite the recognition 
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by the province that the coastal zone of 
British Columbia is essential to managing 
coastal lands (Dale 1997). In fact, as part 
of the original planning exercise, a Coast 
Information Team was created to provide 
independent scientific, technical, traditional 
and local knowledge on northern coasts. The 
Coast Information Team completed several 
reports relevant to Haida Gwaii that may 
prove historically important (Table 2). Non
governmental organizations (NGOs) have 
also committed to north coast planning 
through discussing the limits of coastal 
ecosystems to support communities and social 
equity towards a sustainable "conservation 
economy" (Ecotrust Canada 2001). 

The Haida Gwaii Land Use Plan is, therefore, 
for lands above the high tide line and inland 
freshwaters. Concerned participants raised 
the issue of adequately addressing coastal 
values in the process towards defining 
Haida Gwaii's future. The LRMP's Planning 
Process Framework enabled "consideration 
of protection of foreshore and near shore areas 
within the terrestrial planning process, especially 
if adjacent terrestrial values are being considered 
for protection." These represent values 
that will influence future regional coastal 
management and planning. Participants 

were able to address a few coastal issues 
such as protecting seabird nesting colonies 
("Seabird Protection Areas") and riparian 
ecosystems, such as stream-side forests, 
estuaries and marine foreshores. The forum 
also recommended developing a strategy for 
all types of recreational (sport) fishing activity 
including lodges and charter boats. The final 
plan will include some marine data, although 
the province currently has no initiative 
towards overall north coast marine planning 
(R. Paynter, British Columbia government, 
personal communication, March, 2005). 

Marine use planning for the whole north coast 
is just beginning. In March 2005, timed after 
completion of consultations for the LRMP 
process, the marine aspect of the previously 
mentioned Turning Point Initiative was 
launched. Unlike the LRMP process, however, 
it is the federal government working with 
First Nations, based on the separate Interim 
Measures Framework previously mentioned. 
This process is viewed as the optimal way 
for ensuring involvement of north coast 
First Nations in marine planning, and is a 
particular feature of Pacific goals within 
DFO's Oceans Action Plan (DFO 2005 a, p. 15). 

Table 2. Selected Haida Gwaii Land Use Plan and Coast Information Team (CIT) reports relevant to 
coastal and marine values within the overall north coast land use planning process led by the province of 
British Columbia that included a separate planning process for Haida Gwaii. 
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Title Notes on Contents Reference 

Seabird colonies Describes distribution and abundance of -1.5 million nesting Harfenist (2003) 
background report seabirds (12 species on >200 islands), Haida uses of seabirds, 

threats to colonies and management recommendations 

CIT marine ecosystem Models hypothetical north coast marine areas using 93 data Ardron (2003) 
spatial analysis layers from which the Gwaii Haanas, Masset Sound, Skidegate 

Inlet and the western end of Dixon Entrance areas were highly 
rated for conservation utility 

CIT scientific basis for Supports the CIT's ecosvstem-based management approach Price et al. (2003) 
ecosystem-based based on retaining biological diversity and ecological integrity 
management towards sustainabilitv 

CIT "hydroripariau" Includes freshwater, wetland, estuarine and sea coasts with their Anonymous (2003) 
planning guide adjacent lands influenced by land-water interactions with 

implications for entire drainage basins; these are areas of high 
biodiversity and "the most productive part of the landscape" 



In summary, there is an increasingly 
sophisticated discussion of north coastal 
land and sea planning in which First Nations 
will have a central role. Future planning 
will rely on GIS technology to handle the 
enormous quantities of terrestrial and 
marine information in support of planning. 
Specifically, future planning for terrestrial 
activities on Haida Gvvaii should not be 
contemplated without acknowledging the 
critical role of harmonizing coastal and 
marine values with land use planning. 

2.2. REGULATORY A N D SPATIAL 
CONTEXTS 

The legal coastal boundary of Gwaii Haanas 
National Park Reserve and Haida Heritage 
Site is the "ordinary high water mark" 
(Appendix A) stipulated in the federal-
provincial South Moresby Agreement of 1988. 
The footprint of the proposed Gwaii Haanas 
NMCA was also legally defined in the South 
Moresby Agreement along with a commitment 
to create a "national marine park." Preparations 
for defining the marine area were based on a 
review by Parks Canada's national office staff 
of consultants' reports (Searing and English 
1983; Yurick 1986; Searing 1987). Preceding 
the South Moresby Agreement, however, were 
the independent Flaida initiatives of the 
Flaida Watchman Program established in 
1981 to protect important cultural sites and 
the declaration of the south Moresby Island 
area as a Haida Herbage Site in 1985. 

Since 1993, Gwaii Haanas' lands have been 
cooperatively managed by the Government 
of Canada (represented by Parks Canada 
Agency) and the Council of the Haida Nation 
(CF1N) through the Gwaii Haanas Agreement. 
This agreement created the Archipelago 
Management Board (AMB) of two CHN and 
two Canada representatives (from Parks 
Canada - Gwaii Haanas) that make all the 
management decisions for the terrestrial 
national park reserve and its fresh (non-tidal) 
waters. Moreover, Parks Canada Agency 
is mandated, through the Canada National 
Parks Act, to table a park management plan in 

Parliament within five years of establishment 
and every five years thereafter (Parks Canada 
1994). This management plan is the vehicle 
for Parks Canada to demonstrate to Canadians 
how the agency implements its mandate. 

The prospect of creating a marine 
conservation area, first documented in the 
South Moresby Agreement, was reaffirmed 
in the Gwaii Haanas Agreement. The AMB 
has recently issued the park's terrestrial 
management plan (AMB 2003 a) that does 
not include marine waters, but states 
that; "... it cannot help but recognize the 
close relationship that exists between land 
and sea." The inseparability of land and 
sea towards an integrated management 
approach characterizes this attitude towards 
long-term management for Gwaii Haanas 
(Reader 2002). As well, within the spirit of 
the cooperative management arrangement, 
both western science and traditional Flaida 
knowledge sources are to be used in aid of 
management decision-making (AMB 2003 a). 

The first priority of Parks Canada's national 
park mandate, under the Canada National 
Parks Act, is preservation of "ecological 
integrity" by which ecosystems remain 
characteristic for their natural region, 
including the composition and abundance of 
native species and biological communities, 
rates of change and supporting processes 
(PCA 2000). Complementing ecological 
values are human values or "commemorative 
integrity" in which the historical and heritage 
values of a place are maintained, researched, 
restored and interpreted to the public. This is 
where cultural (historical or archaeological) 
values and natural (ecological and sustainable 
use) values meld towards Parks Canada's 
protection values for landscapes and 
seascapes. Other key agency missions are 
informing Canadians about their park, 
national historic site and NMCA systems 
and optimizing the experiences of visitors. 

Twenty of Canada's 41 national parks have 
coastal a n d / o r marine components whose 
protection is mandated under the Canada 
National Parks Act, not the Canada NMCA Act 
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(Robinson and Martel 2005). For example, 
Pacific Rim National Park has coastal and 
some marine area for which ecological 
integrity is the first conservation priority. 

The marine mandate for Parks Canada 
Agency articulated in the Canada National 
Marine Conservation Areas Aet (passed June, 
2002) [http://laws.justice.gc.ca/] is the 
protection and conservation of representative 
examples of Canada's marine regions (Mercier 
and Mondor 1995; McBurney 2001). This 
mandate includes maintaining ecosystem 
structure and function as the first priority, 
while permitting multiple sustainable 
uses, such as commercial fisheries and 
tourism, within NMCAs. Other aspects 
of the marine mandate include informing 
the public on marine conservation and 
facilitating NMCA visitors' experiences. 

Essentially, the NMCA Act is enabling 
legislation that defines the process by which 
Parliament can create permanent NMCAs. 
A key element is federal interagency 
cooperation with individual agency mandates 
(e.g., those of DFO) remaining intact. For 
NMCA establishment, public consultations 
must be extensively documented and tabled 
in each House of Parliament along with 
an interim management plan and a zoning 
strategy. Within five years of a NMCA 
being established, a management plan must 
be tabled in each House of Parliament and 
contain a long-term "ecological vision", as 
well as provisions for ecosystem protection, 
human uses, zoning, public awareness 
and performance evaluation. Again, 
as with national parks, an established 
NMCA's management plan will be on a 
5-year cycle for parliamentary review. 

The key to coexistence of protection with 
sustainable uses is zoning. Zoning is 
provided for in the NMCA Act through 
provision of two specific zone types 
("sustainable use" and "full protection"), and 
a flexible stance towards the prospect of 
establishing other zone types, depending 
on local conditions and consultations. 
Using the best possible spatial knowledge 

will be essential to future Gwaii 
Haanas NMCA zoning processes. 

The conservation of commercial fisheries 
stocks within, as well as outside, the proposed 
NMCA will remain the mandate of DFO 
under the Fisheries Act. This act's first priority 
is stock conservation, the second priority is for 
enabling the constitutional right of Aboriginal 
peoples (Constitution Act - Section 35) for their 
food, social and ceremonial (FSC) subsistence 
fisheries. The third priority is for commercial 
and recreational (sport) sectors' needs. 

Other relevant legislation includes the 
Species at Risk Act (fully in force, June 2004) 
whose implementation is mandated to Parks 
Canada, Environment Canada (Canadian 
Wildlife Service) and DFO. The independent 
Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) manages the 
science of species' assessments and makes 
objective, science-based recommendations to 
the Minister of Environment as to the various 
levels of legal listing shown in Table 3. The 
Minister weighs this advice, but also advice of 
other government departments such as DFO, 
before legally listing a species. Once a species 
is so listed, the Act compels protection and 
recovery of that species. Protection includes 
species' critical habitats in federally-controlled 
areas, such as NMCAs, and in cooperation 
with the provinces on provincially-controlled 
areas that include most of the Haida Gwaii 
coast excluding Gwaii Haanas. Further, a 
species' listed status requires the drafting 
of a National Recovery Strategy which, 
following public consultation, results in a 
formal Action Plan, also subject to public 
consultation, to guide recovery efforts. The 
Strategy and Plan must be completed within 
proscribed time lines. The Act's prohibitions 
are intended to protect individuals, their 
"residences" (e.g., sea bird breeding colonies or 
sea lion rookeries) and critical habitats (e.g., 
key foraging areas such as kelp forests and 
eelgrass meadows). As well, Parks Canada 
marine policy supports species recovery, 
including active restoration, where research 
verifies its efficacy (Parks Canada 1994; 
McBurney 2001). This region's 19 federally 
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listed marine species are listed in Table 3. Of 
greatest potential coastal influence are the 
nearshore species whose recovery requires 
protection of their critical habitats and 
residences, such as seabird breeding colonies. 

Acts mandates of Environment Canada 
(Canadian Wildlife Service) for the protection 
of the region's migratory birds (including 
their nests and eggs) and the region's 
prospective Marine Wildlife Area (Figure 1). 

Other federal legislation is relevant to the 
prospective NMCA. This includes regulations 
(e.g., Oil Pollution Prevention and Small 
Vessel) attached to the Canada Shippitig 
Act and the Navigable Waters Protection Act 
mandates of Transport Canada for navigation 
and ships' safety. Further, there are the 
Migratory Birds Convention and Canada Wildlife 

Canada has lone, been criticized for lacking, 
ocean and coastal zone management 
programs (Slocombe 2004). One of the 
main impediments has been the partitioned 
ownership and mandates between the 
provincial and federal governments. In 
response to the need for marine management, 
the Oceans Act has been in force since 1997 

Table 3. Marine and coastal species of Haida Gwaii that are proposed for federal listing by the Committee on 
the Status of Endangered Wildlife in Canada (COSEWIC) as being at risk, as of July 2006. 

Group Species COSEWIC designation 

Invertebrate Northern Abalone Haliotis kaiutsehatkana Threatened 

Fish Bocaccio Rockfish Sebastes paucispinus Threatened" 

Reptile Leatherback Sea Turtle' Dermochelys coriacea Endangered 

Bird Marbled Murrelet Brachyramphus marmoratus Threatened 

Ancient Murrelet Synthliboramphus antiques Special Concern 
Peale's Peregrine Falcon Falco peregrinus pealei Special Concern 
Great Blue Heron Ardea herodias fannini Special Concern 
Pink-footed Shearwater' Puffinus creatopus Threatened 
Short-tailed Albatross' Phoebastria albatrus Threatened 

Mammal Harbour Porpoise (Pacific population) Phocoena phocoena Special Concern 
Killer Whale' (northern resident) Orcinus area Threatened 
Killer Whale (transient) Threatened 
Killer Whale' (offshore) Special Concern 
Blue Whale' (Pacific population) Balaenoptera musculus Endangered 
Fin Whale' (Pacific population) Balaenoptera plnjsalus Threatened 
Sei Whale' (Pacific population) Balaenoptera borealis Endangered 
North Pacific Right Whale' Eubalaena japonica Endangered 
Humpback Whale (N. Pacific population) Megaptera noveangliae Threatened 
Gray Whale (eastern N. Pacific population) Eschrichitus robustes Special Concern 
Steller Sea Lion Eumetopias jubatus Special Concern 
Sea Otter Euln/dra lutris Threatened 

1 the Canadian national listing is by COSEWIC [http:/ /www.cosewic.gc.ca], which is an arms-length technical committee of 
provincial/territory, federal agency, Aboriginal and scientific representatives that determines species' nation-wide status and 
forwards listing recommendations to the political decision-maker, the Canadian Endangered Species Conservation Council; the legal 
listing in Canada is mandated to the Minister of Environment through the Species iff Risk Act (passed in 2002, fully in force 200-1); 
COSEWIC listings seen here are: 
Endangered - facing imminent extirpation or extinction 
Threatened = likely to become endangered if limiting factors are not reversed 
Special Concern = has characteristics that make it particularly sensitive to human activities or natural events 

2 this listing is currently being challenged by Fisheries and Oceans Canada 
3 these are pelagic species usually seen offshore 
-1 there are three populations of killer whales in British Columbia waters; fish-eating resident (split into north and south coast groups -

the latter is rarely recorded from the north coast and is listed as endangered), mammal-eating transient, fish-eating (speculative) 
offshore 
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as enabling legislation mandating DFO to 
provide a cooperative "frameworkfor modem 
ocean management" founded on the three 
principles of sustainable development, 
integrated management and the precautionary 
approach (DFO 2002 a). An important 
provision under the Oceans Act is for the 
creation of marine protected areas (MPAs) 
under regulation (not legislation as with 
NMCAs). MPAs are not established under 
a broad regional representivity mandate, 
but rather can be applied for site-specific 
reasons such as ecological uniqueness, or 
protecting habitat for particular species or 
for species at risk. As of mid-2006, DFO 
has established one MPA in the Pacific 
(Endeavour Hot Vents at -2,250 m depth 
-250 km southwest of Vancouver Island), four 
in Atlantic Canada and none in the Arctic. 

To implement the oceans framework, DFO 
issued Canada's Oceans Strategy (DFO 
2002 a), a two-year Phase I of Canada's 
Oceans Action Plan (DFO 2005 a) and 
the national Marine Protected Areas 
Strategy (DFO 2005 b). At the same time, 
the U.S. has just completed two oceans 
commissions (Granek et al. 2005) and is 
developing a national system of marine 
protected areas (U.S. MPA 2005). 

Canada's Ocean Strategy's main initiatives 
are: (1) better ocean governance through 
collaboration with all interested parties 
such as First Nations, coastal communities, 
industry, agencies, academia and NGOs, 
(something long promoted (NRT 1998)), (2) 
using integrated management with partners 
(representing the breadth of Canadian society) 
as the vehicle for implementation, and (3) 
promoting public awareness and care for 
oceans, coasts and estuaries. As an example, 
the Oceans Strategy promotes implementing 
ecosystem-based management - an idea 
sympathetic with Parks Canada's marine 
mandate and discussed later in section 10.1.3. 

Within its integrated management framework, 
DFO aspires to facilitating human activities 
while sustaining marine ecosystems within 
large, integrated ocean management areas 

(Vandermeulen 2004). NMCAs will, therefore, 
be important features within these areas. 
For example, the proposed Gwaii Haanas 
NMCA could be a vehicle for Parks Canada's 
involvement in regional oceans management, 
including fisheries management. For Pacific 
Canada, this prospect is just beginning to be 
developed and DFO has defined "Ecoregions" 
to be used as a basis for integrated oceans 
management (Prowles et al. 2004). The first 
conceptual attempt at a Pacific pilot area 
by DFO was the Central Coast Integrated 
Management Area defined by Johannessen 
et al. (2004). This integrated management 
area has grown into the Pacific North Coast 
Integrated Management Area (PNCIMA) 
that includes all of Haida Gwaii (Figure 4). 
DFO has committed to using this Pacific area 
for implementing integrated management 
planning in Phase I of the Oceans Action 
Plan (DFO 2005 a). Public consultations on 
refining and eliciting support for the PNCIMA 
may begin in 2006. Note the integration of 
land and sea by illustrating the terrestrial 
component, at an appropriate watershed 
scale, linked to the marine component. These 
watersheds would not be administratively 
within the PNCIMA as they are largely Crown 
lands under British Columbia provincial 
control. This underscores the complicated 
federal-provincial jurisdictional issue 
here for broad-based landscape/seascape 
management. The land and sea must be 
cooperatively managed over the long term 
as they are biophysically and culturally 
linked. This is what Gwaii Haanas aspires 
to do as a seamless administrative unit as 
its land and sea areas will be under a single 
cooperative administration mandate. 

The PNCIMA is also the geographic 
context for marine use planning for the 
previously mentioned Turning Point 
Initiative with north coast First Nations. 
This commitment to consulting in depth 
with First Nations will be a particular 
feature in the early implementation 
phase of the PNCIMA (DFO 2005 a). 

Canada's Oceans Strategy and Action Plan 
(Phase I) specify a role for Parks Canada's 
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NMCAs in national marine conservation 
that is further defined in the federal Marine 
Protected Areas Strategy (DFO 2005 b). 
Under that Strategy, Parks Canada is strongly 
encouraged to continue with its pre-existing 
commitments, such as Gwaii Haanas NMCA. 
Therefore, within Pacific Canada, there is 
national role for Gwaii Haanas NMCA under 
both the Oceans and Marine Protected Areas 
Strategies. It needs to be mentioned, however, 
that Canada's Auditor General has criticized 
the rate of progress towards implementation 
of the Oceans Act, citing DFO as having "fallen 
far short of meeting its commitments and targets" 
(OAGC 2005 a). Progress has been slow on 
many national oceans management fronts. 

1999; McFarlane Tranquilla 2003). These 
areas are complimentary and share some 
species whose populations are genetically 
linked and will form part of the proposed 
federal network (DFO 2005 b). As well, 
there are also municipal (e.g., Whytecliffe 
Park, West Vancouver) and many (>120) 
provincial marine conservation areas 
catalogued in Jamieson and Lessard (2000) 
and DFO's Rockfish Conservation Areas 
described in section 3.8.2.3. Collectively, 
the 11 different protection designations 
by various levels of government create 
a confusing mosaic of conserved marine 
area types that cries out for clarity when 
fostering stewardship and public awareness. 

In a Pacific context, British Columbia 
and Canada signed a Memorandum of 
Understanding in September 2004, to 
implement a "Pacific Oceans Strategy" 
for which a series of sub-agreements 
were proposed as follows: 

• establishing a marine protected 
areas framework (will include 
Gwaii Haanas NMCA); 

• intetrratine, coastal and ocean management 
(D CD CD 

planning (e.g., within the PNCIMA); 
• cooperating in ocean 

information management; 

• selecting indicators of ocean management / 
state-of-the-environment reporting; 

• harmonizing regulation of the 
aquaculture industry; and 

• sharing information related to 
offshore oil and gas resources. 

Accordingly, Gwaii Haanas NMCA would 
belong to a proposed coordinated federal 
network of Pacific marine protected 
areas. Nearby federally-proposed marine 
areas, shown in Figure 1, include Bowie 
Seamount, as a pilot M PA under the Oceans 
Act (Jamieson and Levings 2001; Canessa 
et al. 2003) and a proposed Marine Wildlife 
Area around the Scott Islands by the 
Canadian Wildlife Service (Environment 
Canada) mandated under the Canada 
Wildlife Act (CWS MPAs Working Group 

Of course, the marine regions of Canada 
do not exist in isolation. The most 
important foreign influence comes from 
the United States, with whom Canada 
shares three oceans and strong economic 
and cultural ties. The United States has 
just gone through two separate and very 
broad-reaching oceans commissions (Pew 
[a NGO] Oceans Commission in 2003; 
U.S. Commission on Ocean Policy in 2004) 
that are the first since 1969 (Granek et al. 
2005). The U.S. Commission has led to the 
administration's response in the form of 
an action plan (U.S. OAP 2004). Most 
importantly, both Commissions were 
similar in their major recommendations for 
ocean science, governance, management, 
conservation and education (Granek 
et al. 2005). These recommendations will 
influence future United States oceans 
management and can be expected to influence 
Canada as well (DFO 2005 a, p. 11). 

There are oceanic and global scales for 
thinking about the influence and contribution 
of Canada's Pacific waters. Moreover, 
important threads through Canada's Oceans 
and Marine Protected Areas Strategies 
are Canada's international commitments 
(such as the United Nation's Convention on 
Biological Diversity) and Canada's profile 
in world conservation. For example, on an 
oceanic scale, Canada cooperated in a Pacific 
North American exercise identifying marine 
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Figure 5. Locations of the six Priority Conservation 
Areas (PCAs) bracketing Pacific Canadian waters 
within the 28 PCAs identified from the Baja 
California to Bering Sea marine area oi the 
northeast Pacific (inset) developed by the 
Commission of Environmental Cooperation for 
North America and the Marine Conservation 
Biology Institute (data courtesy of L. Morgan, 
Marine Conservation Biology Institute and Morgan 
et a 1.2005). 

Priority Conservation Areas within the Baja 
California to Bering Sea area (Morgan et al. 
2005). In this scheme, the prospect of Gwaii 
Haanas is explicitly identified (Figure 5) as 
part of a Priority Conservation Area based on 
criteria listed in Table 4. On a global scale, 
Large Marine Ecosystems are envisioned 
as the appropriate scale in aid of long-
term, ecosystem-based conservation and 
management (Boersma et al. 2004). Large 
Marine Ecosystems have distinct depth, 

Figure 6. Map of the northeast Pacific showing the 
Gulf of Alaska Large Marine Ecosystem 
[http://www.edc.uri.edu/lme/]. 

hydrographie, productivity and trophic 
(energy) relationships (Sherman and Duda 
1999). These usually extend from watersheds 
to within the 200 nautical mile (-370 km) 
Exclusive Economic Zone. Their boundaries 
are transitional - not fixed. Globally, the 50 
defined Large Marine Ecosystems account for 
-95% of the world's fisheries [h t tp : / /www. 
edc.ur i .edu/ lme/] . In the northeast Pacific, 
the "Gulf of Alaska" Large Marine Ecosystem 
includes all of Canada's Pacific waters, 
northward to the Alaska Peninsula (Figure 6). 

2.3. HAIDA TITLE CASE 

The Haida Nation filed a Statement of Claim 
in the Supreme Court of British Columbia in 
2002 - a trial date is not yet set. The Haidas' 
aim is to establish Aboriginal rights and 
title to the lands and seas around Haida 
Gwaii within the meaning of the Canadian 
Constitution (Mandell 2002). This will be 
among the first Aboriginal claims in Canada 
that include land and sea (Mandell 2002; Jones 
2006). The eventual settlement of the issue of 
rights and title to the seabed around Haida 
Gwaii will have profound implications for 
who manages the coastal zone. This could 
lead to precedent-setting approaches to 
marine and coastal resource management. 

17 

http://www.edc.uri.edu/lme/
http://www
http://edc.uri.edu/lme/


Table 4. Cri ter ia of Pr ior i ty C o n s e r v a t i o n A r e a s assoc ia ted w i t h n o r t h e r n British C o l u m b i a w i th in the Baja 

Cal i fornia to Ber ing Sea m a r i n e area of t he n o r t h e a s t Pacific d e v e l o p e d b y the C o m m i s s i o n of 

E n v i r o n m e n t a l C o o p e r a t i o n for N o r t h A m e r i c a a n d the M a r i n e C o n s e r v a t i o n Biology Ins t i tu te (data from 

M o r g a n et al. 2005). 

Priority National or Marine Species Ecological Linkages / 
Conserva t ion International of C o m m o n Continental Physical Océanographie 
Area Designat ions Conservat ion Concern Uniqueness Uniqueness 

Dixon Entrance / Forrester Island sea otter, killer whale, blue highest marine species important for 
Langara Island / breeding rookery whale, humpback whale, diversity along Pacific transboundary species; 
Forrester Island, for Steller sea lion North Pacific right whale, North America major seabird area/origin 
Alaska as critical habitat gray whale of the Rose Spit Eddy 

Northern Queen Gwaii Haanas sea otter, killer whale, blue unique glass sponge major corridor for marine 
Charlotte Sound / (Parks Canada) whale, humpback whale (hexactinellid) reefs; migratory waterfowl; 
Hecate Strait / most of the world's major seabird area/origin 
Gwaii Haanas population of ancient of the Haida Eddies 

murrelets 

Scott Islands / Marine Wildlife sea otter, killer whale, blue world's largest colony critical area for seabirds, 
Queen Charlotte Area study area whale, humpback whale, of Cassin's auklets including transboundary 
Strait (Canadian Wildlife North Pacific right whale, species; major salmon 

Service) Sra>' whale migratory corridor north 
to Alaska 

1 names of all species or groups in this table are as follows: Steller sen lion (Eiiiih'topin* jubatus), sea otter (Enhydra lulri>), killer whale 
(Orcinus ores), blue whale (Balacnoptcra musailus), humpback whale (Mcgaptcra noriK'iuiglinc), North Pacific right whale (Eubalaeim 
japonka), gray whale (Eschrichtius robustus), Ancient Murrelet (SynMtboramphu* antiquus), Cassin's Auklet (Ptychommphus alcutiais), 
salmon (Oncorfn/rKhus spp.) 

2.4. OFFSHORE ENERGY CONTEXT 

Energy-related issues associated with regional 
waters include oil and gas exploration, 
development and transport, as well as 
wind energy. There has been a coast-wide 
survey (although excluding Haida Gwaii) 
for tidal current energy potential that 
identified 55 candidate locations along the 
British Columbia coast (Pearce 2005). 

2.4.1. Oil and Gas Exploration and 
Development 

The prospect of lifting the 1972 federal and 
1981 provincial moratoria on offshore oil and 
gas exploration and development in areas 
including Hecate Strait and Queen Charlotte 
Sound is important to the Haida Gwaii coastal 
zone. The moratoria would have to be lifted 
for private sector exploration to occur and 
production would proceed only if sufficient 
economically recoverable reserves were 
confirmed from exploration. Certainly, the 
potential for reserves is there (Woodsworth 

1991). Offshore oil and gas has become 
an issue of enormous public and political 
interest [http:/ /www.offshoreoilandgas. 
gov.be.ca/]. Further, this issue has fostered 
much regional natural and social science 
review funded provincially (e.g., Jacques 
Whitford Environmental 2001; Strong et al. 
2002; LGL 2004; Dale 2005), federally (e.g., 
Bancroft et ni. 2003; Haggarty et al. 2003; 
Brooks 2004; Jamieson and Davies 2004; Royal 
Society of Canada 2004), by First Nations 
(OOGRG 2004) and by non-governmental 
organizations (Rutherford 2004). These use 
new data, but most draw upon the limited 
regional data legacy such as science reviews 
and public consultations for which the first 
major review was the federal-provincial panel 
(WCOEEAP 1986). A key recommendation 
of this first panel, and upheld in current 
reports (e.g., Royal Society of Canada 2004), 
is the 20 km "coastal exclusion zone" for 
drilling. Some of these and other relevant 
publications are listed in the University of 
Northern British Columbia's Northern Coastal 
Information and Research Program web 
site [h t tp : / /www.unbc .ca /n lu i /nc i rp / ] . 
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The oil-related reports' findings differ as to 
whether the moratoria should be lifted in 
order to foster new work filling information 
gaps. However, all reports agree that there 
is insufficient environmental baseline 
information, particularly information in 
sustained time series, to fully understand 
the implications of offshore oil and gas 
development on regional marine species 
and ecosystems. There remains great 
public concern over environmental effects 
of seismic exploration on wildlife and over 
the effects of potential spills from offshore 
petroleum production and transport. Given 
that spilled oil in Hecate Strait would likely 
go ashore, the oil and gas prospect is very 
relevant to Haida Gwaii (Sloan 1999). Other 
volumes of this series provide up to date 
reviews of science knowledge on potential 
effects of oil on marine birds (Harfenist 
et al. 2002) and marine mammals (Heise 
et al. 2003). A review of oil effects on coastal 
systems is provided later in section 9. 

There are concerns about seismic surveying 
for petroleum either interfering with or 
damaging marine organisms, particularly 
marine mammals (Heise et al. 2003; NRC 2003; 
Lawson and McQuinn 2004). Seismic survey 
vessels searching for petroleum deposits 
use arrays of large compressed air-guns that 
emit powerful, low frequency sound pulses. 
Vessels typically travel at ~5 knots, fire their 
guns every 10 to 12 seconds and can saturate 
an area of -4.25 km2 with these sounds 
(OSB 2003). Pulse reflections returning from 
geological layers of the sea floor are captured 
and analyzed for the presence of petroleum. 
In an overview on effects of seismic sound on 
invertebrates to mammals, DFO concluded 
that there is a low risk of mortalities to species 
when using routine mitigation measures, 
mitigation can be effective in reducing risks 
and that little is known about long-term sub
lethal effects (DFO 2004 a). Payne (2004) 
concluded that data on effects of sound 
on fish eggs, fish larvae and zooplankton 
was too inconclusive "to provide informed 
opinion." Nonetheless, the effects of seismic 
surveying are a hotly debated topic with 
a high current profile. Seismic concerns 

may not apply to local coastal waters if the 
20-km "coastal exclusion zone" is invoked 
for exploration, as well as production. 

2.4.2. Nai Knn Windfarm 

Wind energy is the world's fastest growing 
energy technology (Stewart et al. 2005). Wind-
derived energy technology has government 
support as it offsets carbon emissions from 
burning fossil fuels monitored under the 
Kyoto Protocol - to which Canada is signatory. 
Marine wind energy facilities are in place in 
Europe and new proposals are actively being 
developed in Canada and the Unites States. 

For the Haida Gwaii region, an offshore 
wind farm development is being proposed 
in the form of the private sector Nai Knn 
windfarm development adjacent to northeast 
Graham Island area (Figure 7). The location 
is attractive because of its high average 
(-10 m per sec) winds, shallow waters and 

Figure 7. Study area for the proposed Nai Kan 
windfarm on Dogfish Banks, northwest Flecate 
Strait. Depth contour of 10 fathoms (-18.5 m) is 
shown. 
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appropriate seabed characteristics. This 
large-scale (700 megawatts) development, 
costing ~$1.5 billion, could have -350 wind 
turbine towers (-80 m above the water 
surface) feeding into a seabed cable connected 
to the mainland British Columbia power 
grid [ht tp : / /www.naikun.ca/ ] . Pending 
environmental assessments, permitting and 
consultations, construction could start by 
-2008. In 2004, the CHN agreed to cooperate 
with the developer to install a temporary 
wind mast for engineering research and to 
undertake a seabed survey at the proposed 
site [ht tp: / /www.canwea.ca/] . The 
development's main environmental issues are: 

• bird-strikes with blades of the 
72 m diameter rotors; 

• seabed disturbance from installation of 
the towers' footings, cables connecting the 
towers to an offshore substation and main 
cable to the northern mainland coast; 

• acoustic effects of construction/ 
operations on marine mammals; 

• interference with the Dungeness crab 
fishery (Area A Crab Association 
is opposed to the development on 
their fishing grounds; G. Gould, 
Area A Crab Association, personal 
communication); and 

• storage of diesel fuel for emergency 
power for a generator at the offshore 
substation to run the towers' lights in 
the event the wind farm is isolated by a 
failure in the main cable to the mainland. 

The affects of windfarms on wildlife (such as 
migrating birds and bats) remain an important 
and incompletely understood issue (U.S. GAO 
2005). Indeed, studies on potential effects of 
Nai Kim on marine birds will be a regional 
priority (Bacizinski et al. 2005). Analyses of the 
few current studies suggest that windfarms 
can reduce nearby bird abundance and a 
precautionary approach to locating facilities is 
recommended until more thorough long-term 
research is completed (Stewart et al. 2005). 

In keeping with Canada's commitment 
to the Kyoto Protocol, Parks Canada 

Agency is committed to encouraging 
the establishment of alternative energy 
sources such as wind power. However, 
the Agency has not yet formulated an 
explicit position on the Nai Kun project. 

2.4.3. Enbridge Gateway Pipeline and 
Marine Terminal 

Kitimat on the northern mainland coast 
(Figure 1) is being proposed as a potential 
deep-water marine terminal for a paired 
pipeline originating in Edmonton, for 
Alberta tar sands' crude oil export by Very 
Large Crude Carrier tankers (-320,000 dead 
weight tonnes) and import by smaller vessels 
(-160,000 dead weight tonnes) of either 
gas condensate or "diluent" (to be mixed 
with the oilsands' tar-like bitumen to aid 
flow within pipelines). Pipeline capacities 
could be -600,000 barrels per day outgoing 
and -150,000 barrels per day incoming. 
The shipping lanes have not yet been fully 
defined in the Canadian Environmental 
Assessment Agency-led review due to unfold 
in 2006. This proposal clearly has great 
relevance to the Haida Gwaii region with 
the potential of nearby super-tanker traffic 
[ht tp: / /www.enbridge.com/gateway]. 

2.5. TSUNAMI THREAT 

The trend globally has been for lax coastal 
preparedness in an era of increasing threat 
due to climate-change-driven sea level rise 
and increasing storm incidence (Adger et ni. 
2005). These authors discuss the need for 
coastal disaster management at all levels of 
governance towards coping with uncertainty 
and surprise through resilience, or "the 
capacity of linked social-ecological systems to 
absorb recurrent disturbances so as to retain 
essential structures, processes and feedbacks." 

Tsunamis are most often caused by submarine 
earthquakes, but also by submarine landslides 
from slumps down the continental slope, 
by volcanic eruptions or even by terrestrial 
landslides into the sea. These events can 
displace huge volumes of seawater instantly, 
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creating rapid, long-wavelength waves 
that increase dramatically in height as the 
waves approach shallow coastal waters. 
The Pacific is Canada's most vulnerable 
coast as it experiences a relatively high 
incidence of offshore earthquakes and 
landslides (Clague et al. 2003). Tsunamis can 
be perceived on the British Columbia coast 
from sources >10,000 km away (Rabinovich 
and Stephenson 2004). Of particular concern 
is the Cascadia subduction zone along the 
eastern North Pacific, where one moving 
plate is being forced under another. This 
will eventually yield a large earthquake, 
attendant massive water displacement 
and tsunamis. The incidence of regional 
earthquakes is discussed later in section 4.1.1. 

The Canadian public's awareness of this 
coastal hazard is low (Clague et al. 2003). The 
2004 Southeast Asian tsunami has increased 
awareness on the poor preparedness along 
the British Columbia coast, including what 
little there is for Haida Gwaii (QCI Observer 
January 2005). British Columbia has three 
tsunami warning stations (Torino, Winter 
Harbour, Langara Island) among its 13 tide 
gauge stations maintained by the Canadian 
Hydrographie Service (Rabinovich and 
Stephenson 2004). The Langara Island 
station was relocated in 2005 to improve its 
efficiency as the strategic northern warning 
location for British Columbia's exposed 
west coast. Most communities on the 
archipelago are somewhat protected from 
tsunamis as they do not face directly into 
the North Pacific, but better coastal threat 
awareness and disaster preparedness is 
nonetheless required. Queen Charlotte, for 
example, does make available some tsunami 
evacuation information [h t tp : / /www. 
queencharlotte.ca/disaster_planning.php]. 

2.6. CONCLUSIONS ON THIS 
BACKGROUND 

In conclusion to this background section, 
this coastal zone overview comes at a time 
of enormous social and political change in 
the region. Prospects and processes of the 
Haida title case, offshore energy development, 
land and marine use planning, fisheries 
reform, new environmental legislation and 
growing; national and international concern 
for the health of our oceans make these 
"interesting times." Into this milieu, there is 
the innovative potential of Gwaii Haanas 
NMCA to foster public learning and action 
towards a sustainable coastal future. For 
this, the Canadian public expects a high 
quality of technical information to assist 
decision-making. There are new ways of 
thinking about marine information on a 
range of spatial scales, that, along with 
the new legislative tools and planning 
processes, must better integrate coastal 
management. This is occurring at a time 
of rapid world-wide growth in marine 
conservation science and practise (NRC 
2001; Glover and Parle 2004; Shipley 2004; 
Norse and Crowder 2005), admission of the 
failure of traditional fisheries management 
to protect ecosystems (Jackson et al. 2001; 
Pauly et al. 2005), a burgeoning popular 
science literature on the great need to improve 
human relations with the seas (Safina 1997, 
2002, 2006; Ellis 2003) and the commitment 
of 192 nations at the 2002 World Summit for 
Sustainable Development in Johannesburg 
that called for; "the establishment of networks 
of representative Marine Protected Areas (MPAs) 
in all major marine habitats and climactic regions 
throughout the world's oceans by 2012." 
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3. HUMAN USES OF THE 
HAIDA GWAII COAST 

Human uses provide a lens through 
which to view and value the Haida 
Gwaii coast. We cannot contemplate a 
sustainable long-term relationship with the 
coast without considering the combined 
economic, socio-cultural and natural science 
knowledge needed to underpin decision
making. Humans live within and use 
ecosystems, so understanding the multi-
faceted relationship of people to the Haida 
Gwaii coast will be essential in the future 
sustainability of regional coastal uses. 

This section features human uses, starting 
with the recorded Haida coastal knowledge. 
Next, there is an overview of prehistory as 
context to this region's very active coastal 
archaeological research revealing human 
occupation back to at least 10,500 years before 
present [BP] (Fedje et al. 2001 a,b; Fedje and 
Mathewes 2005). Indeed, Haida Gwaii is 
important to theories about coastal human 
migration from northeastern Asia 14,000 to 
10,000 BP (Mandryk et al. 2001; Fedje 2002). 
Then, there are two archaeological case 
studies featuring work from Gwaii Haanas 
on contact-era (maritime fur trade) conditions 
followed by post-contact era (settler industry) 
archaeology. After that, the region's coastal 
shellfish mariculture (marine aquaculture) 
potential is mentioned, followed by marine 
waste disposal. Then the series of fisheries are 
discussed with special reference to the coast, 
starting with Haida fishing, then commercial 
fishing and then recreational (sport) fishing. 
Sport fishing is one of the prime ways 
Haida Gwaii residents and tourists enjoy 
and value coastal waters. Finally, there are 
two more case studies, the first of which 
features coastal backcountry (boat-based, 
self-sufficient wilderness camping) tourism 
management in Gwaii Haanas. The second 
recounts the commitment of a local coastal 
environmental NGO to facilitating volunteer 
participation in creating coastal scientific 
knowledge while enlightening the public 
and contributing to conservation awareness. 

These sections enrich the discussion on 
human-coastal relations that are so influential 
in contemporary marine conservation. 

3.1 ABORIGINAL USES A N D 
KNOWLEDGE 

N.A. Sloan 

"If ever there was a place where you're 
surrounded by the ghosts of a powerful 
people now dead or changed, here it is." 
(Ed Ricketts, cited in Hedgpeth 1978) 

"There is much to be learned from the holistic 
Aboriginal approach to the marine environment. 
Aboriginal traditional ecological knowledge is an 

a o o 

important component of increasing understanding 
of the complex marine environment." 
(Canada's Ocean Strategy - DFO 2002 a) 

"Much traditional knowledge has died with 
the smallpox. " (Captain Gold 2004) 

Canada has entered a new era of natural 
resource management within which 
traditional Aboriginal knowledge is now 
recognized as a necessary consideration (DFO 
2002 a). Within Canada, work on applying 
Aboriginal knowledge in the Arctic region has 
led national progress in policy and practice 
for marine resource management (Berkes 
et al. 2001, 2005). Berkes (1999) defines 
traditional Aboriginal knowledge as "... (7 
cumulative body of knowledge, practise, and belief, 
evolving by adaptive processes and handed down 
through generations by cultural transmission 
(usually oral), about the relationship of living 
beings (including humans) with one another 
and with their environment." The most useful 
way to think about traditional Aboriginal 
knowledge is that it is complementary to 
western science - not a replacement and, 
therefore, it is best to pursue both types of 
knowing "separately but in parallel" (Berkes 
1999). An example of ways of connection 
is linking spatial information layers within 
GISs from science and traditional Aboriginal 
knowledge sources that we aspire to for Gwaii 
Haanas. Changing attitudes in Canada reflect 

22 



a widely acknowledged realization that, with 
respect to cooperative marine conservation 
management, Aboriginal knowledge will be 
a compliment to western science (Berkes et al. 
2001, 2005; Moller et al. 2004; Drew 2005). In 
the South Pacific, for example, there has been 
a "renaissance" in using local experiential 
knowledge from indigenous island peoples 
in marine resource management, after a long 
period of cultural decline during the late 19* 
and into the 20th centuries (Johannes 2002). 

Ed Ricketts was struck, as are most people 
who visit them, with the tragedy and 
majesty of unoccupied Haida coastal villages 
and all that they imply (Hedgpeth 1978). 
From the earliest written records, it was 
clear that the Haida were a coastal people. 
George Dawson was the first western 
scientist to publish detailed observations 
on Haida life-ways, based on his 1878 
survey. His insightful writing reveals the 
Haida's reliance on the coast, as follows: 

"... permanent villages are generally situated 
with regard to easy access to the halibut banks 
and coast fisheries, which occupy a greater 
proportion of the time of the natives than any other 
single employment." (Dawson 1880, p. 116) 

"The Haidas trouble themselves little about the 
interior country, but the coast line, and especially 
the various rivers and streams, are divided 
among the different families. These tracts are 
considered as strictly personal property, and 
are hereditary rights or possessions, descending 
from one generation to another according to the 
ride of succession elsewhere stated. They may be 
bartered or given away, and should one family 
desire to fish or gather berries in the domain 
of another, the privilege must be paid for. So 
strict are these ideas of proprietary right in the 
soil, that on some parts of the coast sticks may 
be seen set up to define the limits of various 
properties, and woe to the dishonest Indian who 
appropriates anything of value - as for instance 
a stranded shark, or seal or sea-otter which has 
died from its wounds - that comes ashore ou a 
stretch of coast belonging to another. Along the 
shores the principal berry-gathering grounds 
are found, and thus divided. The larger salmon 

streams are often the property jointly of a number 
of families ..." (Dawson 1880, p. 117-118) 

There is much to reflect on from these 
statements. Pre-contact habitation was 
almost solely on the coast, as confirmed 
from recent analyses as well; "There is almost 
no archaeological or ethnographic evidence for 
inland residences although extensive use of inland 
resources, in particular cedar, is well documented." 
(Mackie and Sumpter 2005). The major 
criteria for village site location were access to 
productive fishing (and gathering) areas and 
defence (Acheson 1998; Mackie and Sumpter 
2005). Other criteria for village locations 
were the provision of shelter from storms, 
access to fresh water and suitable shoreline 
for canoe beaching (Blackmail 1990). Coastal 
areas particularly productive of foods, such as 
streams and berry patches, were demarcated, 
heritable property at least to the family 
level within villages. Apparently, seabird 
colonies (for egging) could also be lineage 
property (Blackmail 1979). In summary, 
there was a critical spatial consideration 
to the gathering and social application of 
traditional Haida coastal knowledge. 

Coastal habitation patterns did vary over 
time between early (-9,500 to 9,400 BP) and 
late (-2,000 to 200 BP) periods that Mackie 
and Sumpter (2005) related to changes in 
lifeways rather than changes in coastal 
environments. They speculated that early 
period populations were smaller and 
relatively more scattered for subsistence than 
in the later period. By the time of contact, 
there was a larger population with more 
centralized main settlements and more social 
constraints on access to specific resource sites. 

Despite the all-embracing importance of 
coasts to the Haida, we have relatively little 
published traditional spatial knowledge on 
coastal resource uses. An important reason 
is the post-contact catastrophe of diseases, 
particularly the devastating outbreak of 
smallpox in the 1860s (Duff 1997; Boyd 1999; 
Captain Gold 2004), and cultural dissolution 
that caused, for example, the few survivors 
living in the Gwaii Haanas area to relocate 
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to Skidegate or Old Massed by 1890. This 
was likely accompanied by an enormous 
loss of orally held spatial coastal resource 
information for the seascapes that became 
less occupied, such as the Gwaii Haanas 
area. However, not all was lost. For example, 
transcribed recordings of the late Solomon 
Wilson of Skidegate revealed that shellfish 
(invertebrate) collecting areas were often 
named according to the species present and 
that knowledge of collecting places made 
subsistence activities of the Haida more 
efficient (Ellis and Wilson 1981, p. 32). 

Spatially demarcated Haida place names 
are of fundamental importance as the base 
GIS layer upon which all future efforts for 
adding traditional Haida knowledge will 
depend. Future layers, to be superimposed 
upon place names, include songs, stories and 
other cultural knowledge. Certainly, GIS is 
the enabling technology of great potential 
for layering western science knowledge 

with traditional Aboriginal knowledge 
(Berkes 1999). Gwaii Haanas has long been 
committed to recording Haida place names, 
starting with Enrico's (1994) report and 
followed by creating a database of these 
names with various descriptors and putting 
this information into Gwaii Haanas' GIS 
(Taylor 1993). Associated with this was 
Enrico's (1995) treatment of the Skidegate 
Haida myths and stories that drew upon the 
place names. A second phase of this process 
was initiated in 2001 to support the Skidegate 
Haida Immersion Program (SHIP) with its 
linguistic expertise and high proportion 
of Elders. Using maps produced from the 
Enrico era information, SHIP corrected the 
spelling of place names, added missing 
names and provided the interpretation for as 
many names as possible. All this went into 
updating Gwaii Haanas' GIS. The Kunghit 
Island area has had the most thorough review 
by SHIP to date. An example, in draft form, 
from the revised place name database of the 

Figure 8. Preliminary draft map of Haida place names for the eastern portion of Houston Stewart Channel, 
courtesy of the Skidegate Haida Immersion Program. Below Haida names, if known, are English 
translations in italics, followed by gazetted names in brackets, if known. 
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eastern Houston Stewart Channel area is 
shown in Figure 8. Note that there are many 
spatial scales of these names from individual 
locations, to segments of shorelines to large 
bodies of water. Listed in Table 5 are Enrico's 
(1994) descriptors associated with the draft 
SHIP place names shown in Figure 8. Clearly, 
much more needs to be done on Haida names 
throughout Haida Gwaii, but a start has been 
made. The province of British Columbia 
has an exhaustive Resources Inventory 
Committee (RIC) standard (BC 2001, 2003) 
for First Nations place name gathering 
relating to forestry. Unfortunately, this model 
program ended in 2002. The combination of 
GIS technology and focused efforts to record 
traditional knowledge is the way to the 
future and will help counteract further loss of 
traditional coastal knowledge. A great deal 
likely remains to be revealed, for example, 
an indication of the richness of Haida coastal 
knowledge comes from the SHIP glossary 
(of September, 2003) that lists 29 tide-

Table 3. Traditional knowledge associated with 
draft Haida place names in Figure 8. 

Haida Name Traditional U.se(s)" 

Gaang.xid gwaayaay 

Gawjiing 

Gwaay 

Kinjuuwiid 

Kinjuuwiid K'idsii 

Kilgii gwaayaay 

Naawdaas kun 

Kints'uwid K'idsii 

K'insii K'iid 

Naawdaas llnagaay 

SGaay gwaayaay 

Stuudjin llnagaay 

Stllndaawjaaw 

Stvuu t'awts'is 

T'iiji Gugaas 

not available 

not available 

hunting camp; house, cabin 
site; village 

not available 

not available 

not available 

village 

not available 

not available 

not available 

not available 

not available 

not available 

taoji (fort); battle location; 
meeting or gathering place 

not available 

1 The draft spelling, translations and plotted locations of these 
names have been reviewed by Skidegate Haida Immersion 
Program (SHIP) 

2 Prom Enrico (1994) 

associated terms. This typifies a sophisticated 
appreciation of natural phenomena 
commonly reflected in the languages of 
Aboriginal peoples (Berkes 1999). 

3.2. COASTAL ARCHAEOLOGY 
OVERVIEW 

D.W. Fedje 

3.2.1. Past Environments 

Haida Gwaai has been subject to great 
environmental change since the end of the last 
ice-age and this has had a significant effect 
on human adaptation and on the current 
visibility of the record (Fedje and Mathewes 
2005). Maximum coldness occurred between 
20,000 to 16,000 BP. At that time, the British 
Columbia mainland was ice-covered and 
glaciers flowed out Dixon Entrance to the 
edge of the continental shelf as well as 
down Moresby Trough and out to the shelf 
edge south of Haida Gwaii. The extent of 
ice cover on Haida Gwaii is uncertain but, 
at a minimum, there was an ice-cap on 
the archipelago's mountainous spine and 
piedmont (valley) glaciers flowing out to 
join the easterly Hecate and northerly Dixon 
lobes or to the sea in the south and west. 

Whether a biological refugium persisted in 
the lowlands of Haida Gwaii is uncertain. 
Many authors, as reviewed in Fedje and 
Mathewes (2005), suggest, but cannot confirm 
the possibility of a full glacial refugium. Ice 
disappeared from the archipelago's coast by 
16,000 to 15,000 BP and the Hecate and Dixon 
lobes receded from the ITecate Strait - Dixon 
Entrance area by 14,500 BP (Barrie et al. 2005). 

Haida Gwaii exhibited a cool tundra-like 
environment from 16,000 to 13,000 BP 
(Lacourse and Mathewes 2005). Vegetation 
was dominated by herbs, grasses and dwarf 
willow. The earliest evidence of forest 
development is on the west coast where 
pine was present by 13,000 BP (T Lacourse, 
personal communication). Open pine 
parkland was gradually replaced by open 
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spruce parkland around 11,000 BR During the 
Younger Dryas period (10,600 to 10,000 BP), 
the climate became cool to cold resulting 
in lowered treelines and an increase in 
herb and shrub vegetation. After this time, 
environmental conditions ameliorated 
rapidly and closed hemlock-spruce forests 
became dominant. During the relatively 
warm period between 9,500 to 7,000 BP, 
treelines rose to elevations considerably 
above those of today. Cool, wet conditions, 
similar to now, developed 6,000 BP and 
red cedar (Thuja plicata) arrived 5,000 BP. 

The post-glacial paleontological record for 
Haida Gwaii is incompletely known, but 
recent work in karst (limestone) caves on 
Moresby Island provides insights. The earliest 
post-glacial evidence for fauna is a single 
brown bear (Ursus arctos) dating to 14,200 BP 
(Ramsey et al. 2004). Between 12,000 to 
10,500 BP there is evidence for a terrestrial 
fauna more diverse than present (Ramsey et al. 
2004). Most modern-day species have been 
identified from this period as well as some 
no longer present. Mammals from this time 
include black bear (Lfrsus americanus carlottae), 
brown bear, caribou (Rangifer tarandus 
dawsoni), deer (cf. Odocoileus hemionus), dog 
(Cants familiaris), river otter (Loutra canadensis 

peroclyzomae), martin (Martes americana 
nesophila), mice (Peromyscus spp.), shrews 
(Sorex spp.) and bats (Lasionycteris noctivagans, 
Myotis spp.). Brown bear and deer appear 
to have been extirpated from Haida Gwaii 
by 10,000 BP, likely as a consequence of 
environmental change. Salmonid bones were 
also recovered from the caves, but no other 
marine animals. The record between 10,000 
to 6,000 BP is very limited. By 6,000 BP the 
Haida Gwaii mammal fauna was similar to 
modern (Wigen 2005) with the exception that 
caribou was still present. Caribou was extinct 
by the early 1900s (McTaggart Cowan 1989). 

Contemporary with these rapid changes 
in climate and biota were rapid changes 
in sea level. The relative position of sea 
level around Haida Gwaii is poorly known 
for the early post-glacial period (16,000 to 
12,500 BP). The shoreline was somewhat 
lower than present day, then fell to at least 
150 m below the current level by 12,500 BP 
(Figure 9). After 12,000 BP, sea level began 
to rise and reached modern levels by 
9,400 BP and its highest point (15 m above 
modern) by 9,000 BP. Relative sea level 
remained 15 to 14 m above modern until 
-5,000 BP and then fell gradually to its 
modern position (see section 4.5 below). 

• -500 - -201 
-200--101 
-100 --51 
-50 --26 
-25-0 

• 1-25 
• 26-50 
• 51-100 
• 101-200 

201-500 

1501-1.000 
1.001-2.000 
2.001-3.000 

Figure 9. Haida Gwaii and Hecate Strait proposed shoreline configuration according to different dates in 
years before present (BP) (courtesy of D. Fedje and G. MacMillan, Parks Canada). Colour legend is in 
metres above and below sea level at those dates. 

26 



3.2.2. Archaeology 

The Haida Gwaii coast is very 
archaeologically rich - Gwaii Haanas alone 
has 604 coastal archaeological sites recorded 
in the GIS database (Fedje et al. 2001 b). The 
minimum 10,500 year-old cultural history 
of Haida Gwaii is divided into eras based 
primarily on technology (Fedje and Mackie 
2005). These include the Kingii Complex 
before 9,000 BP, the Early Moresby Tradition 
(8,900 to 8,000 BP), the Late Moresby Tradition 
(8,000 to 5,000 BP) and the Graham Tradition 
(5,000 to 200 BP) divisible into early and late 
components (Mackie and Acheson 2005). 

3.2.2.1. Kingii Complex 

The earliest archaeological evidence has 
been recovered from karst caves on Moresby 
Island and is very limited. At Kl Cave, on 
the west coast of Moresby Island (Ramsey 
et al. 2004), two spearpoints were recovered in 
association with bear bones dating between 
10,500 to 10,900 BP. Investigations at Gaadu 
Din cave, on the east coast of Moresby Island, 
have provided evidence of human activity 
(stone tools, charcoal) dating between 10,550 
to 10,000 BP (Fedje 2005). The archaeological 
data and associated paleontological material 
show that bear hunting was part of human 
adaptation at this time but offer little 
further evidence as to overall adaptation. 

The Kilgii Gwaay site, Ellen Island, Houston 
Stewart Channel provides the earliest 
clear evidence of maritime adaptation on 
Haida Gwaii (Fedje et al. 2001a; Fedje et al. 
2005 a). Kilgii Gwaay was occupied from 
9,450 to 9,400 BP, when sea levels were 2 to 
4 m below modern levels, and is one of the 
oldest shell middens in Pacific coastal North 
America. Many stone artifacts (Figure 10) 
and a small number of bone and wooden 
artifacts were recovered. The site produced 
a diverse, mostly marine, fauna including 
black bear, sea otter (Enhydra lutris), harbour 
seal (Phoca vitulina), and a broad variety of 
fish and bird species. The evidence suggests 
a "maritime-capable" culture with offshore 
hunting capabilities with efficient water-

craft that yielded birds such as albatrosses 
(Phoebastria spp.) and large marine mammals. 

3.2.2.2. Kingii Complex and Early Moresby 
Tradition 

Following the record at Kilgii Gwaay, the 
Richardson Island site, on the southeast 
coast of I laida Gwaii, provides substantial 
evidence of human occupation between 9,300 
to 8,400 BP (Fedje et al. 2005 a, b). This site 
was occupied when sea levels were 15 m 
higher than present and is very significant 
because it has over 30 distinct occupation 
layers providing evidence of a major shift 
in stone tool technology (Magne 2004). The 
early levels comprise a stone tool assemblage 
characterized by chipped stone bifaces (stone 
spears and knives) and simple utilitarian 
flake and core tools. At 8,900 BP, microblade 
technology is introduced and gradually 
replaces biface technology over the next 
few centuries. Microblades herald the use 
of composite tools in which blades (sharp 
stone flakes) are set into bone or wood hafts 
for more efficient cutting and scraping. 
Faunal preservation is poor but some fish 
and bird species have been recovered from 
hearths rich in calcined (burnt) bone. 

3.2.2.3. Late Moresby Tradition 

The archaeological record for mid-Holocene 
time (8,000 to 5,000 BP) is evident at the 
Arrow Creek and Lyell Bay sites (Fedje and 
Mathewes 2005). As with nearby Richardson 
Island, the archaeological assemblages are 
largely limited to stone tools. Stone tool 
technology at these sites is characterized by 
microblades and simple stone tools. Biface 
technology is entirely absent at this time as is 
the case for all of Haida Gwaii. Little can be 
said about human adaptation from the Gwaii 
Haanas sites as organics are almost entirely 
lacking due to poor preservation in the acidic 
rainforest soils. The Cohoe Creek site, Massett 
Inlet (6,000 to 4,000 BP) demonstrates a strong 
maritime focus and is likely comparable to 
those of the Gwaii Haanas area at this time 
(Christensen and Stafford 2005). It is at 

27 



Figure 10. Stone tools from various archaeological sites around Gwaii Haanas: (a-d) bifacially chipped knives and 
spearpoints from the Richardson Island site (dating between 9,300 and 9,000 BP); (e-f) chipped stone scraperplanes 
from Richardson Island site and likely used for scraping hides or adzing wood (dating between 9300 to 9,000 BP); 
(g-h) microblade cores from Richardson Island site and from which microblades were chipped for insertion into 
wood or antler hafts to make composite tools (dating between 8,900 to 8300 BP); (i-j) unifacially chipped cutting 
or scraping tools from the Kilgii Gwaay site (dated to 9,450 BP); (k) billet flake (simple cutting tool) from 55 m 
water depth in Werner Bay (likely dates to -10,000 BP). 
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this time that the first evidence appears for 
substantial shell-rich deposits (shell middens). 

3.2.2.4. Graham Tradition 

At present, there is no known archaeological 
evidence in Gwaii Haanas for the early 
Graham Tradition period 4,000 to 2,000 BP. 
There are however, a number of sites on 
Graham Island dating to this time (Fladmark 
1989; Mackie and Acheson 2005). By 5,000 BP, 
microblades disappear from the toolkit and, 
while chipped stone technology remains 
well represented until 2,000 BP, ground 
stone and bone tools become more common. 
Archaeological sites dating to this time are 
strongly maritime-oriented and characterized 
by massive shell middens rich in shellfish, 
fire-broken rock and charcoal as well as a 
variety of marine fishes, birds and mammals. 

There are many archaeological sites for 
the late Graham Tradition period dating 
from 2,000 BP to historic times in the Gwaii 
Haanas area (Mackie and Acheson 2005; 
Mackie and Sumpter 2005). These include 
villages, campsites, resource gathering 
sites (shellfish collecting/processing; 
fish weirs and traps, culturally modified 
trees) and other site types. Ground stone 
tools characterize tool technology while 
chipped stone is virtually absent. A large 
proportion of Graham Tradition tools were 
manufactured from wood, bone and shell. 
The largest programs of test excavation 
and interpretation of Graham Tradition 
sites in the Gwaii Haanas area were by 
Acheson (1998) and Orchard (2005). 

3.2.2.5. Shipwrecks 

There are preliminary shipwreck surveys 
that include the Haida Gwaii area (Rogers 
1973,1992) with wrecks such as the Eleanora 
in Houston Stewart Channel (1794), the 
Resolution at Cumshewa Inlet (1794) and 
the Georgiana near Skedans (1851). The 
locations of 144 of 224 known wrecks 
shown in Figure 11 provide a preliminary 
assessment only as there have been no 

wreck-focused underwater archaeological 
surveys in this region. This is in contrast 
to other Canadian areas. For example, the 
28 known wrecks, from thorough surveys, 
were a major factor towards the creation of 
Fathom Five as Canada's first national marine 
park in 1987 (Folkes 2001; Wilkes 2001). 

Figure 11. Records of 144 among 224 known 
shipwrecks from around Haida Gwaii from 1786 to 
1998. Locations of many plotted shipwrecks is 
approximate. Data are from Rogers (1973,1992), 
Canadian Hydrographie Service nautical charts, 
and Northern Maritime Research's (2002) 
"Northern Shipwrecks Database". 
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3.3. GWAII H A A N A S CASE STUDY: THE 
ERA SURROUNDING CONTACT 

T.J. Orchard 

"Poor knowledge of the structure of and 
dynamics of natural ecosystems before massive 
human impacts often limits our ability to 
understand changes." (Power et al. 1996) 

Parks Canada's terrestrial and marine 
mandates, described in section 2.2, may 
appear unambiguous. But, what is to be 
conserved in Gwaii Haanas given the reality 
that many ecosystem changes have occurred 
since the early European contact era? An 
important question is which of the following 
ecological integrity baseline conditions should 
be the management target for Gwaii Haanas 
(Sloan 2002 a; Orchard and Mackie 2004): 

• the current ecosystem (i.e., accepting 
unfeasibility of restoration); 

• pre-inclustralized fishing, mining 
and forestry (of -100 years ago); 

• pre-European contact (of 
-200 years ago); and 

• prehistoric era before humans (i.e., a state 
of "wilderness" of -10,000 years ago). 

A pre-contact ecological baseline for Gwaii 
Haanas has been constructed through small-
scale archaeological sampling. This may 
reveal changes both in the recent ecology 
and the Haida's economic adaptations 
through the late pre-contact and early 
contact periods. Accordingly, this case 
study outlines current archaeological 
research and discusses its relevance to 
managing ecological and cultural terrestrial 
and marine resources in Gwaii Haanas. 

greatly increased sea otter hunting by the 
Haida, particularly from -1790 to 1830 
(Robinson 1996; Heise et al. 2003; Dick 
2004; Galois 2004). Sea otter populations 
dwindled rapidly, and by the late 19* century 
the species was extirpated along most of 
coastal British Columbia (Heise et al. 2003). 
The "keystone" status of sea otters in kelp 
forest ecosystems and the likely ecological 
effects of their removal from local waters 
(discussed later in sections 7.2 and 7.6). For 
example, evidence of this ecosystem change 
may be currently seen in the widespread 
presence of "sea urchin barrens" associated 
with kelp forests around Haida Gwaii. 

Other changes to the Haida Gwaii ecosystem 
have occurred subsequently with the 
introduction of predatory mammals (e.g., 
rats (Rattus spp.), racoon (Procyon lotor)) 
and herbivores (e.g., Sitka black-tailed deer 
(Odocoileus hemionus sitkensis)) (Gaston et al. 
2006). Rats were likely introduced with 
the earliest European visitors and racoons 
were introduced in the mid 20lh century and 
substantial populations of both species are 
established. Both species prey particularly 
on ground-nesting sea birds that nest on the 
islands, and have been implicated in major 
declines their populations (Taylor et al. 2000; 
Harfenist et al. 2003). Similarly, deer were 
introduced in the late 19* century and are 
well established throughout Haida Gwaii. 
Deer have significantly altered terrestrial 
ecosystems through over-browsing of young 
trees, shrubs and herbs, including many 
species traditionally important to the Haida 
(Vila et al. 2003; Gaston et al. 2006). More 
recently, changes have been initiated, mostly 
through industrial forestry (Grzybowski 
and Slocombe 1988; Forest 2001). 

3.3.1. Post-contact Changes to the Haida 
Gwai i Environment 

3.3.2. Gwaii Haanas Environmental 
Archaeology 

First recorded European contact occurred in 
1774 (Blackman 1990), initiating interaction 
with Europeans and eventually leading to 
a dramatic shift in the Haida's economy. 
Specifically, American and British traders' 
demand for sea otter (Eidiydra lutris) pelts 

An understanding of changes to the Gwaii 
Haanas ecosystem is a prerequisite for 
understanding both the changes in Haida 
adaptation that occurred during the 
early contact period and the ecosystem's 
current state. Describing the pre-contact 
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environmental state provides a baseline 
for comparison. In 2000, an environmental 
archaeology project was initiated for 
small-scale excavations around Gwaii 
Haanas towards revealing changes in 
Haida adaptation and local ecology during 
the early contact period. Four seasons 
of fieldwork have been conducted, with 
excavations carried out at eight sites 
(Figure 12) (Mackie et al. 2001; Orchard 
2005). Preliminary analyses of vertebrate 
and invertebrate samples produced 
-125 identified taxa, of which 17 are 
mammals, 31 are birds, 30 are fishes, and 
47 are invertebrates, with the diversity of 
species varying between sites. In addition, 
preliminary paleobotanical analyses have 
yielded numerous economically important 
plant species (Orchard and Lyons 2004). 

Generally, Haida subsistence in the late pre-
contact period was heavily marine. Fish 
overwhelmingly dominate all the vertebrate 
assemblages with the exception of site 923T, 
where birds dominate (Figure 12). Also, 
mammals are generally more prevalent than 
birds, with the exception of sites 923T and 

Figure 12. Locations of contact-era archaeology 
sites in Gwaii Haanas sampled, 2000 to 2004. 

740T. Among the fish, salmon are always the 
most common, though the prevalence varies 
considerably, and many other fish species are 
usually present. Specifically, rockfish (Scbastes 
spp.), greenlings (Hexagraiimios spp.), Pacific 
herring (Clupea pallasi), dogfish (Squahis 
acanthias), and ratfish (Hydrolagus colliei) are 
ubiquitous, and sculpin, flatfish, cod and 
prickleback species are often present in lesser 
numbers. Small alcids, such as Ancient 
Murrelet (Synthliboramphus antiquus) and 
Cassin's Auklet (Ptychoramphus akuticus), are 
always prevalent and dominate all of the bird 
assemblages. Among the mammals, sea otter 
and harbour seal (Phoca vitulina) generally 
dominate and are present in comparable 
numbers. Invertebrate assemblages have yet 
to be quantified, though many species are 
present and their variability likely represents 
local availability. Finally, various plant taxa 
also contributed to late pre-contact diet, but 
these samples require further analyses. 

In addition to this general pattern, the 
assemblages reveal regional and inter-
site variability. The eight sites can be 
lumped approximately into three broad, 
general categories. The most common 
site is dominated by salmon (e.g., 699T, 
717T, 785T, 924T and 1134T), where salmon 
represents from 77 to 97 % of the identified 
fish remains. Aside from salmon, these sites 
all demonstrate a fairly general adaptation, 
with numerous other species present in low 
numbers. A second category, including sites 
740T and 781T, represents an overall general 
adaptation, with salmon present in relatively 
low numbers (46 to 33 % of identified fish 
respectively). Site 781T was also the only site 
in which harbour seal and sea otter do not 
dominate the mammals. Rather, Pacific white-
sided dolphin (Lagenorhynchus obliquidens) 
and harbour porpoise (Phocoena phocoena) 
represent -60 % of the identified remains. 
Finally, site 923T, and to a lesser extent site 
740T, represents a category of site dominated 
by birds, primarily Ancient Murrelets, and 
may represent a special activity site. 

On a more regional level, the ubiquitous 
small alcid remains may form a pattern 

31 



where more southern sites (699T and Kunghit 
Island sites of Acheson 1998) are dominated 
by Cassin's Auklets and more northern 
sites are dominated by Ancient Murrelets 
(Orchard 2005). Interestingly, within the 
southern area there is also a trend towards 
significant use of small alcids in the eastern 
sites with considerably fewer alcids recovered 
from western sites (Harfenist et al. 2002). 

In addition to these pre-contact economic 
data, preliminary data also point to economic 
changes during the contact period. The data 
are more limited due to problems of sample 
size and lack of clear contact-period deposits 
at many sites. Nevertheless, some interesting 
trends appeal'. Although mammals in 
general suffer from problems of relatively 
small sample size, an increase in sea otter 
relative abundance is clearly evident in early 
contact period deposits at sites 699T and 785T 
(Orchard 2005) and may reflect an increase 
in sea otter hunting during the early contact 
period. Also evident in some assemblages 
are changes in the relative frequencies of fish 
taxa ecologically related to the presence of 
sea otters. Specifically, several assemblages 
spanning the late pre-contact and early 
contact periods show a decrease in the relative 
frequencies of rockfishes, Pacific herring, and 
greenlings, offset by an increase in salmon. 
Analysis of fish remains from many of the 
assemblages is incomplete, however. As a 
result, patterns of changing abundance for 
important taxa such as herring, which tend 
to be very under-represented (Cannon 1991), 
are unclear. Future analyses will likely reveal 
similar patterns of changing taxonomic 
abundance through the early contact period. 

3.3.3. Ecological Insights from 
Environmental Archaeology 

In addition to providing evidence of Haida 
economy, the archaeological results provide 
insight into the late pre-contact ecology. The 
wide range of species present provides a 
minimal list present in the local ecosystem at 
the time of site occupation. Generally, this 
diversity and abundance of taxa matches 
well with contemporary patterns recorded 

for the Gwaii Flaanas area (Sloan et al. 2001; 
Harfenist et al. 2002; Heise et al. 2003). Some 
more specific observations, however, are 
relevant to possible and known changes 
in species distributions and abundances. 

Sea otter and harbour seal are relatively 
abundant in virtually all of the analysed 
assemblages, suggesting that these species 
were ubiquitous around Gwaii Haanas prior 
to contact. More surprising is the recovery 
of rookery-age (unweaned) northern fur 
seal (Callorhinus ursinus) from site 699T. 
Though modern populations of fur seal 
breed primarily in the Bering Sea (Heise et al. 
2003), the recovery of rookery-age juveniles 
from archaeological contexts elsewhere on 
the northwest coast has led to the suggestion 
that additional breeding colonies may have 
existed, with the Bering Sea breeding pattern 
being a relatively recent development 
(Crockford el al. 2002; Moss and Losey 
2003). Thus, the recovery of rookery- age 
remains from site 699T could indicate the 
existence of a local breeding population of 
northern fur seal in late pre-contact times. 

The general dominance of small alcids 
among the bird bone assemblages is perhaps 
unsurprising given these species' widespread 
abundance in the study area (Harfenist 
et al. 2002). The regional variability in 
the archaeological abundance of Ancient 
Murrelets and Cassin's Auklets is interesting, 
however, as these species currently have 
similar abundances in the areas surrounding 
the excavated sites (Harfenist et al. 2002). 
This may point to a slightly differing 
distribution or differing relative abundances 
of these species prior to the introduction 
of predatory mammals. Similarly, the 
extirpation of sea otters by the late early 
19"' century has likely had indirect effects 
on the abundances of numerous other taxa. 
The most direct effects of sea otter removal 
were likely felt by invertebrate prey species, 
such as red sea urchins (Stroiigi/loceutrotus 
franciscanus) and northern abalone (Haliotis 
kamtschatkana). Though the quantification 
of invertebrate remains is incomplete, it 
is unlikely that trends within these taxa 
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will be visible, as their remains preserve 
poorly in local coastal soils. The effects of 
increased abundance of sea urchins may be 
manifested by the presence of sea urchin 
barrens and associated decrease of kelp-
forest may itself affect related fish species 
in ways that are detectable archaeologically. 
Specifically, the contact-period decline in 
abundances of Pacific herring, rockfishes, 
and greenlings may be tied to loss of kelp 
forest habitat. The preliminary plant analyses 
point to a more widespread abundance 
of food plants prior to over-browsing by 
introduced deer. Banner et al. (1989) identify 
these same species among those particularly 
heavily affected by deer browsing. 

In summary, preliminary results indicate 
that Haida economic adaptations did change 
during the early contact period as revealed 
from the contact-era sites. In addition, the 
faunal and floral remains help construct a late 
pre-contact environmental baseline. These 
results help reveal ecological changes that 
occurred in Gwaii Haanas after contact. 

3.4. GWAII HAANAS CASE STUDY: 
POST-CONTACT ERA 

L. Dick and I.D. Sumpter 

Here we briefly review the historical record 
to reveal post-contact coastal industrial 
uses in the Gwaii Haanas area from 
the 18th century to the present. Contact 
between the Haida and non-Aboriginal 
people generated important cultural and 
ecological effects along Gwaii Haanas' 
coast, many of which have been researched 
(Morton 1992; Dick and Sumpter 2000). 
First documented contact in Haida Gwaii 
occurred in July of 1774, when Juan Perez, 
a Spaniard from the colony of California 
aboard the Santiago, met and traded with 
the Haida off Langara Island (Beales 1989). 

3.4.1. Maritime Fur Trade and Early Contact 

In 1787, George Dixon aboard the British 
vessel Queen Charlotte initiated trade with 

the Haida for sea otter pelts off Cloak Bay, 
Langara Island near the entrance to the Parry 
Passage. This was part of the maritime fur 
trade on the northwest coast, which was 
the main focus of interactions between 
Europeans and coastal First Nations for the 
next 50 years (Gibson 1992; Robinson 1996; 
Dick 2004). Between 1787 and the 1830s, 
ships from various countries (mostly the 
United States) stopped at villages throughout 
Haida Gwaii including Tanu, Skedans, and 
"Koyah's Harbour" (on Kunghit Island) and 
other southern locations (Dick 2004). 

The trade precipitated significant cultural 
changes. Many Llaida men must have hunted 
sea otters while women prepared pelts for 
sale. The Haida thus acquired highly valued 
iron tools that enabled more large canoe and 
house construction and monumental art (pole) 
creation. Other trade items included cloth, 
needles, kettles and knives. Significant also 
was the trade in muskets and gun-powder 
- in widespread use even beforelSOO. 

The sea otter trade likely affected the ecology 
of Gwaii Haanas' coast through rapid 
depletion of sea otters, an important predator 
of invertebrates in northeast Pacific kelp forest 
ecosystems (Heise et al. 2003). The ecological 
role of sea otters is discussed more in sections 
7.2 and 7.6. An early focal point for fur 
trading was southern Haida Gwaii in the late 
1780s and 1790s where there was trade with 
chief Koyah at sites around Kunghit Island, 
especially at "Barrell's Sound" (Houston 
Stewart Channel) in the vicinity of Rose 
Harbour. By 1800, few ships visited the most 
southerly areas of Haida Gwaii, although tire 
trade continued along eastern Moresby Island, 
including Cumshewa, Tanu, and occasionally 
Skedans. Traders' unwillingness to visit the 
most southerly areas may have related to 
several violent confrontations between traders 
and Haida, although trading likely would 
have occurred if sufficient stocks of furs were 
available. By the early 1800s, Skidegate and 
Old Massett had become the two leading 
Haida towns and, along with Langara Island, 
the focus of most subsequent trading. 
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Surviving traders' records indicate vigorous 
trade in the decade 1801-1810. For example, 
in 1801,14 ships (mostly from Boston) 
collected -15,000 otter skins. Ships' 
documents indicate where and how intensely 
trading occurred. For example, in 1805, a 
vessel secured 100 pelts in one day's trading 
at Skedans (Yale University undated). By 
the 1831 establishment of the Hudson's 
Bay Company's Fort Simpson on the north 
mainland coast, the sea otter trade had 
been superseded by a trade for terrestrial 
mammals ' furs. Even so, Haidas continued to 
trade sea otter pelts at Fort Simpson until the 
1850s. Sea otter populations lingered around 
Haida Gwaii, likely becoming extirpated by 
the mid to late 19* century (Scouler 1841, 
p. 219; Dawson 1880, p. 154B; Niblack 1890). 

By 1800, the Flaida were growing potatoes 
to barter, along with furs, fish and other 
products to traders, and to mainland 
indigenous peoples as well (Scouler 1841, 
p. 219). This was one of the first examples of 
changes to Haida life-ways as their economy 
became increasingly European-influenced. 
This eventually extended to industrialization 
and waged labour, the introduction of 
a devastating series of epidemics, the 
consolidation of Flaida towns, and eventual 
re settlement to Graham Island (Skidegate 
and Old Massett) of southern Flaida people 
in the late 19th and early 20lh centuries. While 
the evidence is incomplete, some early 
encounters brought the first epidemics, 
which inflicted widespread suffering and 
death in the southern areas of Haida Gwaii 
(Boyd 1999). Following the establishment 
of the Colony of British Columbia in 1858, 
industry began to bring further changes 
to Gwaii Haanas' coast including mining, 
logging, fishing and whaling with attendant 
processing in a saw mill, salteries, canneries, 
and the Rose Harbour whaling station 
(Morton 1992; Dick and Sumpter 2000; 
Heise et al. 2003). The locations of many 
post-contact industrial archaeological 
sites, including those specifically 
mentioned here are shown in Figure 13. 

3.4.2. Copper and Gold Mining 

There were two phases of mining: small-
scale exploration by entrepreneurs in the 
mid-19"1 century, and larger-scale mining 
beginning -1900. Entrepreneurial mining 

Figure 13. Map of the Gwaii Haanas area, 
showing the sites mentioned in the text 
concerning post-contact activity including the 
maritime fur trade and subsequent industrial 
extraction. The majority of unlabelled locations 
are copper mining sites. 
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was characterized by small ventures funded 
by local syndicates after 1858. A forerunner 
was the unsuccessful, speculative east coast 
gold rush of 1852 to 1853 (Dalzell 1988). 
In 1862 and 1863, backed by investors in 
Victoria, Francis Poole worked a series of 
copper claims in the Skincuttle Inlet area. 
His book (Poole 1872) provides a rare source 
from this period, albeit one coloured by the 
author 's cultural views. The sites of Poole's 
former mines on the Copper Islands and 
Burnaby Island reveal the early industrial 
activity and European-Haida contact. Coastal 
areas offered accessibility by small boats 
and the verified presence of minerals (BC 
1908). These are the first sites of appreciable 
industrial activity in Haida Gwaii, a process 
that exerted a major impact on the history 
of local people and coastal ecosystems. 

Around 1900, new markets, more 
investment, and the availability of heavy 
equipment stimulated a revival of copper 
mining. Beginning with Copper Island 
in 1899, entrepreneurs staked claims 
initiating more extensive mining than 
in the Poole era. The Burnaby Island 

"Gigger" claim site typifies this increased 
scale with large excavation by use of heavy 
equipment with greater financing (Dick 
and Sumpter 2000). By the early 1900s, 
copper mines were established in nearby 
Klunkwoi, Carpenter and Collison Bays. 

In 1906, Arichika Ikeda, a Japanese 
entrepreneur, initiated what would become 
the region's largest mine before the Second 
World War. He had discovered copper in the 
uplands between Ikeda Cove and Harriet 
Harbour and by 1909, Ikeda Mines employed 
-70 men (BC 1909). By 1910, there was 
extensive development including a tramway 
from the large wharf, up the mountain to the 
mine (Figures 14 and 15). Ikeda's success 
attracted larger venture capitalists and by 
1917, there was a further mine expansion 
and more mineral claims. Other mining 
claims were developed in the area of Harriet 
Harbour at settlements of Jed way and at 
Collison Bay, to the south of Ikeda Cove. 
The Japanese graves in Ikeda Cove are 
among the few coastal cultural resources in 
Gwaii Haanas indicating the multicultural 
workforce in the early industrial period. As 

Figure 14. Wharf and ore bunker, Ikeda Bay. Photograph in the collection of Mrs. Chisato Tokanuga. 
Haida Gwaii Museum photograph no. 2491, Skidegate, B.C. 
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was typical of primary extractive industries, 
mining in Gwaii Haanas was characterized 
by a boom-and-bust economy, in which rapid 
development was fuelled by speculative fever, 
and quickly cooled by a downturn in markets 
or the price of minerals. For example, by 1914, 
Ikeda Cove bad only -10 miners working. 

Gold mining is closely associated with 
the colonization and settlement of British 
Columbia in the 19"' century. A speculative 
gold rush in the 1850s sparked a flurry of 
activity with few lasting effects on Haida 
Gwaii. While local gold mining paled in 
comparison to those of the Fraser or Cariboo 
gold rushes, it was representative of a much 
larger phenomenon of speculative claims 
throughout the world in the late 19th and early 
20th centuries. In the Gwaii Haanas area, 
gold mining was concentrated on Shuttle 
Island. Four quartz claims were placed after 
the First World War. Excavations occurred 

without tangible results and a placer claim 
worked on a beach also proved unsuccessful. 

3.4.3. Loggmg 

In the Gwaii Haanas area, logging was 
initially an activity ancillary to mining. The 
first focused commercial logging started 
at Jedway, Harriet Harbour in 1907. The 
sawmill continued to operate at full capacity 
through 1908, burned down in 1909 and it 
may have been rebuilt, although ceased to 
operate beyond 1910 (Morton 1992). This 
was the area's only sawmill. Between 
1910 and 1948, logging developed into the 
principal industrial activity along the Gwaii 
Haanas coast. Following the establishment 
of the Moresby Island Lumber Company 
in 1908, many of the best stands of timber 
were surveyed and granted in timber 
leases. Foreign investors also emerged as 
key players, as the Moresby Island Lumber 
Company was sold to a Chicago company 
in 1913. Early loggers working for a 
number of small companies felled coastal 
stands by hand tools. Logs were yarded 
to nearby waters with steam donkeys and 
cabled into Davis rafts for towing to mills. 
In this era, coastal areas around Sedgwick 
Bay, Shuttle Island, Atli Inlet, Beresford 
Inlet, Richardson and Tanu Islands were 
extensively logged (Morton 1992). 

Larger-scale operations began in 1917 with 
T.A. Kelley's acquisition of timber licenses 
around Atli Inlet. By the following year, he 
was employing -200 men in three camps 
near Lockeport. In 1923, he expanded 
operations to Takelley Cove, then to Selwyn 
Inlet in 1927. Producing 40,000,000 board' 
feet in 1930, Kelley continued operations 
through the Second World War, averaging 
-30,000,000 board feet annually. Another 
major operator was the J.R. Morgan 
Logging, which established a float camp at 
Sedgwick Bay in the early 1930s, moving 
on to Talunkwun Island by 1936. Morgan 
also logged Cumshewa Inlet and Huxley 
Island. Employing -120 men, Morgan's 
operations produced -40,000,000 board feet 
annually in this period (Morton 1992). 
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Figure 15. Opening to the "Lily" mine, Ikeda 
Mines, Ikeda Bay. British Columbia Archives 
photograph no. D-6343, Victoria, B.C. 



The scale of operations expanded greatly 
during the Second World War due to high 
demand for hemlock and Sitka spruce. In 
1941, Pacific Mills and A.P. Allison Logging, 
which undertook operations in the northern 
part of Moresby Island, joined the existing 
companies Kelley and Morgan as the major 
operators. In total, they operated nine logging 
camps employing -800 men that produced 
-228,000,000 board feet annually. Following 
the war, logging moved from the southern 
Gwaii Haanas area to northeastern Moresby 
Island and Graham Island (Figure 16). There 
was little logging in the northern Gwaii 
Haanas area until 1975, when Rayonier of 
Canada was granted a license to log Lyell 
Island. In this period, clear-cutting generated 
-72,000,000 board feet annually. This logging 
became an international environmental 
issue and ended with the signing of the 
federal-provincial South Moresby Agreement 
to establish Gwaii Haanas National Park 
Reserve in 1988 (May 1990; AMB 2003 a). 

3.4.4. Marine Extraction 

After 1900, marine resource industries exerted 
a major impact on both Haida and settlers. 

Both groups were employed in catching and 
processing finfish and shellfish. An important 
feature of this industry was the involvement 
of Japanese entrepreneurs between 1910 
until their dispossession and internment in 
1941. Among the plants established in the 
Gwaii Haanas area were salmon canneries 
at Lockeport, salmon salteries, and shellfish 
canneries. At these sites, much of the 
workforce was Haida and Japanese. For 
example, traces of former residences of Haida 
in Burnaby Narrows document their clam 
digging for the nearby Bag Harbour Cannery. 

In terms of surviving cultural resources, 
the Jedway Bay Saltery is one of the best-
documented among the area's industrial fish 
processing sites (Figure 17). This was partly 
a function of the scale and longevity of the 
saltery, which was in operation between 
1910 and 1940. Most salteries operated 
only briefly, such as on Murchison Island, 
Rose Inlet and in Houston Stewart Channel 
(Dalzell 1993). Costly canning was avoided 
as salmon were crated in dry salt for direct 
export to Japan. Apparently prohibitions 
against the granting of licenses to Japanese 
nationals obliged these small-scale plants 
to operate in secrecy (Dalzell 1993). 

The other major fish processing concern 
was the cannery established at Lockeport 
in 1918 in response to demand for canned 
salmon during the First Word War. The 
cannery employed many Haida, who lived 
nearby. At peak operations in 1925, >70,000 
salmon were processed that year, but by 
1930 production ceased (Morton 1992). 

The Rose Harbour Whaling Station, in 
operation between 1910 and 1943, was 
one of the largest and longest-run whaling 
complexes in British Columbia (Figure 18). 
Over 5,000 whales were landed at Rose 
Harbour and >3,000 at the Naden Llarbour, 
Graham Island station (operational 1911 
to 1941) (Heise et ni. 2003, Table 6). Rose 
Harbour was one of a series created coast-
wide by the Pacific Whaling Company, which 
was established in 1903 by fur sealers (Dalzell 
1988). Their steam ships scoured the waters 
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Figure 16. Log storage, Crown Zellerbach 
operations, Moresby Island, 1961. British Columbia 
Forest Service photograph, British Columbia 
Archives, photograph no. NA-21401, Victoria, B.C. 



Figure 17. Jedway Bay Saltery, ca. 1910. Haida Gwaii Museum photograph, Box 57, Pr. 37, Port Clements, B.C. 

within a -80 km radius. At the station, 
workers stripped carcasses of their blubber for 
rendering in large cauldrons to yield whale 
oil. The remainder was chopped up, rendered 
for oil and the crushed bone, cooked meat and 
offal were then fed into the drying machines 
to produce fertilizer. The large drying 
machines are still visible on Rose Harbour 's 
beach. After the annual November to March 
station closure due to whale migration 
patterns and weather conditions, the company 
engaged Japanese and Chinese labourers in 

April from southern British Columbia (UVVL 
no date - University of Washington Libraries). 

3.4.5. Beacons and Settlements 

Aids to navigation were developed at strategic 
sites along the west coast of Haida Gwaii. The 
manned Cape St. James lighthouse was built 
at the southernmost point of the archipelago 
in 1914 and replaced by an automated facility 
in 1992 (Figure 19). In 1913 the lighthouse on 

Figure 18. Rose Harbour Whaling Station, oblique drawing prepared for a company prospectus, 1912. 
University of Washington Library, Manuscripts Division, Lagen Collection, Seattle, WA. 
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Figure 19. The light station at Cape St. James, ca. 
1920. British Columbia Archives, Photograph 
no. 1-51705, Victoria, B.C. 

Langara Island was established and it remains 
staffed to this day [http://fogwhistle.ca/mill] . 

Figure 20. The government mining office at 
Jedway, Harriet Harbour, 1920. British Columbia 
Archives, Photograph no. D-00575, Victoria, B.C. 

A by-product of the post-1900 copper 
mining was the establishment of towns 
at Jedway and Lockeport, with smaller 
settlements servicing the mining populations 
in Carpenter and Collison Bays. Being 
coastal, these centres featured industrial-
scale wharfs and other cultural resources 
document the beginnings of quasi-permanent 
European settlements. Essentially, these 
settlements formed a nucleus of services 
to the burgeoning industrial enterprises, 
the housing and transport of workers and 
associated government services. Hard-rock 
mining required a commitment to year-
round settlements providing infrastructure 
for the sustained effort to yield results. 

The largest industrial settlement was Jedway, 
which expanded throughout Harriet Harbour. 
Its facilities included a wharf, store, post 
office, and miners' cabins (Morton 1992). 
Jedway's development peaked by 1909 due to 
a copper boom and claiming rush (Figure 20). 
More rudimentary settlements consisted 
of small groups of cabins nearby claims. 
Given the considerable effort required to 
develop claims, prospectors likely exchanged 
labour and shared equipment costs. As 
an example, before 1914, three miners 
built their cabins on adjacent properties 
at McEchran Cove, near Lockeport. 

In conclusion, the surviving cultural resources 
and stories of post-contact activity document 

fascinating chapters in the history the Gwaii 
Haanas area. Surviving ships' logs and 
archaeological evidence record the earliest 
approaches to Haida Gwaii by Europeans, 
which brought desired trade goods to the 
Haida but also disease epidemics that 
decimated their populations in the 19lh 

century. The principal ecological impact of 
the trade was the depletion (and eventual 
extirpation) of the sea otter, a keystone 
species whose extirpation likely had a major 
ecological effect on the archipelago's coast. In 
the 19* and 20"' centuries, industrial activity 
in the sectors of mining, fish processing, and 
logging brought further social and ecological 
changes. This was especially the case 
with the forest industry, which eventually 
carried out widespread logging in the Gwaii 
Haanas area, precipitating the national 
park's establishment. The Rose Harbour 
whaling station, and its counterpart at 
Naden Harbour, commissioned the slaughter 
of >8,100 whales between 1910 and 1943. 
Nevertheless, the fish processing businesses, 
especially the Lockeport and Bag Harbour 
canneries, provided significant employment 
for Haida workers. Industrial activity also 
brought members of other cultures to Haida 
Gwaii, including European, Japanese, and 
Chinese workers. To visit the post-contact 
sites of Gwaii Haanas is to contemplate 
the major changes brought about by these 
activities and the rich human coastal history 
associated with these sites' occupation. 
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3.5. SHELLFISH MARICULTURE 
POTENTIAL 

N.A. Sloan 

The possibility for shellfish mariculture, 
the culture of marine invertebrates, to 
enhance north coast community economic 
development, particularly for Aboriginal 
people, led the province to assess the 
whole north coast (Kingzett et al. 2002). A 
large proportion of the Haida Gwaii coast, 
particularly the north, was already assessed 
by Blyth et al. (1998). This industry remains 
largely a prospective coastal use around 
Haida Gwaii, although oyster and scallop 
culture has been piloted in a few sheltered, 
ncarshore areas since the late 1990s (Sloan 
ct nl. 2001 ). As well, only a small proportion 
of Gwai Haanas' nearshore area on the 
northwest and northeast sides was included 
in the 1998 assessment (Figure 21). An 
assessment for finfish culture, such as 
floating net-pen salmon culture, has not 
been done for Haida Gwaii as this prospect 
currently has little community support. 

The Haida Gwaii study's three species are 
introduced (non-native to Pacific Canada). 
The growing techniques for these species are 
well developed, so these species are heavily 
relied upon by the mariculture industry in 
southern British Columbia. The species are 
Pacific oyster (Crassostrea gigas), Manila clam 
(Tapes philippinarium) and the Japanese scallop 
(Mizuliopecten yessoensis) hybrid cross with 
the native weathervane scallop (Patinopecten 
caurinus). Only the weathervane scallop is 
confirmed to occur naturally around Haida 
Gwaii (Sloan and Bartier 2004 b). The 
Pacific oyster and scallop hybrid grow well 
at sites (from imported, disease-free spat 
[larvae]). They do not breed here, likely 
because local waters are too cold. An attempt 
to introduce the Manila clam in the 1960s 
into Masset Inlet and Naden Harbour did 
not succeed in establishing a local breeding 
population (Sloan and Bartier 2004 b); again, 
perhaps because local waters are too cold. 

The assessment by Blyth et al. (1998) separated 
Haida Gwaii sites into "deep-water" (raft) 
culture potential for Pacific oyster and scallop 
hybrid and "bench" sites with potential for 
Pacific oyster and Manila clam. They focused 
only on the environmental parameters 
affecting the ability of a site to support 
culture. The study area was partitioned into 
23 arbitrary "waterways" with specific sites 
evaluated using the following five standard 
provincial biophysical criteria (Cross and 
Kingzett 1992): salinity, temperature, relative 
exposure to wave action (distance and 
direction of fetch [the area of water over 

Figure 21. Area of I laida Gwaii assessed for shellfish 
mariculture from Blyth et al. ( 1998). Shown also are 
the locations of the one commercial (oyster, scallop) 
longline operation ( A ) and the live pilot (oyster, 
scallop, mussel) longline operations (•) started in 2003 
as part of the Turning Point Shellfish Project for north 
coast First Nations (data courtesy of .1. Russell and W. 
Heath. British Columbia Ministry of Agriculture, Food 
ami Fisheries). 
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which wind passes before reaching land]), 
intertidal slope and composition (mud to 
bedrock), and tidal height or water depth. 
These criteria were rated, weighted and 
aggregated to produce a "Site Capability 
Index" for each species and culture mode, 
within the range of 0.0 (unacceptable) to 1.0 
(optimal), for each site. Rating classes of sites 
that could support culture were 0.51 to 0.75 
("medium" - some mitigation could improve 
them) and 0.75 to 1.0 ("good" - no mitigation 
required). As well, photos were taken of 
sites and notes made on a variety of site 
characteristics such as presence of eelgrass. 

Of the >195 beach sites surveyed, 59% were 
assessed suitable (medium to good) for Pacific 

oyster culture and 42% for Manila clam 
culture. The lower proportion of beaches for 
clam culture related to poor substrate type 
and/or too much freshwater runoff. Of the 
deep-water raft sites surveyed, 36% were 
suitable for scallop hybrid culture (Figure 22) 
and 43% for Pacific oyster culture (Figure 23). 
Therefore, the report's key conclusion is 
that potential sites for shellfish mariculture 
using beaches or nearshore raft locations 
are scattered widely within the study area. 
However, there is a concern for shellfish 
contamination by fecal coliform bacteria from 
human sewage disposal in coastal waters 
discussed in section 3.6. It is likely that if 
the study had included all of Gwaii Haanas' 
proposed NMCA that numerous other 
locations with potential would have been 

Figure 22. Site culture capabilities for floating 
(raft/longline) scallop hybrid (Patinopecten X 
Mizuhopecten) culture around Haida Gwaii (from 
Blyth et al. 1998). 

Figure 23. Site culture capabilities for floating (raft 
/longline) Pacific oyster (Crassostrca gigas) culture 
around Haida Gwaii (from Blyth et al. 1998). 

41 



found. This is relevant as, according to the 
Canada NMCA Act, mariculture is a potentially 
permissible activity within NMCAs. 

3.5.1 Public Health and Safety of Shellfish 
Seafood 

Relevant to the prospect of mariculture, and 
indeed to all the shellfisheries (Aboriginal, 
commercial, recreational) discussed later, 
is the issue of seafood safety. This topic is 
covered in detail by Sloan et al. (2001), so a 
brief overview only is given here. There are 
public health risks associated with eating 
shellfish around Haida Gwaii. Bivalve mollusk 
(clam, mussel, scallop, cultured oyster) 
seafood safety is managed under the federal 
interagency Canadian Shellfish Sanitation 
Program. This Program's objectives are to 
minimize the public health risk posed by 
eating bivalves. Dungeness crab seafood 
safety does not fall under this program, but 
is included in Canadian Food Inspection 
Agency surveillance. Agencies cooperate 
to implement the Program as follows: 

• biotoxin surveillance and seafood inspection 
is by the Canadian Food Inspection Agency; 

• bacteriological water quality surveys 
are by Environment Canada; and 

• posting and patrolling of closed areas 
and the management of conditionally 
approved areas by DFO under the 
Fisheries Act - usually on recommendation 
from the above agencies. 

Paralytic Shellfish Poisoning (PSP) is caused 
by neurotoxins in certain dinoflagellate 
phytoplankton species. Many species of 
dinoflagellates can form seasonal (spring/ 
summer) population explosions or "blooms". 
Visible blooms called "red tides" are caused 
by red-brown pigments in the millions of 
these phytoplankton in surface waters. 
Not all red tides are toxic and their timing 
and locality are highly unpredictable. 

Bivalves eat phytoplankton by filtering them 
out of suspension and when there is a bloom of 
toxic dinoflagellates, bivalves ingest them and 
assimilate their toxin without effect. Toxins are 

retained in bivalve species for varying periods 
of time. People and other warm-blooded 
vertebrates can be poisoned after eating 
these bivalves. The neurotoxin can be fatal 
through paralysis of breathing muscles causing 
inability to ventilate the lungs. Symptoms 
are tingling extremities, dizziness, nausea, 
vomiting, abdominal cramps and difficulty 
breathing. There is no drug treatment. 

Toxic red tides are well known in British 
Columbia and Alaska and in traditional 
Haida stories (Sloan et al. 2001). Given the 
frequency and unpredictability of red tides 
along the north coast of British Columbia 
and the lack of regular PSP testing, the 
whole coast north of Cape Caution has been 
closed year-round by DFO to all intertidal 
bivalve gathering since 1963 for reasons 
of public health and safety. Areas, such as 
North Beach, are opened for fishing only 
after PSP testing using the internationally 
recognized and approved "mouse bioassay" 
test, administered by the Canadian Food 
Inspection Agency. For a closed area to 
be reopened a rigorous protocol must be 
followed. Both the geoduck (Panope abrupto) 
and razor clam (Siliqua patula) fisheries require 
appropriate PSP testing results to remain open. 

Amnesic Shellfish Poisoning (ASP) is a 
relatively new biotoxin threat. It was first 
described from eastern Canada in 1988 where 
toxic mussels (Mytilus sp.) poisoned over 100 
persons, some fatally. It is also a neurotoxin 
(domoic acid) absorbed by bivalves from 
their phytoplankton (diatom) food. Locally, 
the toxin has also been found in the digestive 
organ (hepatopancreas) of Dungeness crab 
(Cancer magister), perhaps because they are 
bivalve predators. Toxic symptoms include 
vomiting, abdominal cramps, diarrhea, 
disorientation and memory loss particularly 
of short-term memory. Amnesic Shellfish 
Poisoning has been recorded from north 
coast of British Columbia bivalves since the 
early 1990s, but levels have been generally 
low. In Haida Gwaii, there has been one 
closure (at North Beach) for 10 months 
in 1995-1996 due to toxin levels recorded 
from razor clam and Dungeness crab. 
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3.6. MUNICIPAL LIQUID WASTE 
DISPOSAL AND LAND-BASED RUNOFF 

N.A. Sloan 

"We have also used the oceans as the 
world's sewer ..." (Friedheim 1999) 

Local communities use coastal waters to 
dispose of municipal sewage. Marine 
sewage disposal is the best-recorded source 
of land-based effluents around Haida 

Gwaii. Table 6 lists the levels of permitted 
sewage disposal, with definitions of levels 
of treatment, from the main communities 
and ferry terminal. All permits, based on 
the Municipal Sewage Regulations, were 
issued under the British Columbia Waste 
Management Act and remain in effect under 
the new Environmental Management Act 
(in force 2004). Overall, there has been 
little sewage treatment prior to disposal 
and communities with connected sewage 
systems use outfalls extending offshore for 

Table 6. Levels of permitted sewage disposal from the main communities and ferry terminal around Haida 
Gwaii (information courtesy of communities' publics works managers and M. Love and J. Carmody-
Fallows, British Columbia Ministry of Environment, Smithers). Municipal Effluents Permits are issued by 
the British Columbia Ministry of Environment subject to the Municipal Sewage Regulations (of 1999). 

Community 
(Permit Number) Notes on Sewage Disposal 

Old Massett Primary sewage treatment (by septic tank) pumped via a marine outfall —310 m out into 
(PE-8228) Masset Sound at -25 m depth (below lower low water line) with a maximum discharge 

volume of 1,554 m' per day; there will be full secondary sewage treatment" by 2006-07 

Masset Preliminary sewage treatment' with a marine outfall -88 m into Masset Sound at -10 m 
(PE-1506) depth (below lower low water) with a maximum discharge volume of 1,523 m per day, 

but will be fully linked with the Old Massett secondary treatment being developed 

Port Clements Secondary treatment through use of an aerated sewage lagoon system into a marine outfall 
(PE-4864) extending -200 m into Masset Inlet at -20 m depth with a maximum discharge volume of 

560 m per day 

Tlell No sewage system (no municipal effluents permit) - individual septic systems only 

Skidegate Primary sewage treatment pumped out a marine outfall extending -1.3 km into Skidegate 
(PE-7712) Inlet at -50 m depth (below lower low water line) with a maximum discharge volume of 

720 m ' per day; will have full secondary treatment by 2006-07 

Skidegate Landing BC Ferries has a separate permit for primary treatment (septic tank) effluent discharge 
(PE-8221) from its ferry terminal using a marine outfall -200 m out into Skidegate Inlet at -30 m 

depth (below lower low water mark) with a maximum discharge volume of 23 m per day; 
not planned to be linked to the Skidegate sewage treatment upgrade 

Queen Charlotte Preliminry treatment of effluents pumped out a marine outfall extending -1.2 km into 
(PE-6427) Skidegate Inlet at -20 m depth (below lower low water line) with a maximum discharge 

volume of 2,295 m per day; costs preclude Queen Charlotte linking with the forthcoming 
Skidegate sewage treatment upgrade 

Sandspit No sewage system (no municipal effluents permit) - individual septic systems only 

1 primary treatment means that a portion of the total suspended solids (TSS) and organic matter is removed from wastewater, and is 
often accompanied by screening or sedimentation such as in septic tanks; effluents contain considerable organic matter and have a 
relatively high biological oxygen demand (BOD) indicating that effluents are high in nutrients available for microorganisms -
Municipal Sewage Regulations are for a BOD not exceeding 130 mg per L and a TSS not exceeding 130 mg per L 

2 secondary treatment means removal of biodegradable organics and suspended solids, often with biological treatment of sludge 
and/of lagoon systems to collect solids (for removal to landfills); Municipal Sewage Regulations (by any form of treatment) are for 
a BOD not exceeding 45 mg per L and a TSS not exceeding of 45 mg per L (TSS for lagoon systems cannot exceed 60 mg per L) 

3 preliminary treatment (the lowest level of treatment) in the local context means that sewage is gathered into a pipe system where 
the only treatment is screening out debris and/or grinding prior to pumping the slurry, rich in organics including fecal coliform 
bacteria, out a marine outfall 
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dispersion. However, major upgrades to full 
secondary treatment are underway for three 
communities, likely to be operational by 2007. 

Sport fishing lodges are not included in 
Table 6. Levels of sewage disposal at lodges 
are not consistent and treatments vary from 
preliminary to approaching secondary. 
The land-based lodges are subject to full 
provincial regulations and permitting. 
Generally, however, the floating lodges are 
classed as ships and subject to pollution at 
sea regulations under the federal Canada 
Shipping Act. The lodge industry, discussed 
later in section 3.9, is currently undergoing 
a broad, multi-agency environmental 
auditing process that will include adequacy 
of sewage treatment and disposal. 

Most fecal contamination in nearshore 
waters comes from human sewage via piped 
sewage systems, independent residences and 
boating, but it can also come from wildlife. 
Fecal coliform bacteria contamination of 
local coastal waters is monitored every 
third year by Environment Canada's 
Shellfish Water Quality Protection Program 
under the jurisdiction of the Canadian 
Shellfish Sanitation Program because 
of the public health threat from eating 
contaminated bivalve mollusk shellfish. 
If coliform counts exceed international 
water quality standards, Environment 
Canada recommends area closure to the 
Pacific Region Interdepartmental Shellfish 
Committee (DFO, Environment Canada, 
Canadian Food Inspection Agency) for 
implementation by DFO under the Fisheries 
Act. For closed areas to be reopened, 
Environment Canada must conduct a 
comprehensive sanitary survey that involves 
a shoreline evaluation and water quality 
testing. Near Flaida Gwaii communities, 
coliform levels have been sufficiently high 
for DFO to enact the year-round closures 
shown in Figure 24. As well, there are two 
seasonal closures based on the seasonal 
presence of people and boating activity in 
southern Haida Gwaii. Potential for coliform 
contamination could influence locating 
potential commercial shellfish mariculture 

operations as previously discussed. People 
who think of local waters as "pristine" may 
be surprised at the amount of area closure, 
albeit precautionary, around Haida Gwaii. 

Other land uses around Haida Gwaii 
contribute contaminants to downstream 
runoff and hence into coastal waters. There 
is erosion from logging and construction 
that introduces sediment into watersheds 
and then nearshore waters, particularly after 
rains. Despite the ubiquity of the logging 
industry, this is not quantified around the 
archipelago, so the extent and effects of 

Figure 24. Bivalve shellfish sanitary closures, based 
on fecal coliform counts, around Haida Gwaii as of 
June, 2005. Two of the ten areas are indicated as 
seasonal (June 15 to September 15) and the others 
are year-round (data courtesy of M. Sterling and 
S. Yee, Environment Canada, Vancouver). 
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human-caused sedimentation in watersheds 
and coastal waters are unknown. There 
are few other industrial effluents (i.e., no 
mills) discharging to coastal waters. As 
well, small harbours can be locations of 
small fuel/oil spills. Overall, however, the 
relatively unpolluted coastal waters around 
Haida Gwaii reflect the less developed, 
rural nature of its coastal communities. 

Since 1995, Canada has been committed 
to a global initiative led by the United 
Nations Environmental Program for which 
there is a "National Program of Action for the 
Protection of the Marine Environment from 
Land-based Activities" (NPA 2000, 2001, 
2004). Under the two broad themes of 
contaminants (eight types including sewage) 
and physical alteration/destruction of 
habitat (six types), the program identifies 
national and regional problems, priorities 
and actions. This poorly known national 
commitment, led by Environment Canada, 
is mentioned here as it may acquire a 
higher profile due to the requirement that 
Canada meets its international marine 
commitments as emphasized under 
Canada's Oceans Strategy (DFO 2002 a) 
and its Action Plan (DFO 2005 a). 

In summary, the small human population 
and limited industrial development on Haida 
Gwaii lands raises few land-based coastal 
zone pollution issues other than sewage 
contamination and sedimentation. Wherever 
upland industry occurs, such as road building 
or logging, some sedimentation likely affects 
stream systems in watersheds and estuaries. 
This may be the largest gap in our knowledge 
of land-based pollution around Haida Gwaii. 
Nonetheless, this region could be a useful 
coastal pollution reference location given its 
relatively unpolluted waters compared to 
those of southern British Columbia such as in 
the Strait of Georgia. Finally, the provincial 
management of sewage disposal from lands 
and the federal responsibility to monitor fecal 
contamination in coastal waters, as well as the 
land-based versus floating lodge situation, are 
good examples of jurisdictional complexity 
so common in the transitional coastal zone. 

3.7. MARINE HAIDA FOOD, SOCIAL 
A N D CEREMONIAL (FSC) FISHERIES 

N.A. Sloan 

After the first priority of stock conservation, 
DFO's next priority under the Fisheries Act 
is for the provision of stocks for Aboriginal 
food, social and ceremonial (FSC) purposes 
as established in Section 35 of the Constitution 
Act of 1982. This right of access is central 
to Haida culture and subsistence around 
Haida Gwaii (Jones and Lefeaux-Valentine 
1991 a,b; Jones and Williams-Davidson 
2000). Accordingly, a brief review of 
these fisheries is warranted to underscore 
Haida reliance on coastal resources. 

The Haida take a wide variety of seaweeds 
(Sloan and Barrier 2000, p. 5; Turner 2003, 
2004) and invertebrates ("shellfish") (Sloan 
et al. 2001, p. 22) from intertidal and nearshore 
shallow waters. Although some historical 
information is available from the above-cited 
reviews, contemporary records of specific 
harvest areas or catch statistics are not 
publicly available. Further, there currently 
is no organized program of data gathering 
(species, locations, amounts) for marine plants 
and shellfish FSC takes (P. Fairweather, Haida 
Fisheries Program, personal communication). 
Since 2004, the Haida Fisheries Program has 
gathered data on recreational Dunçeness crab 
and razor clam catches for North Beach. 

One important issue, relating to the prospect 
of zoning in the proposed Gwaii Haanas 
NMCA, is the precedent of closed areas for 
Haida FSC fisheries such as those explicitly 
set aside for red sea urchin gathering shown 
in Figure 25. Also shown are the sites 
set aside for red sea urchin and northern 
abalone research. Concerning the red 
sea urchin closures, the Haida Fisheries 
Program, Pacific Urchin Harvesters' 
Association and DFO have cooperated there 
since 1996 on red sea urchin research. The 
northern abalone research site is part of the 
community-driven Abalone Stewardship 
Program (Jones et al. 2004 a; Sloan 2004). 
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Figure 25. Red sea urchin (Strongylocentrotus 
franciscamts) and northern abalone (Haliotis 
kamtschatkana) research sites and/or closures 
around Haida Gwaii (data courtesy of J. Rogers, 
DFO, Prince Rupert). 

Pacific herring (Clupca pallasii) is mostly 
taken for spavvn-on-kelp or k'aaw (Jones 
2000). This usually occurs in March to April 
in Selwyn Inlet (now that Skiclegate Inlet 
stocks are depressed). A combination of low 
stock abundance and uncertainty of spawn 
locations and timing has tended to reduce 
participation in this fishery (Fradette 2004 b). 
The CHN does not release formal statistics on 
effort and catch, but for 2003 and 2004 annual 
takes averaged -4.0 tonnes (Fradette 2004 b). 

Access to salmon is managed through 
the Haida Fisheries Program with some 
independence of the south (Skidegate) and 
north (Old Massett) bands. The CHN has 
never agreed to be guided by the communal 
licence issued by DFO for Haida FSC fisheries 
that sets out target catch levels for species, 
location and timing of fishing, gear type 
and other conditions (P. Fairweather, Haida 
Fisheries Program, personal communication). 
The best-recorded FSC finfishery is the 
terminal (gillnet) fishery for sockeye salmon 
(Oncorhynchus nerka) from various estuaries 
(Figure 26). The largest sockeye fishery is 
by gillnet in the Copper River estuary. The 
Copper is managed by the Haida Fisheries 
Program for an annual escapement target 
of -10,000 sockeye. In 2005, however, 
there was no food fishery from the Copper 
River at all and escapement was only 
-4,000 (P. Katinic, Haida Fisheries Program, 
personal communication). There were 
small food takes from the Yakoun, Awun 
and Naden Rivers in 2005. The low 2005 
sockeye returns could be related to warm 
ocean conditions perhaps affecting ocean 
survival. In September to October, there 
are terminal fisheries for coho (O. kisutch) 
and chum (O. keta) salmon in a variety of 
creeks. Terminal coho and interception 
chinook (O. tshawytscha) are taken by hook 
and line and a summary table of the FSC 
salmon take from 2000 to 2004 is provided 
in Table 7. Although sockeye dominates 
the catch, appreciable numbers of chinook, 
coho and pink are taken. The hook and line 
FSC take for Pacific halibut (Hippoglossus 
stenolepis), rockfish species (Sebastes spp.), 
lingcod (Ophiodon elongatus) and sablefish 
(Anoplopoma fimbria) is not fully recorded. 
Finally, what contemporary FSC seabird 
egging and seal hunting that does occur is not 
systematically recorded. Historical reviews 
of Haida marine bird and marine mammal 
hunting are provided in Harfenist et al. 
(2002) and Heise et al. (2003) respectively. 

3.7.1. Haida Fisheries Program 

An important influence on many regional 
fisheries is exercised by the Haida Fisheries 
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River/ Fishing Annual First Year 
Creek Season Mean ± SD Range on Record 

Copper May to June 3,364 ± 2,300 25-7,960 1983 

Yakoun May to June 1,316 ±767 196-2,718 1992 

Awun May to June 774 ± 374 370-1,568 1995 

Naden July to August 699 ± 574 60-1,698 1995 

Mathers May to June NCR1 

Gudal June NCR 

Fairfax Inlet June to July NCR 

Ain May to June NCR 

Jalun July to August NCR 

Mercer August NCR 

1 NCR = no significant catch reported from these systems which 
experience occasional fishing, but low catches 

Figure 26. Locations of Haida food, social, ceremonial terminal sockeye gillnet fisheries from estuaries of 
freshwater systems (whole watersheds shown) with a table of numbers of fish caught according to 
watershed, 1983 to 2004 (data courtesy of Haida Fisheries Program). 

Program. This Program is the management 
and research arm within the Council of 
the Haida Nation for FSC, commercial and 
recreational fisheries. The Program was 
established in 1989 with DFO (still the single 
largest funding source) and the Program's 
annual budget exceeds $2 million with 11 
full-time and >30 seasonal, part-time staff. 

Program activities include managing the 
commercial fishing assets of the Haida Nation 
that include operating a 57 ft (17.5 m) seiner 
plus a fleet of small vessels and 23 commercial 
communal licences as listed in (Table 8). 
As well, the Program operates the Pallant 
Creek salmon hatchery, monitors salmonid 
escapement in streams, oversees the terminal 
sockeye FSC fisheries and records some 
recreational fisheries (i.e., Creel surveys). 
The Program also maintains a dive team for 

research or stock assessment of Pacific herring 
by spawn deposition, red sea urchin, northern 
abalone and geoduck clam {Panopc abrupta). 
Other examples of Program activities include: 

• deployment of Fisheries Guardians, 
with the same basic training as DFO 
Fishery Officers, for joint patrols, 
as well as independent surveillance 
and regulatory enforcement; 

• co-management with DFO of the 
commercial intertidal razor clam fishery 
on North Beach - now in its 11* year; and 

• co-chairing the (CHN/DFO) Joint 
Shellfish, Herring, Salmon, and 
Groundfish Technical Committees for 
scientific aspects of stock assessments and 
management in which DFO advises on 
the appropriate science needed for tabled 
management issues and the Program 
gathers the field data for analyses. 
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Table 7. Haida food, social and ceremonial (FSC) 
takes of salmon species by interception gillnet, 
terminal gillnet and interception trolling according 
to Pacific Fishery Management Area (PFMA) from 
the Record of Management Strategies-Salmon, 2000 
to 2004 (Fradette 2001, 2002, 2003, 2004 a, 2005). 

Year 

2000 

2001 

2002 

2003 

2004 

PFMA1 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

Sockeye 
4,762 
4,670 

0 
9.432 

5,308 
2,794 
300 

8,402 

9,459 
3,009 
100 

12,568' 

12,608 
3,965 
500 

17,073 

9,043 
4,219 
500 

13,762 

Numbers of Salmon 
Coho 
325 

1,500 
250 

2,075 

1,250 
1,500 
550 

3,300 

1,151 
650 
400 

2,201 

1,000 
50 
250 

1,300 

1,000 
50 
500 

1,550 

Pink 
0 
0 
0 
0 

6,000 
0 
0 

6,000 

752 
0 
0 

752 

3,000 
0 
0 

3,000 

3,000 
0 
0 

3,000 

Chum 
1,150 
300 
0 

1,450 

525 
2,000 

50 
2,575 

728 
1,000 

50 
1,778 

150 
0 
0 

150 

100 
0 
50 
150 

Chinook 
430 

0 
200 
630 

790 
0 

400 
1,190 

1,537 
0 

700 
2,237 

2,030 
0 

500 
2,530 

2,530 
0 

700 
3,230 

1 Pacific Fishery Management Areas (PFMAs) are illustrated in 
Figure 27 

2 does not include -9,500 sockeye taken in Johnson Strait for 
Haida FSC needs 

Table 8. Type and number of Aboriginal Communal 
Commercial licences allocated to the Council of the 
Haida Nation (data courtesy of Haida Fisheries 
Program). These licences were negotiated at 
different times under three separate agreements 
between the Haida and DFO. All licences now 
operate within DFO's Aboriginal Fisheries Strategy. 
Concerning the other major fisheries around Haida 
Gwaii, the Haida Nation does not hold any 
Aboriginal Communal Commercial licences for 
geoduck clam, prawn, groundfish trawl, groundfish 
hook and line (schedule II), rockfish (outside) hook 
and line and sablefish. 

1 1FMP = Integrated Fishery Management Plan issued annually by 
DFO 

2 in this co-managed (Haida-DFO) fishery, the Haida Fisheries 
Program issues almost 300 licences to individual diggers (see 
Table 10) 

3 FAG = salmon by gill net-aboriginal 
FAS = salmon by seine-aboriginal 
FAT = salmon by troll-aboriginal 

4 FH = herring roe by gill net-aboriginal 
Fl IS = herring roe by seine-aboriginal 
FJ = herring spawn-on-kelp-aboriginal 

5 besides the Council of the Haida Nation hat ing one J licence, one 
each is also held by Old Massett Band Council and Skidegate 
Band Council 

3.8. MARINE COMMERCIAL FISHERIES 

N.A. Sloan 

"Fisheries provide the dominant extractive use of the 
coastal realm." (Ray and McCormick-Ray 2004) 

With finfish populations and their age 
structures (particularly for large species) in 
dramatic decline along with altered marine 
ecosystems world-wide, we have only a short 
period to attempt to reverse this process 
(Pauly et al. 2005). Most coastal environments 
with healthy fish populations are either 
relatively inaccessible to humans (Pauly 
et al. 2005), or are sparsely populated, such 
as Haida Gwaii. There is now widespread 
agreement that traditional, single-species 
approaches to marine fisheries management, 

the application of fishery technologies, 
industry subsidies and bureaucratic inertia 
have led to overfishing and ecological 
destruction (Jackson et al. 2001; Hilborn et al. 
2004 a; Bundy 2005; Crowder and Norse 2005; 
Hilborn 2005; Pauly et al. 2005; Preikshot and 
Pauly 2005; Ward and Myers 2005; Berkes 
et al. 2006). Global fisheries are truly in crisis. 
Reform is, therefore, a topic of vigorous 
debate in which fishery science is beginning 
to address fishing effects on ecosystems and 
to more openly weigh the industry's risks and 
uncertainties. This is useful global context as 
we recount local fisheries of Haida Gwaii. 

Full review the human history and 
management of commercial fisheries of 
Haida Gwaii is too large a task within the 
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Type (number) of Aboriginal 
Communal Commercial 

Fishery by IFMP licences 

Razor clam intertidaT FZ2 (1) 
Dungeness crab trap FR (2) 
Red sea urchin dive FZC (1) 
Salmon (northern FAG' (7) / FAS1 (1) / FAT1 (5) 
British Columbia) 
Pacific herring FH1 (2) / FHS' (1) / FJ1' (1) 
Pacific halibut FL (2) 



context of this volume. However, many 
fisheries are nearshore enterprises warranting 
mention when discussing human values 
and uses of the coastal zone. Commercial 
shellfisheries are discussed first, followed 
by finfisheries, in which key points are 
made to underscore the human importance 
of these coastal activities and to provide 
appropriate context for discussing future 
sustainable coastal management. Modern, 
industrial-scale commercial fishing in 
tidal waters around Haida Gwaii began 
in the early 20th century. Examples are 
provided previously in the post-contact era 
case study of Gwaii Haanas (section 3.4). 
Commercial fisheries have helped shape 
the development of local Aboriginal and 
non-aboriginal coastal communities. 

There is an enormous amount of information 
available on each commercial fishery. 
This is found in their individual annual 
Integrated Fisheries Management Plans 
(IFMPs) [http://www-ops2.pac.dfo-mpo. 
gc.ca/xnet /content /MPLANS/MPlans. 
htm] issued by DFO following an annual 
cycle of consultations. For each fishery coast-
wide (either single- or multiple-species) and 
for all sectors (First Nations, commercial, 
recreational), these comprehensive plans 
include the stock status, the species' 
biology, management issues and objectives, 
enforcement criteria, all regulations, gear 
restrictions and detailed spatial and temporal 
management prescriptions, such as area or 
seasonal closures. Management progress 
is reviewed and explicit "performance 
measures" are used to evaluate outcomes 
of previous management directives. 

Brief overviews of biology and fisheries 
of individual species, called Stock Status 
Reports, research documents and Pacific 
Scientific Review Committee (PSARC) 
proceedings are also available from DFO 
[http:www.pac.dfo-mpo.gc.ca/sci/psarc/ 
Default_e.htm]. The PSARC process 
is responsible for peer-reviewing and 
advising on the science of fished species, 
their ecosystems, traditional (experiential) 
knowledge, and biological aspects of stock 

management for the complex partnerships 
that oversee contemporary fisheries. The 
IFMPs, Stock Status Reports and PSARC 
products together form the information 
foundation for each fishery. Much of their 
output is readily available on the internet. 

The waters around Haida Gwaii are 
partitioned by DFO into inshore and offshore 
Pacific Fishery Management Areas (PFMAs) 
and sub-areas, for management purposes such 
as spatial reporting of catch and fishing effort 
and assigning area closures (Figure 27). This 
is the key spatial context for understanding 
fisheries' locations and is often mentioned 
in the fisheries text to follow. Landward of 
the DFO "surfline" are the inshore PFMAs 
(1, 2 [E and W]) that represent exclusively 
continental shelf waters and where most 
of the shellfisheries and some finfisheries 
principally occur. The offshore PFMAs are 
locations of continental shelf (in Hecate Strait) 
and slope (off the west coast) fisheries, such 
as many of the groundfish fisheries. The 
footprint of the proposed Gwaii Haanas 
NMCA straddles the surfline and, therefore, 
contains parts of inshore and offshore 
PFMAs. The PFMA sub-area with the most 
continental slope habitat that overlaps with 
the proposed NMCA is 142-1 and this is 
particularly relevant to groundfish fisheries 
as will be discussed later. Some fisheries (e.g., 
Pacific herring, groundfish, geoduck clam, 
Dungeness crab) have their own management 
area systems for their particular management 
purposes. To show all these spatial systems 
would bury readers in detail (available in 
the IFMPs), however, the PFMA scheme is 
common to them all and has been used in the 
present spatial analyses of fishing activities. 

Important trends in contemporary fisheries 
management are the improved access 
to information recounted above and the 
inclusion of industry associations, First 
Nations, NGOs and other partners in IFMP 
formulation, research, stock assessment and 
management planning. In some fisheries, 
such as geoduck clam and sablefish, the 
industry pays most of these costs already. 
Essentially, DFO has entered into an era of 

4b 

http://www-ops2.pac.dfo-mpo
http:www.pac.dfo-mpo.gc.ca/sci/psarc/
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Figure 27. Fisheries and Oceans Canada Pacific Fisheries Management Areas (PFMAs) for the "north coast", 
north of Cape Caution. Note DFO's "surfline" (in bold) separating the inshore (1,2E,2W) from offshore 
PFMAs. The PFMA sub-area boundaries are provided for the following offshore PFMAs surrounding 
Plaida Gwaii: 101,102,130,142. (data courtesy of Fisheries and Oceans Canada: http://www-heb.pac.dfo-
mpo.gc.ca/maps/themesclata_e.htm). The boundary of the proposed Gwaii Haanas NMCA extends 
seaward of the "surfline". The 200 m depth contour demarcates the edge of the continental shelf before the 
steep decline of the continental slope into the deep ocean. 

http://www-heb.pac.dfompo.gc.ca/maps/themesclata_e.htm
http://www-heb.pac.dfompo.gc.ca/maps/themesclata_e.htm


co-management with industry associations. 
Further, some fisheries are co-managed 
with First Nations such as the local 
commercial razor clam fishery managed 
between the Council of the Haida Nation 
and DFO. Indeed, this was the first fishery 
coast-wide to be so managed, and the 
number of such arrangements will grow. 

Local commercial fish processing warrants 
a brief mention. The three firms in Masset 
and one in Queen Charlotte handle mostly 
commercial catch, but two firms also 
process some recreational finfish. Firms are 
locally owned, accredited to national and 
international export standards, and tend to 
have small year-round staffs with intermittent 
extra labour according to pulses of landed 
catch in-season. Main commercial finfish 
handled are all species of salmon, Pacific 
halibut, a few groundfish species and shellfish 
processed are Dungeness crab and razor clam. 

3.8.1. Shellfish 

The commercial fisheries for invertebrates 
(shellfisheries) of Haida Gwaii have been 
reviewed by Jones and Lefeaux-Valentine 
(1991 a), Sloan et ni. (2001) and Gueret et ni. 
(2004) who discuss species' biology, fisheries 
and management in detail. Therefore, only a 
brief overview of the five major shellfisheries, 
comprising virtually all the commercial 
effort, is provided here and related to the 
coastal zone. All these fisheries, except for 
Dungeness crab, occur mostly within inshore 
PFMAs (1,2 [E & W] - Sloan et ni 2001, 
p. 113). Two fisheries (razor clam, Dungeness 
crab) have been fished off northern Haida 
Gwaii since the early 20"1 century. The other 
three (geoduck clam (Panope abrupto), red 
sea urchin, prawn (Pandalus platyceros)) are 
fished more widely around the archipelago, 
but only since the 1980s. Each of these five 
fisheries has their own coast-wide IFMP 

There is an essential information source 
missing from this regional overview - that of 
fishers' experiential knowledge. Arguably, 
no one knows more about the distribution 
and behaviour of local stocks over time 
than commercial fishers whose livelihoods 
depend on sound local knowledge. Indeed, 
there has been scepticism in coastal 
communities about the relevance of scientific 
compared with experiential knowledge in 
conservation (Weeks and Packard 1997; 
Brailovskaya 1998). Recently, however, 
the importance of fishers' knowledge has 
become widely acknowledged (Johannes 
et al. 2000; Mackinson 2001; Sjare et al. 2003; 
Scholz et al. 2004). Such spatial and temporal 
knowledge, complimented by indigenous 
people's experiential knowledge (Berkes 1999; 
Drew 2005) is a powerful resource for area 
conservation. The pioneering effort of Ardron 
et al. (2005) to record such information from 
the central British Columbia coast, through 
focused interviews with fishers, will likely 
be done for the Haida Gwaii region as well. 
Our knowledge base cannot be considered 
complete without the knowledge of fishers' 
who make their living in the region. 

Besides the five main shellfisheries, 16 other 
invertebrate species, listed in Table 9, have 
some minor regional commercial fishing 
history. Also, there is always the prospect of 
new regional shellfisheries being developed. 
For example, Gillespie et al. (2004) reported 
on developing a deep-water crab (tanner crab 
- Chionoecetes tanneri) fishery from continental 
slope waters coast-wide. They recommend 
Haida Gwaii regional waters remain a refuge 
and that fishery development concentrate 
off the west coast of Vancouver Island. 

Special among local invertebrates is the 
northern abalone. This "flagship" species 
has been closed to fishing by all sectors 
coast-wide since 1990, was the first marine 
invertebrate in Canada to be is proposed 
as threatened by COSEWIC in 1999, and is 
now legally listed as threatened under the 
Species at Risk Act. There has been much 
discussion on rebuilding stocks coast-wide 
(Campbell and Hiemstra 2003). The genetics 
of northern abalone (with relatively sedentary 
slow-moving adults and short-duration 
[-10 day] non-feeding larvae) shows the 
coast-wide population to be quite similar, 
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Table 9. Shellfish species with a history of small-scale or intermittent commercial exploitation around 
Haida Gwaii (adapted from Sloan et al. 2001). 

likely due to the extent of larval transport 
linking coastal areas (Withler et al. 2003). 

There is a Haida Gwaii community 
stewardship program towards local northern 
abalone stock recovery (Jones et al. 2004 a). 
Locally, abalone has become a focal species 
whose cultural history, protection and 
recovery focuses public attention on regional 
coastal conservation (Sloan 2004, 2005). As 
well, local diver surveys in 2002 of index 
sites first established in 1978 in southeast 
Moresby Island (including extensive areas 
of the proposed NMCA) revealed the lowest 
densities of mature northern abalone since 
all other years of sampling except 1994 
(Atkins et al. 2004). Their conclusion was 
that no population recovery has occurred! 
Northern abalone will, therefore, continue to 
be a poignant reminder of what we do not 
want to happen to other marine species. 

An indication of potential economic benefits 
of shellfisheries to Haida Gwaii communities 
was discussed in Sloan et al. (2001). All 
the razor clam fishery and an appreciable 
proportion of the Dungeness crab fishery 
is done by Haida Gwaii residents, and 
this includes local processing of the catch 
(Table 10). However, island community 
members are not well represented in 
the geoduck, red sea urchin and prawn 
fisheries, nor is there any processing of 
these catches on-island. An overview of the 
landings, price and value of the five main 
shellfisheries for 2004 is listed in Table 11 and 
discussed according to each species below. 

3.8.1.1. Razor Clam 

The only commercial intertidal digging 
fishery for razor clams in British Columbia 
occurs on the exposed, sandy, high wave-
energy North Beach (Mclntyre Bay), Graham 
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Group Species Notes on Fishing and Management 

Molluscs Northern abalone (Haliotis kamtschatkana) Was diver-taken - there remains a coast-wide closure to 
all fishers since 1990 and still in force due to low stocks 

Horse clams ÇTresus nuttallii/T. capax) Diver-taken - small incidental catch (bycatch) from 

geoduck fishery 

Butter clam (Sa.xidomus gigantea) Intertidal digging - no landings since the 1980s 

Native littleneck clam (Protothaca staminea) Intertidal digging - no landings since the 1980s 
Octopus (Enteroctopus dofkini) Diver-taken, trap and bycatch in crustacean trap and 

finfish bottom trawl fisheries — hap licence discontinued 
in 1999 

Neon flying squid (Ommastrephes bartrami) Offshore jigging - still an "experimental" fishery 

Opal squid (Loligo opalesceits), Inshore Seine or finfish bottom trawl bycatch 
Red squid (Berryteuthis magister) 

Crustaceans Pink shrimp (Pandalus borealis), Beam and Otter trawls - midwater or bottom-trawled 
Humpback shrimp (Pandalus In/psinotus), 
Sidestripe shrimp (Pandalopsis dispar) 

King crab (Paralithodes camtschatica) Trap (moderate depth) - no landings since 1996 

Goose barnacle (Pollicipes pdymerus) Intertidal hand-picking - no landings since 1994 

Echinoderms Green sea urchin (Strongylocentrotus Diver-taken - no landings since 1990 

droebachiensis) 

Sea cucumber (Parastichopus californiens) Diver-taken - no landings since 1995 

1 includes Aboriginal, commercial and recreational fishers 



Table 10. The areas of British Columbia according to the town of the registered contact person for 
commercial licences for the shellfisheries around Haida Gwaii, 2003 (updated from Sloan et al. (2001) 
including data courtesy of N. Pellegrin, DFO; J. Scherr, Area A Crab Association; P. Fainveather and B. 
DeFreitas, Haida Fisheries Program). 

1 towns along the north mainland coast of British Columbia north of Cape Caution (Figure 27) 
2 towns from all of the south mainland coast, south of Cape Caution, interior of British Columbia, all of Vancouver Island and any 

out-of-province towns 
3 in 2003 there were 6 non-Aboriginal and 279 Haida diggers licensed in this commercial fishery co-managed between DFO and the 

Council of the Haida Nation (Haida Fisheries Program); numbers of Haida diggers vary annually, e.g. 233 in 2004 and 275 in 2005 
4 the total number of 41 will likely increase for the 2006-2008 period and the geographic DFO data on licence holders is modified 

according to local information on vessels, skippers and their crews (J. Scherr, Archipelago Marine Research [data contractor to the 
Area A Crab Association!, personal communication) 

5 includes two communal commercial (FR) licences for Dungeness crab and one communal commercial (FZC) licence for red sea 
urchin allocated to the Council of the Haida Nation (Table 8) 

Table 11. Commercial landings, price and value of the major shellfish species from all of Haida Gwaii and 
from the proposed Gwaii Haanas NMCA only for 2004 [except for geoduck] (data courtesy of N. Pellegrin 
and ]. Rogers, DFO and B. de Freitas, Haida Fisheries Program). Landing data come from fishers' log 
books submitted as part of their mandatory licence requirements. 

Island. Of all local shellfisheries, this one 
has the greatest degree of local management, 
virtually all the diggers are Haida, and 
all product is processed locally. In 1994, 
this became the first co-operative shellfish 
management partnership between DFO 
and a First Nation (Harbo 1998). The Haida 
Fisheries Program is directly involved in 
research, stock assessment and in-season 

management including imposing closure if 
the quota is reached. This fishery is, therefore, 
economically and culturally important to 
the Old Massed band. Some 270 diggers 
are licensed to fish an annual sustainable 
quota of up to ~T18 tonnes (Jones et ni. 1998). 
Landings of legal-sized clams (> 90 mm 
shell length) fluctuate according to market 
demand for product as bait or as seafood. 
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Number of commercial Number of registered contact persons for the north coast-
Shellfishery by separate licences coast-wide (number allocated licences according to area of British Columbia 
Integrated Fishery allocated to fish the north coast Plaida North mainland Whole 
Management Plan (1FMP) area) Gwaii coast south coast" 
Razor clam 285(285) 285' 0 0 
Dungeness crab 222 (41 for Area A)1 Iff 28 3 
Geoduck clam 55(31) 0 1 30 
Red sea urchin 110(91) l5 10 80 
Prawn 250(94) 0 16 78 

Landings (metric tonnes) Mean landed price3 Landed value (X $1,000) 

Fishery Haida Gwaii Gwaii Haanas" ($ per kg) Haida Gwaii Gwaii Haanas" 

Geoduck clam' 1,011.40 637.5 18.98 19,196.43 12,099.7 

Dungeness" crab 2,940.60 0 2.2 6,469.30 0 

Red sea urchin 785.9 356.8 1.67 1,312.50 595.9 

Prawn7 59.1 15.6 4.4 260 68.6 

Razor clam" 92.6 0 2.53 234.4 0 

1 Haida Gwaii = nearshore PFMAs 1, 2(E), 2(VV) for all shellfisheries, plus some landings from offshore PFMAs 101 and 102 for 
Dungeness crab and 101 for red sea urchin - Pacific F'isheriy Management Areas (PFMAs) as illustrated in Figure 27. 

2 Gwaii Haanas = 23 sub-areas within PFMA 2E (2-8 to 2-19, total 12) and 2W (2-31 to 2-41, total 11) 
3 price cited is ex-vessel (i.e., what the fisher receives) 
4 fished ever\' third year around Haida Gwaii and the most recent fishing year was 2003 
5 wholesale value the catch was -$38.4 million, or approximately' twice the landed (ex-vessel) value (Heizer 2000) 
6 some Dungeness landings (-5.1 tonnes) were reported from offshore PFM A sub-area 102-2, but very likely north of Gwaii Haanas' 

proposed area; -20 "., of the total catch is processed locally (in Masset) 
7 there was no prawn catch from PFMA 1 
8 taken only from PFMA 1 (Mclntyre Bay); 100".> of catch is processed in Masset 



There are also recreational and FSC landings. 
All these fisheries depend upon the opening 
being maintained by DFO based on weekly 
paralytic shellfish poison testing results 
reported from the Canadian Food Inspection 
Agency. The 2004 landings of -92.6 tonnes 
yielded diggers -$234 K (Table 11). 

3.8.1.2. Dungeness Crab 

Dungeness crabs are fished by baited traps 
at depths of -10 to 50 m on sandy substrates. 
The largest landings coast-wide in British 
Columbia come from Area "A " which is 
associated with Haida Gwaii - from Naden 
Harbour eastward across Mclntyre Bay, 
offshore of northeast Graham Island on 
Dogfish Bank in Hecate Strait and south 
to Sandspit. Since the 1990s, the Area A 
catch has been variable (GSGislason and 
Associates 2004 a), but at or near the largest 
landings coast-wide (Sloan et al. 2001). 
This remains the second most valuable 
shellfishery (after geoduck in the years 
during which they are fished) in the region 
(GSGislason and Associates 2004 a). As 
well, it is the most valuable shellfishery for 
Haida Gwaii residents, especially Masset-
area fishers and processors. In 2004, 
almost $6.5 million was earned by Area 
A Crab Association fishers (Table 11). 

The key fishery management criteria are 
area-licensing (restricted to fishing in Area 
A), targeting only males that exceed 165 mm 
carapace width (including spines) and area 
closured during the soft-shell (crab moulting) 
season (Sloan et al. 2001). The industry is 
represented by the Area A Crab Association 
[http://www.areaacrab.org] that works 
closely with DFO. Since 2000, there has 
been a fleet trap limit of 36,000 (600 to 1,200 
traps per vessel, depending on vessel size) to 
limit effort. As well, the fleet has converted 
to innovative electronic monitoring to 
track fishing location, monitor trap use and 
minimize gear theft. Electronic monitoring 
requires the placement of an automated, 
tamper-proof computer onboard each licensed 
vessel to automatically log various activities 
and saves costs of at-sea observers. Timed 

digital video imagery of fishing activity linked 
with a global positioning system, recording 
of hydraulic activity (trap hauling) and 
electronic (radio frequency) identification 
of all traps (linked to each licence holder) 
provide thorough reporting of fishing effort 
in space and time. All Area A Association 
members run these systems continuously 
while fishing and all must make the data 
available at regular individuals for effort 
recording and compliance checking. An 
example of the data generated from electronic 
monitoring is shown for 2004 in Figure 28 
and this provides a very accurate record of 
where the fishery occurs. The electronic 
monitoring system has brought stability and 
a sense of equity to the fishery and its long-
term presence is supported by the industry. 

3.8.1.3. Geoduck Clam 

Dense geoduck clam beds often occur in 
sandy subtidal areas around Haida Gwaii. 

Figure 28. The distribution of varying densities of 
-690,000 individual Dungeness crab trap inhauls 
reported from 30 vessels fishing in the Naden 
Harbour-Mclntyer Bay-northern Hecate Strait area, 
July 02 to December 31, 2004 (data courtesy of Area 
A Crab Association and J. Scherr, Archipelago 
Marine Research). The density differences reveal 
fishing effort, that is, areas of highest data density 
(darkest) received the highest fishing effort. The 
polygon off East Beach is the approximate footprint 
of the proposed Nai Kun Windfarm concept shown 
in Figure 7. 
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Geoducks are fished at usually <20 m depth 
by divers tethered to the surface by HOOKAH 
apparatus. Divers grasp individual clams' 
necks that are "showing" above the sediment 
surface and unearth them with a jet from a 
pressurized seawater nozzle or "stinger." 

Key management criteria, as reviewed by 
Heizer (2000) and Orensanz et ni. (2004), are 
limited entry and individual vessel quotas 
(IVQs). The fishery has been limited to 55 
licences coast-wide since 1985. The IVQs 
were introduced in 1989 for which each 
license is allocated an equal share of the 
annual allowable catch. The geoduck fishery 
has been called "a co-management success 
story" (Heizer 2000). The exclusive access 
to, and high value of, the fishery encourages 
and enables the fishers' organization, the 
Underwater Harvesters' Association [h t tp : / / 
www.geoduck.org], to invest in management, 
stock assessment, paralytic shellfish poisoning 
monitoring and research. The Association has 
its own biologist and funds DFO management 
and research biologists dedicated to the 
fishery. Overall, the Association invests ~$1.3 
million annually on science and management 
coast-wide (S. Heiser, DFO, personal 
communication). Spatial partitioning into 
Geoduck Management Areas is used to 
enable stock assessments to reflect the patchy 
distribution of geoduck populations. Quotas 
change according to whether new beds are 
discovered during surveys (Hand and Bureau 
2000). Coast-wide, -35% of the estimated area 
of geoduck beds have now been surveyed, 
compared to the Haida Gwaii region that 
has the largest proportion of surveyed beds 
at -55% (Hand and Bureau 2000; Sloan et al. 
2001; C. Hand, DFO, personal communication, 
August 2005). The varying intensity of 
survey effort according to areas of Haida 
Gwaii are shown in Figure 29. Virtually all 
the fishable area has received some level of 
survey effort and considerable surveying 
has occurred within the proposed NMCA. 

The annual allowable geoduck catch is set 
at 1.0 % of virgin biomass, based on diver 
surveys. Biomass estimates for each bed 
according to bed area include densities 

(corrected for clam neck show factor that 
varies seasonally) and average weight -
entered into a GIS database (Hand and Bureau 
2000). As well, there is area-licensing and 
three-year rotation of fishable areas. Thirty 
one licences are assigned to the north coast, 
and up to three IVQs can be fished from one 
vessel. Also for the north coast since 1989, 
there are three sub-regions (Haida Gwaii is 
one) in which fishing is rotated. Therefore, 
each sub-region is fished every third year 
with an accumulated allowable catch of 
3.0 % of the estimated virgin biomass. 

The triennial fishing rotation began around 
Haida Gwaii inl991. Landings from the 
area of the proposed NMCA alone have 
averaged -65% of total Flaida Gwaii 
landings, including the last fishing year of 
2003. In 2000, the landed (ex-vessel) value 
of geoducks from Haida Gwaii exceeded 
$23.4 million, of which -$14 million came 
from Gwaii Haanas proposed NMCA (Sloan 
et al. 2001). A similar pattern of $19.2 and 
$12.1 million respectively occurred in 2003 
(Table 11). The wholesale value of geoducks 
landed from the Gwaii Haanas proposed 
NMCA alone was -$24.2 million in 2003. This 
is by far the most valuable fishery (fish or 
invertebrate) operating within the proposed 
NMCA. However, little economic benefic 
accrues to island communities as none of 
the catch is processed on Haida Gwaii and 
virtually all the licence holders and their 
crews reside off-island. More on the local 
management and stock assessment for 
geoduck is provided later in section 7.7. 

3.8.1.4. Red Sea LIrdiin 

Aggregations of red sea urchins are prominent 
on shallow, kelp forest-covered subtidal rocky 
substrates around Haida Gwaii. Grazing by 
their large populations creates conspicuous 
"urchin barrens" on rock denuded of algae. 
The occurrence of these barrens is mapped in 
section 6.2 and discussed in section 7.6. Red 
sea urchins are fished at shallow depths (<20 
m) by divers who hand-gather them. Red 
sea urchins' roe is processed and exported 
fresh, mostly to Japan. This is an IVQ fishery 
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Figure 29. The percentage of nearshore areas of Haida Gwaii, divided into 
polygons representing Geoduck Management Areas (GMAs), that have been 
surveyed to assess geoduck stocks as of 2004 (data courtesy of G. Dovey 
Underwater Harvesters' Association and I. Murfitt, DFO). Geoduck Management 
/Areas are essentially subdivisions of Pacific Fisheries Management Area (PFMA) sub-areas, 
for example, PFMA sub-area 2-8 (that is within PFMA 2 E) contains GMAs 11, 12, 13. 
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with an allowable catch based on stock 
assessment with limited entry, area-licensing 
and a minimum size limit of 90 mm test (shell) 
diameter. Approximately 3% of the estimated 
biomass is fished, although not all areas have 
yet been surveyed. Inl999, the value of Haida 
Gwaii landings was ~$1.1 million. About half 
of the catch came from Gwaii Haanas area. In 
2004, this pattern was similar, with ~$1.3 and 
$0.6 million respectively (Table 11). However, 
none of the catch is processed on Haida 
Gwaii, and virtually all the fishers reside 
off-island. The Pacific Urchin Harvesters' 
Association [h t tp : / /www.puha .org / ] works 
closely with the Haida Fisheries Program 
and DFO in stock assessment and research. 

Culturally, the red sea urchin is an important 
FSC fishery for the Haida. There are areas 
closed to commercial fishing throughout the 
archipelago set aside for exclusive Haida use 
(Figure 25). This represents an important 
precedent for First Nations relevant to the 
prospect of zoning in the proposed NMCA. 

3.8.1.5. Prawn 

Prawns are fished by baited traps, usually 
at >70 m depth in sheltered waters such 
as inlets. These large pandalid shrimps 
are protandric hermaphrodites; living as 
males in the first two years of their lives 
and then becoming (larger) females in their 
final two years. The key regulation is a 
fixed escapement target or "spawner index" 
threshold enabling area closure based on 
the number of adult female or transitional 
(becoming-female) prawns captured in-
season. This index protects females (3+ 
years old) including egg-bearers from being 
fished during egg hatching. As well, there is 
a legal size of 33 mm carapace length. Since 
1996, most local prawn landings have come 
from the Gwaii Haanas area. In 1999, the 
ex-vessel value of Haida Gwaii prawns was 
~$ 1 million with >60% coming from the Gwaii 
Haanas area. By 2004, landings had decreased 
and the Gwaii Haanas area accounted for 
-26.4% of regional landed value or -$260 K 
(Table 11). No prawns are processed on-
island and no licence holders live locally. 

In summary, regional shellfish fisheries 
continue to yield high value - led by geoduck 
in the years it is fished. This is followed by 
Dungeness crab and red sea urchin in value, 
as in 2000 (Sloan et al. 2001). Within the 
Gwaii Haanas area, red sea urchin continues 
to be second to geoduck in value and, 
therefore, the most valuable shellfishery in 
non-geoduck years. For geoduck clam, red 
sea urchin and prawn, fishers come from 
elsewhere to fish locally and their catch is 
not processed on-island. From an economic 
perspective, therefore, Haida Gwaii residents 
benefit directly only from the razor clam 
and Dungeness crab fisheries. Nonetheless, 
the management of shellfisheries will be 
critical to the future of the proposed Gwaii 
Haanas NMCA. The prospects of cooperative 
fisheries management (Parks Canada, DFO, 
the CHN, NGOs, communities, industry) 
and of devising spatial management in 
the form of zoning within the NMCA 
will be discussed later in section 10.2. 

3.8.2. Finfish 

Reviews of Flaida Gwaii commercial finfish 
fisheries have been produced by Jones and 
Lefeaux-Valentine (1991 b) and Gueret 
etal. (2004). Until the ascent of shellfish 
fisheries in the late 20"1 century, most of the 
commercial fishery value of Haida Gwaii 
was from finfish. Accordingly, fishing and 
processing of finfish are prominent in the 
archipelago's coastal industrial history 
as discussed previously in section 3.4. 

As with the shellfish fisheries, brief 
overviews of the commercial finfish 
fisheries are provided in context with 
the Haida Gwaii coastal zone. These 
overviews are ordered according to the 
seven main finfish fisheries, each with 
individual Integrated Fishery Management 
Plans (IFMPs) as listed in Table 12. 

An indication of where economic benefits 
from finfisheries are likely to occur is 
revealed by the locations of commercial 
licence representatives within each fishery 
provided in Table 13. These indicate the 
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Table 12. The major commercial finfisheries around Haida Gwaii. Each fishery has its own Integrated 
Fishery Management Plan (1FMP) issued annually by DFO and each fishery is limited-entry. 

regions where vessel owners, crews, supplies 
and maintenance most likely come from for 
each fishery. For example, with the exception 
of herring spawn-on-kelp, there is little 
commercial representation on Haida Gwaii 
for most fisheries. That is, relatively few 
licences are listed as being represented by 
residents of Haida Gwaii, even though those 
fisheries are pursued around the archipelago. 

To acquire information on this region's 
commercial finfish fisheries, individual DFO 
management or research biologists (e.g., V. 
Fradette, Queen Charlotte; D. Rekdal, Prince 
Rupert; A. Sinclair, Nanaimo) were contacted 
directly. Also, Parks Canada Agency funded 
a DFO staff person (N. Pellegrin) to work 
within the DFO fisheries information system 
on behalf of the Agency. For this latter work, 
Section 20(l)(b) of the Access to Information 
Act was strictly observed. This prevents DFO 

from disclosing to a third party any records 
containing financial, commercial, scientific or 
technical data that are confidential. Further, 
Section 20(1 )(c) of the Act prevents DFO 
from issuing data, the disclosure of which 
could reasonably be expected to either 
result in material financial loss or prejudice 
the competitive position of any fisher. 

3.8.2.1. Salmon 

The popular and technical literature on 
Pacific salmon is colossal. Salmon have 
totemic cultural status throughout the North 
Pacific (blouse 1999; Wolf and Zuckerman 
1999; Augerot et al. 2005). Detailed life 
histories of species are available in Groot 
and Margolis (1991) and the brief sketches 
provided here are based on their volume 
and Walters and Korman (1999). 
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Fishery by I FM P Notes 

Salmon (northern British Pink and chum salmon net terminal; fished usually in estuaries or inlets to catch returning 
Columbia) spawners by purse seine or gill net; mid-August to late October 

Sockeye and pink salmon net interception; fished at sea by purse seine or gill net for passing 
fish that mostly spawn elsewhere along the British Columbia coast; July to August 

Chinook and coho salmon troll interception; fished at sea by hook and line; July to September 

Pacific herring 1 lerring for their roe by purse seine or gill net; late February to late March 

Herring spawn-on-kelp by closed (netted) or open titrating frames with kelp suspended from 
lines for spawn attachment; usually March to April 

Groundfish trawl By trawl (mid-water or bottom) for many species year-round; an individual vessel quota 
(fVQT fishery 

Groundfish htxik and line' "Schedule H-other species" by hook and line is for certain groundfish species (lingcod, 
(schedule II — other species) dogfish, skates, sole, flounder, Pacific cod), either year-round to specific times for specific 

areas; became an IVQ fishery in 2tX)6 

Rockfish (outside)' hixik and Mostly by long line of baited hooks on the sea bottom for rrxrkfish species (also thornvheads, 
line greenlings, lingcod) from year-round to specific times for specific areas; each licencee must 

choose one of four fishing options annually'; became an IVQ fishery in 2006 

Pacific halibut By hook and line (long-line) from February to November; the first Pacific fishery to be 
managed by IVQ 

Sablefish Mostly by baited traps on a groundline in deep-water but also by long line, year-round; an 
IVQ fishery 

1 there are >75 species considered as "groundfish" (Table 19), of which -23 species account for ~95"i, of the landings (Table 22) 
2 IVQ or individual vessel quota means that each vessel is allocated an equal portion of the total allowable annual catch 
3 hook and line here includes longline, hand line, jig or troll; the three types of longline gear used are on-ground, off-bottom and 

pelagic among which on-ground gear is anchoured directly at both ends; this gear can be modified to fish off-bottom or mid-water 
by the addition of floats along the mainline; use of longlines is not permitted for lingcod 

4 there is a separate "inside" IFMP for rockfish by hook and line covering Johnstone, Georgia and Juan de Fuca Straits 
3 the four rockfish options are: Option A - mostly inshore species for the live market; Option B - mostly inshore species (primarily 

yelloweye - Sebastts ruhcrrinuis) for the fresh (iced) market; Option C - mostly shelf or slope species for the fresh or frozen markets; 
Option D - combined rockfish and Pacific halibut for vessels with both licences 



Table 13. The areas of British Columbia according to the town of the registered contact person for 
commercial licences for the finfisheries from around Haida Gwaii listed by Integrated Fishery 
Management Plan (IFMP) for 2003 (data courtesy of N. Pellegrin, DFO). 

1 towns along the north mainland coast of British Columbia north of Cape Caution (Figure 27) 
2 towns from all of the south mainland coast, south of Cape Caution, interior of British Columbia, all of Vancouver Island and any 

out-of-province towns 
3 licence AG is salmon Gill net for which Haida Gwaii is in assigned Area C 

licence AS is salmon Seine net for which Haida Gwaii is in assigned Area A 
licence AT is salmon Troll (hook and line) for which Haida Gwaii is in assigned Area F 
all numbers are the sums of vessel-based and party-based (assigned to an individual person or a group) licences 

4 includes aboriginal communal commercial licences allocated to the Council of the Haida Nation (see Table 8) and includes both 
vessel-based and party-based licences 

5 licence HG is herring roe gill net / licence 1 IS is herring roe seine / licence J is herring spawn-on-kelp - all licences are party-based 
6 includes party-based licences (assigned to a person) and vessel-based licences (assigned to a vessel) combined, for salmon area A 

only 
7 one other salmon gill net licence (party-based) is assigned to a Haida Gwaii resident for a region other than 1 iaida Gwaii (salmon 

areaD) 
8 10 spawn on kelp (J) licences have been designated to Haida Gwaii since 2000, of which 3 are assigned to Haida entities, 4 to Haida 

persons and 3 to off-island parties 
9 518 are vessel-based; 1 is party-based 
10 all are party-based 
11 46 licences are vessel-based and two are party-based 

The five salmon species (chum -
Oncorhynchus keta, pink - O. gorbuscha, coho 
- O. kisutch, sockeye - O. nerka, chinook 
- O. tschawytsclw) fished commercially 
around Haida Gwaii are of both economic 
and cultural importance. In addition, 
steelhead (O. mykiss) are anadromous 
rainbow trout and prominent sport fish 
in larger rivers such as the Yakoun (CHN 
1990). Coastal cutthroat trout (O. clarkii) 
occur particularly in lowland watersheds 
where they are fished recreationally. The 
dominant resident salmonid in lakes and 
streams, however, is the Dolly Varden 
char (Sahelinus malma) (Northcote et al. 
1989; Krishka 1997). Steelhead, cutthroat 
and Dolly Varden are under provincial 

management (except for Gwaii Haanas), 
since they occur mostly in non-tidal waters. 

Salmon are anadromous, in that adults leave 
the ocean and enter river/stream systems 
to spawn (then die), and their young rear 
for different periods in those freshwater 
systems. The young of some species then 
grow further in nearshore waters such as 
estuaries before going to sea, while other 
species go directly to sea. All species spend 
their adult lives at sea, sometimes well out 
into the North Pacific, before returning to 
spawn in their natal watersheds. Steelhead 
and coastal cutthroat may spawn for 
up to three seasons before dying. 
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Number of registered contact persons according to area 
Type (number) of ' 0f British Columbia 
commercial licences 

Fishery by IFMP coast-wide Haida Gwaii North mainland coast Whole south coast" 

Salmon (northern British Gill net (705)v AG (9)"'7 AG (350) AG (346) 
Columbia) Seine net (108)'"' AS (2)" AS (8) AS (98) 

Troll (154)3'1 AT (12)" AT (26) AT (116) 

Pacific herring Gill net (1,275)'" HG (7) HG (153) HG (1,115) 
344116 1161(252)'" HS(2) HS (9) HS (241) 
Spawn-on-kelp (39)'" J (10) J (12) J (17) 

Ground fish trawl T (141) 1 9 131 

Groundfish hook and line C (519)' 2 20 497 
(schedule Il-other species) 

Rockfish (outside) hook and line ZN (189)'" 2 19 168 

Pacific halibut L (435)'' 8 50 377 

Sablefish K (48)" 0 1 47 



A fundamentally important quantity in 
salmon management is "escapement," or the 
number of adult salmon that escape from 
their many predators (including humans) 
to spawn within the watersheds of their 
birth. Escapement numbers are the basis of 
salmon stock assessment and, therefore, key 
to management as stated by Riddell (2004): 
"Given the limited quantitative information 
available for most species and areas in the central 
and northern regions, the historical escapement 
surveys and data are the core base for any future 
assessments." Along with herring spawn, 
salmon escapement data are the oldest annual 
coastal time series (starting in the 1930s) for 
northern British Columbia. Salmon species do 
more to link marine and terrestrial ecosystems 
than any other marine group. Details on 
the scale and nature of salmon escapement 
as a sea-land linking process around Haida 
Gwaii are provided later in sections 8.4 and 

Table 14. Approximate spawning seasons of the 
main salmon species (genus Oncorhynchus) in the 
streams, rivers and lakes of Haida Gwaii 
(information courtesy of V. Fradette, DFO). There is 
always some between-year variability for any one 
species during any particular spawning season. 

Species Notes on Spawning Seasons 

Chum Chum have the broadest band of 
(O. keta) spawn timing, often with separate 

early (mid-September) and late 
(second to third week of October) 
runs in the same streams 

Pink In their abundant (even) years, pink 
(O. gorbuscha) tend to be early stream entrants, by 

about mid-August for spawning in 
early September 

Coho Spawning usually peaks in late 
(O. kisutch) October, but some systems can 

experience spawning perhaps a 
month earlier 

Chinook Chinook enter the Yakoun River in 
(O. tschawytscha) September to October, often after 

milling in Masset Inlet for the 
summer, for fall spawning 

Sockeye Sockeye enter systems in spring, as 
(O. nerka) early as May depending on the 

system, and may mill in lakes over 
summer until fall spawning 

8.5. The approximate timing of spawning 
around Haida Gwaii is listed in Table 14. 

Adult chum average ~5 kg and tend to spawn 
in the lower reaches of watersheds. Chum 
are opportunistic in that they relatively 
quickly take advantage of new spawning 
opportunities. Juveniles out-migrate from 
streams usually within days to weeks 
of hatching and often rear in estuaries, 
where available, before going to sea. They 
usually return to spawn within three to five 
years. It was discovered in the 1970s that 
chum are less productive that other salmon 
species - after coast-wide over-fishing in 
the 1950s and 1960s that included Haida 
Gwaii. Local chum stocks are a conservation 
concern (Walters and Korman 1999). 

Pink is the smallest species with adults 
averaging -2.2 kg. Pink, similar to chum, 
spawn in lower reaches of coastal rivers 
and juveniles out-migrate very soon after 
hatching in spring. Pink tend not to rear in 
estuaries and go directly to sea. They spend 
two summers at sea and most pink spawn 
in their second year of life. Similar to chum, 
pink are opportunistic and readily expand 
into new spawning locations. The streams 
of Haida Gwaii tend to have the even-year 
cycle of abundant pink spawners compared to 
sparse odd-year runs. Haida Gwaii is one of 
British Columbia's "major areas of conservation 
concern" for pink (Walters and Korman 1999). 

Adult coho range from - 3 to 5 kg and are 
remarkable for the number and small size 
of coastal streams in which they spawn. 
As well, similar to pink and chum, coho 
are efficiently opportunistic in exploiting 
new spawning opportunities. In their 
first spring as young juveniles (fry), coho 
disperse throughout their natal watersheds. 
Most spend one winter in freshwater and 
out-migrate in the spring, but some may 
hold over for a second year in freshwater, 
particularly if growing conditions in streams 
are less productive. Coho do little rearing 
in estuaries. Most females spawn in their 
third year and some precocious "jack" males 
return after just one summer at sea. Jack 
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males occur commonly around Haida Gwaii 
(V. Fradette, DFO, personal communication). 

Adult sockeye are usually <3 kg and tend 
to spawn in tributaries and shorelines of 
lakes. Upon hatching in spring, young 
juveniles (fry) rear in lakes for one or two 
years before out-migrating to the sea. The 
young spend little time in estuaries and 
spend usually two summers at sea to return 
to spawn in their fourth or fifth year of life. 

Chinook is the largest species and spawners 
returning to larger British Columbia rivers 
can exceed 40 kg (>55 kg in Alaska!). Chinook 
have two different life history patterns. 
"Spring" or "summer" fish enter rivers in 
those seasons and may hold there for up to 
six months before fall spawning generally 
in the upper areas of watersheds. Juveniles 
spend at least one year in freshwater until out-
migrating as large, older juveniles (smolts), 
and tend not to rear in estuaries. "Fall" type 
chinook spawn in lower-river tributaries 
and their juveniles out-migrate in spring 
having spent only a few weeks to months 
in freshwater. The young tend to rear in 
estuaries before going to sea. Fall Chinook 
usually spend an extra summer at sea 
compared to spring or summer chinook. Only 
one local river, the Yakoun has a spawning 
population and these are spring-summer fish 
that enter the river in September to October. 

Salmon fisheries around Haida Gwaii draw 
upon stocks that spawn locally and from 
elsewhere. Management for commercial 
salmon fisheries is issued annually by 
DFO in the IFMP for salmon in northern 
British Columbia; the plan for 2004-2005 
was used here. Salmon are the main target 
group for both Haida food fisheries, as 
previously discussed (section 3.7), and for 
local recreational fisheries mentioned later 
in section 3.9. Licence conditions and IFMPs 
prescribe allowable gear characteristics such 
as hook styles, mesh size, net dimensions and 
the methods by which gear may be used. 

The salmon fishery is area-based and divided 
according to three main gear types that each 

require different licences. The seine net and 
gill net are essentially coastal fisheries as 
they are executed within inshore PFMAs, 
whereas trolling (hook and line) occurs in 
both inshore and offshore PFMAs around 
Haida Gwaii. For the north coast salmon 
seine (area A) and salmon gillnet (area C) 
fisheries, the fishing area comprises PFMAs 
t to 10. In British Columbia, trolling is used 
to fish salmon, lingcod, Pacific halibut and 
albacore tuna. For salmon troll (area F) 
the area comprises PFMAs 1 to 10 ,101 to 
110,130 and 142 (Figure 27). Most licensed 
north coast fishers opt to fish in their 
local areas, i.e., north of Cape Caution. 

Commercial salmon openings are not 
set in the IFMP, but are announced a few 
days prior to area openings. The reason 
for these in-season opening notices is the 
uncertainty of both the timing and size 
of returning salmon runs. Fishing areas, 
subareas or portions thereof, provisions 
for extensions, opening patterns and the 
duration of the fishing season, are all 
adjusted based on factors such as weak 
stock concerns, target stock abundance, 
fishing effort, rate of gear selectivity, 
domestic allocations and other factors. In 
other words, the commercial salmon fishery 
is mostly coastal and highly dynamic 
with considerable unpredictability in the 
distribution, timing and intensity of fishing. 

Commercial salmon fisheries and processing 
date from the early 20lh century around Haida 
Gwaii. In recent years, salmon fisheries have 
generally declined coast-wide (McRae and 
Pearse 2004), including around Haida Gwaii 
(Gueret et al. 2004) with its greatly downsized 
commercial salmon fleet. Indeed, the coast-
wide value of wild salmon landings has 
fallen -80% over the past decade. Along with 
Pacific herring, the decline of regional salmon 
stocks and fishery focus public concerns over 
well-being of marine ecosystems, prospects 
for sustainability and coastal community 
economies. Similarly, in Washington, Oregon 
and California the recovery of salmon 
populations is an enormous political issue in 

hi 



which science needs to find "an effective voice 
in decision-making" (Ruckelshaus et ah 2002). 

Salmon conservation and management has 
long been, and remains, controversial coast-
wide (Walters and Korman 1999; PFRCC 
2004). Indeed, Walters and Korman (1999) 
generalized that; "77K status of salmon stocks 
in British Columbia is poorly understood." The 
daunting management challenges (McRae 
and Pearse 2004; DFO 2005 c) include many 
elements relevant to Haida Gwaii, as follows: 

• there are five main species comprising 
thousands of stocks, each with their 
own natal spawning areas, yield 
capacities and life cycle traits; 

• there are five fishery sectors locally, 
all with their own needs and political 
constituencies - First Nations FSC, three 
commercial (at-sea interception by net or 
by hook and line and inshore terminal 
by net), and recreational hook and line; 

• the first management priority is for 
conservation by providing sufficient 
escapement for stock replenishment, 
the second priority is for meeting the 
needs of First Nations FSC fishing 
(mostly by estuarine or in-stream 
terminal netting) and the third priority 
is for the commercial and recreational 
sectors (by coastal interception) - this 
compels management planning in 
reverse by providing for each sector in 
anticipation of higher priority needs for 
salmon further along their migration; 

• invoking the precautionary approach, 
discussed later in section 10.1, will increase 
emphasis on conservative risk-averse 
decision making for the above-mentioned 
priorities, in the face of great scientific 
uncertainty on salmon stock status; 

• there is an international facet to 
management as salmon that spawn 
in Canada or the U.S. are intercepted 
by either Canadian or U.S. fishers 
managed under the Pacific Salmon 
Treaty of 1985 [http:/ /www.psc.org]; 

• given that different salmon stocks 
returning to spawn can co-mingle greatly, 

invoking the Species at Risk Act for 
explicit listed salmon stocks of particular 
spawning areas will influence fishing for 
stocks with which they may co-mingle; 

• treaties with First Nations will likely 
be accompanied by appreciable 
changes in sectoral allocations, 
for example, Jones et al. (2004 b) 
recommended that 50% of all fisheries 
(over and above the FSC allocation) 
be reallocated to First Nations; and 

• in Canada's new wild Pacific Salmon 
Policy (DFO 2005 c) the first priority 
is conservation with key elements 
that include protecting salmon 
habitat, understanding the integrity 
of ecosystems to which salmon 
belong and protecting the genetic and 
geographic diversity of salmon. 

Altogether, salmon management presents 
complex sustainability and allocation 
challenges in coastal British Columbia 
including Haida Gwaii. For example, 
there are -1,068 salmon stocks from 
Haida Gwaii alone (11% of all British 
Columbia and Yukon salmon stocks 
- Slaney et al. 1996). Stocks are locally-
adapted spawning populations originating 
from spatially well-defined locations. 

After the precedence of conservation, 
followed by FSC fisheries, salmon 
allocation in the north coast IFMP provides 
-95% of the combined commercial and 
recreational sockeye, pink and chum 
to the commercial sector. Conversely, 
commercial take for chinook and coho 
has second priority after sport sector 
needs described below in section 3.9. 

The salmon fishery is largely a "derby" 
fishery in which fishers race in competition to 
maximize their share of the annual allowable 
catch before the season ends. However, 
for salmon troll in 2005, individually 
transferable quotas (ITQs) were piloted. 
An ITQ provides each licence holder with 
an equal, individual annual share in the 
allowable catch that each fisher can take 
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in their own time within the season. This 
vested property right creates opportunities for 
fishers to make decisions about investment 
and have a greater stake in the fishery's 
sustainability and management towards 
clearly articulated conservation objectives. 

Salmon net fisheries (and herring) 
management around Haida Gwaii is well 
documented with an annual Record of 
Management Strategies by DFO's on-island 
Resource Management Coordinator. Local 
Record of Management Strategies began in 
1985, and since 1994 the same individual has 
completed them - providing a historical series 
on local salmon and herring management 
decision-making whose continuity is 
unmatched by any other north coast area. 
North coast salmon troll fisheries have been 
documented out of Prince Rupert since 1993. 

An important new management tool 
under development for salmon is genetic 
differentiation of stocks. For example, 
preliminary genetic analyses reveal that 
there are appreciably different strains of 
chums on the east versus west coasts of 
Haida Gwaii (B. Spilsted, DFO, personal 
communication). Further, Haida Gwaii 
sockeye are less genetically diverse than 
other British Columbia populations (Beacham 
et al. 2005). This is attributed to a bottle
neck in the form of a small remnant source 
population that survived in the unglaciated 
refuge during the last glaciation experienced 
on Haida Gwaii. From this remnant, the 
modern Haida Gwaii sockeye populations 
have emerged. Genetic knowledge will 
influence future management, such as 
identifying individual stocks in mixed-stock 
fisheries, or helping maintaining species' 
genetic diversities that can be manifested 
even in small runs in small watersheds. 

The commercial salmon fisheries supported 
by surpluses (i.e., in excess of escapement 
needs) of local Haida Gwaii runs are mostly 
for chum and pink. These terminal seine 
net or gill net fisheries occur within inshore 
PFMAs and are directed at incoming 
spawners in estuaries and inlets. Accordingly, 

the catch is mostly salmon native to Haida 
Gwaii. The summary of recent catches in 
Table 15 reveals little catch from PFMA 1 and 
highly variable landings of pink and chum 
from 2 (E) and (W). The large even-year take 
of pink in 2000 was not repeated in the next 
two even-year cycles. High chum catches 
vary markedly between years and between 
2 (E) and (W). In summary, local watersheds 
have been unpredictable producers and 
this pattern seems likely to continue. 

Table 15. Commercial salmon terminal (gill net and 
seine net) catch for Haida Gwaii according to Pacific 
Fishery Management Area (PFMA) from the Record 
of Management Strategies, 1999 to 2004 (data from 
Fradette 2000, 2001, 2002, 2003, 2004 a, 2005 and 
courtesy of V. Fradette, DFO). 

Year 

1999 

2000 

2001 

2002 

2003 

2004 

Total 

P F M A ' 

1 

2(E) 

2(W) 

1 
2(E) 
2(W) 

1 
2(E) 

2(W) 

1 
2(E) 
2(W) 

1 
2(E) 

2(W) 

1 
2(E) 
2(W) 

Sockeye 

02 

0 

0 

800 
0 
0 

0 
0 

0 

0 
0 
0 

0 
0 

0 

0 
1 
0 

801 

N u m b e r s of Sa lmon 

Coho 
C2.3 

2,917 

C 

C 
1.664 

C 

C 
879 

C 

C 
1,366 

C 

C 
435 

C 

c 
513 
C 

7,792 

Pink 

0 

0 

0 

300 
13,278 

583,907 

0 
0 

0 

660 
1.676 

57,200 

0 
2 

0 

0 
48,580 

0 

705,601 

C h u m 

30 

158,414 

95,200 

840 
74,963 
44,157 

0 
49,026 

0 

42 
38,566" 
102,800 

0 
6,456'"' 

0 

0 
77,050! 

0 

647,502 

Chinook 
C2.3 

0 

c 

c 
0 
c 
c 
0 

c 

c 
0 
c 
c 
0 

c 
c 
5 
c 

5 

1 the Pacific Fishery Management Areas (PFMAs) are shown in 
Figure 27 

2 C = the PFMA was closed by DFO for stock conservation reasons 
that year 
0 = the PFMA was open, but no catch was recorded that year 

3 fishing for coho and chinook is closed for terminal net 
fisheries around Haida Gwaii, except in PFMA 2(F) that 
includes Cumshewa Inlet (PFMA sub-areas 2-3, 2-4, 2-5) 
where take is permitted from "enhanced" coho and chinook 
stocks generated by Pa liant Creek hatchery located at the 
head of Gillatt Arm in Cumshewa Inlet 

4 includes fish taken at Pallant Creek hatcher)' (for operational 
cost-recovery) whose proportion varies from 5.4 to 25.9A> of total 
chum numbers; also, the hatchery itself is a major chum 
producer for the PFMA 2(E) terminal net fishery not at the 
hatchery 
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Within Gwaii Haanas, few stream systems 
currently supply surpluses for directed 
terminal fisheries. An exception was for 
Salmon River pinks in 2004. Chum counts 
have been inconsistent since 2001, although 
some creeks are counted for pinks in even 
years (e.g., Salmon River, Windy Bay Creek 
and a few other as far south as Marshall 
Inlet). The closest takes to Gwaii Haanas 
usually come from Selwyn or Cumshewa 
Inlets pink or chum surpluses. The latter 
are associated with the archipelago's largest 
hatchery (run by the Haida Fisheries Program 
since 1998) in nearby Pallant Creek, and 
fish from Mathers Creek. Even-year pink 
surpluses are more volatile than the chum 
surpluses and come most consistently from 
PFMA 2 (W), Pallant Creek (PFMA 2 (E)) 
and Yakoun River, Masset Inlet (PFMA 1). 

Some salmon landings around Haida Gwaii 
are of fish from stocks intercepted while 
migrating to watersheds from south of the 
Stikine River to California (I. Winther, DFO, 
personal communication). Not since the late 
1990s have there been significant interceptions 
of sockeye and pink from the Fraser, Nass 
and Skeena Rivers off Plaida Gwaii. In 
summer, the Chinook are mostly wild fish 
from British Columbia, but in the early spring 
and fall, there is a higher component of U.S. 
fish of which there is a large proportion 
of hatchery-reared fish (Winther 2005). 

Landings from the recent troll fishery, which 
focuses mainly on intercepting chinook 
and coho from non-Haida Gwaii stocks, are 
summarized according to PFMA in Table 16. 
Offshore PFMAs have been the main fishing 
(trolling) areas, in contrast to the inshore 
terminal net fisheries. Essentially, each year 
this fishery is a dynamic, variable mosaic of 
time and area openings and closures focusing 
on specific aggregates of chinook and coho 
stocks. As well, closures protect stocks of 
other species considered vulnerable that 
year. In the last few years, genetics, with 
a 4- to 7-day turnaround time for results, 
has augmented coded wire tagging under 
the Mark Recovery Program (D. Rekdal, 
DFO, personal communication). Genetic 

Table 16. Commercial salmon troll catch for the 
Haida Gwaii region according to Pacific Fishery 
Management Area (PFMA), 1999 to 2005 (data 
courtesy of D. Rekdal, DFO). 

Year 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

P F M A ' 

1 
101 
2(E) 
2(W) 
102 
142 

1/1 or1 

2(E) 
2(W) 
102 
142 

1/1013 

2(E) 
2(W) 
102 
142 

1/1 or ' 
2(E) 
2(W) 
102 
142 

1 
101 
2(E) 
2(W) 
102 
142 

1 
101 
2(E) 
2(W) 
102 
142 

1 
101 
2(E) 
2(W) 
102 
142 

Sockeye 

C2 

c 
c 
c 
c 
c 

1,099' 
C 

c 
c 
c 

2,902 
C 

c 
c 
c 

2,485 
C 

c 
c 
c 

3,283 
2,516 

C 
C 

c 
c 

412 
1,730 

C 
2 
C 

140 

C 

c 
c 
c 
c 
c 

N u m b e r s of Sa lmon 

Coho 

C 
C 

c 
c 
c 
c 
c 
3 
C 
C 
C 

c 
700 

c 
c 
c 

102.140 
2,337 
3,629 
7,308 
1,380 

110,719 
100,399 
7,308 
9,227 
14,504 

419 

23,354 
123,325 

C 
C 

6,927 
11,321 

18,708 
195,095 

C 
C 

16,794 
C 

Pink 

C 
2 
C 
C 
0 
0 

48,832 
C 

250 
C 
C 

175,000 
0 

257 
C 
C 

41,418 
4 

53 
24 
49 

98,347 
91,309 

24 
2,918 

6 
2,232 

2,504 
27,273 

0 
733 
12 

573 

2,625 
37,504 

C 
20 
0 

40 

C h u m C h i n o o k 

C 
0 

41 
1,194 

0 
0 

1.794 
3,000 
246 
0 
0 

2,360 
500 
84 
C 

c 
537 
111 
413 
11 

302 

196 
C 
11 
6 
C 
4 

C 

c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

1,398 
42,436 

C 

c 
375* 
809'' 
9,000 

C 

c 
482'' 

0 
11,785 

0 
0 

51.414 
50 

15,772 
60 

24,742 

9,965 
75,245 

178 
19,973 

178 
37,639 

12,955 
95,248 

C 
0 
1 

26,751 

17,551 
135,535 

C 
5,549 

C 
16,270 

1 tlie Pacific Fishery Management Areas (PFMAs) are shown in 
Figure 27 

2 C= the PFMA was closed by DFO for stock conservation reasons 
that year 
0 = the PFMA was open, but no catch was recorded that year 

3 for the years 2000 through 2002, catch data from PFMAs 1 and 
101 were combined as PFMA 1 was closed to the commercial 
fleet from May to September to separate commercial and 
recreational (lodge industry) fleets; most commercial catch 
(-90%) came from PFMA 101 

4 test fishery' landings 

identification of individual stocks enables 
managers to quickly identify the stock mix 
of the catch in an area and respond rapidly 
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in-scason to affect the fleet's fishing either 
to protect stocks or encourage fishing. Each 
year this new tool is used, DFO's databases 
expand and the predictive capability of 
management improves. In other words, 
as the time series deepens, the ability to 
predict stock well-being improves with 
respect to environmental variables. 

Chinook stocks have been recovering after 
the coast-wide closure in 1996 with gradually 
building local catch through 2005. Coho 
stocks have also provided larger catches 
since 2002. The regional chinook catch has 
increased from a low of -9,500 fish in 2000 
to -135,000 in 2004 (-45.8% of coast-wide 
chinook troll catch) and -175,000 in 2005. 
Coho troll landings have also increased in 
recent years to -355,000 in 2004. The highest 
troll bycatch of pinks has been in odd years, 
indicating access to stocks not from Haida 
Gwaii. Closures are implemented by live-
release facilitated by the industry's use of 
barbless hooks. Each fishing season has a 
unique suite of closures linked to the status 
of stocks coast-wide. For example, in 2004, 
sockeye were closed in PFMAs 2 (E) and 
102 to protect Fraser River migrants, coho 
closed in 2 (E) and (W) to protect Haida 
Gwaii stocks, chum closed everywhere to 
protect local stocks and those of the central 
mainland coast, and chinook closed in 
2 (E) and 102 to conserve migrants to the 
west coast of Vancouver Island (D. Rekdal, 
DFO, personal communication). As well, 
there is also an April 01 to July 15 closure 
within 2 (E) (Skidegate Inlet to south of the 
Copper River) each year to protect Copper 
River sockeye intended for the Haida FSC 
terminal fishery. There has been poor ocean 
survival of chinook stocks native to streams 
of the west coast of Vancouver Island since 
the mid 1990s. Therefore, directed chinook 
fisheries in the Haida Gwaii region, including 
that for the sport industry, covered in 
section 3.9, rely on stocks from elsewhere. 

The value of Haida Gwaii commercial salmon 
fisheries varies widely between different 
fisheries and between different years within 
fisheries. Trolling in 2004 yielded an ex-

vessel value of >$9.2 million for all species, 
of which ~77% and -22% was represented by 
chinook and coho respectively. The terminal 
net fisheries are lower value and, for 2004, 
gill net and seine net (all species combined) 
yielded -$75,000 and -$172,000 respectively. 

Regional salmon management will continue 
to be a complex exercise based on the unique 
conditions that unfold in-season each year, 
on the progresses of stock rebuilding coast-
wide and on the growing (improving) 
time-series of data being collected. Likely, 
these fisheries will remain a spatial and 
temporal mosaic of fishing activities linked 
to the well-being of many stocks native 
to Haida Gwaii and from elsewhere. The 
proposed Gwaii Haanas NMCA may become 
directly involved within overall regional 
salmon assessment and management. The 
opportunity for the proposed NMCA 
will be to promote improved ecosystem-
based management and assist as a salmon 
escapement reference location for long-term 
monitoring of stocks from its watersheds. 

3.8.2.2. Pacific Herring 

The Pacific herring (Chtpea pallasii) fishery 
is important locally both economically and 
culturally (Jones 2000). Islanders have 
always been active in this nearshore fishery 
confined to PFMA 2 (E and W). Given that 
the Haida Gwaii stock is recognized by 
DFO as separate from all others coast-wide, 
and that stocks have declined, herring has 
become symbolic for local concerns over 
fisheries management and marine ecosystem 
health. The present era of stock decline with 
consistently low recruitment, for reasons that 
are poorly understood, heightens concerns 
in the local community over sustainability. 

Pacific herring are small pelagic fish, 
rarely exceeding 25 cm in length in British 
Columbia, which occur in large schools 
in inshore and offshore waters. Locally, 
fish mature and spawn by age 3, with 
most living 6 years within their potential 
12-year life span (J. Schweigert, DFO, 
personal communication). In the north, 
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migrations to inshore spawning grounds 
occur during October to December from 
offshore feeding grounds in Hecate 
Strait. Ecologically, herring is particularly 
important as a "forage" species eaten by a 
very wide range of fish, bird and mammal 
predators. Herring provides an ecosystem 
function of transferring energy from lower 
trophic levels of their plankton food to the 
higher trophic levels of their predators. 

Key fishery context for Pacific herring is 
that their populations fluctuate very widely. 
However, the factors affecting recruitment 
to commercial stocks remain unpredictable 
and poorly understood. Recruitment is 
thought to rely upon the size of the parent 
stock and environmental conditions 
(themselves highly variable year-to-year) 
during the first year of life, such as sea 
surface temperature and salinity in the stock 
area in the year of birth (DFO 2002 b). 

Commercial herring fisheries in British 
Columbia began in the 1870s, with various 
eras according to different markets (Hourston 
and Haegele 1980; Stocker 1993). The 
Haida Gwaii commercial fishery dates from 
the late 1930s with intermittent landings 
until the large reduction fishery from 1951 
to 1965 that ended in stock collapse and 
closure (DFO 2002 b). The reduction era, 
during which fish were rendered into low-
value fishmeal and oil, saw some dramatic 
Haida Gwaii catches (e.g., 77,500 tonnes 
in 1956), but also some annual landings of 
<1,000 tonnes. In other words, the inherent 
instability of stocks has long been known. 

The modern era for limited entry (fixed 
number of licenses) Haida Gwaii herring 
fisheries began in the early 1980s for the 
higher-value products of herring roe 
(removed from the body cavity and salted) 
and spawn-on-kelp (eggs attached to kelp 
fronds that are trimmed and brined); both 
exported to Asia. The contemporary fishery 
is recounted in detail by Fradette (2004 b) 
and Gueret et al. (2004), so a brief outline 
of facts and issues is provided here. 

The Haida Gwaii fishery is managed on-
island by DFO's local Resource Management 
Coordinator, with advice from DFO's 
Science Branch, the Council of the Flaida 
Nation and industry. Their mission is to 
produce a low volume of high-value product 
sustainably. There are pre-season Herring 
Working Group (technical/scientific) and 
Herring Industry Advisory Board meetings 
that contribute to the herring IFMP. Within 
the commercial allocation, the higher value 
spawn-on-kelp has precedence over roe. The 
Haida Gwaii area in which herring stocks 
are assessed is shown in Figure 30; note 
this "major" stock assessment area includes 
much of Gwaii Haanas' coast. There are 
numerous "minor" stock areas, particularly 
along the west coast of Haida Gwaii. 

Figure 30. The region of Haida Gwaii within 
which Fisheries and Oceans Canada assesses 
Pacific herring stocks (revised from Stocker 1993). 
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Knowing about herring spawning aids 
understanding herring ecology and local 
fisheries. Herring spawn in huge aggregations 
in late winter to early spring between -1.5 m 
above to -18 m depth below chart datum on 
rock, but mostly on attached plants. This is 
one of the year's most dramatic biological 
events in nearshore waters. The waters of 
extensive nearshore areas turn white with the 
"milt" (sperm) of the millions of spawners. 

Mapping the geographical distribution of 
spawning began in southern British Columbia 
in 1928 and has been estimated each year 
since. Annual spawn deposition from 1930 to 
2001 has been mapped coast-wide along with 
the cumulative spawn deposition from 1928 to 
2005 (Hay and McCarter 2005; McCarter et ni. 
2005). Some 5,260 km of British Columbia's 
-29,500 km of shoreline have been ranked 
and classified as herring spawn habitat. In a 
typical year, -450 to 600 km or -1.8 % of the 
province's shoreline experiences spawning. 

For Haida Gwaii, unique geographic codes 
represent 13 herring spawning sub-areas 
or "sections"- not PFMAs (Figure 31). The 
local spawning season ranges from February 
to July with a March to April peak that 
drives the roe and spawn-on-kelp fisheries. 
Spawning at its peak is one of the most 
dramatic biological events along the Flaida 
Gwaii coast, providing an enormous pulse 
of biomass and energy into nearshore food 
webs and attracting many predators to gorge 
on the spawners and their eggs. (Jones 2000; 
Harfenist et ni 2002; Heise et ni 2003). 

The linear extent of shoreline along which 
herring spawning has historically occurred 
around Haida Gwaii is shown in Figure 32. 
Mapping began in 1930 and this database of 
spawn frequency and magnitude per unit 
shore length is one of the longest annual 
time-series (to 1998) of accessible marine 
Haida Gwaii data [http:/ /www.pac.dfo-
mpo.gc .ca /sc i /her r ing /herspawn/pages / 
defaults te.htm]. The data shown here are 
current to 1998, but in more recent years 
spawning has become more spatially varied. 
A suggested reason is that the lack of older 

fish in these low stocks may mean that 
younger fish do not have experienced older 
fish to follow to traditional spawning areas 
(V. Fradette, DFO, personal communication). 
Given that spawning is related to depth, 
substrate and vegetation characteristics, this 
is a valuable shoreline reference dataset. As 
well, this time series is used as a key data 
source for herring stock assessment. The 
Haida Fisheries Program cooperates with 
DFO annually to complete diving surveys 
of spawn distribution and abundance. 

Figure 31. The "sections" of Haida Gwaii by which 
Fisheries and Oceans Canada divides up the Pacific 
herring spawn data (data courtesy of P. McCarter, 
DFO). The "major" stock area shown in Figure 30 is 
represented here by sections 21, 23, 24, 25 and 6 
combined. 
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Figure 32. Distribution of Pacific herring spawn 
deposition (http://www.pac.dfo-mpo.gc.ca/sci/ 
herring/herspawn/pages/default6_e.htm). The 
map includes overlapped data from 1946 to 1998 
The distribution shows the approximate linear 
extent and breadth of spawning areas, as not all 
sections of coastline have been surveyed. 

Generally, spawning starts earlier in 
southern Haida Gwaii and occurs later going 
northward as the season progresses. An 
example is the relatively late (May) spawn 
often occurring in Skidegate Inlet. Another 
exception is Naden Harbour, where there 
can be a mid-to-late February spawn of very 

large, older (9 to 11 years) fish (J. Broadhead, 
personal communication). These are 
examples of small area-stocks (with distinct 
biological characteristics) within Haida Gwaii. 
Herring genetic analyses by Beacham et al. 
(2002) have revealed a genetically distinct 
population in Skidegate Inlet compared to 
the southeast coast of Moresby Island. No 
substructure was revealed from sample 
locations along the west coast, although 
Louscoone Inlet herring "may be" distinct 
from herring of the rest of the east coast 
management unit (Figure 30). They attribute 
differences in timing of spawning as the 
main isolating mechanism in areas where 
genetically distinct populations occur. 
Overall, Beacham et al. (2002) concluded, 
however, that the weak genetic differentiation 
among British Columbia stocks was 
consistent with appreciable straying rates 
among stocks sufficient to homogenize 
genetic traits over broad areas. For example, 
herring tagged on the central mainland coast 
have been collected from Louscoone Inlet 
(V. Fradette, DFO, personal communication). 

The herring spawning from Cumshewa 
Inlet south to Louscoone Inlet (Figure 30) 
are considered the major stock of Haida 
Gwaii (DFO 2002 b). Within this area, stock 
assessment data are gathered, including 
biological sampling for age and weight-at-age 
composition, historical spatial catch data and 
diver and surface surveys for distribution 
and intensity of egg deposition. Herring 
from other locations are considered minor 
stocks. Between Port Louis and Englefield 
Bay (Figure 30), for example, there may 
be eight small spawning groups within 
this PFMA 2 (W) minor stock (V. Fradette, 
DFO, personal communication). 

As part of the annual cycle of data gathering 
around Haida Gwaii, a contracted industry 
seine vessel makes sonar soundings and 
collects samples within the major stock 
assessment area, and along the west coast 
(PFMA 2(W), to estimate the tonnages 
schooling in inlets early in the season 
- usually March. Also, there are spawn 
biomass estimates from annual surface and 
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dive surveys that estimate egg deposition on 
marine plants as a proxy for next season's 
herring stock. The spawn habitat index rates 
the shoreline as to its importance in terms of 
long-term production. The index derived is 
a function of the number of layers, the extent, 
and the frequency of spawn. Each shore area 
where herring spawn has been surveyed and 
its spawn habitat index ranked coast-wide. In 
PFMA 2(W) in recent years, soundings have 
indicated stock presence but verification from 
spawn deposition surveys has been difficult. 
This is perhaps due to deep (>30 m) spawning 
that could make the "milting" difficult to see 
(V. Fradette, DFO, personal communication). 

Central to management is setting a fixed 
annual quota for the major stock based on 
a harvest rate of 2070 of the forecast mature 
stock biomass (i.e., as determined the 
previous year from spawn assessments). But, 
there must be a minimum spawning stock 
biomass {"cutoff") of 10,700 tonnes for the 
assessment area in Haida Gwaii before any 
fishable surplus is available. If this minimum 
is not available, the roe fishery is the first to 
be closed for that year. For a minor stock, 
a more conservative harvest rate of 10% of 
the forecast mature stock biomass is set. 

For roe, fish are either seined or gill-netted, 
usually from late February to late March after 
test-fishing reveals that adults are in sufficient 
reproductive condition - when the roe is 
- 1 3 % of herring body mass. This fishery 
has nine local licence holders (Table 13). The 
roe fishery uses a variant of the individual 
vessel quota system and operators "pool" 
into groups to efficiently reduce fishing 
effort. The catch is processed mostly in 
southern British Columbia to extract and 
salt roe, with carcasses going into reduction. 
Annual catches averaged -7,500 tonnes in 
the first decade starting in 1972, but have 
declined steadily thereafter. During the most 
recent decade, in the four years of fishing 
combined landings have been <7,000 tonnes 
(Table 17). In 2002, the most recent year of 
a roe fishery, only -700 tonnes were landed. 
Stocks have been so low that, from 1994 
through 2005, there were eight years with no 

Table 17. The catch weight and value of Pacific 
herring roe and spawn-on-kelp fisheries around 
Haida Gwaii, 1994 to 2003 (data courtesy of N. 
Pellegrin, DFO). 

Year 

1994 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

Fishery 

Spawn-on-kelp 
Roe 

Spawn-on-kelp 

Spawn-on-kelp 
Roe 

Spawn-on-kelp 
Roe1 

Spawn-on-kelp 
Roe 

Spawn-on-kelp 

Spawn-on-kelp 
Roe2 

Spawn-on-kelp 

Catch 
(tonnes) 

80.3 
297.9 

26.7 

57.5 
934.9 

69.9 
1,555.1 

85.1 
1,750.7 

84.2 

61.5 
700.2 

82.7 

Value 
$ (000) 

4,575.5 
484.1 

1,392.8 

1,608.3 
519.4 

1,689.7 
1,875.3 

2,765.7 
2,295.3 

2,477.1 

2,050.4 
778.0 

2,061.2 

1 roe herring were taken by seine net in all years, except in 1999 
when both seine and drift nets were used 

2 2(X)2 was the last year in which a roe fishery occurred and there 
was no roe fishery in 2(XI6 

roe fishery at all, and nor was there a fishery 
in 2006 (Table 17; V. Fradette, DFO, personal 
communication). Further, the average price 
for roe (for the Japanese market) has declined 
from $88 per kg in 1995 to -$13 per kg in 2004 
(N. Pellegrin, DFO, personal communication). 

Spawn-on-kelp licences are limited-entry 
and party-based (based on individual 
persons or groups). In 2005, there are 46 
licences coast-wide. The proportion of 
Aboriginal licence holders is high with 25 
licences operated by 16 different Bands 
(five different First Nations), 13 held by 
First Nations individuals and eight by non-
Aboriginal individuals. Each licence permits 
- 8 tonnes be landed, with an allocation of 
100 tonnes for each closed-pond operation. 

In fact, the spawn-on-kelp fishery in British 
Columbia started in Haida Gwaii, along the 
southeast coast of Moresby Island in 1971, 
with full commercial production for the 
Japanese market by 1975 (Shields et al. 1985). 
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Kelp is the substrate for egg attachment for 
this export product and for the traditional 
Haida food, k'aaw. Giant kelp (Macrocystis 
integrifolia) is generally used, but feather-
boa kelp {Egrcgia menziesit) and sugar kelp 
(Laminaria saccharina) are also used. The 
fishery relies mostly on high quality giant 
kelp gathered along the east coast of Moresby 
Island. Kelp gathering is licensed through 
the province of British Columbia. Kelp is 
either deployed in pens into which captured 
herring are placed ("closed-ponding") and then 
released, or suspended from float lines set 
in active spawning areas ("open-ponding"). 
Closed-ponding has been the main method 
used locally, accounting for an average 
of -88% of the production (Table 18). 

The March-April spawn-on-kelp fishery 
has always had a high proportion of Haida 
participation. Until 2003, the relatively 
high value spawn-on-kelp product has been 
worth ~$2 million annually (Table 17). Since 
2000, seven of the 10 licensed operators that 
fish locally have been Haida parties (Table 
13). Until 2004, the fishery occurred mostly 
along the southeast coast of Moresby Island 
(PFMA 2 (F) within the proposed Gwaii 
Haanas NMCA). Landings in 2004 were 
-69.5 tonnes. In 2005, declining stocks along 
the east coast led to an industry shift to 
the west coast (V. Fradette, DFO, personal 
communication) with a small take from 
PFMA 2 (W) of -29.3 tonnes (J.O. Thomas 
and Associates, personal communication). 
Moreover, the commercial spawn-on-kelp 
fishery was closed in 2006 due to low stocks. 

This closure has led to concern among the 
Haida traditional and political leadership 
about the future of regional marine resources. 

As stated at the outset, there is strong local 
interest in this near-coast fishery. The era of 
low stocks has precipitated disagreements 
between DFO and the CHN (Jones 2000). 
Firstly, DFO stresses that herring's marked 
cyclical abundance is characteristic of a 
small, schooling species. The CHN contends 
that current low stocks are due to a lack of 
recovery from high reduction-era catches, 
citing, for example, poor recovery of the 
Skidegate Inlet population. The CHN 
also contests the idea that all herring from 
Cumshewa to Louscoone Inlets (the "major" 
stock) should be managed as one stock. The 
Flaida believe that managing smaller, more 
localized stocks within the major stock area 
would be more precautionary (risk-averse in 
the face of incomplete knowledge) than with 
current DFO management. The Haida state 
that their traditional knowledge warrants 
consideration for their belief that inlets have 
biologically different stocks among which, 
for example, southern herring consistently 
spawn earlier than northern herring. Indeed, 
this may be supported by recent genetic 
findings (Beacham et al. 2002). The Haida 
also want to see a departure from single-
species herring management towards a more 
multi-species, ecosystem approach in which 
the appropriate precaution considers the 
status of other species towards an ecosystem 
state fostering stock recovery. Essentially, 
herring is a local "flagship" species for 

Table 18. The amount of open and closed ponding in the Haida Gwaii spawn-on-kelp fishery, 1998 
through 2004 (data courtesy of V. Fradette, DFO). 
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Number of Open ponds Closed ponds Approximate tonnes of 
Year J licences Number % annual production Number % annual production live herring impounded 

1998 9 5 7 14 93 L23Â 

1999 9 11 6 20 94 1,410 
2000 10 4 7 23 93 1,430 
2001 10 15 16 16 84 1,385 
2002 10 0 0 19 100 1,545 
2003 10 5 20 25 80 1,975 
2004 10 2 _ 4 17 96 1,390 
Annual average 6 12 17 88 1,314 

l "j" is the licence type tor spawn-on-kelp fisheries (see Table 13) 



sustainable coastal management around 
Haida Gwaii. Further, given that commercial 
herring landings often come from within 
Gwaii Haanas proposed NMCA, herring 
management will be an important test for the 
future NMCA management partnership. 

3.8.2.3. Groundfish Preamble 

The prospect of briefly discussing the 
groundfish fisheries and linking them to 
the Haida Gwaii coastal zone is daunting. 
The five distinct groundfish fisheries (one 
trawl net; four hook and line or trap) of 
this region, each with their own Integrated 
Fishery Management Plan (1FMP), are listed in 
Table 12. Although groundfish fisheries target 
different species or groups, they all share 
species as incidental un targeted by-catch -
some of which are retained while others are 
discarded. So, there is overlap in the species 
each fishery takes. Context relevant to all 
groundfish fisheries is given in this preamble, 
followed by key characteristics of individual 
fisheries to provide an overview and link 
that information to coastal Haida Gwaii. 

"Groundfish" is a broad term used by DFO to 
cover >75 sea bottom-associated to pelagic 
species from nearshore, deep-sea and open-

ocean waters (Table 19). These fishes are 
taken from inshore to offshore, at many 
different depths and from a range of habitats 
by various gear types. They represent a 
wide range of fish life history types and 
human commercial enterprises. Some 
offshore fisheries, such as for the tunas, will 
not be discussed here. Allocation of Total 
Allowable Catches in groundfish fisheries 
is based on percentages of quota and non
quota species. The species listed in Table 20 
are explicitly excluded from groundfish 
fisheries and must be released at sea. Using 
the basic PFMA structure, the groundfish 
fishery is managed spatially through Stock 
Management Areas that include the Haida 
Gwaii region (Figure 33). If spatial data 
include latitude and longitude, data can be 
easily rolled up into either Stock Management 
Areas or PFMAs. Stock Management 
Areas overlapping the proposed Gwaii 
Haanas NMCA include 5B, 5C and 5E. 

Not all groundfish species are targeted. For 
example, of the 36 rockfish (Sebastes spp.) and 
two thornyhead (Sebastolobus spp.) species in 
British Columbia waters, all are taken in the 
commercial rockfish hook and line fishery 
that explicitly targets up to 15 of these species. 
Many species are, therefore, incidental 

Table 19. Fish species associated witli groundfish fisheries. These species are listed as "groundfish" in 
Appendix 2 of the Integrated Fishery Management Plan (IFMP) for groundfish trawl. Essentially, the 
groundfish trawl IFMP indicates the species diversity of all groundfish fisheries as trawls are the least 
selective gear. 

1 tin.' potential species diversity is even higher as the IFMP also states that "any other vertebrate fish," except those listed in table 20, 
couid be included 
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"Groundfish" group Family No. of Species No. of Genera 

Rockfishes and Thornvheads Scorpaenidae 36 2 

Flatfishes (soles, flounders, sanddabs, etc.) Bothidae, Pleuronectidae 16 15 

Roundfishes (greenlings, lingcod, Pacific Hexagrammidae, Gadidae, 8+ 8+ 
cod, sculpins, dogfish, sablefish, walleye Cottidae, Squalidae, 
pollock, Pacific hake) Anoplopomatidae 
Tunas and Mackerels (albacore, bonito, Scombridae 7 6 
yellowfin, etc.) 

Skates Rajidae 5 1 

Smelts Osmeridae 3 3 
Total 75+ 35+ 



Table 20. Fish species explicitly excluded from all 
groundfish fisheries. These cannot be retained 
according to each fishery's individual Integrated 
Fishery Management Plan. 

Salmon 
Pacific herring 
Green sturgeon 
White sturgeon 
Wolf-eel 
Pacific halibut 

(Oncorhynchus spp.) 
(Clupea pallasii) 
(Acipenser medirostris) 
(A. transmontanus) 
(Anarrhichthys ocellatus) 
(Hippoglossus stenolepis) 

1 all species 
2 non-retention by-catch for the groundifsh trawl fishery only 

retained by-catch, while others are discarded 
because of low market value, being below 
legal size or due to particular non-retention 
regulations. Brief overviews of biology, 
fisheries and resource status of 25 prominent 
groundfish species are available in the 

SMA PFMAs and sub-areas 
5A PFMAs 11, 111; sub-areas 12-14, 27-1,127-3,127-4,130-1 
5B PFMAs 7 to 10, lOSto 110; sub-areas 102-3,107-2,107-3, 

130-2,130-3 
5C PFMAs 6,106; sub-areas 2-1 to 2-19, 102-2, 103-2,107-1 
3D PFMAs 3 to 3, 103,104; sub-areas 1-2 to 1-5, 101-4 to 101-10, 

102-1,105-1 
3E PFMA 142; sub-areas 1-1, 2-31 to 2-100,101-1 to 101-3 

Figure 33. Groundfish fishery Stock Management 
Areas (5B, 5C, 5D, 5E) used by DFO that account 
for the Haida Gwaii region of northern British 
Columbia (data courtesy of B. Mason and D. 
McCullough, DFO). The north coast groundfish 
Stock Management Areas (SMAs) are modified 
from the Pacific Fishery Management Area (PFMA) 
framework (Figure 27). 

previously mentioned Stock Status Reports 
available from DFO on the Internet. As well, 
Gwaii Haanas has collaborated with World 
Wildlife Fund (WWF)-Canada and DFO to 
produce a Groundfish Atlas of Hecate Strait in 
2005. This atlas includes life history reviews 
of the main target species and maps of where 
the trawl and baited hook and line fisheries 
occur in the shelf waters of Hecate Strait 
and Queen Charlotte Sound: [h t tp : / /www. 
marinematters.org/atlas/grouncifish.html]. 

To better deal with the management 
complexity of groundfish, the Commercial 
Groundfish Integrated Advisory Committee 
was formed (includes First Nations, 
industry, NGOs, the recreational sector, 
coastal communities, British Columbia, 
DFO) in 2003 to advise DFO on strategic 
approaches on progressive changes to 
fisheries management both pre- and in-
season. Current issues of particular interest 
include implementing the Inshore Rockfish 
Conservation Strategy, supporting catch-
monitoring studies, facilitating inclusion 
of species-at-risk values and setting total 
allowable catches consistent with the 
precautionary approach. Besides helping 
offset the inherent complexities in groundfish 
fisheries, this initiative reflects the improved, 
more inclusive consultation processes 
DFO has implemented in recent years. 

As further context, groundfish fisheries share 
the following characteristics, where relevant: 

• industry is a key management presence 
with DFO and makes significant 
investments in stock assessment, 
research, monitoring and management; 

• all groundfish fisheries will be 
individual vessel quota (IVQ) 
fisheries in 2006 (Table 12); 

• all fisheries are information-intensive with 
the main sources being mandatory fishers' 
logbooks, at-sea observers' data (from 
100% to 13% of the fleet), independently-
validated dock-side monitoring of 100% of 
the landings (weights by species on sales 
slips [to fishers] called "fishslips") and 
fishery-independent research by DFO and 
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the industry in the form of standardized 
stock surveys and biological sampling; 

• accurate and timely monitoring of all 
catch (landed and discarded at sea) is 
critical to regulatory enforcement and 
helping meet annual Total Allowable 
Catch limits, entailing (as of 2006) 
mandatory 100% at-sea monitoring 
(video surveillance of the hook and 
line fisheries that avoids costs of at-sea 
observers) by contractors randomly sub-
sampling (viewing) of -10% of the tapes; 

• a new universal fishers' logbook 
for all hook and line fisheries was 
implemented in 2006 as part of increasing 
integration of groundfish fisheries; 

• although IFMPs are developed pre-season, 
each fishery is highly dynamic and in
coming information on fishers' locations 
and yields in space and time as the fishery 
progresses causes in-season changes to 
management, e.g., "As the season progresses 
and allocated target catches/annual quotas are 
attained or conservation concerns arise, the 
Department (DFO) may vary fishing period 
limits and trip limits or institute area or 
species closures at any time" (from Rockfish 
Hook and Line (Outside) IFMP, 2004-2005) 
or "To maintain orderly management of the 
fishery, the Department may vary fishing 
period limits and institute area or species 
closures at any time during the season." (from 
Groundfish Trawl I F M P ' 2004-2005); 

• these fisheries will have to accommodate 
any restraints arising from applying 
the Species at Risk Act (fully in force 
2004), the example of Bocaccio rockfish 
(S. paucispinis) as the first Pacific 
groundfish species so recommended 
by COSEVVIC as discussed below; 

• the industry will have to comply with 
the Inshore Rockfish Conservation 
Strategy as discussed below; 

• gear development to improve selectivity 
to minimizing by-catch of non-target 
species is always underway; 

• the industry is mindful of protecting 
the unique Hexactinellicl (silicone 
glass) sponge reefs in Flecate Strait 

and Queen Charlotte Sound (Conway 
et al. 2001; Leys et al. 2004); and 

• the industry is committed to using 
mandatory seabird-avoidance devices 
for use during deployment of baited 
long-line gear in hook and line fisheries 
to eliminate seabird (particularly 
albatross (Phoebastria spp.)) mortalities. 

Applying the Species at Risk Act is important 
to all groundfish fisheries. If a species 
becomes legally listed under the Species at 
Risk Act, prohibitions could come into force 
against killing, harming, harassing, capturing, 
taking, possessing, buying, selling or trading, 
and against damaging or destroying the 
"residences" of individuals (= fish habitat). 
In other words, if a legally-listed species is 
taken (as unintended by-catch), management 
will likely be compelled to prevent or 
minimize such by-catch. An action could be 
closure of areas in which the take of listed 
species occurs. As this is new legislation, 
how its intent will be manifested within 
fisheries management is just unfolding. 

Concerning Bocaccio rockfish, this species 
was identified by COSEVVIC as threatened in 
2002, although it is not yet legally listed under 
the Species at Risk Act. In late 2005, DFO 
replied to COSEVVIC stating that insufficient 
data were used in the review process and 
requested further analyses [h t tp : / /www. 
dfo-mpo.gc.ca/media/newsreel/2005/ 
sara_e.htm]. If Bocaccio were to become 
legally listed, for example, areas where they 
mingle with targeted groundfish could be 
closed. DFO has, not without controversy, 
returned COSEWIC's assessment of Bocaccio 
asking for more analyses before a decision is 
made to legally list this species. As well, DFO 
provided information towards an "allowable 
harm assessment" of Bocaccio (Stanley and 
Starr 2004) for which options included the 
bottom trawl industry landing some Bocaccio 
annually coast-wide. Such information goes 
to the Minister of Environment for his /her 
recommendation to legislators (Governor-
in-Council) on applying the Species at Risk 
Act. An "incidental harm permit" would 
provide flexibility for the prospect of some 
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Bocaccio by-catch without shutting down 
groundfish fisheries in areas where by-catch 
could occur. But, DFO's arguments for 
permitting Bocaccio by-catch would have to 
be scientifically defensible. A species-at-risk 
precedent is in hand as DFO management 
interventions have occurred to minimize catch 
of legally-listed salmon stocks. In summary, 
the stakes could be high in commercial 
fisheries/species-at-risk relations, and 
science is just beginning to inform what will 
ultimately be a political conservation process. 

Further, other rockfish and thornyhead 
species are about to be assessed by COSEWIC 
through commissioned status reports. In 
2005, COSEWIC requested status reports 
on yelloweye (Scbastes ruberrimus), canary 
(S. pinniger), quillback (S. maliger), rougheye 
(S. aleutianus) and longspine thornyhead 
(Sebastolobus altivelis). These species may 
not be fully evaluated until 2007 or later. 
However, should a status report reveal 
significant population decline, a species 
could be evaluated sooner. As well, the 
following five rockfish species are on the 
COSEWIC high priority candidate list: 
silvergrey (S. brevispinis), darkblotched 
(S. crameri), widow (S. entomelas), yellowtail 
(S.flavidus) and yellowmouth (S. reedt). An 
invitation for status reports on these species 
was issued in 2006. As mentioned above, 
the complexity is that rockfish species 
mingle with other commercially fished 
species. Therefore, knowledge on the extent 
to which potentially listed species mix 
in time and space with other commercial 
species will become critical information. 
And, if this knowledge of the extent of 
mingling stocks is poor, a precautionary 
approach (described later in section 10.1) 
compelling risk-averse action in the face of 
incomplete information could be invoked. 

Within the groundfish fisheries, rockfishes 
occupy a special role that influences all 
groundfish management. All along the Pacific 
North America coast, rockfish populations 
have suffered severe declines (Tove et ni. 2002; 
Mills 2004; Love 2006). In British Columbia, 
overfishing and stock depletion of these 

long-lived species has occurred, particularly 
inshore (Kronlund 1997; Yamanaka and 
Kronlund 1997). Inadequate data on stocks 
and declining yields from index sites 
prompted a recommendation for complete 
closure for six inshore species; yelloweye 
(S. ruberrimus), quillback (S. maliger), 
copper (S. caurinus), black (S. melauops), 
tiger (S. nigrocinctus) china (S. nebulosus) 
- within each of the rockfish management 
areas (Yamanaka and Lacko 2001). 

Declining stocks and pressure from NGOs 
(e.g., Glavin 2001) led to public consultations 
from which DFO launched the Inshore 
Rockfish Conservation Strategy in 2002 
[http://www-comm.pac.dfo-mpo.gc.ca/ 
pages/consultations/consult_e.htm]. The 
four specific conservation measures in 
the strategy are: (1) reducing the total 
rockfish take to less than estimates of 
natural mortalities, (2) establishing Rockfish 
Conservation Areas in which commercial 
groundfish fishing would be prohibited, (3) 
improving catch monitoring for accurate 
total fishing mortalities and (4) formulating 
a better stock assessment framework for 
population status and changes in abundance. 
Limited fishing is permitted within Rockfish 
Conservation Areas, although activities 
causing rockfish mortality are restricted 
(i.e., no commercial or recreational hook 
and line fishing). The rights of Aboriginal 
people to subsistence fish within Rockfish 
Conservation Areas are unchanged. 

As part of the strategy, 28 interim Rockfish 
Conservation Areas were established in 2002 
for protecting and aiding recovery of inshore 
species by protecting their habitat. This 
stimulated further public discussion with 
demands for more Rockfish Conservation 
Areas, as reviewed by the multi-sectoral 
Rockfish/Lingcod Sustainability Team. 
Results led DFO to propose 89 Rockfish 
Conservation Areas in April, 2004 of which 
two were established around Haida Gwaii. 
DFO undertook further consultations towards 
expanding coverage to a minimum of 20% of 
inshore rockfish habitat coast-wide, including 
another Area in Haida Gwaii. In heavily 
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fished areas in southern British Columbia, 
such as the Strait of Georgia, 30% is the goal. 

The Rockfish Conservation Areas for Haida 
Gvvaii are shown in Figure 34, along with 
year-round and seasonal groundfish closures. 
The three Rockfish Conservation Areas 
established by 2005 attained -18.5% of the 
20% goal for protecting inshore rockfish 
habitat, and this is currently acceptable 
with DFO (G. Logan, DFO, personal 
communication). However, another Area may 
be established in northern Haida Gwaii in 
order to reach the 20% goal for the archipelago 
(G. Logan, DFO, personal communication). 

The proposed Rockfish Conservation Areas 
were based on an inshore rockfish habitat 
model applied coast-wide, which depends 
largely upon depth and substrate data from 
CHS nautical charts. These data are not the 
best, being of varying quality from historical 
surveys back to the early 20th century for 
some areas. For example, use of superior 
multibeam swath bathymetry data from 
Juan Perez Sound (Figure 35 A) enables 
refinement towards a new inshore rockfish 
habitat model (Figure 35 B). This new model 
uses bathymétrie position index - nearest 
neighbour comparisons to identify areas 
of elevation (rocky reefs) that are rockfish 
habitat. The bathymétrie position index 
compares each bathymétrie point to its 
neighbours to show ridges (large scale) and 
ridge tops (fine scale). This identification 
of ridges and ridge tops represents inshore 
rockfish habitat on a finer scale than in 
the previous model (L. Yamanaka, DFO, 
personal communication). Further, the 
bathymétrie position index has been ground-
truthed with the rockfish observations 
collected during a submersible survey. There 
are plans to expand the rockfish density 
estimates to biomass based on this new 
bathymétrie position index (L. Yamanaka, 
DFO, personal communication). 

3.8.2.4. Groundfish Trawl 

There is global concern over habitat damage 
done by trawl nets dragged over the sea 

bottom (NRC 2002 a; Cryer et al. 2002; 
Thrush and Dayton 2002; Roberts and 
I lirshfield 2004; Watling 2005). Complex 
three-dimensional benthic communities 
providing habitat for bottom-associated 
species have been destroyed over very large 
areas. In British Columbia, the potential for 
damage by trawling to coral and sponge 
populations has been discussed (Ardron 
2005) and the profile of this issue will likely 
increase. Certainly, the damage to deep-
water coral populations has become a 
major issue in Atlantic Canada (Lees 2002; 
Gass 2003) and the United States (Morgan 
et al. 2006). Agencies have responded to 
the trawling issue, for example, in August 
2005, the United States National Marine 
Fisheries Service created the 941,000 km2 

Aleutian Islands Habitat Conservation Area 
in which bottom trawling is prohibited. 

Since 1996 in British Columbia, licensed 
trawl fishers have had individual vessel 
quotas (IVQs) in which each vessel receives 
a fixed portion of the allowable annual 
catch. Groundfish trawling is one of the 
most closely monitored fishing activities 
coast-wide. Since 1996, there has been 
100% at-sea observer coverage for bottom 
trawling and - 1 3 % for mid-water trawling. 
Observers are independent monitors 
(paid for by industry but supplying their 
data to DFO) that provide data directly 
to contractors that collect and collate the 
data for the management partnership. The 
IVQ system provides fishers with property 
rights and, therefore, encourages them to 
invest in the fishery. For example, for the 
2004-2005 season, the industry contributed 
~$4.4 million for dockside monitoring of all 
catch, at-sea observers during all fishing, 
stock assessment, research and licensing 
fees. As well, there is 100% dockside 
recording of landed species. This fishery is 
area-based as all trawl (T) licence holders 
must choose either option A (north coast 
and west coast of Vancouver Island) or B 
(the remainder of south coast waters). 

The complexity of the trawl fishery is 
evident when considering just the rockfish 
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Figure 34. Year-round commercial groundfish fishery closures, seasonal hook and line closures and 
Rockfish Conservation Areas (RCAs) around Haida Gvvaii [RCA source: http://www.pac.dfo-mpo.gc.ca/ 
recfish/Restricted_Areas/Rockfish_Maps_2004/MgmtAreas2004/QCI_final_e.htm viewed Aug. 8, 2005]. 
The RCA in the southwest corner of the proposed NMCA is also a year-round closed area to all 
commercial groundfish fishing as well as being within the seasonal hook and line closed area. 
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Figure 35. High resolution Juan Perez Sound (east coast of Moresby Island within the proposed Gwaii 
Haanas NMCA) multibeam swath bathymetry with an application of the inshore rockfish habitat model 
(data courtesy of L. Yamanaka and L. Lacko, DFO). A) multibeam swath bathymetry in which dark blue 
represents the deepest areas and red the shallowest areas. B) an application of the new inshore rockfish 
habitat model ("bathymétrie position index") based on the multibeam bathymetry. To assess inshore rockfish 
habitat, the bathymétrie position index was used to identify elevated features in a GIS in which: the yellow 
colour indicates crests and peaks, red indicates elevated areas, and grey indicates either areas of no 
elevation or not within the survey depth zone. 
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and thornyhead species. For example, there 
are quotas for 13 species, but no quotas 
for 15 others. Further, between the trawl 
and hook and line industries there are 
individual allocations for each of 28 rockfish 
and thornyhead species. As well, there is 
an IVQ cap for each of these species and 
there is a total allowable catch for quota 
species for each of the groundfish Stock 
Management Areas (Figure 33). In other 
words, there is a mosaic of species-, time- and 
place-related restraints just for the rockfish 
component within the total trawl fishery. 

The north coast has a relatively long history 
of groundfish research. Beginning in 1982, 
and still on-going, DFO has undertaken 
the biannual ITecate Strait Survey aimed at 
understanding bottom-trawled goundfish 
populations (Tyler 1986). ITecate Strait, as 
a prime groundfish area, was the location 
of this first major multispecies research 
project by DFO in the Pacific. Essentially, 
this multispecies initiative was an early 
venture into an ecosystem-based approach 
to fisheries research. Such fishery-
independent research, along with industry 
data, particularly after 1996, has yielded an 
enormous time-series dataset held by the 
groundfish section within DFO's science 
group. These data are the foundation of 
the previously mentioned ITecate Strait 
Groundfish Atlas. There have also been 
recent fisheries data analyses, funded by 
Parks Canada, within DFO (section 3.8.2). 

For the latter project, groundfish trawl data 
were extracted from the Pacific Harvest 
Trawl (PacFIarvTrawl) database. In addition 
to the 23 inshore PFMA sub-areas enclosed 
within the footprint of the proposed NMCA, 
four offshore PFMA sub-areas (102-2,102-3, 
130-3,142-1) have a portion that overlaps 
the proposed NMCA. AU data were queried 
within the following PFMAs shown in Figure 
27: 1, 2 (E and W), 101, 102, 130-3 (only) and 
142. The sub-areas of inshore PFMAs 1, 2 (E 
and W) are not shown. Data from these sub-
areas were mapped to determine the extent 
of trawling within the footprint and out to 
a 5 km buffer zone around the footprint. 

This buffer zone was used as trawl hauls 
are marked by the start- and end-points 
of each haul. Trawl hauls straddling the 
footprint boundary had to be accounted for. 

The PacFIarvTrawl database contains 
information from fishers' logbooks, at-sea 
observers' logs and clockside records of 
landed catch. There are records for 452 
"species codes" of plants, invertebrates and 
fishes, each with a unique alpha-numeric 
code. For example, there is a lumped code 
for seastars as well as codes for individual 
seastar species. The observers' identification 
skills, therefore, influence the quality of 
data from each fishing trip. Data include 
validated landed weight by species and set-
by-set estimates of catch and discards by 
species. On-board observers calculate catch 
volume in weights and species composition. 
Observers' methods include visual estimates, 
calculated checker (deck compartments into 
which the catch is emptied) volumes, and 
weight and species percent representation 
based on sub-samples. The benefit of 
observer estimates is that location, effort 
and catch data are collected on a tow-by-
tow basis. On the other hand, validated 
landings represent a cross-check of total 
catch because the entire retained catch is 
sorted and weighed during the dockside 
offload from which fishers are paid. The 
most accurate measure of tow-by-tow catch 
is derived by apportioning the landed catch 
weight across tows based on the proportions 
recorded by the observer (N. Olsen, DFO, 
personal communication). The database is 
updated quarterly and the analyses used 
here are from 1996 to the end of 2004. All 
years represent calendar year (January 01 to 
December 31 ) and not fishing year (April 01 
to March 31). To help address confidentiality 
restraints of some years in which too few 
fishers reported catch from PFMAs or sub-
areas, data were summed for 1996 to 2004. 

The main species recorded from bottom to 
mid-water trawling are listed in Table 21. 
They are organized by arbitrary "aggregate" 
used for the PacFIarvTrawl database 
analyses mentioned later. Most trawling 
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Table 21 . The m a i n spec ies from the g r o u n d f i s h t r awl d a t a b a s e pa r t i t i oned in to a rb i t r a ry "aggregates" for 

ana ly se s p e r f o r m e d in 2005 for P a r k s C a n a d a by D F O (data cou r t e sy of N . Pel legrin, DFO). 

Aggregate Species Aggregate Species 

Inshore (0 to 200 m depth) 

Black rockfish Sebastes melanops 
Blue rockfish Sebastes mystinus 
Brown rockfish Sebastes auriculatus 
China rockfish Sebastes nebulosus 
Copper rockfish Sebastes caurinus 
Quillback rockfish Sebastes maliger 
Tiger rockfish Sebastes nigmrinctus 
Yelloweye rockfish Sebastes ruberrimus 

Shelf' (to 200m ) 
Bank rockfish Sebastes rufus 
Bocaccio rockfish Sebastes paucispinis 
Canary rockfish Sebastes pinniger 
Chilipepper rockfish Sebastes goodei 
Dusky rockfish Sebastes ciliatus 
Greenstriped rockfish Sebastes elongatus 
Harlequin rockfish Sebastes variegatus 
Northern rockfish Sebastes polyspinis 
Puget Sound rockfish Sebastes eniphaeus 
Pygmy rockfish Sebastes wilsoni 
Shortbelly rockfish Sebastes jordani 
Silvergray rockfish Sebastes bremspinis 
Stripetail rockfish Sebastes saxicola 
Widow rockfish Sebastes eatomelas 
Yellowtail rockfish Sebastes flavidus 

Slope' (>200 m) 
Aurora rockfish Sebastes aurora 
Blackgill rockfish Sebastes melaiiostomus 
Darkblotched rockfish Sebastes crameri 
Pacific Ocean perch Sebastes alutus 
Redbanded rockfish Sebastes babcocki 
Redstripe rockfish Sebastes proriger 
Rosethom rockfish Sebastes helvoinacidatus 
Rougheye rockfish Sebastes aleutianus 
Sharpchin rockfish Sebastes zaeeiitrus 
Shortraker rockfish Sebastes borealis 
Splitnose rockfish Sebastes diploproa 
Vermilion rockfish Sebastes miiiiatus 
Yellowmouth rockfish Sebastes reedi 
Lingcod Ophiodon elongatus 

Thornyhead 
Longspine thornyhead Sebastolobus altirelis 
Shortspine thornyhead Sebastolobus alascanus 

Round fish 
Pacific cod Gadus macrocephalus 
Pacific tomcod Mierogadus proximus 
Walleye pollock Tberagra ehalcograiiinia 

Pacific hake 

Pacific Hake Merluccius productus 

Sablefish 
Sablefish (Blackcod) Anopiopoma fimbria 

Flatfish 
Butter sole Pleuronectes isolepis 
C-o sole Pleuroniclithys coenosus 
Curlfin sole Pleuronictln/s deeurreus 
Deepsea sole Enibassichtbys batln/bius 
Dover sole Microstomas pacifiais 
English sole Parophrys vctulus 
Flathead sole Hippoglossoides elassodon 
Forkline (hybrid) sole luopseita ischyra 
Greenland halibut Reinhardtius hippoglossoides 
Northern rock sole Lepidopsetta polyxystra 
Pacific sanddab Citharichthys sordidus 
Petrale sole Eopsettajordani 
Rex sole Glyptoeeplmlus zachirus 
Rock sole Lepidopsetta bilineata 
Roughscale sole Clidoderma asperrimum 
Sand sole Psettichtbys melanostictus 
Slender sole Eopsetta exilis 
Speckled sanddab Citharichthys stigmaeus 
Starr)' flounder Plntichthys stellatus 
Yellowfin sole Limanda aspera 

Turbot 
Arrowtooth flounder (Turbot) Atheresthes stomias 

Pacific halibut 
Pacific halibut Hippoglossus stenolepis 

Elasmobranch 
Big skate Raja binoculata 
Longnose skate Raja rhina 
Spiny dogfish Squalus acanthias 
Abyssal skate Bathyraja abyssieola 
Alaska skate Bathyraja pannifera 
Aleutian skate Bathraja aleutica 
Thresher shark Alopias vulpinus 
Blue shark Priouace glauea 
Broad skate Amblyraja badia 
Brown cat shark Aprisiurus brunneus 
Pacific electric ray Torpedo californien 
Pacific sleeper shark Somniosus pacifiais 
Pygmy shark Eiiprotoniicrus bispinatis 
Roughtail skate Bathyraja traduira 
Salmon shark Lanina ditropis 
Sandpaper skate Bathyraja interrupta 
Sixgill shark Elcxanclius griseus 
Soupfin shark Galeorhinus zyopterus 

1 Rockfish (Sebastes) species (excluding lingcod) are typically divided into three aggregates based on depth: "inshore" (0 to 200 m 
depth), "shelf (to 200 m) and "slope" (>200 m) 
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is over the seabed, so many invertebrate 
species are caught (and discarded), although 
their mortality rates are unknown, but 
likely high. Such diverse catch is possible 
because trawling is relatively unselective. 

Species dominating the total, retained 
and discarded trawl catch are listed in 
Table 22. Twenty five species account for 
>98% of retained species from the Haida 
Gwaii region. A slope rockfish (Pacific 
ocean perch - Sebastes alutus), arrowtooth 
flounder ("turbot") (Atheresthes stomias) 
and two sole species dominate the total 
and retained catches. Rockfish and 
flatfish species are the foundation of this 
fishery. For some species, biomass is 
either retained for market or discarded. 

Discarding represented -23 % of the -220,000 
tonnes of total Haida Gwaii region ground fish 
trawl catch from 1996 through late 2005 
(A. Sinclair, DFO, personal communication). 
Discarding occurs at sea of legally-defined 
non-retention trawl species (e.g., salmon 
or Pacific halibut), or fish species that are 
poorly marketable (e.g., spiny dogfish or 
spotted ratHsh—Hydrolagus colliei), or badly 
damaged retention species, or sub-legal 
sized retention species (e.g., lingcod <65 cm 
length [head-on] or sablefish <55 cm length 
[head-on]). Also, some discarding occurs 
clockside during the offload. The most 
discarded species in Table 22 was arrowtooth 
flounder, although >23,000 tonnes were also 
retained. This relates to market conditions 
for this large (to 7 kg), abundant species that 

Table 22. The top 25 species (or species groups) by weight (tonnes) from the groundfish trawl fishery 
listed according to total catch, retained catch and discarded catch. Data are from at-sea observer records 
combined for 1996 through 2005 (September) for the groundfish Stock Management Areas 513, 5C, 5D, 5E 
surrounding Haida Gwaii (data courtesy of A. Sinclair, DFO). Groundfish Stock Management Areas are 
illustrated in Figure 33. 

Species 

Pacific Ocean perch 
Arrowtooth flounder 
Dover sole 
Rock sole 
big skate 
Yellowmouth rockfish 
Silvergray rockfish 
Yellowtail rockfish 
Pacific cod 
English sole 
Lingcod 
Spotted raffish 
Spiny dogfish 
Redstripe rockfish 
Rex sole 
Rougheye rockfish 
Pacific halibut 
Shortspine thornvhead 
Walleye pollock 
Sablefish 
Redbanded rockfish 
Canary rockfish 
Petrale sole 
Longnose skate 
Sharpchin rockfish 

% of all species 

Total 

45,796.9 
42,832.1 
14,536.0 
10,893.7 
10,312.2 
9,157.0 
7,612.7 
7,480.6 
7,410.0 
7,290.7 
6,577.0 
5,462.8 
5,128.9 
4,625.8 
3,906.9 
3,641.1 
3,344.0 
2,566.1 
2,054.3 
2,005.0 
1,981.6 
1,907.5 
1,720.1 
1,517.3 
1,414.2 

96.2 

Species 

Pacific Ocean perch 
Arrowtooth flounder 
Dover sole 
Rock sole 
Yellowmouth rockfish 
Big skate 
Silvergray rockfish 
Yellowtail rockfish 
Pacific cod 
Lingcod 
English sole 
Redstripe rockfish 
Rougheye rockfish 
Rex sole 
Shortspine thornyhead 
Redbanded rockfish 
Canary rockfish 
Walleye pollock 
Petrale sole 
Widow rockfish 
Sharpchin rockfish 
Bocaccio 
Longnose skate 
Sablefish 
Longspine thornyhead 

% of all species 

Retained 

45,057.0 
23,290.9 
13,119.7 
9,291.1 
9,109.7 
8,339.6 
7,578.4 
7,453.0 
6,739.9 
5,940.9 
5,583.6 
4,007.6 
3,622.5 
2,486.4 
2,460.8 
1,956.5 
1,893.0 
1,694.9 
1,596.4 
1,282.6 
934.3 
832.3 
769.2 
682.1 
597.2 

98.6 

Species 

Arrowtooth flounder 
Spotted ratfish 
Spiny dogfish 
Pacific halibut 
Big skate 
English sole 
Rock sole-
Rex sole 
Dover sole 
Sablefish 
Longnose skate-
Pacific ocean perch 
Pacific cod 
Lingcod 
Redstripe rockfish 
Pacific hake-
Grenadiers 
Sharpchin rockfish 
Walleye pollock 
Flathead sole-
Pacific sanddab 
Skates 
Sand sole-
Starry flounder 
Butter sole 

% of all species 

Discarded 

19,541.2 
5,431.0 
5,047.5 
3,340.0 
1,972.6 
1,707.1 
1,602.6 
1,420.4 
1,416.3 
1,322.8 
748.1 
739.9 
670.1 
636.1 
618.2 
606.1 
512.3 
480.0 
359.4 
281.0 
222.9 
222.8 
209.0 
131.9 
126.6 

96.9 
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is difficult to process. In 2005, for example, 
an improved market for arrowtooth flounder 
meant that only -10% were discarded and 
the skate market improved in the early 2000s 
causing decreasing discards in recent years 
(A. Sinclair, DFO, personal communication). 

Mortality rates from discarding at sea 
varies according to species and there is 
differentiation of "live" versus "dead" discards. 
Live refers to species that have some chance 
of surviving after capture and release. For 
example, fishes without swim bladders such 
as elasmobranches (sharks and rays), Pacific 
halibut, and sablefish are considered relatively 
hardy to handling and likely to survive if 
returned quickly. Alternatively, species with 
swim bladders, such as all rockfishes and 
Pacific cod, are very susceptible to mortality 
from being caught (A. Sinclair, DFO, personal 
communication). As well, discard mortality 
also depends upon the duration of the fishing 

tows (longer tows with more density of net-
packed catch have higher mortality), the 
depth of the tow (deeper tows have more 
pressure change for fishes), how gently fish 
are handled and duration on deck before 
return to sea. There are statistical estimates 
for fish groups of surviving after discard 
at sea, but these are guidelines only. 

Figure 36 shows the highly aggregated 
groundfish trawl effort (hours of fishing) in 
northern British Columbia. Note the intensity 
of effort along the 200 m depth iosbath at 
the edge of the continental shelf in sloping 
areas. Fishers use their knowledge of sea 
bottom substrate, depth and slope conditions 
and target species' habits to focus effort 
in habitats and at depths for best yields. 
Through overlapping trawling location, 
bottom substrate and océanographie data, 
Sinclair et al. (2005) found that sediment 
areas consisting of sands and gravels were 

Figure 36. Distribution of fishing effort in the groundfish trawl fishery in northern British Columbia, 1996 
to 2003 (data courtesy of A. Sinclair and J. Fargo, DFO and L. Lee WWF-Canada). This map is available on 
the Marine Matters web page, hosted by WWF-Canada; [http://www.marinematters.org]. 
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preferred for fishing over bard bedrock, 
thin sediments or coarse glacial till. On 
the other hand, total fish density was more 
influenced by océanographie conditions. 
Groundfish concentrated in areas of steep 
bank sides and across drainage troughs 
in shelf areas where there are strong tidal 
currents, higher nutrient supply and current 
conditions retaining zooplankton feed. 

Shown in Figure 37 are the strongly depth-
related distributions of catch weights of four 
species characteristic of trawling around 
Haida Gwaii. Figure 37A shows where 
shallow (-50 m) "inshore" copper rockfish 
(S. caurinus) are taken. The next is the "shelf 
silvergray rockfish (S. brevispinis) at -200 m 
(Figure 37B). The dominant species taken 
in the trawl fishery is Pacific ocean perch 
(S. alutus), a "slope" rockfish taken at -300 m 
(Figure 37C). Finally, there is the deep-water 
longspine thornyhead (Sebastolobus altivelis) 
that is usually trawled at -900 m (Figure 37D). 
These species provide a sense of where the 
industry goes in order to access fish that live 
at different depths from shallow continental 
shelf to deep continental slope waters. 
Essentially, there is little refuge in depth for 
groundfish species around Haida Gwaii 
and trawling occurs at depths >1,000 m. 

Concerning the potential influence of species-
at-risk on trawling, the importance of the 
prospect of Bocaccio rockfish becoming 
legally listed is underscored in Figure 38. 
In the future, the occurrence of Bocaccio 
mingling with other species in trawlable 
areas may influence industry activities. There 
is appreciable overlap between areas of 
Bocaccio catch and rreneral groundfish effort. 

Returning to PacHarvTrawl database results, 
the trawl fishery can be spatially represented 
using a cell-based format in which the 
catch data is divided into a contiguous 
grid of square cells of different sizes (e.g., 
2 X 2, f 0 X 10, 20 X 20 km). The smallest 
cell size provides the most spatial detail 
for the data and the largest cell size is the 
coarsest rendition of the data. The higher the 
proportion of catch in the smallest cell size 

(2X2 km), the more spatially explicit those 
data are. Using these cell sizes provides a 
measure of how dispersed catch and effort is. 

For each cell within a grid, catch records 
were summarized when there were three 
or more vessels reporting catch from within 
it. Cells containing less then three vessels 
are excluded from the spatial results for 
confidentiality reasons previously mentioned, 
but catch numbers are summarized and 
included when showing results with no 
associated location. Using larger cells can, 
therefore, address confidentiality of fishery 
catch data by lumping information of more 
fishers, thus passing the three-per-PFMA-
sub-area threshold. A consistent grid 
origin was established so that results from 
different fisheries could spatially coincide 
for a given cell size. Data were extracted 
from validated landings using the species 
aggregates in Table 21 and summed for 1996 
to 2004. Occasionally misidentified species 
are landed and area of capture cannot be 
assigned with confidence. In these cases, the 
catch is allocated to an "unknown" category. 
In addition, data summed for all grid cells 
with less then three vessels reporting are also 
represented by this "unknown" category. 

Each aggregate's relative dispersion is listed 
according to cell size in Table 23. The spatial 
characteristics of trawled species aggregates 
vary appreciably. For example, the relatively 
dispersed mid-water Pacific hake (Merluccius 
productus) is not sensitive to grid sizes used. 
The data, partitioned according to 2 X 2 km 
all the way to 20 X 20 km grid sizes, vary 
little in the proportion (64 to -68%) of the 
catch weight they represent. On the other 
hand, the 2 X 2 km grid size represents -97% 
of the Pacific halibut (Hippoglossus stenolepis) 
catch weight, indicating that this fishery 
is relatively area-specific. Conversely, the 
catch of flatfishes is best characterized at the 
20 X 20 km cell size rather than the smaller 
grid sizes. Therefore, species aggregates 
within the trawl fishery show different 
distribution characteristics that likely 
relate to the life histories of their species. 
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Figure 37. Distribution of catch of (A) Copper rockfish (Sebastes caurinus) [of the "inshore" aggregate], (B) Slivergray rockfish (Sebastes brevispinis) [of the 
"shelf aggregate], (C) Pacific Ocean perch (Sebastes alittus) [of the "slope" aggregate] and (D) Longspine thornyhead (Sebastolobus altivelis) [of the 
"thomyhead" aggregate] in the groundfish trawl fishery in northern British Columbia, 1996 to 2003 (data courtesy of A. Sinclair and J. Fargo, DFO and 
L. Lee WWF-Canada). These maps are available on the Marine Matters web page, hosted by WWF-Canada; [http://www.marinematters.org]. 
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Figure 38. Distribution of catch of Bocaccio rockfish (Sebastes paucispinis) in the groundfish trawl fishery in 
northern British Columbia, 1996 to 2003 (data courtesy of A. Sinclair and J. Fargo, DFO and L. Lee WWF-
Canada). This map is available on the Marine Matters web page, hosted by WWF-Canada; [http://www. 

At-sea observers' log book estimates were 
used to pool catch weights according to 
PFMA or sub-area around Haida Gwaii 
including the proposed NMCA. As shown 
in Table 24, most catch came from offshore 
PFMAs with relatively little catch from within 
the footprint of the proposed NMCA. The 
offshore PFMA sub-area with the most catch 
from within the proposed NMCA was 142-1 
off the west coast, followed by 102-3 off the 
east coast. This could be because sub-area 
142-1 has the greatest amount of continental 
slope habitat of any offshore sub-area 
overlapping the proposed NMCA (Figure 27). 

Given the complexity of the trawl database 
with its high species diversity and varying 
prices per species, we were unable to 
calculate reliable estimates of value for 
this fishery according to fishing area. In 
summary, the trawl fishery is essentially 
an offshore rather than coastal enterprise 
executed at considerable depths around 
Haida Gwaii with relatively low catch 

reported from within the proposed NMCA. 
The possibility of trawl damage to deep-
water coral populations around Haida 
Gwaii remains poorly understood. 

3.8.2.5. Groundfish Hook and Line (Schedule 11 
- Other Species) 

The "Schedule II" hook and line groundfish 
fishery targets lingcod (Ophiodon elongatus), 
spiny dogfish (Squalus acanthias), skates, 
soles, flounders and Pacific cod (Gadus 
macrocephalus) (Table 25). The main focus 
is on lingcod and spiny dogfish, with an 
increasing interest in skate species. This 
became an IVQ fishery in 2006 and the fleet is 
the largest for a groundfish fishery (Table 12). 
However, this is a minor fishery in terms of 
landings and value, and groundfish fishers 
tend hold Schedule II licences along with 
other licences. Allowable hook and line gear 
includes long-line, jig, hand-line and troll 
- long-lining is not permitted for lingcod. 
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Table 23. Spatial analyses of groundfish trawl 
validated landings from the Haida Gwaii region, 
1996 to 2004 (data courtesy of N. Pellegrin, DFO). 
The percent of the total catch weight (partitioned 
according to aggregate) is represented according to 
different cell sizes. The smallest cell size provides 
the most spatial detail for the data and the largest 
cell size is the coarsest rendition of the data. The 
higher the proportion of aggregate's catch is in the 
smallest cell size (i.e., 2 X 2 km), the more spatially 
explicit that aggregate is within the total groundfish 
trawl fishery. 

Aggregate' 

Inshore roekfish 
Shelf roekfish 
Slope roekfish 
Thornvhead 
Roundfish 
Pacific hake 
Sablefish 
Flatfish 
Turbot 
Pacific halibut 
Elasmobranch 

% of total catch • 
according to cell si 

2 X 2 
78.4 
94.2 
93.8 
90.8 
66.7 
64.0 
95.0 
64.5 
97.0 
96.6 
82.7 

10X10 
87.6 
97.4 
98.0 
97.9 
70.3 
67.1 
99.2 
67.1 
99.1 
99.2 
86.2 

weight 
ze in km 

20X20 
89.4 
97.7 
98.4 
98.2 
70.4 
67.6 
99.4 
94.7 
99.1 
99.4 
86.5 

1 list of species according to aggregate is in Table 21 

Table 24. Percent total groundfish trawling catch 
weight according to Pacific Fishery management 
Area (PFMA) or sub-area from observers' log books 
1996 to 2004 (data courtesy of N. Pellegrin, DFO). 

PFMA or sub-area % total catch weight 

1 
2E (inside2 NMCA) 
101 
102 (inside NMCA) 
102 (outside1 NMCA) 
130 (inside NMCA) 
130 (outside NMCA) 
142 (inside NMCA) 
142 (outside NMCA) 

0.1 
<0.1 
30.6 
2.4 

41.6 
<0.1 
8.2 
0.4 
16.5 

1 offshore PFMA sub-areas, but not sub-areas of inshore 
PPM As 1 and 2 (E and W), are illustrated in Figure 27 

2 "inside" NMCA means catch from within the proposed 
NMCA boundary 

3 "outside" NMCA means catch from outside the proposed 
NMCA boundary 

According to species, there are varying catch 
limits ranging from unlimited (for soles 
and flounders) to total allowable catches 
according to groundfish Stock Management 
Area (Figure 33) for spiny dogfish and 
lingcod. Openings range from year-round 
to explicit area openings for fixed periods. 

Table 25. The fish species or groups landed in the 
hook and line (Schedule II - other species) 
groundfish fishery. Only lingcod, spiny dogfish, 
skates, soles, flounders and Pacific cod are targeted 
and allowed to be retained (data courtesy of N. 
Pellegrin, DFO). 

Species or Group 

Spiny dogfish (Squalus acanthus) 
Skates (Family Rajidae) 
Abyssal skate (Bathraja abyssicola) 
Big skate (Raja binoculata) 
Roughtail skate (Bathyraja traduira) 
Sandpaper skate (Batln/raja interrupta) 
Longnose skate (Raja rhino) 
Alaska skate (Batln/raja parmifera) 
Pacific cod (Cadus macrocephalus) 
Lingcod (Ophiodon elongatus) 
Lefteye flounders (Family Bothidae) 
Pacific sanddab (Citltarichtln/s sordidus) 
Flatfishes (Order Pleuronectiformes) 
Speckled sanddab (Citharichthys stigmaeus) 
Righteye flounders (Family Pleuronectidae) 
Arrowtooth flounder (Atheresthes stomias) 
Roughscale sole (Clidoderma asperrimum) 
Petrale sole (Eopsctta jordani) 
Rex sole (Clyptoceplialiis zacliirus) 
Flathead sole (Hippoglossoides elassodon) 
Forkline (hybrid) sole (luopscita ischyra) 
Pleuronectes (Genus Pleuronectes) 
Butter sole (Pleuronectes isolepls) 
Rock sole (Lepidopsetta bilineata, L. polyxystra) 
Yellowfin sole (L'unanda aspera) 
Slender sole (Eopsctta exilis) 
Dover sole (Microstomas pacifieus) 
English sole (Parophrys vetulus) 
Starry flounder (Platiclithys stellatus) 
C-O sole (Pleuronichtln/s coenosus) 
Curlfin sole (Pleuronichthys deeurrens) 

Accordingly, this fishery experiences in-
season time and area closures to keep the 
take within the total allowable catch for 
species so regulated. Of the targeted species, 
lingcod is of the greatest conservation 
concern. Pacific cod are managed by 
trip limits (100 pounds [44.5 kg] per trip) 
with permanent closures in areas 5C and 
5D (Hecate Strait and Dixon Entrance 
- Figure 33) to protect spawning biomass. 
Skate management includes seasonal and 
permanent closures in addition to monthly 
catch limits (12,500 pounds [5,682 kg]) per 
vessel. Sole and flounder management 
includes seasonal and permanent closures 
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with no limits on landed catch. In 
addition, there are specified levels of 
rockfish allocated from the coast-wide 
total allowable catch as a by-catch. 

The fleet is monitored for ~13% of sea days 
(8% observer and 5% electronic monitoring). 
From 1996 to 2004, at-sea observers have 
monitored up to 20% of the fishing days 
annually. There is 100% dockside monitoring 
of the landed catch monitored at designated 
landing locations, of which two (Queen 
Charlotte and Masset) are on Haida Gwaii. 
The industry contributed ~$600K in 2004-
2005 for observers, dockside monitoring 
and data management. In 2006, 100% 
at-sea observer scrutiny will be in place, 
although it will likely be in some form of 
electronic (video) monitoring, rather than 
an at-sea observer, to offset costs for fishers 
in small enterprises such as the Schedule 
II fishery. For enforcement, a random 
10% of videotapes will be scrutinized. 

Data describing the Schedule II fishery were 
extracted from the Pacific Harvest Hook 
and Line (PacHarvHL) database, managed 
by DFO's Groundfish Section in the Science 
Branch. This database stores catch and 
effort data from all commercial hook and 
line fisheries coast-wide, except salmon 
troll. All data were queried for within the 
following PFMAs, including their sub-areas: 
1,2 (E and W), 101,102,130-3 and 142. Four 
sub-areas, 102-2,102-3, 130-3 and 142-1, 
overlap but are not fully enclosed within 
the proposed NMCA boundary. Data from 
these sub-areas were mapped to determine 
the extent of fishing activity within the 
proposed NMCA and out to a 2.2 km buffer 
zone. The average length of a single "skate" 
(long-line segment) is -550 m and often 2 
to 6 skates are connected to create one long-
line "set" that can deploy up to 12,000 baited 
hooks. The 2.2 km buffer was calculated as 
usually four skates used during a fishing 
set. In addition, queries were run to obtain 
coast-wide totals by gear type and year. 

The PacHarvHL database represents data 
collected from fishers' logbooks {Fisherlog), 

at-sea observers (Observer) and the dockside 
monitoring program (Validated Landings). 
The Logbook program (Fisherlog and 
Observer) provides numbers of fish by 
species and PFMA sub-area for each fishing 
event. Dockside validation provides an 
accurate record of landed weights by species. 
The dockside-monitoring program was 
implemented in 1995. There was no logbook 
program for the Schedule II fishery until 
2001. Therefore, catch data preceding 2001 
are less reliable. Data collected in recent 
years may only include catch records on 
targeted species but may also include non-
targeted (by-catch) species. The PacHarvHL 
database is updated quarterly and the data 
used for this report was, for consistency, 
queried from 1996 and the end of 2004. 

Fishers' logbook estimates provided numbers 
of fish caught by species down to PFMA 
sub-area. To address fishers' confidentiality, 
only PFMAs containing three or more vessels 
were reported and, where possible, PFMAs 
were combined to enable reporting on 
fishing activity. The data queried represents 
fishers' logbook estimates between 1996 
and 2004. These data were recorded by 
both PFMA and sub-area in addition to 
latitude and longitude (a point representing 
the centre of the long-line set). There is 
greater confidence in the recorded latitude 
and longitude than in the recorded PFMAs 
from the year 2000 onwards. Thus, data 
were mapped by latitude and longitude and 
sorted based on the following priorities: 

• data were considered representative of a 
sub-area if the PFMA listing matched the 
location of the latitude and longitude point; 

• latitude and longitude points found 
within the proposed NMCA boundary, 
but not matching the recorded 
PFMAs, were summed and grouped 
into either NMCA "West Undefined" 
or NMCA "East Undefined;" and 

• latitude and longitude points found 
outside the proposed NMCA boundary, 
but not matching the recorded 
PFMAs, were summed and grouped 
into "Outside NMCA-Undefined." 
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Fishing vessel codes were used to identify 
each vessel. All vessel counts, numbers of 
fishing events (number of sets made) and 
catch weights were counted only once and 
do not represent a subset of another area. 
For example, data from "PFMA 102-2 - inside 
proposed NMCA" does not represent a subset 
of "PFMA 102-2 - outside proposed NMCA." 

Haida Gwaii represented - 5 % of the total 
coast-wide catch weight (4.7% of retained 
and 6.7% of discarded weight). Coast-wide, 
the annual Schedule II retained catch has 
averaged -4,600 tonnes from 2001 through 
2004. Reported catch of non-targeted 
species was obtained, but the recording of 
species and their weights is dependent on 
individual fisher's logbook recordings. Vessel 
masters are responsible for the provision and 
maintenance of a true record of daily fishing 
activities. With regards to by-catch, however, 
there is uncertainty around these catch values. 
Often, fishing vessels have multiple licences 
(e.g., hook and line rockfish (outside) [ZN] 
and Schedule II [C]) whereby commercial 
by-catch may be retained and landed. The 
catch weights (retained and discarded) of 
these other species have the potential to be 
recorded as targeted catch (retained) under 
one licence, but simultaneously recorded 
as non-targeted by-catch under a different 
licence. Species are considered by-catch 
or un-marketable as determined by the set 
total allowable catches and legislated size 
limits respectively from that year's IFMR 

The catch weight and fishing effort data 
were spatially represented at three grid cell 
sizes (2X2, 4X4, 10X10 km). The higher the 
proportion of catch in the smallest cell size 
(2X2 km), the more spatially explicit those 
data are. Using these cell sizes, therefore, 
provides a measure of how spatially dispersed 
this fishery is. The reporting requirement 
was a minimum of three vessels per grid. The 
data were catch weight (tonnes) and effort 
(hours of fishing). In Table 26, the proportions 
of weight and effort are listed according 
to grid sizes. Confidentiality requirements 
compelled the selection of only one grid 
size for illustrating the spatial nature of this 

Table 26. Percent of data available on the hook and 
line (Schedule II - other species) groundfish fishery 
represented according to grid size (data courtesy of 
N. Pellegrin, DFO). Catch weight is in tonnes and 
fishing effort in hours of fishing. 

Grid size 
(km) 
2 X 2 
4 X 4 

10 X 10 

Catch weight 
(%) 
23 

56.5 
67.4 

Fishing effort 
("/„) 
19.1 

55.2 
71 

fishery. Therefore, the 4X4 km grid size was 
chosen as a compromise between the amount 
of data represented and useful spatial scale 
given that the proposed NMCA extends 
-10 km seaward of the shore. The spatial 
distribution of the Schedule II catch and effort 
is shown in Figure 39. The majority of this 
fishery occurs seaward of the "surfline" and 
north of the proposed NMCA, particularly 
off the east coast of Moresby Island. Listed 
in Table 27 is catch and discard according 
to summed PFMA sub-areas. Lingcod and 
spiny dogfish dominate the retained catch that 
mostly came from offshore PRMAs with 102-2 
in Hecate Strait - by far the most productive 
sub-area with -32% of the total retained 
catch. Within the offshore PFMAs only - 9 % 
of the total retained catch was reported from 
"inside" the footprint of the proposed NMCA. 

Value was determined on a species-by-
species basis by calculating the average price 
per "round" (complete, ungutted) pound 
(converted into kg) from all fishslips by 
calendar year. The most valuable Schedule II 
species by far is lingcod because of relatively 
high price per kg and the amount landed. For 
example, in 2004 lingcod fetched $1.98 per kg 
to fishers and the next most valuable species 
was rock sole (Lepidopsetta bilineata and L. 
polyxystra) ($1.40 per kg), followed by Pacific 
cod ($1.16 per kg). Spiny dogfish usually has 
a low price, which in 2004 was $0.26 per kg. 

3.8.2.6. Rockfish (Outside) Hook mid Line 

The Haida Gwaii region falls within the 
coast-wide area covered by the rockfish 
"outside" 1FMP that excludes the "inside" 
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Figure 39. Cumulative fishing catch (A) and effort (B) for the hook and line (Schedule II - other species) 
fishery around Haida Gwaii, 1996 through 2004 (data courtesy of N. Pellegrin, DFO). The spatial data 
are represented within 4X4 km grid cells within which the catch weight is tonnes and fishing effort in 
hours of fishing. 

area defined in Table 12. This is the only 
groundfish fishery that explicitly targets 
rockfish and thornyhead species, although 
these species are also major components of 
other groundfish fisheries such as Schedule 
Il-other species and Trawl, as previously 
described. The relative proportions of 30 
rockfish and thornyhead species retained in 
the fishery around Haida Gwaii are listed in 
Table 28. The first three species alone account 
for -80% of total rockfish and thornyhead 
landings. The first two are deep-water, but 
the third, yelloweye (Sebastes ruberrimus), 
is from the shallow reef "inshore" group 

(Table 21). The fishery is well focused in 
that rockfishes and thornyheads account 
for -94% by weight of total retained catch 
of all species. The other - 6 % is represented 
by 12 species of non-rockfish/thornyhead 
species whose relative proportions are shown 
in Figure 40 . Lingcod represents >71% of 
these species. There are also trace amounts 
represented by another 10 species or groups 
not shown. Altogether, that makes >50 
species or groups in the recorded retained 
catch for this fishery around Haida Gwaii. 
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Table 27. The amounts (and species) of retained catch and of discarded catch (in tonnes) from the hook 
and line (Schedule II - other species) groundfish fishery according to Pacific Fishery Management Area 
(PFMA) around Haida Gwaii, 1996 through 2004 (data courtesy of N. Pellegrin, DFO). 

PFMA1 

1 

2(E) 

2 (W) 

101 

102 (outside2) 

102 (inside2) 

130 

142 (outside) 

142 (inside) 

Undefined (outside) ' 

Undefined (inside'' N M C A west) 

Undefined (inside'' NMCA east) 

Discarded 

(t) 

0.1 

4.4 

1.3 

7.0 

41.9 

0.5 

n d ' 

2.8 

3.8 

61.6 

4.9 

3.4 

Retained 

(t) 
0.6 

72.4 

13.1 

135.9 

332.3 

19.9 

nd 

40.8 

13.4 

215.1 

26.7 

21.4 

Approx imate % retained catch b 

Lingcod 

77 

7 

100 

96 

10 

28 

nd 

^0 

59 

62 

86 

58 

Spiny 

dogfish 

0 

92 

0 

0 

89 

71 

nd 

0 

0 

33 

0 

37 

Rockfishes' 

23 

0 

0 

<1 

<1 

nd 

10 

41 

4 

13 

4 

y species 

Skates 

0 

<i 

0 

<1 

<1 

0 

nd 

0 

0 

<1 

<I 

<1 

or g r o u p 

Pacific 

halibut 

0 

0 

0 

<1 

0 

0 

nd 

0 

0 

<l 

0 

<1 

1 the Pacific Fishery Management Areas (PFMAs) are shown in Figure 27 
2 "outside" = outside the footprint of the proposed NMCA 
3 "inside" = inside the footprint of the proposed NMCA 
4 nd = either no catch or confidential as insufficient number of fishers reported catch to enable reporting 
5 latitude and longitude points (of the centre of long-line sets) found outside the proposed NMCA boundary, but not matching 

recorded PFMAs, were summed and grouped into "Undefined (outside NMCA)" 
6 latitude and longitude points (of the centre of long-line sets) found within the proposed NMCA boundary, but not matching 

the recorded PFMAs, were summed and grouped into either "Undefined (itiside NMCA west)" or "Undefined (inside NMCA 
east)" 

7 in PFMA 142, for example, up to 17 species of rockfish and thornvhead can be retained from a reporting area 

Management of this fishery is inherently 
complex due to the diversity of catch 
with its overlap with other groundfish 
fisheries. Other challenges are posed by the 
numerous species with very different life 
histories, habitat needs and depth ranges. 
Influential is the previously mentioned 
Rockfish Conservation Areas scheme 
now in place coast-wide, including Haida 
Gwaii (Figure 34), for the protection and 
stock recovery of inshore rockfish species. 
Influential also will be the not insignificant 
catch of Bocaccio rockfish - identified by 
COSEWIC as "threatened". Hook and line 
gear in this fishery includes long-line, "jig" 
(hand-line or rod and reel) and troll. 

For management purposes, rockfish species 
are placed into three groupings. The "inshore' 
group is taken mostly by hook and line 
close to the bottom over rocky areas with 
rough, high-relief characteristics and in 
depths <200 m (although individuals can 
range to -600 m). The "shelf group lives 
near-bottom, is most numerous near the 
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Figure 40. The percentage represented by 12 
individual species or groups of the cumulative 
retained catch of all of non-target by-catch (-476 
tonnes) from the rockfish (outside) hook and line 
fishery, 1993 to 2004 (data courtesy of N. Pellegrin, 
DFO). Trace amounts of another 10 species or 
groups (~1 tonne combined) account for the rest of 
the non-target by-catch. 



Table 28. The percentage represented by 30 
individual species of the cumulative retained 
catch weight of all rockfish and thornyhead 
species (-7,254 tonnes) from the rockfish 
(outside) hook and line fishery, 1993 to 2004 
(data courtesy of N. Pellegrin, DFO). There 
were also 15.4 tonnes of unidentified retained 
catch of the rockfish and thornyhead species 
groups. 

Fish 

Rougheye rockfish 
Shortspine thornyhead 
Yelloweye rockfish 
Shortraker rockfish 
Redbnnded rockfish 
Silvergray rockfish 
Quillback rockfish 
Canary rockfish 
Bocaccio rockfish 
Copper rockfish 
Yellowmouth rockfish 
Black rockfish 
China rockfish 
Pacific Ocean perch 
Rosethom rockfish 
Tiger rockfish 
Yellowtail rockfish 
Widow rockfish 
Vermilion rockfish 
Greenstripe rockfish 
Redstripe rockfish 
Darkblotched rockfish 
Brown rockfish 
Dusky rockfish 
Splitnose rockfish 
Blue rockfish 
Aurora rockfish 
Longspine thornyhead 
Harlequin rockfish 
Sharpchin rockfish 
Unidentified thornvheads 
Unidentified rockfishes 

Total 

Tonnes 

2,865.1 
2,136.2 
777.5 
413.3 
335.3 
324.1 
144.1 
88.3 
41.3 
33.6 
22.9 
20.1 
19.7 
7.2 
6.2 
4.7 
4.3 
3.5 
2.7 
1.5 
1.0 
1.0 
0.6 
0.4 
0.2 
0.2 
0.1 
0.1 
0.1 

<0.1 
10.2 
5.2 

7,270.6 

Percent 
39.4 
29.4 
10.7 
5.7 
4.6 
4.5 
2.0 
1.2 
0.6 
0.5 
0.3 
0.3 
0.3 
0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
0.1 

<0.1 
100 

seaward edge of the continental shelf and 
species are more likely to school than the 
inshore group. The shelf group is usually 
fished by trawl in waters <200 m (although 
individuals can range to -600 m). Finally, 
the "slope" group comprises a suite of on-
bottom, near-bottom and midwater schooling 
species. This group is fished by trawl more 
offshore in deeper waters (>200 m - although 
individuals can range to -2,000 m) over 
the descending continental slope. The 

greatest abundance of this group occurs in 
the upper regions of the continental slope. 

The inshore group is of the most pressing 
conservation issue, hence the implementation 
of the Rockfish Conservation Areas, in 
addition to the annual allowable catch 
reduction by 50% in 2002. Concerns for 
conservation along north coast British 
Columbia are not as great as those for 
southern British Columbia such as the Strait of 
Georgia (Yamanaka et ni. 2004). Nonetheless, 
DFO continues to do rockfish stock status 
research in this region, independent of the 
fishery. For example, Yamanaka's (2005) 
work cross-checking visual abundance 
estimates made from a submersible 
with long-line rockfish catch results. 

Mature rockfish species range from 15 to 
100 cm in length, bear live young and are 
long-lived (one species can exceed 200 years 
- Love et ni. 2002). The size range for fished 
species is -35 to 50 cm in length. Rockfish 
are predators and tend to remain localized 
with some species schooling while others 
are solitary. Some species take years to 
mature, undisturbed populations have low 
natural mortality rates and some species 
show limited dispersal (Miller and Shanks 
2004). These life history traits mean that 
rockfish populations can be easily overfished. 
Researchers now propose that maintaining 
old-growth age structure in populations 
along with broad distribution of spawning 
and recruitment could maintain long-term 
sustainable populations (Berkeley et ni. 2004). 
Further, they found that in some species 
larger, older female rockfish produce more 
viable larvae than offspring of younger 
fish - another reason to preserve old-
growth structure in rockfish populations. 

As with other multi-species ground fish 
fisheries, the rockfish (outside) has complex 
management prescriptions that warrant 
awareness without death-by-detail. Given 
the diversity of fished species, the IFMP 
divides the fishery into four options (fishers 
must choose one) and, the species themselves 
into seven "aggregates" that tend to be 
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caught together (Table 29). The options are 
intended to minimize by-catch by focusing 
on particular aggregates. Option D (rockfish 
and Pacific halibut combined for vessels with 
both licences) was developed to help address 
by-catch between these fisheries and the 
industry shows a recent trend towards Option 
D (Table 30). There is no Option B (inshore 
species for the fresh [iced] market) for the 
Haida Gwaii region. Quota management 
areas for Haida Gwaii from the IFMP include: 
Areas 1,101,102, 142 and many sub-areas in 
both 2(E) [2-2 to 2-19] and 2(W) [2-31 to 2-62, 
portions of 2-69, 2-70 to 2-100], 130-2 and 
130-3. The following are some examples of 
regulatory complexity within this fishery: 

• 16 species are non-quota (i.e., not 
currently under a total annual allowable 
catch) but are allocated between the 
hook and line and trawl sectors; 

• 13 species have coast-wide quotas; 

• there are area quotas for all Options 
for some inshore species; 

• there are area allocations by Option; 

• there are monthly (fishing period) 
quotas for some Options; and 

• there is a monthly quota 
for lingcod retention. 

Similar to all fisheries, accurate and timely 
monitoring of all catch, both landed 
and discarded, is critical to sustainable 
fisheries management. In 2004-2005, the 
fleet had 13% of its combined at-sea days 
monitored (8% by on-board observer, 5% 
by electronic monitoring). From 1996 to 
2004, at-sea observers have monitored up 
to 20% of the fishing days annually. An 
electronic monitoring program is being 
further developed and expanded to enable 
full industry surveillance by 2006. There 
is 100% dockside monitoring of the landed 
catch. The industry contributed ~$600K 
in 2004-2005 for observers, electronic 
monitoring and other data gathering. 

Table 29. Description of fishing options and rockfish (and thornyhead) species aggregates in the rockfish 
(outside) hook and line fishery (information from the Rockfish (Outside) Hook and Line Integrated Fishery 
Management Plan, 2004 to 2005). For species names, see Table 28. 

A. Options 

Option Description of Option 

A Targets inshore rockfish species (Aggregates 1 and 2) for the live market; other rockfish taken include 
a monthly allotment of Aggregate 6; a % allotment of yelloweve based on the amount of Aggregate 1 
landed per fishing period; quantities of Aggregates 3 to 5 and 7 are also allotted 

13 Primarily targets yelloweve and supplies the fresh fish market; quantities of Aggregates 2 to 7 are 
allotted; monthly allotments of Aggregate 1 species are based on the total amount of yelloweve landed 
per fishing period 

C Primarily targets rougheve, shortraker and redbanded and delivered on ice (fresh) or frozen at sea; 
monthly allotments of Aggregates 3, 5, 6 and 7; quantities of yelloweve and Aggregate 1 and 2 based 
on the amount of Aggregates 3 and 5 to 7 landed per fishing period 

D Pacific halibut and rockfish combined 

I data from this fishery are not recorded in PacHarvHL database 

13. Rockfish (and thornyhead) species aggregates 

Aggregate Species 

1 Quillback rockfish, Copper rockfish 
2 China rockfish, Tiger rockfish 
3 Canary rockfish, Silvergrey rockfish 
4 Rougheye rockfish, Shortraker rockfish, and Shortspine and Longspine thorny-heads 
5 Pacific Ocean perch, Yellowmouth rockfish, Redstripe rockfish 
6 Yellowtail rockfish , Black rockfish, Widow rockfish 
7 all other rockfish species, excluding Yelloweve rockfish 
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Table 30. Number of rockfish (outside) hook and 
line fishers exercising fishing options over time 
(data from the Rockfish (Outside) Hook and Line 
Integrated Fisheries Management Plan, 2004 to 
2005). 

Option 

A 
15 
C 
D 

total 

Se. 

2000-2001 

49 
43 
29 
69 
190 

ason 

2004-2005 

43 
16 
21 
111 
191 

As with the Schedule II-other species fishery 
previously described, the rockfish (outside) 
fishery data were extracted from the Pacific 
Harvest Hook and Line (PacHarvHL) 
database. The types of data and their 
analyses were the same for these fisheries. 
For example, all data were queried for within 
the following PFMA, including their sub-
areas: 1, 2 (E and W), 101, 102,130-3 and 142. 
Four sub-areas, 102-2, 102-3, 130-3 and 142-1, 
overlap but are not fully enclosed within the 
footprint of the proposed NMCA. Data from 
these sub-areas were mapped to determine the 
extent of fishing activity within the proposed 
NMCA and out to a 2.2 km buffer zone 
whose method of calculation as described 
earlier in the Schedule II fishery description. 

The PacHarvHL database has data collected 
from fishers' logbooks, at-sea observers 
and the dockside monitoring program. 
The Logbook program (fishers' and at-
sea observers') provides catch numbers of 
fish by species and spatial resolution for 
each fishing event. Dockside validation 
provides an accurate record of landed 
weights by species. Dockside monitoring 
was implemented in 1995 and the logbook 
program for rockfish (outside) in 1986. Data 
were available between 1986 and 2004 for the 
rockfish (outside) fishery, but data from the 
years previous to 1994 are not as complete 
as those from 1995. Historically, hook and 
line data were collected only for aggregated 
rockfish species and available between 1951 
and 1994. Data collected in recent vears 

include catch records on targeted species 
as well as non-targeted by-catch species. 

Fishers' logbook estimates provided numbers 
of fish caught by species down to PFMA 
sub-area. To address fishers' confidentiality, 
only PFMAs containing three or more vessels 
were reported and, where possible, PFMAs 
were combined to enable reporting on fishing 
activity. The data queried represents fishers' 
logbook estimates between 1993 and 2004. 
These data were recorded by both PFMA and 
sub-area in addition to latitude and longitude 
(a point representing the centre of the long-
line set). Data were mapped by latitude and 
longitude and sorted as previously described 
for the Schedule II fishery. Also similar 
to the Schedule II fishery, fishing vessel 
codes were used to identify each individual 
fishine; vessel. All vessel counts, number of 
fishing events (number of sets made) and 
catch weights were counted only once. 

The Plaida Gwaii region represented -32% 
(-32.6% of retained, -11.2% of discarded) 
of total coast-wide cumulative rockfish 
fishery catch weight. Coast-wide, the 
annual rockfish (outside) retained catch 
averaged -1,730 tonnes from 1995 through 
2004. Landings have decreased in recent 
vears with an annual average since 2001 of 
-1,170 tonnes retained. Discard weight is 
available from 2001 onwards and averaged 
-107 tonnes annually through 2004. Reported 
catch of non-targeted species was obtained, 
but, as with the Schedule II-other species 
fishery, the recording of species discarded 
is dependent on individual fisher's logbook 
recordings. Therefore, there is uncertainty 
around these data. As well, fishing vessels 
can have multiple licences such as both 
rockfish (outside) and Schedule II-other 
species whereby certain by-catch may be 
retained and landed. The catch weights 
(retained and discarded) of these other species 
have the potential to be recorded as targeted 
catch (retained) under one licence and 
simultaneously recorded as by-catch under 
a different licence. Species are considered 
by-catch or un-marketable as determined by 
the set total allowable catches and legislated 
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size limits respectively from that year's IFMP. 
In 2006, new universal logbooks will be used 
for all hook and line fisheries as part of the 
plan for groundfish licence integration. 

Spatial data were represented at three grid 
cell sizes (2X2, 4X4, 10X10 km). Again, the 
higher the proportion of catch in the smallest 
cell size (2X2 km), the more spatially explicit 
those data are. The reporting requirement 
was a minimum of three vessels per grid. The 
data were catch weight (tonnes) and effort 
(hours of fishing). In Table 31, proportions of 
catch weight and effort are listed according 
to grid sizes. Confidentiality requirements 
compelled the selection of only one grid size. 
As with the Schedule II analysis, the 4X4 

Table 31. Percent of spatial data available on the 
rockfish (outside) hook and line fishery 
represented according to grid size (data courtesy of 
N. Pellegrin, DFO). Catch weight was in tonnes 
and fishing effort in hours of fishing. 

Grid size 
(km) 
2X2 
4 X 4 

10X10 

Catch weight 

(%) 
74 

90.2 

96.5 

Fishing effort 

(%) 
67.7 

88.3 
95.9 

km grid size was chosen as a compromise 
between the amount of data represented 
and useful spatial scale given that the 
proposed NMCA extends -10 km seaward 
of the shore. The rockfish (outside) catch 
and effort are shown in Figure 41. Much of 

Figure 41. Cumulative fishing catch (A) and effort (B) for the rockfish (outside) hook and line fishery 
around Haida Gwaii, 1993 through 2004 (data courtesy of N. Pellegrin, DFO). The spatial data are 
represented within 4X4 km grid cells within which the catch weight is tonnes and fishing effort is in 
hours of fishing. 
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the fishery off the west coast is associated 
with the seaward edge of the continental 
shelf, particularly off Graham Island, north 
of the proposed NMCA. The west coast 
dominated the catch in which nearly half 
of all retained catch came from PFMA sub-
areas 142-2,101-1 and 101-2, with 142-2 
alone accounted for 41.7% of the retained 
catch. Further, -19% of all the retained 
catch came from "inside" the proposed 
NMCA, particularly on the west side. 

Eleven species, accounting for -97% of 
the retained catch (1993 to 2004), are listed 
according to PFMA in Table 32. "Slope" 
rockfish and a deep-water thornyhead 
species accounted for -76% of the weight of 
these 11 species. This is, therefore, mostly 
a deeper water fishery. Nonetheless, there 
is an appreciable shallow water component 
such as Yelloweye rockfish, an "inshore" 
species. "Inshore" rockfishes accounted for 
-12% and "shelf" rockfishes ~6"<> of the top 
11 species catch. Note the prominent lingcod 
and spiny dogfish by-catch. Most catch was 
reported from the west coast of Haida Gwaii 
with the dominant PFMA being 142. About 
10.6% of the PFMA 142 catch of the top 11 
species (-486.6 tonnes) came from within the 
footprint of the proposed NMCA. Species 
from the "slope" to the "inshore" groups were 
taken within the proposed NMCA. Such 
a depth range of fishable habitats occurs 
because the narrow continental shelf off the 
west coast means that there is continental 
slope within the footprint of the proposed 
NMCA. Finally, >41 tonnes of the COSEWIC-
listed bocaccio rockfish were retained and of 
that, 8.9 tonnes (-21.5%) came from within 
the footprint of the proposed NMCA. The 
implications of a COSEWIC-recommended 
(but not Speeies at Risk /tcl-listed), species 
being commercially fished within a proposed 
NMCA sets an interesting precedent. 

Value was determined on a species-by-
species basis by calculating the average price 
per "round" (complete, ungutted) pound 
(converted into kg) from all fishslips by 
calendar year. Value for a species varies 
with catch method (jig or long-line). The 

most valuable rockfish species per unit 
weight in 2004 was Yelloweye ($5.79 per kg 
by jig / $4.40 per kg by longline). Generally, 
per unit weight for rockfishes tends to be 
modest with the prices for 24 (of 34 species 
listed) fetching <$1.32 per kg in 2004. 

3.S.2.7. Pacific Halibut 

Pacific halibut (Hippoglossus stenolepis) is a 
large (females can exceed 220 kg), moderately 
long-lived (to age -55) flatfish that occurs 
in nearshore, continental shelf and slope 
waters. Halibut has long been recorded as 
an important food fish for the Haida (Poole 
1872, p. 315; Dawson 1880, p. 109B) and island 
communities have always been active in 
halibut commercial and recreational fisheries. 

Halibut spawn on the sea bottom in winter 
when concentrations of adults occur along the 
upper continental slope (-230 to 460 m depth). 
Fertilized eggs rise to waters of -100 to 200 m 
deep and are widely and rapidly dispersed by 
currents after release. For the first six months 
or so, larvae go through developmental stages 
in upper offshore waters while drifting 100s to 
1,000s of km from spawning grounds. Older 
larval stages are eventually moved inshore 
to continental shelf waters where they settle 
out as young, bottom-dwelling halibut. In 
perhaps the first protracted fishery research 
project of the Haida Gwaii region, halibut 
researchers surveyed the Cape St. James 
area annually from 1937 to 1945 in winter 
to sample for fertilized eggs (Bell 1981). 
Researchers found that spawning occurred 
from December to March. As well, they 
linked an abundant spawn of 1937 through to 
a strong vear-class in the 1943 -1944 fishery. 
Females mature at -12 years of age and males 
at - 8 . Extensive sampling, including tagging 
adults since the 1920s has shown that halibut 
movements of ajl life stages can be extensive 
and can be linked to major northeast Pacific 
water movements. For example, halibut 
tagged in the Bering Sea were recovered in 
Hecate Strait (Bell 1981). Extensive time-
series analyses of halibut data suggests that 
recruitment is environmentally determined, 
but that growth is densitv-dependent, 
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Table 32. Cumulative retained catches (in metric tonnes) of the 11 dominant species within the rockfish (outside) hook and line fishery for the Haida 
Gwaii region, 1993 to 2004 (data courtesy of N. Pellegrin, DFO). 

PFMA1 

or Area 

1 

2(E) 

2 (VV) 

101 

102 (outside2) 

102 (inside3) 

130 (outside2) 

130 (inside3) 

142 (outside2) 

142 (inside ) 

Undefined' 

(outside NMCA) 

Undefined (inside 
NMCA west) 

Undefined (inside 
NMCA east) 

Total 

Rougheye 
rockfish 

0.0 

<0.1 

0.3 

259.1 

6.6 

0.0 

6.0 

0.1 

1,696.4 

113.9 

673.0 

108.8 

1.0 

2,865.f 

Shortspine 
thornyhead 

0.0 

0.1 

<0.1 

0.6 

0.0 

0.0 

0.1 

2,124.0 

1.1 

9.3 

0.8 

<0.1 

2,136.25 

Yclloweye 
rockfish 

0.0 

18.9 

29.4 

105.2 

3.9 

22.1 

0.9 

8.7 

188.4 

94.3 

206.4 

84.3 

15.0 

777.5" 

Shortraker 
rockfish 

0.0 

0.0 

0.1 

18.4 

2.3 

0.0 

7.2 

151.4 

111.5 

58.5 

63.8 

<0.1 

413.33 

Lingcod 

0.6 

6.5 

5.9 

69.8 

8.9 

17.0 

<0.1 

2.4 

70.5 

36 

79.1 

37.0 

8.4 

342.3 

Redbanded 
rockfish 

0.0 

0.1 

0.4 

17.9 

2.4 

0.1 

10.6 

1.7 

136.3 

49.9 

73.4 

41.7 

0.6 

335.15 

Silvergray 
rockfish 

0.0 

1.3 

3.8 

16.2 

0.4 

2.9 

0.3 

2.8 

137.1 

50.9 

73.7 

32.2 

2.5 

324.17 

Quillback 
rockfish 

2.6 

58.4 

5.5 

9.3 

5.0 

11.4 

0.0 

0.1 

5.0 

5.0 

13.5 

9.2 

19.1 

144.1" 

Canary 
rockfish 

0.0 

6.8 

2.5 

3.3 

0.5 

2.6 

<0.1 

1.0 

28.6 

15.4 

13.5 

11.6 

2.4 

88.3r 

Spiny 
dogfish 

0.0 

4.7 

1.8 

0.2 

23.0 

5.0 

<0.1 

0.5 

10.7 

3.5 

6.5 

1.4 

1.5 

58.9 

Bocaccio 
rockfish 

0.0 

0.2 

0.6 

1.6 

<0.1 

0.2 

<0.1 

0.2 

19.6 

5.1 

10.2 

3.3 

0.1 

41.37s 

Total 

3.2 

97.1 

50.4 

501.6 

53.1 

61.3 

25.5 

17.5 

4,568.0 

486.6 

1,217.1 

394.1 

50.8 

7,526.3 

1 Pacific Fishery Management Areas (PFMAs) are illustrated in Figure 27 
2 "outside" = outside the footprint of the proposed NMCA 
3 "inside" = inside the footprint of the proposed NMCA 
4 "Undefined" means latitude and longitude points (of the centre of long-line sets) found either outside or inside the proposed NMCA boundary, but not matching the recorded 

PFMAs, were summed and grouped into either "Undefined outside" or "Undefined inside NMCA west" or "Undefined inside NMCA east" 
5 deep-water thornyhead or "slope" (>200 m) rockfish species 
6 "inshore" (shallow-water reef) rockfish species 
7 "shelf" (<200 m) rockfish species 
8 Bocaccio rockfish are listed as "threatened" by the Committee on the Status of Endangered Wildlife in Canada (COSFWIC) 



i.e. halibut are smaller when population 
densities are higher (H. Gilroy, International 
Pacific Halibut Commission, personal 
communication). For example, in 1980 an 
11-year-old female halibut from Kodiak, AK 
averaged -18.2 kg whereas in 1995,11-year 
old females averaged <9 kg - likely reflecting 
an appreciable increase in population density. 

British Columbia. The fishery went from 
frantic derby-style scramble of ~2 to 4 
days (usually <10 days) to a more orderly 
213-day season. From 1998 through 2004, 
British Columbia landings averaged a fairly 
consistent 4,750 tonnes. In 2004, the 4,990.8 
tonnes landed were worth ~$ 29.5 million 
(N. Pellegrin, DFO, personal communication). 

Pacific halibut in the northeast Pacific is one 
of the world's few large-fish hook and line 
fisheries that appears sustainable in that 
Myers and Worm (2003) suggested global 
oceans have lost >90% of many other large 
predatory fish species due to overfishing. The 
commercial fishery in the northeast Pacific 
began in 1888 and its history into the 1970s 
is recounted by Bell (1981). Since 1923, the 
Canadian and United States commercial and, 
more recently, recreational, fisheries have 
been guided by bilateral conventions that 
gave rise to the current International Pacific 
Halibut Commission (IPHC), headquartered 
in Seattle, WA [http://www.iphc.Washington, 
edu /ha l com/ ] . The commission sets 
annual catch limits and conducts research 
on biology, stock assessment and effects of 
fishing. Once the combined commercial 
and recreational Canadian-area (IPHC 
Area 2B) catch limit is set by the IPHC, 
DFO allocates to the Canadian user groups 
through an Integrated Fishery Management 
Plan (Table 12). The targeted fishery occurs 
by long-line in continental shelf and slope 
waters between -100 to 600 m depth. As well, 
there is by-catch in other groundfish hook 
and line and trawl fisheries as mentioned 
elsewhere in the Groundfish section, some 
wastage from the fisheries, recreational take 
and Aboriginal take. All halibut removals 
from Canadian waters are estimated by 
the IPHC with assistance from DFO. 

The 2005 IPHC annual meeting considered 
British Columbia stocks "healthy," with 
a British Columbia quota of 5,195 tonnes 
divided among -435 L licence holders 
(Table 13). Pacific halibut IPHC Area 2B 
accounts for -19% of the whole northeast 
Pacific commercial catch. In 1991, halibut 
was the first to go to an IVQ fishery in 

Halibut data from validated dockside 
monitoring and the log book program 
provided by the IPHC show the distribution 
of the fishery around Haida Gwaii. At 
25 X 25 km, the grid size of these data 
on cumulative catch and effort shown in 
Figure 42 is coarser that that used for analyses 
of the Schedule Il-other species and Rockfish 
(outside) hook and line fisheries, at 4 X 4 km. 
Nonetheless, it is clear that the fishery is 
concentrated in the Dixon Entrance-northern 
Hecate Strait area (mostly offshore PFMAs 
101 and 104) and to the south and east of 
Haida Gwaii in Queen Charlotte Sound 
(offshore PFMAs 102,108 to 110, 130). From 
1991 through 2004, the cumulative catch 
from within the footprint of the proposed 
NMCA was -3,450 tonnes or -6 .3% of the 
Canadian catch from usable, commercial log 
books (T. Kong, International Pacific Halibut 
Commission, personal communication). It 
is likely that this relatively small catch came 
from the offshore PFMAs such as 102. 

Another data source on the distribution of 
regional commercial halibut catch is the 
non-targeted by-catch from the bottom 
trawl fishery (Figure 43). These data 
show that most of the removal occurred 
from waters at the seaward edge of 
continental shelf (100 to 200 m depth). 

3.8.2.8. Sablefish 

Recorded commercial landings of sablefish 
or "blackcod" (Anoplopoma fimbria) in 
British Columbia date back to 1913. 
Sablefish were commercially considered 
as low-value by-catch until the late 1970s 
when a high-value export fishery for 
the Asian market was established while 
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Figure 42. Cumulative fishing catch (A) and effort (B) for the targeted Pacific halibut (Hippoglossuus 
stenolepis) hook and line fishery around Haida Gwaii, 1991 through 2004 (data courtesy of T. Kong, 
International Pacific Halibut Commission, Seattle, WA). The spatial data are represented using 25 X 25 km 
grid cells within which catch is net weight (head-off, gutted, with allowance for ice and mucus) converted 
from pounds into metric tonnes and fishing effort units are in standardized long-line "skates" of -554 m 
(1,800 ft) length with 100 baited hooks per skate. 

developing deep-water (baited) trapping 
as the primary fishing method. 

Sablefish occur to >1,800 m depth over 
continental slope and shelf waters in the 
North Pacific within which the greatest 
abundance is centred in northern British 
Columbia to Gulf of Alaska waters. They are 
long-lived (up to 113 years) and can reach 
1.0 m in length and exceed 55 kg in weight 
(DFO 2003). There is a legal size limit of 55 cm 
"fork" length (nose to fork of the tail) or 39 cm 
in length from origin of the first dorsal fin to 
the fork of the tail for headed fish. Sablefish 
spawn in January through March along 
the continental shelf at depths exceeding 
1,000 m. Larvae are found in surface waters 
over the shelf and slope in April and May. 
Juveniles migrate inshore over the following 
six months and likely rear in nearshore 
habitats until eventually migrating offshore. 

For example, inlet surveys yielded mostly 
fish of 3 to 6 years of age, with many 10+ 
and some to 28 (A.R. Kronlund, DFO, 
personal communication). Further, Kronlund 
speculates that some may remain in the 
inlets and perhaps spawn there in some 
years. The available data suggest that there 
is significant movement from nursery areas 
in Hecate Strait to the Gulf of Alaska and the 
Bering Sea. Tagging studies have revealed 
that some fish may move from inshore waters 
in southern Alaska into British Columbia 
waters (A.R. Kronlund, DFO, personal 
communication). Around Haida Gwaii, 
young sablefish likely use coastal waters for 
rearing. Growth is very rapid. Some females 
attain maturity (-55 cm length) within five 
years. Age and growth characteristics vary 
considerably among areas and depths. 
Recruitment is highly variable with occasional 
strong year-classes, likely linked to higher 
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Figure 43. Distribution of catch of Pacific halibut (Hippoglossus stenolepis), taken as non-targeted by-catch, in 
the groundfish trawl fishery in northern British Columbia, 1996 to 2003 (data courtesy of A. Sinclair and 
J. Fargo, DFOand L. Lee WWF-Canada). This map is available on the Marine Matters webpage, hosted by 
WWF-Canada [http://www.marinematters.org]. 

copepod zooplankton abundance during 
favourable environmental conditions. The 
long lives of sablefish ensure survival 
over extended periods of low recruitment 
during environmentally unfavourable 
conditions. This yields infrequent strong 
year classes, perhaps separated by 
decades, of high recruitment pulses into 
the population. It is these very strong year 
classes, or "runs" of strong year classes, that 
are associated with significant increases 
in overall abundance (A.R. Kronlund, 
DFO, personal communication). 

Coast-wide, -8.75% of the total catch is 
allocated to the groundfish trawl fishery. The 
remainder is taken in the licensed sablefish 
fishery, of which -17% of the catch is fished 
by baited hooks on long-lines, -75% by 
baited trap and there are allocations to 
First Nations, research and possibly for 
aquaculture. Gear is fished ("soaked") at 
depths of up to 825 m. Typically, 60 to 80 

traps are attached to a groundline set on 
the seabed. Sablefish trap regulations are 
outlined in the IFMP with explicit size, 
design and material criteria. Traps can soak 
for no longer than four consecutive days. 

The coast-wide retained sablefish catch and 
value from 2000 through 2004 are summarized 
in Table 33. The ex-vessel price was usually 
>$8,000 per tonne, but has fluctuated from 
$6,610 to $10,360 per tonne. Sablefish has 
been a limited entry fishery since 1981 and 
under IVQ since 1990 with 48 vessels licensed 
coast-wide, of which only one is mobilized 
from the north coast (Table 13). Under the 
IVQ regime, all licensed fishers were initially 
allocated a portion of annual total allowable 
catch based on landings history and vessel 
size. The IVQ policy included temporary and 
permanent transferability of quota among 
quota holders. Over time, trading, buying 
and leasing of quotas has led to fishers having 
relatively similar shares of the allowable 
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Table 33. Coast-wide weight of retained catch and 
value from the trap and long-line fishery for 
sablefish (Anoplopoiua fimbria), 2000 to 2004 (data 
courtesy of N. Pellagrin, DFO). Over the same 
period, the proportion of total catch discarded was 
-3.8% (-82 tonnes) annually for trap and -3.5% 
(-19 tonnes) annually for longline. 

Year 

2000 
2001 
2002 
2003 
2004 

Retained catch 
(tonnes) 

Trap Long-line 

2,625 
2,666 
2,146 
1,378 
2,039 

673 
526 
536 
584 
435 

Value 
($1,000) 

Trap 

23,362 
22,447 
18,777 
12,512 
13,477 

Long-line 

5,841 
4,323 
4,711 
6,050 
3,645 

catch (A.R. Kronlund, DFO, personal 
communication). Having such property rights 
motivates fishers to invest in sustaining the 
fishery. The Canadian Sablefish Association 
(http://vvvvw.canadiansablefish.com/) co
operatively manages the directed (K) licensed 
fishery with DFO including sharing costs for 
research, annual stock assessment, fishery 
monitoring, regulatory enforcement and 
management processes for the commercial 
fishery at ~$1.2 million annually. The 
groundfish trawl industry is not involved in 
this co-operative agreement, but does share 
views and information regarding sablefish. 
Stock surveys have been done since 1990 
and these have revealed a decline with a 
historically low trap catch index in 2001 with 
modest improvement in northern stocks in 
2002 (DFO 2003) and substantially increased 
coast-wide catch rates in 2003 (DFO 2005 d). 

Within Canada's 200 nautical mile (370 km) 
Exclusive Economic Zone, DFO allows for 
"seamount" fishing for sablefish that includes 
the proposed Bowie Seamount MPA (shown 
in Figure 1) -180 km off the west coast of 
Haida Gwaii (Canessa et al. 2003). Sablefish 
have been taken from Bowie Seamount 
since 1985 with variable (12 to 330 tonnes) 
catch rates whose annual average has been 
-100 tonnes from 1987 to 2000. Since 2001, 
this fishery has been by draw (and requires 
biological sampling by the vessel) in which 
one vessel per month (from May to October) 
can fish the seamount (Canessa et al. 2003). 

Sablefish data were extracted from the Pacific 
Harvest Sablefish (PacHarvSable) database 
similar to other groundfish fisheries as 
previously described. All data were queried 
according to PFMAs and sub-areas around 
Haida Gwaii for the years 1990 to 2004. Data 
from these areas were examined to determine 
the extent of fishing within the proposed 
NMCA and out to a 1.5 km buffer zone. This 
buffer was used since the location mapped 
represents the mid-points of groundline (trap) 
or long-line sets that average - 3 km length. 

The PacHarvSable database represents 
information collected solely from fishers' 
logbooks. Data obtained include vessel 
activity, number of fishing events and retained 
and discarded weight of sablefish by both 
trap and hook and line gear. To address 
confidentially of fisherman's efforts, only 
PFMA sub-areas with three or more vessels 
in the same year were reported. The results 
include commercial catch weight (in tonnes), 
excluding Bowie seamount and catch for 
research. Spatial data in the grid cell format 
were not available from this database. Value 
was determined by calculating the average 
price per "round" pound (complete, ungutted 
fish) from all dockside monitoring by calendar 
year. Sablefish catch from the Hecate Strait 
area may include appreciable reporting error 
as Hecate Strait, being generally shallow, is 
not optimal sablefish fishing grounds (M. 
Wyeth, DFO, personal communication). 

Reported catch of non-targeted species 
is available in the database but was not 
obtained. There is some uncertainty, the 
largest being actual recording of catch by 
species in the logbooks, regarding the by-
catch values in the hook and line fisheries. 
For example under a sablefish licence (K), no 
species other then sablefish can be landed but 
often fishing vessels have multiple licences 
(e.g., halibut (L), rockfish hook and line (ZN) 
and schedule II hook and line (C)) whereby 
commercial by-catch may be retained and 
landed. The retained catch weights of 
these other species have the potential to be 
recorded as targeted catch (retained) under 
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one licence and simultaneously recorded 
as by-catch under a different licence. 

The cumulative trap and long-line catch from 
around Haida Gwaii for 1990 to 2004 is listed 
according to area in Table 34. Sablefish are 
taken mostly in deeper waters associated 
with the continental slope (>200 m depth). 
Therefore, there is little fishing in the inshore 
PFMAs. Most landings come from the 
offshore PFMAs, particularly those in Dixon 
Entrance (101), the southeast coast (102-3) and 
the west coast (130 and 142). Approximately 
20% of the catch was reported from inside 
the proposed NMCA. Within this catch 
>88% came from the PFMA sub-area 142-1 
portion inside the NMCA. Likely the limited 

PFMA or sub-area 

1 
2 (E and Vf) inside' NMCA 
2(E)" outside'NMCA2 

2 (W) outside NMCA 

101 

102-2" (outside NMCA) 

102-2 (inside NMCA) 
102-3 (outside NMCA) 

102-3 (inside NMCA) 
130-3 (outside NMCA) 

130-3 (inside NMCA) 
142-1 (outside NMCA) 

142-1 (inside NMCA) 
142-2 

Retained ca 

Trap 

nd2 

4,144 
4 

23 
9,736 

2 

17 

2,108 

nd 

2,663 

221 

455 

5,104 
7,802 

tch (tonnes) 

Long-line 

nd 

715 

nd 
nd 

316 

<1 

<1 

902 

<1 

670 

<1 

28 

119 
429 

1 the Pacific Fishery Management Areas (PFMAs) and offshore 
sub-areas are shown in Figure 27 

2 nd - either no data or data are confidential because too few 
fishers reported catch 

3 "inside" and "outside" means represents the proportion of the total 
catch from inside or outside the footprint of the proposed NMCA 

4 trap catch amounts from 2 (F) and 2 (W) cannot be differentiated 
3 all long-line catch was reported from 2 (W) only 
6 catch from parts of Hecate Strait (2 (E); sub-area 102-2) may 

reflect a reporting error as these locations are not typical 
sablefish habitat (M. Wyeth, DFO, personal communication) 

continental shelf off the west coast of Haida 
Gwaii means that sablefish habitat occurs 
relatively close to shore, such as in 142-1. 

Another data source on the distribution 
of regional commercial sablefish catch as 
non-targeted by-catch from the bottom 
trawl fishery (Figure 44). This confirms 
the essentially continental slope nature 
of the species - most catch occurred from 
waters near or seaward of the edge of the 
continental shelf (100 to 200 m depth). 

3.8.2.9. Epilogue on Groundfish Fisheries 

The five groundfish fisheries reviewed above 
represent for many people a bewildering 
species diversity and challenging spatial, 
temporal and regulatory complexity. All 
fisheries are information intensive on catch, 
effort, space and time that enables much in-
and post-season feedback for management 
intervention. As well, the industry has the 
incentive, through the IVQ system, to invest 
significantly in management and research. 

These fisheries take many species with 
significant species overlap between them. 
The art of management here is, therefore, 
to focus each fishery on reaching (but not 
exceeding) the annual allowable catch of its 
target species or species group(s), to minimize 
the overlap between fisheries and to minimize 
the amount of discarded biomass. Many 
hook and line fishers, or their vessels, have 
multiple groundfish licences and participate 
in different groundfish fisheries, each of 
which has different regulations in space, time 
and species retention. This makes keeping 
track of the fleet's activities, such as managing 
discarding or area quotas for individual 
species, very complicated. Further, given 
the multi-species catch mix, the prospective 
influence of species-at-risk legislation 
will become increasingly important. 

The approximate proportions of groundfish 
catch reported from within the footprint 
of the proposed Gwaii LLianas NMCA are 
listed according to fishery in Table 35. The 

100 

Table 34. Summed retained sablefish catch (metric 
tonnes) by trap and long-line from fishers' 
logbooks according to Pacific Fishery Management 
Area (PFMA) and sub-area around Haida Gwaii, 
1990 to 2004 (data courtesy of N. Pellegrin, DFO). 
From 1990 to 2004, the proportion of total catch 
discarded was -2.4% (-858 tonnes) for trap and 
-1.2% (-34 tonnes) for longline. 



Figure 44. Distribution of catch of sablefish (Anoplopoma fimbria) in the groundfish trawl fishery in northern 
British Columbia, 1996 to 2003 (data courtesy of A. Sinclair and J. Fargo, DFO and L. Lee WWF-Canada). 
This map is available on the Marine Matters web page, hosted by WWF-Canada 
[http://www.marinematters.org]. 

range is from ~<2 to 20% - appreciable 
landings, particularly for sablefish. The 
greatest catch areas are to the west and 
south where the edge of the continental shelf 
is either within or close to the proposed 
NMCA boundary. Accordingly, the total 
groundfish industry has a stake in the 

Table 35. Approximate percentages of total Haida 
Gwaii region reported groundfish fishery landed 
catch recorded from within the proposed Gwaii 
Haanas NMCA footprint for the years for which 
data were analyzed by N. Pellegrin (DFO). 

Years Approximate % 
Groundfish of data catch from within 
fishery analyzed proposed NMCA 
Sablefish 1990 to 2004 20.0 
Rockfish (Outside) 1995 to 2004 10.6 
Schedule II - other species 1996 to 2004 9.0 
Pacific halibut 1991 to 2004 6.3 
Trawl 19% to 2004 <2.0 

proposed NMCA's future. Further, with 
the individual industries' commitments to 
research and fishery data gathering, they 
will be stakeholders capable of participating 
as technical, economic and management 
entities in the future of the proposed NMCA. 

3.9. MARINE RECREATIONAL 
FISHERIES 

N.A. Sloan 

Globally, the effects of recreational "sport" 
fisheries on stocks have been overlooked 
compared to the effects of commercial 
fisheries (Cooke and Cowx 2004). The 
sport catch represents -12% of world-wide 
fish landings and managers are beginning 
to examine the effects of sport fisheries 
on stocks. In the U.S., the sport fishing 
industry contributes ~$30 billion annually 
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to the economy and supports -300,000 jobs 
in various sectors (MPA News 2005). In 
some areas, influential sport fishing lobby 
groups contest marine area conservation. 
The creation of some no-take areas off 
Southern California in 2002, for example, led 
an industry lobby group ("Freedom to Fish") 
to promote legislation opposing creation of 
no-take reserves (MPA News 2005). While 
this unfolds, the effects of sport catch to 
marine conservation are being examined. 
For instance, sport take can decrease fish 
populations in unprotected versus protected 
areas (Westra et al. 2003) and have contributed 
to widespread reductions of nearshore 
rockfish stocks along the Pacific coast of North 
America (Love et al. 2002, p. 79; Love 2006). 
The way forward towards sustainability will 
be including the industry in finding solutions. 

In Pacific Canada, the salmon sport fishery 
accounts for - 3 % of the coast-wide salmon 
catch, but represents -40% of the total 
economic contribution of the province's 
fishing and aquaculture sectors (Kristianson 
and Strongitharm 2006). Reflecting its 
importance, the recreational fishery enjoys 
priority access to chinook and coho stocks 
over the commercial fishing sector (DFO 
1999). The sport fishery accounts for 
35% and 30% of those species' catches 
respectively (Kristianson and Strongitharm 
2006). Both federal (DFO 2004 b) and 
provincial (GSGislason and Associates 
2004 b) authorities realize that sport fisheries 
must be demonstrably sustainable for a 
viable industry and private pastime that 
engenders enormous public interest. In 
2002, the British Columbia industry had $550 
million in "sales" and provided over 3,500 
person-years of employment coast-wide 
(GSGislason and Associates 2004 b). The 
industry is represented by an effective lobby 
group called the Sport Fishing Institute of 
British Columbia [http://www.sportfisb.ing. 
bc.ca/]. According to the Institute, the 
industry contributed -$620 million to the 
provincial economy in 2004 (Ramsay 2005). 

Recreational fishing is an enormously 
important human activity in the Haida Gwaii 

coastal zone. This small-boat fishery consists 
of independent (mostly local community) 
fishers and tourists guided by commercial 
operators of various types as described below. 
The commercial sector of this fishery is better 
documented that the independent-citizen 
fishery. Fishing from small boats nearshore 
is one of the prime ways Haida Gwaii 
residents and tourists enjoy the archipelago's 
coast. Tidal water sport fishing, separate 
from commercial and Aboriginal subsistence 
fishing, is both culturally and economically 
vital to local communities. All sport fishers 
must have a British Columbia Tidal Waters 
Sport Fishing Licence for which regulations, 
such as bag limit, can vary on an annual basis 
based on the stock status of each species 
[http://www.pac.dfo-mpo.gc.ca/recfish/]. 
As well, recreational fishing will be part of 
the proposed Gwaii Haanas NMCA's future. 

3.9.1. Shellfish 

Few sport shellfishery data are routinely 
collected around Haida Gwaii. Fishing 
areas are unmapped, amount of effort and 
catch is unrecorded and the effects on stocks 
are unknown. Therefore, we have little 
information on the biological, cultural or 
economic effects of the sport shellfishery. The 
one exception among the various recreational 
shellfisheries around Haida Gwaii is for 
razor clam along North Beach, for which 
some monitoring and management occurs. 
This fishery is cooperatively managed 
between the Haida Fisheries Program and 
DFO. Openings are maintained through 
regular paralytic shellfish poisoning (PSP) 
testing. If clam meat toxins reach a certain 
threshold, the beach is closed until regular 
toxin testing reveals levels below a prescribed 
threshold. There is also beach picking for 
weathervane scallop (Patinopecten caurinus) 
in the same area, particularly after strong 
winter (northeaster) storms. Dungeness crab 
is fished by low-tide hand-netting during 
the breeding season in spring or by baited 
trap on shallow sandy bottoms. Prawns are 
fished by baited trap in deeper inlet waters. 
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The main sport shellfish management issue 
is maintaining public health and safety 
given the potential toxin (e.g., PSP) threats 
from intertidal bivalves such as clams and 
mussels (see section 3.5). Total closure to 
all intertidal bivalve mollusks along the 
north coast of British Columbia has been in 
force since 1963 due to the PSP threat (Sloan 
et al. 2001; Taylor and Harrison 2002). Only 
PSP testing of samples by the Canadian 
Food Inspection Agency that demonstrates 
no toxicity enables DFO to open areas to 
fishing. The only nearshore area regularly 
monitored for PSP is North Beach because of 
the commercial and recreational razor clam 
fisheries (see sections 3.8.1.1 and 3.9.1). 

As well, there are triennial Shellfish 
Growing Water Quality (fecal coliform 
bacteria) surveys by Environment Canada 
(Sloan et ni 2001, p, 120). Closed areas due 
to fecal coliform contamination around 
Haida Gwaii are shown in Figure 23. 

3.9.2. Finfish 

The sport finfishery around Haida Gwaii is 
mainly for salmon, Pacific halibut, rockfishes 
and lingcod. Unlike the sport shellfishery, 
the sport finfishery is better documented and 
represents much greater economic activity and 

community participation. The most important 
sport fishery is for chinook salmon. These fish 
are intercepted during their migration to natal 
streams. Genetic analyses from sub-samples 
of the 2002 to 2004 catches revealed that the 
catch is from Washington and Oregon while 
the west coast of Vancouver Island and South 
Thompson River fish account for the largest 
British Columbia components and very few 
are from Haida Gwaii (Winther 2005). The 
U.S. fish are likely hatchery-reared while 
the Canadian fish are more likely wild. 

Current regulations permit two chinook 
retained per day (four in possession and 30 
annually per angler). Minimum retention size 
is 45 cm (snout to fork of tail), barbless hooks 
are mandatory, fishers can use any number 
of rods and the number that they can catch 
(for release) is unlimited. The chinook catch 
and release statistics are shown in Table 36. 
Most Chinook are taken along the north 
and west coasts of Haida Gwaii. After the 
low stock year of 1996, catches have grown 
steadily to the record year of 2004. In that 
year, sport anglers had -190,700 "encounters" 
with chinooks (74,000 retained + 116,741 
released; Winther 2005). There are two Pacific 
Salmon Treaty mortality conventions used 
to account for an additional (incidental) 
mortality. There is 12.3% subsequent 

Table 36. Estimated total numbers of sport-caught (retained) and released chinook salmon [Oncorhynchus 
tshawytscha) according to Pacific Fishery Management Area (PFMA) around Haida Gwaii, 1995 to 2004 
(data courtesy of I. Winther, DFO). 

Year 

1995 

1996 

1997 

1998 

1994 

2000 

2001 

2002 

2003 

2004 

PFMA 1 ' 

17,414 

594 

23,025 

31,082 

25,018 

18,800 

20,800 

31,200 

34,500 

52,000 

Catch 

2 ( W ) 

4,667 

0 

4,563 

2,948 

5,009 

3,100 

9,300 

15,600 

19,650 

21,750 

2(E) 

450 

76 

150 

100 

200 

200 

300 

300 

300 

250 

Total 

22,531 

670 

27,738 

34,130 

30,227" 

22,100 

30,400 

47,100 

54,300 

74,000 

1 

9,888 

15,223 

30,404 

30,027 

15,493 

24,036 

27,929 

38,054 

44,415 

105,828 

Release 

2 (W) 

776 

740 

1,148 

601 

326 

529 

2,560 

4,141 

3,112 

10,856 

2(E) 

0 

0 

25 

16 

5 

8 

33 

31 

22 

57 

Total 

10,664 

15,963 

31,577 

30,644 

15,824 

24,573 

30,522 

42,226 

47,549 

116,741 

1 the Pacific Fishery Management Areas (PFMAs) are shown in Figure 27 
2 the combined figure for 1999 in Table 37 is 25,800 - the discrepancy here is likely due to the use of unadjusted I laida Fisheries 

Program creel survey numbers only without reconciliation with lodge logbook numbers (V. Fradette, DFO, personal communication) 
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mortality of all released fish plus 6.9% 
"drop off mortality of all fish encountered 
(hooked). Therefore, another -27,520 
chinook were likely killed for a total sport 
mortality exceeding -101,500 from around 
Haida Gwaii in 2004. Although the sport 
sector has priority access to chinook stocks, 
the commercial sector still takes more fish; 
-135,000 chinook in 2004 and -175,000 in 2005 
(Table 16). The pre-season chinook allocation 
for 2005 was 75,000, but -68,800 were landed 
with more fishing effort than in 2004. 

The sport catch statistics for Haida Gwaii are 
among the most complete coast-wide, given 
the Haida Fisheries Program creel survey with 
the lodge logbook data. These combined data 
show that the regional catch of coho, chinook 
and Pacific halibut increased appreciably 
from 1999 to 2005 (Table 37). Most landings 
came from the north and west of the 
archipelago. Coho intercepted off the west 
coast are of wild, mixed stocks - many from 
the central coast (J. Sawada, DFO, personal 
communication). During the same period, 
the annual average (incidental) catches for 
pink, chum and sockeye fluctuated less 
dramatically. Among other species, annual 
sport catches for Pacific halibut have grown 
while those of lingcod and rockfish have been 
relatively steady. Non-salmonid sport catch 
is recorded by DFO [http:/ /www-sci.dfo-
mpo.gc.ca/ sa /Recreational/ default_e.htm J. 

The commercial and independent citizen 
recreational finfishery of Haida Gwaii 
has grown rapidly in recent years. The 
commercial sector comprises isolated, fly-
in lodges providing accommodation for 
multi-day angling and smaller charter/guide 
operators that mostly provide day-trips with 
no accommodation or service the guests of 
"town lodges" accessed by road. The first 
lodge was established on Langara Island in 
1985. London (2003) recounted the industry's 
history including conflicts with the Haida 
and the commercial salmon troll industry. 
By 1989, there were 16 commercial sport 
operations (lodges plus charter operators) 
mostly around northern Graham Island 
with eight in the Langara Island to Naden 

Harbour area alone. The current locations 
of these operations are shown in Figure 45. 
Concern over the lodge industry's rapid 
growth was expressed by the Council of the 
Haida Nation through their sport fishing 
commission established in 1990 (CHN 1992). 
The CHN called for a moratorium on further 
lodge development and the deployment 
of Haida Watchman funded by industry to 
help monitor the fishery. As well, trailers 
partnered with the CITN as commercial 
fishers viewed the rapidly expanding 
lodge industry as a threat to their quota 
allocation in the northwest Graham Island 
area. A moratorium was established by the 
province (still in place) on the issuance of 
new leases on Crown lands or foreshore 
tenures in 1990. However, this did not apply 
to private lands or floating operations. 

From 1990, three years of demonstrations 
by the CHN, with some participation by 
the troll industry, ensued in an attempt to 
limit the industry's growth and promote a 
local voice in the industry's future (Lordon 
2003). In the mid 1990s, poor ocean survival 
meant that chinook stocks were low, all 
fisheries for chinook were temporarily 
closed and this depressed lodge business. 
As stocks rebounded in the late 1990s, there 
was lobbying by the sport industry (centred 
largely in southern British Columbia) and 
an allocation policy was issued (DFO 1999) 
favoring the sport industry and excluding 
commercial salmon trolling from the 
Langara Island area. Improving chinook 
and coho stocks and the preferred access 
allocation to the recreational industry have 
meant a vigorous lodge business since 
1999 (GSGislason and Associates 2003). 
As well, since 1996 the Flaida Fisheries 
Program of the CF1N has implemented 
the annual "Creel" (sport fish) survey of 
the interception sport catch in the Dixon 
Entrance and western Skidegate Inlet areas. 

GSGislason and Associates (2003) reported 
on the Haida Gwaii lodge industry for 2002. 
There were 18 active lodges (8 shore-based 
- 10 floating; Figure 45) with a season of 
mid-May through mid-September (peak 
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Table 37. Estimated Haida Gwaii recreational fish catches according to Pacific Fishery Management Area 
(PFMA) (data from the Record of Management Strategies for 1999 to 2004 - Fradette 2000, 2001, 2002, 2003, 
2004 a, 2005 and V. Fradette, DFO, personal communication). Data are from the Haida Fisheries Program 
creel survey estimates and lodge logbooks. Differences between these two sources are assumed to 
represent the catch from local charter operators and independent recreational fishers. For 1999 and 
thereafter, the creel survey and lodge logbook data have been fully reconciled into one summary number 
(V. Fradette, DFO, personal communication). 

Year 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

PFMA1 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2(W) 
Total 

1 
2(E) 
2 (W) 
Total 

1 
2(E) 
2(W) 
Total 

Sockeye 

30 
0 
20 
50 

30 
0 
10 
40 

30 
0 
10 
40 

45 
0 
0 

45 

10 
0 
0 
10 

110 
0 
20 
130 

100 
0 
20 
120 

Coho 

1,000 
1,000 
2,200 
4,200 

6,650 
1,500 
2,300 
10,450 

37,500 
10,000 
12,200 
59,700 

25,500 
7,000 
9,700 

42,200 

31,400 
2,000 
12,200 
45,600 

41,600 
1,000 
10,900 
53,500 

34,000 
1,000 
16,500 
51,500 

Pink 

3,400 
0 

500 
3,900 

4,200 
300 
250 

4,750 

4,100 
30 
100 

4,230 

1,300 
500 
80 

1,880 

1,800 
50 
220 

2,070 

700 
30 

450 
1,180 

1,400 
30 
310 

1,740 

Numbers of Fish 

Chum 

150 
30 
40 
220 

1,000 
200 
120 

1,320 

700 
100 
100 
900 

300 
100 
120 
520 

550 
50 
60 
660 

1,450 
30 
490 
1,970 

600 
30 
170 
800 

Chinook 

21,000 
200 

4,600 
25,800 

18,800 
200 

3,100 
22,100 

20,800 
300 

9,300 
30,400 

31,200 
300 

15,600 
47,100 

34,350 
300 

19,650 
54,300 

52,000 
250 

21,750 
74,000 

44,800 
1,000 

23,000 
68,800 

Halibut 

ndJ 

rid 
nd 

10,206 

8,931 
1,1033 

10,034 

8,611 
4,889' 

13,500 

7,730 
1,0933 

8,823 

10,870 
4,263' 

15,133 

17,111 
6,179' 

23,290 

18,395 
6,700' 

25,095 

Lingcod 

nd 
nd 
nd 

3,273 

4,385 
1/2843 

5,669 

4,990 
1,901' 

6,891 

3,316 
847' 

4,163 

3,418 
1,000' 

4,418 

4,712 
1,483'' 

6,196 

4,402 
582' 

4,984 

Rockfish 

nd 
nd 
nd 

9,014 

7,778 
662' 

8,440 

4,825 
484' 

5,309 

4,559 
2753 

4,834 

5,014 
7943 

5,808 

5,840 
861' 

6,701 

7,033 
5313 

7,564 

1 the Pacific Fishery Management Areas (PFMAs) are shown in Figure 27 
2 nd = no data 
3 PFMA 2 (E and W) combined 

is late June to late August). The industry 
generated 51,000 angler-days for clients, 245 
person-years employment and revenues of 
$38 million. Concerning local employment, 
there were 115 jobs (-66% First Nations 
and accounting for 50 person-years of 
employment) with wages (including tips) of 

~$2 million. One firm (operating two lodges) 
has minority Haida ownership. Since its 
early days in the north, the lodge industry has 
expanded southward. Another local benefit is 
custom processing (certified for domestic, U.S. 
and European Union areas) by two processing 
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Figure 45. Names and locations of Haida Gwaii lodges servicing the recreational fishery, targeting mostly 
salmon and Pacific halibut. The term "town lodge" refers to those easily accessible by car that service 
day-trip and multi-day clients. The other lodges (whether on-land or floating) are remote, fly-in 
operations for multi-day clients. Note that some firms operate multiple lodges (data courtesy of J. Sunde, 
B.C. Ministry of Sustainable Resource Management, V. Fradette, DFO and Lordon 2003). 
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firms of sport-caught salmon, Pacific halibut 
and groundfish for individual anglers. 

effects in the marine realm is controlling 
access to prevent overuse (Agardy 1993). 

Chinook and coho stocks have rebounded, 
local halibut stocks are healthy (IPHC 2005) 
and the sport industry remains busy. The 
industry may now be approaching capacity, 
after which limited growth seems most likely 
(V. Fredette, DFO, personal communication). 
Tensions persist over the lodge industry 
that is owned mostly off-island with the 
perception of limited benefits to island 
residents. Still, there is growth potential 
among small, independent guided charter 
operations for Haidas (Meadfield Inc. 
2004) and other community members. The 
prospect of expansion of high-end lodges 
seems limited, although new "town lodge" 
operations have recently opened in Sandspit 
and Masset. Angling remains very popular 
in Haida Gwaii communities with many 
citizens pursuing independent, small-boat 
fishing. However, few statistics are kept 
on the terminal (local stock) component of 
the salmonid sport fishery compared to the 
interception (passing stock) component. 

Sport fishing will continue to be an important 
way for Haida Gwaii residents and their 
guests to interact with the coastal zone. 
Understanding the well-being of stocks and 
discussing issues of allocation and equity help 
focus public interest in marine conservation 
including the proposed Gwaii Haanas NMCA. 

The case study below discusses Gwaii 
Haanas' proactive and adaptive visitor 
management program whose main 
objectives are protecting ecological and 
cultural integrity while providing a quality 
visitor experience (Gajda 2004). Within 
backcountry management, GIS is applied 
to evaluating visitor use patterns and an 
adaptive management feedback loop is 
used to refine management. Maintaining 
wilderness values, such as solitude and 
high environmental quality (Hendee and 
Dawson 2002), has long been part of this 
commitment (Sewell et al. 1989; May 1990; 
AMB 2003 a) and continues to be expected 
by visitors (MacKay and McVetty 2002). The 
archipelago as a whole supports a tourism 
strategy that respects ecosystems, Haida 
culture and sustaining local communities and 
life-ways (Haida Gwaii /Queen Charlotte 
Islands Heritage Tourism Strategy Working 
Group 2003). For Gwaii Haanas, neither 
diving-based tourism (so important to 
Fathom Five National Marine Park (Wilks 
2001)) nor whale-watching (important to 
Saguenay-St. Lawrence Marine Park (Dionne 
2004)) are developed visitor activities. 

3.10.1. Gwaii Haanas Case Study: Coastal 
Ecotourism 

D.A. Gardiner, A. Gajda and P.M. Bartier 

3.10. COASTAL TOURISM 

Tourism and recreation are recognized as 
important human influences on coastal 
ecosystems world-wide (Jones 2002). 
Research on specific roles of tourism in 
marine conservation have been dominated 
by studies in tropical areas (Salm 1985; 
Shafer and Benzaken 1998). The paradox in 
marine protected areas management is that 
area protection attracts people and increases 
visitor effects (Jones 1994), giving rise to 
the field of "recreational ecology" (Liddle 
1991). Among the ways to mitigate visitor 

Gwaii Haanas' remoteness (no road access), 
coastal setting and high visitation costs limit 
tourism to relatively self-sufficient, ocean-
based wilderness "backcountry" activities. 
Gwaii Flaanas experiences one of the highest 
backcountry use levels in Canada's national 
parks and park reserves. Virtually all visitor 
effects are coastal due to beach access by 
small boats to supratidal areas and subtidal 
effects related to vessel anchoring and 
effluent. The uplands are infrequently visited 
except at significant cultural sites. Tourism 
activities include camping, beach walking, 
wildlife viewing, visiting significant natural 
and cultural sites, fishing and boating. The 
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remote setting and lack of infrastructure 
means that camping or traveling on live-
aboard vessels are the two options. 

The terrestrial management plan for Gwaii 
Haanas (AMB 2003 a) has the following 
goal for visitor management: "To provide 
opportunities for visitors to have a safe and 
enjoyable experience without compromising the 
ecological and social carrying capacities of Gwaii 
Haanas." To achieve this goal, the Archipelago 
Management board (AMB) developed the 
Gwaii Haanas Backcountry Management Plan 
(AMB 1999, 2003 b). This plan documents 
the strategies to manage human activities 
through the use of visitor surveys, area 
closures and resource monitoring. The U.S. 
National Park Service's Visitor Experience 
and Resource Protection model, which is 
based on the carrying capacity concept 
(NPS 1997), was used as the framework for 
the plan. Carrying capacity in this context 
is based on measuring the quality of the 
visitor experience, the physical effects on 
the land (landward of the intertidal zone), 
and how these variables interact (Manning 
1999). Another important aspect of the 
plan was the use of the precautionary 
approach, or conservative management in 
the face of incomplete information, which 
is discussed in detail in section 10.1. 

3.10.1.1. Backcountry Management Planning 

Gajda (2004) described the evolution of 
visitor management in Gwaii Haanas since its 
establishment in 1988. Table 38 summarizes 
key visitor management actions from 1990 
to 2003. Visitor management policy and 
information systems were formally defined 
in the first version of the Backcountry 
Management Plan (AMB 1999). The plan was 
finalized after extensive public consultation 
that included internet consultations 
to increase the overall level of public 
involvement (Gajda 1998). The plan was 
updated in 2003 after further consultations 
(AMB 2003 b). The random camping policy 
has been retained. However, some sites have 
been closed because monitoring identified 
issues of ecological, cultural or spiritual 

sensitivity. For example, ecological closures 
may protect wildlife values such as seabird 
breeding colonies (e.g., East Copper Islands), 
while other closures protect archaeological 
and cultural resources or places of spiritual 
significance to the Haida. Areas were 
closed in different years and the database 
reflects usage of these areas before closure. 

Since 1996, data on visitor use were collected 
from the registration system, log books 
at Haida Gwaii Watchmen sites and trip 
logs from tour operators and independent 
travelers (Table 38). Beginning in 2004, 
data from tour visitors were also collected. 
Submission of tour operator trip logs is a 
mandatory business-licensing requirement 
(hence 100% returns). Independent visitor 
registration is also a mandatory requirement, 
but submission of tour and independent 
visitor logs is voluntary. Accordingly, the 
spatial information from tour operators is 
complete, while the spatial and experiential 
(visitor experience) information from 
tour and independent visitors are partial 
samples. Spatial camping and mooring 
information is plotted and then digitized in 
a GIS. Tor displaying here, these data were 
aggregated into 500 X 500 m grid cells. 

Camping is not random. Accessible beaches 
are limited, and both independent visitors 
(Figure 46) and commercially-guided 
visitors (Figure 47) often position their 
campsites for easy access to Watchmen 
sites. Camping in areas closed to camping 
occurs when visitor travel is unsafe due to 
poor weather conditions. Some campsites 
have not been closed but have instead been 
"red-flagged" as having effects requiring 
remediation. Tour operators are asked to 
voluntarily reduce use at certain sites to allow 
recovery. If a voluntary reduction does not 
result in recovery, then other management 
options (e.g., temporary or permanent 
closures, rehabilitation or hardening) 
may be invoked. To date, voluntary 
compliance has resulted in improvement 
in site conditions to the point where the 
AMB has not had to take more aggressive 
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Table 38. Chronology of Gwaii Haanas backcountry management decisions leading up to the revised 
Backcountry Management Plan of 2003. 

Year Notes on Decisions 
1990 First visitor management actions were as follows: 

1. established voluntary registration system to monitor visitor volume 
2. developed a pre-trip information package for potential visitors and updated annually thereafter 
3. closed most Haida Gwaii Watchmen sites to camping 

1991 Commercial Tour Operators Association" formed with a "Tour Operators Code of Conduct" 

1992 Small ("pocket") cruise ships discouraged due to potential for large numbers of passengers disembarking 
at Haida Gwaii Watchmen sites 

1993 Gwaii Haanas Agreement signed between Parks Canada Agency and the Council of the Haida Nation that 
formed the Archipelago Management Board (AMB) for cooperative management of Gwaii Haanas and 
voluntary permitting system for commercial tour businesses instituted 

1996 Visitor management actions were established, upon Gwaii Haanas being gazetted under the National 
Parks Act, as follows: 

1. began a mandatory visitor registration and orientation based on systems in Glacier Bay National Park 
and Preserve, Alaska 

2. limited group size to 12 persons ashore at any one time at any one place 
3. limited numbers of visitors entering Gwaii Haanas as an interim precautionary measure until the 

AMB assessed levels of visitor effects on natural and cultural resources 
4. established a campsite monitoring program 
5. began a visitor management G1S database using data from the registration system, trip logs, and 

visitor surveys 
6. established exit surveys for tour operators 
7. prohibited new commercial activities until appropriate levels of use could be determined 

1997 Exit surveys for independent travelers initiated and first daily limit for visitors established (175 
persons/day for independent and commercial use combined) 

1999 First Backcountry Management Plan finalized with the following criteria: 
1. no more than 20% of surveyed campsites should have obvious visitor effects with no effects to sites 

particularly ecologically or culturally sensitive (except where closure would result in an increased 
risk to public safety), and no net increase in the number of distinguishable campsites nor a net 
increase in the total area affected 

2. no more than 10% of independent visitors should report seeing more than 12 persons on shore during 
the low and mid-seasons (April 01 to July 14; August 21 to September 20), and in the peak season 
(July 15 to August 20), the standard is 20% 

3. a secondary visitor experience standard is extent of crowding with no more than 10% of independent 
visitors reporting feeling crowded at any Haida Gwaii Watchmen sites 

4. initial crowding standards for all other sites (defined as access areas or wild places) is 5% outside the 
peak period, and 10% during the peak period 

5. establish an overall limit of 33,000 user-days/nights from April 01 to September 30 and split this 
equally (11,000 user-days/nights each) to independent visitors, to non-Aboriginal commercial 
operators and to Haida commercial operators 

6. establish daily limits for low (167 users/day), mid (225 users/day) and peak periods (300 users/day), 
and split these limits between independent and commercial access according to traditional levels 
(33% independent; 67% commercial) 

7. re-evaluate non-Aboriginal allocations based on the average of their best three years of use and create 
a visitor use allocation pool for redistribution if total cumulative allocation is less than 11,000 user-
days/nights 

2000 Formal camping and access closures established under the Canada National Parks Act General Regulations: 
most Haida Gwaii Watchmen sites and other locations based on ecological (e.g. seabird colony islands) or 
cultural/spiritual reasons (e.g. burial islands) 

1 the Haida Gwaii Watchman program for southern Haida Gwaii is ,m initiative of the Skidegate Band Council within the Council of 
the Haida Nation. From its outset in 1981, the program's focus is at historic village sites (occupied from May to September) for 
protecting the sites' cultural heritage and providing visitor information on Haida culture and local natural heritage 

2 the Gwaii Haanas Tour Operators Association [http://www.gwaiihaannstours.bc.ca] represents many tour operators in all 
management consultations with the Archipelago Management Board, including formulation of the Backcountry Management Plan 
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Figure 46. Distribution of user nights for camping by independent visitors to Gwaii Haanas based on 
returned questionnaire surveys,1997 to 2004. Questionnaire survey return rates are indicated in the table. 
Data points close together may result in overlapping circles. 
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Figure 47. Distribution of user nights for camping by commercially-guided visitors to Gwaii Haanas 
based on returned questionnaires, 1997 to 2004. User night totals include both visitor and tour operator 
staff. Questionnaire return rates are 100% from tour operators. Data points close together may result in 
overlapping circles. 
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measures to reduce effects, an example of 
site recovery is provided in Figure 48. 

3.10.1.2. Visitor Use Levels and Distribution 
Patterns 

Because the Watchmen sites will remain 
popular destinations, and the AMB 
supports continued visitor access to them, 
nearby campsites will continue to have 
relatively high levels of use. Accordingly, 
the AMB has accepted a higher level of 
visitor effects at campsites near Watchmen 
sites (AMB 2003 b). A moderate level of 
effect (26 to 50% vegetation cover loss) is 
acceptable at campsites within a specific 
radius of the Watchmen sites, while 
acceptable limits outside these radii remain 
at 10 to 25% vegetation cover loss. 

Visitor levels from 1996 to 2004 are provided 
in Table 39. Levels have been fairly consistent 
with an annual average of 10,402 days/nights. 
User-nights are calculated by the number of 
nights visitors spent in Gwaii Haanas (i.e. 
one person staying one night is one user-
night). Visitor activities are predominantly 
boat-based (Table 40). Currently, more people 
travel on multi-day commercial tours than 
on commercial day tours or independent 
multi-day trips, but day use has consistently 
increased since 1996. The reason for the 
increase is unknown, but it could indicate a 

Figure 48. Recovery of a coastal midden (archaeological) site in Gwaii Haanas used by campers. A) the 
midden face in 1996 showing effects of campers' foot traffic; B) the same site in 2002 after the mandatory 
visitor orientation process had raised awareness of visitor effects on campsites and the site had been 
"red-flagged" by the Archipelago Management Board to discourage overuse by commercial tour operators. 

Table 39. The numbers of independent and commercial tour visitor days or nights in Gwaii Haanas, 1996 
to 2004. 

Year 

1996 

1997 

1998 

1999 

2000 

2001 

2002 

2003 

2004 

Indepen 

Visitors 

984 

619 

631 

539 

521 

508 

500 

558 

590 

dent visitors 

Nights 
(estimate) 

10,266 

4,769 

5,462 

3,795 

4,208 

4,095 

3,299 

4,674 

4,148 

Day-tour 

Visitors 

188 

218 

466 

361 

382 

395 

543' 

537 

7471 

Visitors 

Days 

188 

218 

466 

361 

382 

395 

558' 

599 

969 ' 

Multi-day 

Visitors 

973 

9101 

908' 

915 

967 

924 

867 

978' 

818 

Tour Visitors 

Nights 

5,778 

4,629' 

4,588' 

5,151 

5,565 

4,581' 

4,928 

5,003' 

4,455 

Visitors 

2,145 

1,798' 

2,005 

1,815 

1,870 

1,827' 

1,910' 

2,073' 

2,155' 

Total 

Days and/or 
Nights 

16,192 

9,749' 

10,516 

9,307 

10,155 

9,071' 

8,780' 

10,276' 

9,572' 

1 includes visitors on educational trips that are not counted in allocations for commercial operators or independent visitors 
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Table 40. Types of visitor activities in Gwaii 
Haanas, 2002 to 2004. Before 2002, visitors on 
mothership kayaking tours were combined with 
powerboats and sailboat tours. 

Activity 

Power boating 

Kayaking 

Sailing 

Mothership kayaking 

Air/Powerboat - SGang Gwaay 
(Anthony Island) 

Bed and Breakfast - Rose Harbour 

Air - Gandl K'in Gwaayaay 
(Hotspring Island) 

Other 

Visitors (%) 

32 

27 

21 

6 

6 

4 

3 

1 

1 clients kayak during the day, but use the mothership for 
meals and accommodation 

market shift. If this becomes a trend, it may 
result in decreased physical effects (such as 
erosion from excessive use) to the shoreline 
but increased air, marine and noise pollution 
related to increased mechanized traffic. 
Visitor use takes place primarily from April 
through September, with peak season being 
July 15 to August 20. Poor weather limits 
much activity during the off-season. Average 
group size for independent visitors is 3.2 
persons and 7.5 for commercial tour operators. 
The average trip length for independents is 
8.2 days and 4.9 days for commercial tours. 

Both independent (Figure 46) and 
commercially-guided (Figure 47) camping 
occurs almost exclusively on the east side 
of Gwaii Haanas, with use concentrating 
around the "access and attraction sites" of 
Rose Harbour, Watchmen sites and Burnaby 
Narrows (Gajda et al. 2000). Relatively few 
visitors go to the highly exposed, uncharted 
waters of the west coast because its rugged 
shores afford few safe anchorages or 
beaches for camping. High-use campsites 
(>100 nights pre season) are near good 
anchorages and attraction sites. Independent 
visitors disperse camping activity more 
than commercial tour operators, but their 
use is still concentrated around Watchmen 
sites. Independent trip logs show that 88% 

of all visitors go to at least one Watchmen 
site. Commercial tour groups also cluster 
around Watchmen and attraction sites, but 
they are especially concentrated at Rose 
Harbour (where bed and breakfast services 
are available from private landowners) and 
SGang Gwaay. Visitors and tour operators 
are asked not to moor overnight at SGang 
Gwaay to avoid attracting breeding seabirds 
to vessel lights at night. As well, SGang 
Gwaay has exceptional conservation 
values. It was declared a UNESCO World 
Heritage Site (in 1981) because of its globally 
significant amount of standing monumental 
art. Locations of mooring by independent 
visitors (Figure 49) and commercially-guided 
visitors (Figure 50) show that mooring 
nonetheless occurs nearby SGang Gwaay. 
Because Gwaii Haanas currently has no 
jurisdiction over the waters surrounding the 
protected area, no enforcement can be done. 

3.10.1.3. Is Backcountnj Management 
Working? 

At the time of the first backcountry 
management plan in 1999, the AMB did 
not know the carrying capacity of Gwaii 
Flaanas. The total allocation of 33,000 user 
days/nights was a precautionary limit. 
Based on the monitoring of physical and 
experiential data, the AMB determined that 
carrying capacity had not been exceeded 
(AMB 2003 b). Results from a campsite 
monitoring review of 1996 to 2003 revealed 
that effects on 70 out of 80 campsites 
remained stable or improved. Moreover, 
surveys show that most independent visitors 
were satisfied with their experiences (AMB 
2003 b). After this first era of data collection 
and analyses, the AMB's backcountry 
management approach has been effective. 

As discussed in Gajda (2004), the AMB 
reviewed all tour operators' allocations in 
2001 to ensure that each business' original 
allocation was reflected in actual levels of use. 
This was done to ensure that allocation be 
used by, and available to, operators actively 
working in Gwaii Haanas, as opposed to 
those with unused allocation or with plans 
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Figure 49. Distribution of mooring locations of independent visitors in Gwaii Haanas, 1998 to 2004. 
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Figure 50. Distribution of mooring locations of commercial-guided visitors in Gwaii Haanas, 1998 to 2004. 
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to sell or lease allocation. After the review, 
the total cumulative allocation dropped, 
but actual use has subsequently changed 
little. Accordingly, the review succeeded 
in allowing active operators to work within 
their allocations. Indeed, there continued to 
be a significant gap between the allocation 
provided and the allocation actually used, 
with use being substantially lower. 

The total allocation, however, was still in 
excess of the 1999 target of 11,000 user-
days/nights for non-Aboriginal businesses 
(Table 38). Given that there had been very 
limited use of the Haida allocation, and 
that the monitoring results showed that 
physical and experiential effects were within 
acceptable limits, the AMB is considering 
providing additional allocation to existing 
and new operators. The prospect of 
providing additional commercial allocation 
is currently under judicial review. If an 
increase is allowed, it will be conservative 
and the physical and experiential 
indicators closely monitored to ensure 
that carrying capacity is not exceeded. 

3.10.1.4. Coastal Wilderness Management 
Comparison 

Some visitor management aspects for Gwaii 
Haanas are compared in Table 41 with 
those of temperate U.S. and New Zealand 
marine wilderness areas. The stated visitor 
management goal of these areas is to 
provide recreational opportunities while 
maintaining wilderness values. All areas have 
backcountry visitation and rely on GIS to 
manage spatial visitor data on their extensive 
shorelines. Gwaii Haanas is the only area 
with a mandatory orientation program for 
visitors. Gwaii Haanas and Glacier Bay (U.S.) 
limit group size on shore at any one time 
while group size in Fiordland (New Zealand) 
is based on zoning ("management settings"). 
Gwaii Haanas has a flat yearly visitor quota 
for all visitor types while Glacier Bay limits 
visitation according to activity type and 
Fiordland according to zone. Gwaii Haanas' 
unique indigenous (Haida) tour operator 
allocation reflects the park's cooperative 

management. While Gwaii Haanas does not 
permit cruise ships, Glacier Bay has enormous 
cruise and tour ship visitation (from which 
it makes $6 per head) and Fiordland has no 
restriction on cruise ships (guests do not go 
ashore), but does not monitor this closely. In 
summary, each park uses a different suite 
of management criteria for backcountry 
visitation with some dramatically different 
outcomes such as cruise ship visitations 
between Gwaii Haanas and Glacier Bay. 

3.10.1.5. Future Research 

Three visitor management issues require 
further scrutiny for Gwaii Haanas. The 
first is that of the experiences of commercial 
tour clients. As stated earlier, clients on 
commercially guided trips were given 
trip logs to complete beginning in 2004. 
Initial results show that average ratings for 
perceptions of crowding by different vessels 
were similar with independent visitors 
and tour clients. There were differences, 
however, as to when and where the two 
groups felt crowded. During the peak 
period, independent travelers had a greater 
tendency to feel crowded by motorboats 
and kayaks than commercial tour clients. 
This may be because tour operators often 
communicate amongst themselves to 
coordinate their visits to various locations 
to avoid encounters. More study is needed 
to understand the different perceptions 
of crowding between the two groups. 

The second issue is acquiring a better 
understanding of effects of human-wildlife 
interactions. Preliminary GIS analyses of 
visitor data show that, in 2001, 25% of all 
seabird colonies and 20% of Peale's Peregrine 
Falcon (Falco peregrinus peali) eyries (nests) 
were located within 500 m of camping or 
mooring sites (Naujokaitis-Lewis 2004). 
Further, the analysis showed that, in July 
2001, 83% of all seabird colonies received at 
least one visit within 500 m. Whether the 
proximity of such visits affect wildlife requires 
further study, but there is an extensive 
literature in this field to draw upon. 
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Table 41. Comparison of backcountry and commercial tour vessel visitor management attributes of Gwaii 

Haanas with those of coastal parks in the United States and New Zealand for 2004 (data courtesy of; D. 

Nemeth and R. Salazar, Glacier Bay National Park and Preserve, U.S. Parks Service and M. Harbrovv, 

Department of Conservation, New Zealand). 

Attribute Gwaii H a a n a s 
Glacier Bay Nat ional Park 
and Preserve, AK, U.S.A. 

Fiordland Nat ional Park, 
New Zealand 

Backcountry visitors 

GIS visitor database 

Length of shoreline 

Area of lands 

Visitor orientation 

Group Size Limits 

Commercial operators ' quota 

Independent travelers ' quota 

Indigenous operators ' quota 

Restrictions on cruise ships 

2,155 persons; 
9,572 days or nights 

Yes 

1,700 km 

-1/500 km2 

Mandatory 

12 people on shore 
at any one time 

11,000 day/nights 

11,000 day/nights 

11,000 day/nights" 

Not permitted 

1,730 persons 

Yes 

1,907 km 

-13,050 km2 

Voluntary 

12 people on shore at 
any one time 

Limited by activity 

Limited by activity 

None 

202 cruise ship ' visits 
plus tour vessel' visits 

500,000 visitor days 

Yes 

Unavailable 

-13,000 km2 

None 

Limits by "visitor 
management setti}igs" 

Limits by "visitor 
management settings" 

Limits by "visitor 
management settings" 

None 

None 

1 the coast of Fiordland is wilderness but the landward edge of the park has road access points and there are towns in the park as well; 
overall, the park receives 1.5 million visitors annually and likely much of the "backcountry" visitation is day-hiking rather than 
self-sufficient camping 

2 Group size limits in Wilderness Management Settings 
Wilderness Areas - maximum group size 7 
Remote Experience Areas - maximum group size 7 to 16, depending on activity 
Backcountry - maximum group size 12 to 20, depending on activity 
High Use Tracks (trails) - no group size limit, but daily limits according to each track 
Frontcountry - no limits 

3 Visitor quotas by activity for commercial operators and independent visitors 
Sea Kayaking - 24 guided commercial trips / 24 trips for independents 
Hiking - 3 trips pre year per company 
River rafting - 32 commercial trips / 32 trips for independents 

4 Visitor quotas for commercial operators by visitor management settings 
Wilderness Areas - 1 group of 7 weekly 
Remote Experience Areas -1 group of 7 weekly 
Backcountry Hiking -1 group of 12 daily, no off-trail permitted 
High Use Track - limited by hut space of 40 to 92 daily 
Frontcountry - no limits 

3 Visitor limits for independent travelers same as for commercial operators, except that off-trail hiking is allowed at 1 group of 7 daily 
6 for Haida-run operations 
7 338,426 visitors on 202 "cruise ship" (> 100 tons ) visits (maximum of two allowed daily), plus -30,000 visitors on "tour vessels" (<100 

tons) with a peak season of June 01 to August 31; cruise ship visitors are not considered backcountry visitors 

The third issue is assessing effects of 

anchoring and effluent discharge in the 

most popular overnight anchorage areas. 

Areas around SGang Gwaay and Gandl K'in 

Gvvaaayaay have been examined using side-

scan sonar and subtidal habitat assessments. 

No significant damage to ecological or 

cultural features was attributed to anchoring. 

However, other sites have not been evaluated. 

In closing, there would be advantages of 

NMCA establishment to protecting coastal 

areas, including the ability to manage 

water-borne visitor activities. This, in 

turn, could help control of point-source 

marine pollution, access by cruise ships and 

protection of particularly sensitive intertidal 

sites (culturally or ecologically). The AMD 

has the information system in hand and 

sufficient visitor management experience 

to ensure that Gwaii Haanas provides 

quality wilderness opportunities for visitors 

without compromising the coastal zone's 

ecological or social carrying capacities. 

117 



3.11 COASTAL ENVIRONMENTAL NON
GOVERNMENTAL ORGANIZATIONS 
(NGOs) 

N.A. Sloan 

Marine conservation has lagged behind, and 
borrowed ideas from, terrestrial conservation 
(Barr and Lindholm 2000). Similarly, 
terrestrial conservation has dominated the 
public profile of environmental NGOs until 
the late 20"' century. For example, it was 
not until 1998 that the World Wildlife Fund 
(WWF) and the World Conservation Union 
(IUCN) issued their combined marine policy 
(WWF/IUNC 1998) with the following goals: 

• to maintain the biodiversity and 
ecological processes of marine 
and coastal ecosystems; 

• to ensure that any use of marine resources 
is both sustainable and equitable; and 

• TO restore marine and coastal ecosystems 
where their functioning has been impaired. 

Now, however, there are many focused global 
NGO marine conservation initiatives such as 
the Census of Marine Life [ht tp: / /www.coml. 
org] and the Pew Institute for Ocean Sciences 
[http://www.pewoceanscience.org]. As well, 
World Wildlife Fund's global marine program 
has set a target of an established network of 
effectively managed marine areas covering at 
least 10% of the Earth's oceans by 2020 (WWF 
2005). So, there has been rapid growth in the 
international NGO marine conservation sector 
as it catches up to the historical preoccupation 
with terrestrial conservation. This burgeoning 
NGO commitment to marine conservation 
is particularly dramatic in the U.S. (Helvarg 
2005), but also manifested nationally in 
Canada. An example is the innovative 
World Wildlife Fund-Canada framework for 
planning representative protected areas (Day 
and Roff 2000) as part of their strategic 10-
year commitment to marine conservation. 

In Pacific Canada, there are now numerous 
NGOs with marine conservation policy 
positions. For instance, the Sierra Club-
British Columbia advocated for an effective 

system of marine protected areas (Wallace 
and Boyd 2000). This growing marine 
commitment by NGOs includes closer ties 
with First Nations. For example, there is 
the 2002 memorandum of understanding 
(Watershed Watch) between NGOs and First 
Nations on fish and fisheries issues initiated 
by the British Columbia Aboriginal Fisheries 
Commission. This Commission is committed 
to fisheries reform with appreciably 
increased management and ownership 
roles for First Nations (Jones et al. 2004 b). 

Through marine education, public outreach 
and community-based work, NGOs are 
enhancing public marine environmental 
literacy and awareness erf specific issues 
such as salmon net-pen mariculture. Besides 
science-based issues of marine biodiversity, 
area protection, offshore oil and gas and 
geospatial planning (e.g., Ardron 2003; 
Rutherford 2004), NGOs are also prominent 
in discussions of reform in coastal forestry 
(Coady 2003) and coast-wide fisheries and 
aquaculture (e.g., Glavin 2001; Wallace et al. 
2002; Ecotrust Canada 2004; Tank 2004). 
The technical capabilities of NGO marine 
science has grown enormously in recent 
years and NGOs are both producing their 
own technical material and collaborating 
with government agencies and universities as 
partners in science. An example of this is the 
marine ecosystem spatial (GIS) analyses for 
the British Columbia Ministry of Sustainable 
Resource Management led by the Living 
Oceans Society (Ardron 2003). In 2004, NGOs 
established the Pacific Marine Analysis 
and Research Association (PacMARA 
[http://www.pacmara.org]) to technically 
support an ecosystem-based approach to 
marine planning, conservation and resource 
use between all coastal sectors. In 2005, 
several British Columbia NGOs partnered 
to produce a new web site [h t tp : / /www. 
oceansonline.ca/] dedicated to Pacific marine 
conservation and another related to salmon 
stewardship [http://www.salmonopolis.ca]. 

Indeed, there are so many coastal 
organizations and initiatives that the NGO 
community formed the Pacific Marine 
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Conservation Caucus in 2003 to act as a 
focused conservation sector stakeholder 
interest in formal DFO coast-wide consultative 
processes (C. Orr, Watershed Watch, personal 
communication). For the Pacific Region of 
DFO, there has been an evolution towards 
openness in consultation practices (DFO 
2004 c; Hartling 2004) directly relevant to 
increased NGO participation in fisheries 
management decision-making (Table 42). In 
science consultation, for example, individual 
NGOs will be able to participate as full 
Pacific Science Advice Review Committee 
sub-committee members that annually 
review the Pacific region's science. 

There are specific NGO marine conservation 
objectives for the northern British Columbia 
coast. An example is the project towards 
understanding the limits of coastal ecosystems 
to support communities towards a sustainable 
"conservation economy" (Ecotrust Canada 
2001). Further, WWF-Canada has made a 
long-term commitment to the north coast 
through establishing their Pacific Regional 
office with four staff in Prince Rupert and 
having a representative resident on Haida 
Gwaii to coordinate on-island conservation 
programs. Initiatives out of the Prince 

Rupert office include a science overview 
on DFO's proposed Bowie Seamount 
marine protected area (AXYS 2003) and 
a commitment to work with north coast 
communities in marine planning. 

On Haida Gwaii, NGOs played a central 
role in the creation of the terrestrial Gwaii 
Haanas National Park Reserve (Sewell et al. 
1989; Broadhead 1989; May 1990). With that 
in hand, a number of NGOs are now helping 
inform the public on marine conservation. 
For example, eight NGOs (four of them 
local) have appreciably contributed to on-
island marine bird knowledge and protection 
(Harfenist et al. 2002, p. 10). Some NGOs 
have also played a key role in northern 
abalone stewardship including development 
and implementation of a community action 
plan, public outreach and school programs 
(Jones at al. 2004 a). The mandates and 
contributions of local NGOs relating 
particularly to coastal and linked land-sea 
issues are listed in Table 43. Clearly, the 
coastal zone with its transitional habitats, 
are an important focus for these NGOs. 

In summary, the profile of environmental 
NGOs in marine conservation coast-wide 

Tabic 42. Chronology of changes in the Fisheries and Oceans Canada (DFO), Pacific Region consultation 
processes relevant to increased involvement of non-governmental organizations (NGOs) (information 
courtesy of A. Cass, J. Hartling, A. Macdonald, DFO). 

Year Notes on consultation practices relevant to NGOs 

1999 Pacific Science Advice Review Committee's (PSARC) terms of reference altered to reflect greater 
inclusion of members of interest groups (including NGOs) as "observers" to individual sub-committees 
(such as salmon, shellfish, groundfish) that review the science executed in support of fisheries) 

2000 Pacific Region the first DFO region in Canada to establish a Consultations Secretariat to focus, improve 
and expand consultation processes on the broad regional mandate of DFO including: external 
stakeholders (such as NGOs), First Nations, fisheries science and management, oceans management 
planning, Canadian Coast Guard, aquaculture, etc. 

2004 Integrated Harvest Management Committee structure created to enable a more inclusive and 
transparent consultative process for fisheries management (including NGOs); the first such committees 
created were for salmon and pelagics (main species Pacific herring), with others to follow; this new 
structure enabled expansion from the limited participation in the old management Advisory Committees 

2005 PSARC process to open further, by which knowledgeable "observers" (including members of NGOs) will 
become full sub-committee members that receive documents to review before meetings and prepare 
analyses that will become part of the official PSARC record 

1 the outcomes of both these Committees feed into the annual Integrated Fisheries Management Plan formulation for each fishery 
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Table 43. The contributions of local non-governmental organizations (NGOs) to marine and coastal 
conservation issues in the Haida Gwaii region. Information on the Laskeek Bay Conservation Society is 
provided in the case study later in the coastal NGO section. 

has recently increased enormously in 
British Columbia. There are more ways 
now for NGOs to participate in marine 
science besides their traditional roles in 
conservation advocacy, education and public 
awareness. Government agencies, such as 
DFO, are now enabling formal recognition 
and direct involvement of NGOs at the 
centre of fisheries science and management 
decision-making. An outstanding example 
of NGOs and marine science for Haida Gwaii 
is provided in the following case study. 

3.11.1. Coastal NGO Case Study: Laskeek 

Bay Conservation Society 

C. Epners and G. Martin 

The Laskeek Bay Conservation Society 
(LBCS) is an environmental NGO with a 
coastal focus. The volunteer-driven LBCS 
was established in 1989 with headquarters in 
Queen Charlotte. The Society now employs 
two seasonal field staff to assist research and 
interpretation and a year-round administrator 
responsible for fundraising, field support 
and operations. The LBCS has a field station 
on the eastern of the two Limestone Islands, 

Organization Mission Contributions 

Delkatla Sanctuary Preservation of the Delkatla Wildlife Restoration and protection of Delkatla Wildlife 
Society, Masset Sanctuary (a tidal wetland adjacent Sanctuary, establishment of the Delkatla Interpretive 

to Masset) through education and Nature Centre, species list publication, Christmas Bird 
public awareness Counts 

Ecotrust Canada, Promoting a conservation Working with the Haida Nation in G1S training and 
Masset economy in which development capacity building for field inventory, resource 

improves social and environmental analyses and modeling through the Haida Mapping 
conditions program that also supports legal referrals, traditional 

Haida knowledge gathering and research 

Gowgaia Institute, Promotion of sustainability by Community networking, communications, public 
Queen Charlotte encouraging informed public speaker series, Spruceroots publication, GIS-based 

dialogue in the search for solutions mapping and analyses, land use planning 

Hecate Strait Stream Restoration of stream spawning Salmonid stream habitat assessment, enhancement 
Keepers, Queen habitat to support historic and restoration through public education, school 
Charlotte salmonid (Oncorkynckus spp.) programs, public field trips, many small-scale stream 

population levels by using local projects (particularly in Skidegate Inlet) and some 
knowledge and expertise large projects such as the Lyell Island stream 

restoration in cooperation with Gwaii Haanas 

Tlell Watershed Conservation of the Tlell River Protection and stewardship of the Tlell River 
Society, Tlell watershed through ecologically watershed including salmonid and Marbled Murrelet 

sound management of human (Brachyramphus marmoratus) habitat assessments, coho 
activities by long-term planning salmon (Oncorkynchus kisutch) spawner counts, public 
and public education outreach including summer education programs, 

development of interpretive trails and sport fishing 
creel surveys 

World Wildlife Fund- Promotion of community and Marine Matters Oceans Outreach, school education 
Canada, Tlell ecosystem-based marine use programs, website [www.marinematters.org], 

planning publications, British Columbia Groundfish Atlas, Haida 
Gwaii marine use atlas, on-island programs are also 
facilitated through the regional office in Prince Rupert 
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Figure 51. Map of the Cumshewa Inlet to Juan Perez Sound area showing the locations of 66 black oystercatcher 
(Haemotopus bachmanî) nests ( A ) recorded by the Laskeek Bay Conservation Society in 2004. 
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Laskcek Bay (Figure 51) from where it has 
conducted an annual field season (usually 
April to July) since 1990, pursuing a long-
term program of monitoring, research and 
interpretation. Eastern Limestone Island's 50 
ha support four species of nesting seabirds, 
a diversity of forest birds and many marine 
mammals frequent the surrounding waters. 
Volunteer, visitor and student programs 
allow the public to be directly involved in 
LBCS research and monitoring programs. The 
Society's goal is involvement of the public 
and students in défendable "citizen science" 
that fosters increased environmental literacy, 
local community support for environment 
and improved conservation management. 

The Society productively works with tire 
Research Group on Introduced Species, 
School District 50 (for Haida Gwaii), Gwaii 
Haanas, Canadian Wildlife Service (CWS), the 
Council of the Haida Nation's Haida Gwaii 
Watchman and Haida Fisheries Programs 
and the Qay'llnagaay Interpretive Center 
currently under construction. Since the 
Society's inception, Dr. Tony Gaston of CWS's 
National Wildlife Research Centre, Ottawa 
has been LBCS's senior science adviser. 

3.21.1.1. Research 

The Laskeek Bay Conservation Society has 
a broad interest in research and monitoring 
at the interface of coastal forest and marine 
ecosystems. The primary research areas 
have been seabird and forest bird ecology 
and effects of introduced species on small 
islands; for which as annual sience review 
is produced (e.g., Gaston 2004 a). Over the 
past 15 years, LBCS has expanded its research 
programs and broadened the geographical 
range of its work. As an example of the 
breadth of the Society's science activities, a list 
of projects for 2004 is provided in Table 44. 

The Society's flagship project is Ancient 
Murrelet (Synthlihorainpluts anticjtius) research. 
Haida Gwaii supports -50 % of this species' 
world population. At the outset, the Society 
wanted to build upon the 6-year Ancient 
Murrelet breeding and nesting study initiated 

by Dr.Gaston in the 1980s on Reef Island 
(Figure 51). These seabirds spend most of 
their lives at sea, coming ashore only for 
a few days annually to nest in forest floor 
burrows. The chicks are not fed at the nest, 
and at 2 to 3 days of age they leave at night 
by running towards their calling parents 
just offshore and thence to open waters. 
The life history of this unusual species on 
Flaida Gwaii is reviewed in detail elsewhere 
(Gaston 1992; Harfenist et al. 2002). 

The LBCS supports a program of banding 
Ancient Murrelet chicks and adults, 
monitoring burrows, and counting the 
number of birds in the gathering areas 
seaward of the colony. An example of the 
time-series data is provided in Figure 52. 
Through these programs, LBCS examines 
interannual variation in breeding success, 
timing of breeding, chick and adult mass, 
recruitment of new nesting pairs to the 
island and survivorship. The Society has 
banded over 10,000 individuals. Including 
Dr. Gaston's data, there are now 20 years of 
data on Ancient Murrelet breeding success 
enabling long-term population trend analyses. 
Reef and eastern Limestone Island data 
revealed that Ancient Murrelet chick mass at 
departure affects both subsequent survival 
and age at first breeding (Gaston 1997, 2003). 
As well, chick mass at departure was lower 
than normal in the warmer (El Nino) ocean 
year of 1998 (Gaston and Smith 2001). 

Figure 52. Annual counts of Ancient Murrelet 
(Si/nthliboraniplius antiquus) chicks caught at 
eastern Limestone Island, 1990 to 2004. The bold 
line is the mean number of chicks and the fine lines 
are one standard deviation from the mean. 
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Table 44. Field research and monitoring programs undertaken by the Laskeek Bay Conservation Society in 
2004. 
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Project Description Sampling Frequency; Time Period 

Ancient Murrelet chick survey, east Limestone Island Colony: count, Nightly; May to mid June 
weigh and band 

Ancient Murrelet on-water gathering, Cabin Cove east Limestone Nightly; May to mid June 
Island: count birds landing or taking off of waters seaward of the 
colony at dusk 

Nearshore Transect Surveys, Transects between the Laskeek Bay Biweekly; May to July 
Islands, and from Cumshewa Rocks to Kingsway Rock: record marine 
bird and mammal species counts 

Offshore Transect Surveys, Hecate Strait Transects; Offshore from Reef Biweekly; May to July 
Island and Skedans Islands: record marine bird and mammal species 
counts 

"SeaWatch" at Lookout Point, east Limestone Island: record marine 2 to 3 times weekly, May-July 
bird and mammal species occurrences 

Laskeek Bay Pinniped counts: count all Steller sea lions and harbour Weekly; May to July 
seals at known haul out sites in Laskeek Bay 

Black Oystercatcher monitoring, Cumshewa Inlet to Juan Perez Sound: 2-5 times each site; June to July 
visit all nest sites to count clutches, record hatching success and band 
and weigh chicks 

Laskeek Bay Glaucous Winged Gull census: count the number of adults, Once in each of 5 colonies; June 
the number of nests and clutch sizes 

Cassin's Auklet burrow monitoring, east Limestone Island: monitor for Every 3 days; May to June 
evidence of adults entering and exiting, for presence of chicks 

Storm Petrel nesting survey, east Limestone Island: record number of Calls-daily, nest sites-every 3 days; 
calls and presence of nesting pairs May to June 

Cavity- nest and wildlife tree monitoring, east Limestone Island: record alternate days; May to June 
nesting in all trees, known to be active in the last 5 years, until the 
young have fledged 

Birds of prey, East Limestone Island: record presence/absence of Biweekly; May to July 
nesting Bald Eagle, Peales's Peregrine Falcon, Northern Saw-whet Owl, 
Sharp Shinned Hawk, Common Raven 

Laskeek Bay all-species bird checklist: records all bird species seen Daily; all field season 

Plant inventory, east Limestone Island: record presence, abundance, Opportunistically; May to June 
blooming dates of species. Search known locations of rare plants: 
record blooming dates, number of individuals, signs of browsing. 

Pigeon Guillemot nest-box monitoring, Lookout Point, east Limestone Once; July 
Island: egg counting and measuring 

Introduced deer exclosures on east Limestone Island: maintenance and Opportunistically; June 
monitoring for vegetation changes 

Introduced red squirrel population monitoring on east Limestone Weekly; May to June 
Island: record numbers along fixed transects 

Nighttime Raccoon survey of east and west Limestone Islands and 2 to 3 times; May 
Louise Island: record intertidal occurrences 



In the early 1990s, raccoons (Procyon lotor) 
got to eastern Limestone Island and LBCS 
documented the effects of their prédation 
on the Ancient Murrelet population and 
demonstrated a link between raccoon 
prédation and seabird population decline. 
Raccoons have since been eradicated from 
the island by the British Columbia Ministry 
of Water, Land and Air Protection and 
monitoring vigilance will warn of further 
raccoon incursion. Recognizing the need to 
further study the effects of introduced species, 
LBCS initiated partnerships and helped form 
the Research Group on Introduced Species; 
a consortium of government, university and 
NGO researchers and managers, studying the 
impacts of introduced deer and squirrels on 
the islands ecosystems (Gaston et al. 2006). 
LBCS facilities, staff and volunteers support 
Research Group on Introduced Species 
studies, many of which are concentrated in 
the Laskeek Bay area. The LBCS also provides 
a key communications link by making the 
results of the research understandable and 
relevant to the public and by communicating 
research findings to the forest companies that 
manage large portions of Haida Gwaii lands. 

In 2004, in collaboration with Gwaii Haanas, 
the LBCS significantly expanded its research 
range with Black Oystercatcher (Haematopus 
bachmani) monitoring to islands off of the 
east coast of Lyell Island and southward to 
Ramsay Island, Juan Perez Sound (Figure 
51). Forty three active nests in Juan Perez 
Sound and 23 in Laskeek Bay were counted 
and mapped, egg production recorded, 
hatching monitored, chicks banded and 
feeding documented. Building on 10 years 
of Black Oystercatcher work in Laskeek Bay, 
these data begin a time series on breeding 
population and estimates of productivity 
towards an ecological baseline against 
which, over time, changes in rocky intertidal 
ecosystems could be detected. Essentially, 
Black Oystercatchers' confinement to the 
rocky intertidal renders them sensitive 
to changes in this ecosystem and it is an 
appropriate sentinel species for monitoring 
rocky intertidal well-being. Changes in Black 
Oystercatcher population status caused, 

for example, by shoreline oil pollution are 
well known from the EXXON Valiez oil spill 
(Peterson 2001, p. 64). So, there could be a 
role for this species given the prospect of 
regional offshore oil and gas development 
discussed later in the Effects of Oil section. 

The LBCS also has focused monitoring 
programs for its area on Cassin's Auklet 
(Ptychoramphns aleiiticus), Peale's Peregrine 
Falcon (Falco peregrinus pealei), Glaucous-
winged Gull (Larus glaucescens), woodpeckers, 
songbirds, and Steller sea lion (Eumetopias 
jubatus). Additionally, opportunistic 
observations and systematic at-sea 
surveys are used to record other marine 
mammals (e.g., elephant seal (Mirounga 
angustirostris), killer whale (Orcinus oven), 
humpback whale {Megaptera novaeangliae), 
gray whale (Eschrichtius robustus), Pacific 
white-sided dolphin {Lagenorhynchus 
obliquidens)) and sea birds (e.g., Marbled 
Murrelet (Brachyramphus marmoratus), 
Sooty Shearwater (Puffiiius griseus), Black-
legged Kittiwake (Rissn tridacytla)). 

Fifteen consecutive field seasons have 
generated the longest annual data set 
in existence on a sea bird (the Ancient 
Murrelet) on the northern British Columbia 
coast. No government agency has a 
comparable annual dataset from the north 
coast. Besides the time series on sea 
bird breeding success, distribution and 
abundance, there are also time series on 
marine mammals around Laskeek Bay. The 
latter have appreciably contributed to the 
regional marine mammal review by Heise 
et al. (2003). In summary, LBCS's records of 
abundance and distribution of marine birds 
and mammals collected through regular 
sea surveys from 1990 to 2004 provide a 
historic baseline towards assessing changes 
in the Laskeek Bay area marine ecosystem. 

The LBCS manifests its commitment to 
knowledge dissemination through sharing its 
long-term data and producing a newsletter, 
a field log, scientific papers, annual field 
season reports and science summaries, 
conferences and public presentations on 
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research results. For example, the Society's 
Annual Science Report (Laskeek Bay 
Research) contains edited research papers. 
The Society has co-hosted two on-island 
conferences. The Cedar Symposium in 
1996 was conceived as a forum to discuss 
the economic, ecological and cultural 
issues associated with cedar and cypress 
management (Wiggins 1999). The Research 
Group on Introduced Species Conference 
("Lessons from the Islands" - 2002) presented the 
findings of six years research on introduced 
species to island ecosystems and will be 
published by the CWS (Gaston et al. 2006). 

Through its Guest Speaker Series, the Society 
has sponsored 19 public presentations by 
visiting and on-island researchers. These 
promote awareness of local science and 
promote informed public conservation 
debate. As well, there have been three Art 
of East Limestone Island exhibits (1999, 
2001, 2004) which celebrated local art work 
inspired by experiences on the island. 

3.11.1.2. Public Participation and Education 

The participatory volunteer and visitor 
programs are one of the Society's 
distinguishing features. Eastern Limestone 
Island is among the few long-term field 
research camps with such strong focus on 
non-scientist volunteers. A list of the types 
of visitors over the last 15 years is provided 
in Table 45. The volunteer program allows 
for local residents and visitors to spend one 
or multiple weeks working with scientists. 
Volunteers receive instruction in monitoring 
techniques, data collection and record 
keeping to facilitate their participation and 
tangible contribution to the research. Over 
400 people have volunteered on eastern 
Limestone Island, half of whom are local 
residents. Several volunteers have gone 
on to pursue further education in biology 
and many return repeatedly to the camp. 

Project Limestone brings students from local 
schools to eastern Limestone Island during the 
Ancient Murrelet breeding season. Since 1991, 

Table 45. Visitors to Laskeek Bay Conservation Society's eastern Limestone Island field camp, 1990 to 2004. 
Visitors from 10 different nations besides Canada have been hosted. 

Year 

1990 

1991 
1992 
1993 
1994 

1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

2003 
2004 
Total 

"Project Limestone" 
Students 

4 

10 
10 
32 
16 
38 
12 
11 
32 
20 
28 

30 
39 
44 
326 

Teachers 
and /or Leaders 

2 

4 
5 
14 
10 
12 

4 
4 
13 
6 
9 
9 
13 
19 

124 

Volunteer 
Workers 

9 

16 
26 

34 
31 
27 

39 
42 

30 
25 
31 
29 
27 

33 
27 
426 

Commercial Tour 
Group Visitors 

35 

61 
61 
17 
61 
111 

63 
86 
66 
40 
13 
100 
74 
94 
68 
950 

Post-secondary Students 
(graduate or undergraduate) 

2 

1 

2 

3 
1 
1 

2 

13 

1 School District 50 (Haida Gwaii) and local independent school students 
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a 326 students and 124 teachers/leaders from 
all island communities; Haida and non Haida 
have participated in Project Limestone (Table 
45). Students camp at nearby Vertical Point, 
Louise Island (Figure 51), visit Limestone for 
an interpretive program and return after dusk 
to aid the nighttime catching and banding 
of Ancient Murrelet chicks. As well, some 
commercial tour operators bring their clients 
for similar day and nighttime experiences. 
The Society also hosts university students 
who are either completing graduate research 
projects or a field course offered on Reef 
Island in alternating years led by Dr. Gaston. 

The direct experience in the field is key to 
increasing visitors' understanding of linked 
terrestrial and marine ecosystems. Such 
programs instill a positive conservation 
ethic, an awareness of the threat of 
introduced species and a practice of low-
impact behaviour nearby seabird colonies. 
As well, the education programs increase 
public advocacy for island conservation. 
Education programs also provide exposure 
to, and training in, field biology for students, 
volunteers and visitors interested in pursuing 
careeers in biological science, as well as 
experience working in remote wilderness 
settings. The LBCS promotes low-impact 
wilderness living by using designated 
hardened trails, tent pads and a tidally-
flushed latrine and by limiting the size of 
visitor groups and overnight volunteers. 

3. '/1.1.3. Facilitating Change 

One of the Society's enduring achievements 
is its contribution to the Committee on the 
Status of Endangered Wildlife in Canada 
(COSEWIC) evaluation of the Ancient 
Murrelet that led to the species' legal federal 

listing, in November 2004, of "special concern" 
under the Species at Risk Act. The LBCS has 
also helped demonstrate the linkage between 
introduced raccoon prédation and regional 
declines in seabird populations and the 
effects of introduced deer browsing on local 
rainforests. A program to remove deer from 
Reef Island in October 1997 was not widely 
supported by the public. However, public 
education on the effects of introduced species, 
through the Research Group on Introduced 
Species and LBCS efforts, has helped change 
public opinion towards the need for deer 
population management as clearly articulated 
by the community in the 2004 land use 
planning process. Sustained observation in 
Laskeek Bay by LBCS has provided other 
important observations including; the first 
saw whet owl (Aegolius acadicus hrooksi) nest 
record, the first local sighting of a California 
sea lion (Zaloplnis californianus) and several 
unique killer whale photographs. Finally, 
given that Laskeek Bay is biogeographically 
similar to the rocky eastern and southern 
shores of Haida Gwaii, on-going monitoring 
and research by the Society will contribute 
to an improved coastal environmental 
baseline for islanders long into the future. 

In closing, perhaps the most important 
LBCS legacy is the demonstration that 
well directed volunteer participation can 
yield valuable scientific information while 
increasing the public understanding of 
complex environmental issues. This makes 
a substantial contribution to conservation 
progress. The LBCS is a model community-
based environmental NGO whose long-
term commitment to sound citizen science 
builds a sense local ownership and 
involvement towards the needed social 
change underpinning conservation. 
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4. COASTAL ATTRIBUTES OF 
THE HAIDA GWAII REGION 

4.1. GEOLOGY 

J.R. Harper and P.M. Bartier 

This is a brief overview of previous geological 
summaries of Haida Gwaii with special 
reference to the coast (Sutherland Brown 
1968; Sutherland Brown and Yorath 1989; 
Gabrielse et ni. 1991; Barrie et ni. 2005). 
Key elements of the physical framework 
include: basic physiographic and geological 
structure, and stability of the archipelago 
relative to sea level and glacial history. 
Some geological processes of the distant 
past, such as faulting and intrusive rock 
emplacement, still influence the coast. 

4.1.1. Tectonic Framework 

Plate tectonics control the global landscape, 
including the structure and physiography 
of Haida Gwaii. Figure 53 summarizes the 
plate tectonic setting of the Haida Gwaii 
region including an overview of current plate 
movements and major features. Key tectonic 
features are the "pintes", the spreading 
centres from which they originate, and the 
interfaces between plates called "faults". 
Plate systems are continually evolving, so 
that the patterns or processes dominant 
today may differ greatly from those of the 
past. Spreading centres have shifted and 
the relative angle of plate collision zones has 
changed markedly over the past few hundred 
million years. The net effect is that the 
British Columbia land mass is composed of 
"tectonic belts", each of which is a distinctive 
combination of geological characteristics 
representing past major tectonic events. 

In the distant past, there were much greater 
rates of movement along the Pacific coast of 
Canada and mini-plates or "terranes" were 
fused (docked) to the large North American 
Plate (Figure 54), creating essentially a 
continental accretion. The structures and 
geology of these terranes control the major 

northwest-southeast linear orientation 
of the Pacific coast. The terrane-docking 
events represent collisions, so, in addition 
to being strongly aligned, they typically 
have high mountainous relief. Major 
physiographic regions such as the Insular 
Mountains of Haida Gwaii and Vancouver 
Island, the Hecate-Georgia Lowland and 
the Coast Mountains (Holland 1976) are a 
result of the linear orientation associated 
with the terrane-docking events. 

Legend 

Subduction boundary 
(arrows point to overriding plate) 

Seafloor spreading ridge 

Transform fault 

Tectonic Belt boundary (belts are characterized 
by distinctive geology and geomorpholgy) 

Plate motion relative to the North American Plate 

Figure 53. The plate tectonic setting of the Haida 
Gwaii region (based on Sutherland Brown and 
Yorath 1989 and Madsen et al. 2006). The northwest 
-southeast orientation of the tectonic belts indicate 
general terrane-docking (collision) events. 
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Figure 54. Schematic diagram of various terranes, that include Haida Gwaii, and how they docked to the 
North American Plate 90 to 40 million years ago (from Sutherland Brown and Yorath 1989). 

The Haida Gwaii region is seismically 
active (with many earthquakes recorded) 
because of the proximity of a plate 
spreading centre, plate movement along 
the Queen Charlotte Transform fault 
and the convergence of the Explorer and 
North American plates. Movement along 
the Queen Charlotte fault is primarily 
transcurrent (steeply inclined, strike-slip 
movement) but with ~ 20° of oblique 
convergence that indicates either crustal 
shortening or underthrusting of the Pacific 
Plate (Smith et al. 2003; Bustin et al. 2004). 

The primary consequences of plate tectonics 
to the Haida Gwaii coast are the principal 
coastal orientation (northwest-southeast) at 
the western margin of the North American 
plate and the high coastal relief (mountains) 
from plate collision. The high seismic activity 
of the region (Figure 55) contributes to large 
areas of terrestrial instability (BC 2005) and 
to terrestrial and submarine landslides (Prior 
et al. 1984), although there has been little 
inventory of the latter on Haida Gwaii. Barrie 
et al. (2005) indicate that such a submarine 
slump occurred in Tasu Inlet during the 
large 1949 earthquake, generating a tsunami 
within Tasu Inlet and Josenhans et al. (1997) 
document a slump in Logan Inlet on eastern 
Moresby Island. The nature of the oblique 
convergence between the Pacific and North 
American Plates (crustal compression versus 
underthrusting) is key to understanding 

Figure 55. Map illustrating the locations and 
magnitudes of 11,120 earthquakes on the northern 
British Columbia coast, 1985 to 2005 (Earthquakes 
Canada, on-line bulletin, http://seismo.nrcan.gc.ca 
/nedb/bulfe.php, Natural Resources Canada, 
accessed March 21, 2006). 
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the seismic hazard (earthquakes and 
tsunamis) for the Haida Gwaii region 
(Mazzotti et al. 2003). Underthrusting can 
lead to magnitude 8 megathrust earthquakes 
(Bustin et al. 2004) and the tsunamis 
associated with these earthquakes. 

4.1.2. Bedrock Geology 

Most bedrock assemblages on Haida 
Gwaii originated elsewhere and were 
transported to their present location as 
terranes. While it is possible to map tire 
bedrock occurrence, it is very difficult to 
assemble a picture of how the rocks were 
deposited. The general distribution of 
bedrock is shown in Figure 56. The geology 
is more complex to the south and uniform 
to the north, particularly where sedimentary 
rocks of the Skonun Formation dominate 
the northeastern portion of Graham Island 
and volcanic rocks of the Masset Formation 
dominate the western portion. Moresby 
Island includes a complex assemblage of 
volcanic, sedimentary and plutonic (igneous 
intrusive such as granite) rocks, which 
contribute to its coastal geological diversity. 

4.1.2.1. Quaternary Geology 

The Pleistocene Epoch is the geological 
period extending from ~ 1.5 to 2 million until 
-10,000 years ago. The Holocene Epoch 
encompasses the past 10,000 years, which is 
largely the ice-free period on Haida Gwaii. 
The Pleistocene and ITolocene Epochs 
together comprise the Quaternary Period. 

Haida Gwaii was likely glaciated several 
times during the Pleistocene, although there 
is only evidence of the two most recent 
glaciations (Clague 1989). Glaciation on 
Haida Gwaii has experienced considerable 
research (Fedje and Mathewes 2005). In the 
most recent glaciation, there is uncertainty as 
to the seaward extent of the Cordilleran Ice 
Sheet with some estimates extending to the 
edge of the continental shelf (Clague 1991). 
Others (e.g., Barrie et ni. 2005) suggest that 
the ice edge may have been part way across 

Dixon Entrance, Flecate Strait and Queen 
Charlotte Sound (Figure 57). The mainland 
ice sheet almost certainly coalesced with 
the Piedmont glaciers that developed on 
highlands of Haida Gwaii. There may have 
been ice-free réfugia on Plaida Gwaii (Foster 
1965; Heusser 1989), but this hypothesis 
remains conjectural. Rapid ice retreat between 
15,000 and 13,000 BP (Barrie and Conway 
1999) led to large terrestrial exposures of the 
continental shelf currently beneath Flecate 
Strait and Queen Charlotte Sound. Haida 
Gwaii was mostly ice-free by -13,000 BP. 

The glaciations produced prominent 
modifications to the current landscape. River 
valleys were extensively enlarged by valley 
glaciers, particularly on the east coast of 
Moresby Island. Most importantly, extensive 
deposits of glacial tills and outwash were 
laid down in Hecate Strait and along the 
east coast of Plaida Gwaii. These deposits 
include large bank systems in Flecate Strait 
(e.g., Dogfish Bank, Laskeek Bank) and form 
the prominent sea cliffs in the Cape Ball 
region of East Beach. Extensive re-working 
of the glacial deposits during changes in sea 
level has produced both raised (subaerial) 
and drowned coastal landforms alone 
much of the Hecate Strait shoreline. 

Reconstructions of the Hecate Strait - Queen 
Charlotte Sound shorelines for the period 
14,000 to 10,000 BP are shown in Figure 58. 
These indicate the dramatic combined effect 
of post-glacial sea level rise and isostatic 
adjustments (uplift) of the crust due to 
déglaciation. Relative sea level change varied 
within Flecate Strait and Queen Charlotte 
Sound as a result of variations in ice thickness 
and "forebulge" characteristics. A forebulge 
is the land squeezed out in front of a glacier, 
and when the glacier melts the forebulge 
subsides, whereas the land under the melted 
glacier uplifts. Extensive areas of Hecate 
Strait were exposed during this period. Sea 
levels in central Hecate Strait and along the 
east coast of Moresby Island were -150 m 
lower than present day sea level and northern 
Hecate Strait may have been as much as 100 
m lower (Hetherington 2002). Apparently, 
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Legend 
Fault (direction indicated if active) 

Geological Units 

CenozoiC (65 mya to Present) 

Quaternary 

Recent alluvium, Pleistocene till, marine drift 
Upper Eocene to Lower Pliocene 

Skonun Formation • sedimentary rocks 
• • Masset Formation - volcanic rocks 
Eocene to Oligocène 

• Slatechuck Formation - fine clastic sedimentary rocks 
• Kano Plutonic Suite - undivided intrusive rocks 

i H Unnamed subvolcanic rocks - diabase, basaltic dikes 
«*> Unnamed volcanic rocks, Ramsay Island volcanic sequence 

MeSOZOiC (248 - 65 mya) 
Lower Cretaceous to Upper Cretaceous 

Queen Charlotte Group - clastic sedimentary rocks 

Middle Jurassic 

H H Moresby Group - coarse clastic sedimentary rocks 

Middle Jurassic to Late Jurassic 
i M Burnaby Island and San Chnstoval Plutonic Suites - intrusive rocks 
^ B Unnamed metamorphic rocks - orthogneiss 
Upper Triassic to Lower Jurassic 
• • Kunga Group, Maude Group, Yakoun Group - sedimentary, volcanic rocks 

Upper Triassic 
k H Vancouver Group - basaltic volcanic rocks 

PaleOZOiC (543 - 248 mya) 
Pennsylvanian 
• i Chaatl Inlet pluton - quartz diorlte intrusive rocks 

Figure 56. Generalized geology of Haida Gwaii (from Massey et al. 2004) 
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Figure 57. Possible Ice Sheet margins at maximum 
extent (based on Clague and James 2002; Carrara 
et al. 2003; Dyke et al. 2003; Barrie et al. 2005). 
Considerable uncertainty exists as to the seaward 
extent of the ice margins. 

sea level rose from the low around 13,000 
to 12,000 BP (Hetherington 2002) and sea 
cliffs were cut into portions of Dogfish Bank 
off the northeastern and northern shores of 
Graham Island during this process (Clague 
1991; Barrie et al. 2005). Sea level continued 
to rise to -14 to 15 m above the current level 
until -5,000 BP, such that substantial portions 
the Haida Gwaii coast were submerged. 
Numerous relict beach forms from these 
higher sea levels are evident, the most 
prominent of which are the raised beach 
ridges of northeastern Graham Island that will 
be illustrated later in section 7.4. Sea levels 
gradually fell after 5,000 BP to their present 
levels as discussed in sections 3.2 and 4.5. 

The present coastline of Haida Gwaii has 
been submerged, has re-emerged and glacial 
sediments continue to be modified by wave 
and tidal action. Most of the landmass, 
including the coastline, was blanketed by 
glacial till during déglaciation. Glacial till is 
poorly sorted material deposited by melting 
glacial ice and can include materials ranging 

from fine clay to large boulders. As finer 
sediments (clays, silts, sands) have been 
eroded, concentrations of boulder-cobble-
pebble remain along the shore. Of the 60% of 
coastline with some type of sediment cover, 
-48% consists of gravel (boulder-cobble-
pebble) or sand and gravel sediment. The 
dominant sand areas are along northeastern 
Graham Island where glacial outwash 
characterizes the Queen Charlotte Lowlands 
as discussed later in the sandy beach section 
(7.4). In summary, with the exception of the 
modern river deltas, virtually all the coastal 
sediments are re-worked glacial sediments 
laid down as glacial tills or outwash. 

4.2. CLIMATE 

I.J. Walker 

4.2.1. General Climate 

The climate system of Plaida Gwaii is 
complex, being the product of interactions 
between the atmosphere, the hydrosphere 
(oceans, lakes, rivers) and the terrestrial 
biosphere. This climate system continues 
to evolve over time due to its own internal 
dynamics, external forcings (e.g., atmospheric 
and oceanic changes, changes in solar 
inputs) and, more recently, human-induced 
factors such as land use changes (e.g., 
deforestation) and greenhouse gas-induced 
global warming. Perhaps the most dramatic 
arena in which climate unfolds is the coastal 
zone where air, sea and land interface. 

Climate is defined by long-term patterns of 
daily to seasonal weather properties such as 
temperature, precipitation, wind speed and 
direction and solar energy. Following the 
recommendations of the World Meteorological 
Organization, Environment Canada 
calculates "climate normals" or long-term 
average conditions for 30-year periods ending 
in 1930, 1960 and 1990. In light of recent 
climate changes, the World Meteorological 
Organization recommends updating climate 
normals at the end of every decade. Results 
presented here for Plaida Gwaii are from 
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Figure 58. Reconstructions of early Holocene shorelines (-14,000 to 9,000 BP) of Hecate Strait and Queen 
Charlotte Sound based on bathymétrie data, isostatic rebound and sea level considerations (modified from 
Hetherington et al. 2004). These reconstructions are approximate as they have been generated using a 
limited number of sample points (orange dots). 

the two most recent intervals from 1961 
to 1990 and 1971 to 2000 [http:/ /climate. 
weatheroffice.ec.gc.ca/climate_normals]. 
This is useful for comparing daily weather 
observations to "normal" conditions for an 
area to determine how unusual or great 
the departure of observation is from the 
average. This also allows for identification 
of longer-term climate change trends. 

Given the geographic variation of Haida 
Gwaii, there are many "microclimates" that 
cannot be described from the few, dispersed 
weather stations that include Tlell, Rose Spit, 
Langara Island, Tasu Sound and Cape St. 

James. As of 2004, not all stations were active 
or recorded the full suite of climate elements. 
The Sandspit Airport station provides 
the most continuous and encompassing 
(in terms of recorded climate elements) 
record extending back to 1945 and includes 
measurements of temperature, precipitation, 
winds, wind chill, solar radiation, 
humidity, pressure, and cloud cover/ 
visibility. For these reasons, the Sandspit 
climate normals are used in this report. 

Haida Gwaii experiences a "marine west coast 
cool" climate (Koppen classification Cfb) with 
an average annual precipitation of 1,398 mm. 
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Environment Canada climate normals (1971 
to 2000) from Sandspit show that most 
precipitation falls as rain from October to 
April, though appreciable yet short-lived 
snowfall (1 to 2 cm) occurs occasionally from 
December to March. Precipitation occurs, on 
average, -230 days annually with as much as 
15 days of snowfall of >1 cm. June through 
September are the driest months. Extreme 
precipitation events include 79.5 mm per 
day deluges (15 April 1952), thick snowfalls 
(380 mm on 27 January 1996) and extended 
periods of drought (e.g., summer 2004). The 
moderating influence of the Pacific Ocean on 
average temperatures in the area is seasonally 
pronounced with above-freezing average 
daily temperatures of 3.2°C in January (high 
5.6°C, low 0.7°C) to mild-cool summer 
temperatures of 15°C in August (high 17.9°C, 
low 12.1°C). Extreme temperatures range 
from 27.8°C (28 July 1971) to -15.5°C (-26°C 
with wind chill on 26 November 1985). 

In addition to general temperature and 
precipitation, there are a few other climatic 
elements that exert influence on terrestrial 
ecosystems. For instance, "degree-days", 
or the number of Celsius degrees that the 
mean temperature over a month or year 
is above or below a given threshold, is of 
interest. In particular, a threshold of 24°C 
is often used as an index of "potential heat 
stress" to crops and forests. Over the 1971 
to 2000 period, there were no degree-days 
>24°C (i.e., potential heat stress is negligible). 
Another relevant threshold is 5°C, above 
which "growing degree-days" are defined. 
This is used in agriculture as an index of 
crop growth. Haida Gwaii experienced an 
average of 1,462 growing degree-days for 
1971 to 2000, which was up from 1,418 for the 
previous (1961 tol990) average. On average, 
there are 1,495.8 hours of direct sunshine 
annually in Haida Gwaii with monthly 
averages ranging from a maximum in May 
(200.1 hours) to a minimum in December 
(44.6 hours). A threshold of 0°C indicates 
freezing degree-days. Climate normals for 
Haida Gwaii show an average of 28.8 freezing 
degree-days for 1971 to 2000, which is down 
from 38 for the 1961 to 1990 interval. These 

trends in degree-days may be explained in 
part by a general warming trend of +1.2°C in 
the Pacific Coast region over the 1948 to 2004 
period of record [http://www.ecoinfo.ec.gc. 
ca/env_ind/region/climate/climate_e.cfm]. 

4.2.1.1. Wind Climate 

Located at -52 to 54°N, Haida Gwaii is 
situated in what could be called the "furious 
50s", although not per the conventional 
meteorological definition. Similar to the 
"roaring 40s", the furious 50s are intense 
westerly winds located around 50°S that 
occur due to a thermal gradient between 
warm tropical and cold polar air masses, 
which are deflected in the direction of Earth's 
rotation via the Coriolis effect. These tempest 
winds of the South Pacific owe much of their 
magnitude and persistence to an extensive 
open ocean fetch, unlike winds at this latitude 
in the Northern Hemisphere, which are 
impeded by large continental land masses. 
Aside from localized topographic effects 
(e.g., topographic steering, valley funneling, 
slope accelerations), the directionality and 
magnitude of regional winds in Haida 
Gwaii are controlled largely by pressure 
gradients and storms associated with two 
major pressure systems: the Aleutian Low 
and the North Pacific High. These systems 
dominate the northeast Pacific seasonally and 
control many aspects of climate including 
seasonally opposed winds that are typically 
strongest in winter. In the fall, the Aleutian 
Low cyclonic system develops and intensifies 
causing a counter clockwise circulation of 
surface winds. This brings frequent strong, 
moisture-laden SVV through SE winds up 
Queen Charlotte Sound and Hecate Strait 
from October through to April. Come May, 
as the Aleutian Low diminishes and retreats 
to the NW, the North Pacific High expands 
and intensifies. During the summer, higher 
atmospheric pressures, clearer skies, less 
frequent precipitation, and W through NW 
winds dominate climate in Haida Gwaii. 

Table 46 lists annual average, maximum 
hourly and maximum gust wind speeds and 
directions from weather stations on Haida 
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Gwaii. At Sandspit, average annual wind 
speed is 5.3 m per sec (19.1 km per hour 
or 10.3 knots) and in Hecate Strait winds 
average 8.5 m per sec (31 km per hour or 
16.5 knots) and average directions are from 
the SE through S respectively. Winds are 
very persistent in the region with <1% calm 
conditions measured in Hecate Strait. At 
Cape St. James, the wind speed average is 
similar (8.6 m per sec) but the dominant 
direction is W due to a greater exposure of 
this station to the open North Pacific. At 
Langara Island, the maximum hourly wind 
speed is 35.8 m per sec (128.9 km per hour 
or 69.6 knots). Given the remote location 
and extreme winds at this station, data are 
not continuous and preclude determination 
of average conditions. Extreme winds are 
common to Haida Gwaii as indicated by a 
maximum hourly windspeed of 49.2 m per 
sec (177 km per hour or 95.6 knots) at Cape St. 
James. The winds of Haida Gwaii are some of 
the strongest and most persistent in Canada. 

Figure 59 shows the average annual wind 
rose for Haida Gwaii derived from wind data 
from the met station at Rose Spit, 1995 to 
1999. This station was selected for ongoing 
coastal geomorphology research on northeast 
Graham Island [www.geog.uvic.ca/BLAST] 
as it has <2% missing data over this interval. 
The wind regime in Haida Gwaii is seasonally 

Figure 59. Mean monthly wind speeds derived 
from Environment Canada data at Rose Spit 
(1995 to 1999). 

opposed, having a bimodal wind rose. 
Average monthly wind speeds range from 
6.37 m per sec in August to 9.68 m per sec 
in December. The strongest winds (>18 m 
per sec) are from the SE and occur 27% of 
the time annually, with greatest occurrence 
in February and October. Seasonally, strong 
fall and winter (September to April) SE 
winds blow frequently and exceed 18 m 
per sec (65 km per hour or 35 knots) 3.5% 
of the time. From May through August, W 

Table 46. Wind speed statistics from weather stations around Haida Gwaii. 

Station (period 
of observations) 

Sandspit Airport" 
(1945-2001) 

Hecate Strait 
(1970-1992) 

Cape St. James" 
(1925-2001) 

Langara Island" 
(1936-2001) 

Average windspeed 
(m per sec) 

[dominant direction] 

5.3 
[SE] 

8.5 
[S] 

8.6 
[NW] 

no data 

Maximum hourly windspeed 
(m per sec) 

[dominant direction] 

38.1 
[SE] 

26.4 
[S] 

49.2 
[SE] 

35.8 
[SW, W] 

Maximum gust 
(m per sec) 

[dominant direction] 

45.6 
[SE] 

no data 

53.6 
[SE] 

41.1 
[W] 

1 1 m per sec = 3.6 km per lir = 1.6 knots 
2 source: Environment Canada, Canadian Climate Normals 1961 to 1990 and/or 1970 to 2001 

(http://(www. climate. \veatheroffice.ec.gc.ca/climatc\jiormals) 
3 source: 1970 to 1992 data from DFO-MEDS Wind & Wave Climate Atlas 

(http://www.meds-sdrnm.dfo-mpo.gc.ca/alphapro/wave/ iT7X!Atlas/TOCAtlasWC.htm) 
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to NW winds are most frequent (15% of the 
time) and are usually slower (6 to 12 m per 
sec with no recorded winds >18 m per sec). 
Other modes in the wind regime include 
moderate (6 to 18 m per sec) winds from the 
S and E, as well as less frequent (<2%) but 
high winds (>18 m per sec) from the ESE. 

For this period, 67% of all winds were 
above the wind erosion threshold of 6 m 
per sec (Fryberger 1979). Despite high 
amounts of precipitation, these winds move 
considerable amounts of coastal sands 
onshore to maintain active dune systems that 
serve as distinct habitat, for both plants and 
animals, and act as important buffers against 
storm surges and ongoing sea-level rise. 

4.2.2. Climate Variability and Change 

Significant, rapid changes in global climate 
have been observed in response to increases 
in atmospheric greenhouse gas emissions, 
which trap heat energy in Earth's atmosphere. 
Known as the "greenhouse effect", this has 
resulted in a global warming of surface air 
temperatures of ~0.6°C over the 20th century 
(Speth 2004). Globally, the 1990s were the 
warmest decade on record and 1998 was 
the warmest year. The climatic responses 
to the greenhouse effect are not isolated 
to temperature alone and also include 
widespread effects to Earth's hydrological 
system including: decreases in global snow 
and ice cover (by 10% since the 1960s), shifts 
in the amount and timing of precipitation 
and river flows (including increases in floods 
and drought), and a projected rise in global 
ocean levels by 9 to 88 cm by 2100. Many of 
these changes are attributed to the distinct 
and increasing effects of human activities 
(e.g., industrialisation, massive land use 
changes, fossil fuel burning and greenhouse 
gas emissions) on Earth's carbon cycle and 
atmospheric gas composition since the 
Industrial Revolution initiated in the 1800s. 

Observed climate changes and anticipated 
effects are now of international concern. 
In 1988, the United Nations Environment 
Program and the World Meteorological 

Organization recognised the potential 
magnitude of problems that could be 
associated with future climate changes and 
established the Intergovernmental Panel 
on Climate Change. The goal of this Panel 
is to assess and evaluate the scientific, 
technical and socio-economic aspects 
of human-induced climate changes and 
from this develop options for adaptation 
and mitigation. To this end, hundreds of 
international members working in three 
Working Groups and a Task Force are 
examining various aspects including climate 
change science, vulnerability reduction 
and greenhouse gas emissions. The most 
recent assessment report was published in 
2001 and was based on an extensive review 
of scientific and social science research on 
climate change. All reports and results are 
available online [http://www.ipcc.ch]. 

At the 1992 Earth Summit in Rio de Janeiro, 
over 150 countries signed the United Nations 
Framework Convention on Climate Chanee 
that, in Article 1, defines climate change as: 

"... n change of climate which is attributed 
directly or indirectly to human activity that alters 
the composition of the global atmosphere and 
which is in addition to natural climate variability 
observed over comparable time periods." 

As such, the United Nations Framework 
Convention draws a distinction between 
"natural" climate changes and those 
attributable to human activities that alter 
Earth's atmospheric composition. It also 
recognises shorter-term "climate variability" 
and longer-term climate changes as 
integral components to climate change. 

Longer-term climate change is defined by 
a statistically significant variation in the 
mean state of key climate elements over an 
extended period of decades to centuries. The 
Intergovernmental Panel on Climate Change 
defines a climate change horizon of 2100 
over which future climate change scenarios, 
impacts and adaptation strategies should be 
developed. Climate variability is defined by 
shorter-term (i.e., seasonal to inter-annual) 
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statistically variations in average climate 
conditions and includes shifts in inter-
annual means and /o r standard deviations in 
climate elements, as well as changes in the 
frequency a n d / o r magnitude of extremes. 
Climate variability is experienced on various 
spatial scales (i.e., locally to regionally) 
and on temporal scales typically longer 
than that of individual weather events. 

Climate variability and change may occur 
by way of natural processes internal to the 
climate system (e.g., ocean-atmosphere heat 
exchanges), external forcings (e.g., changes in 
solar radiation inputs), and persistent human-
caused changes to the climate system. Thus, it 
is important to stress again that some climate 
change responses are natural and have been 
occurring for thousands of years (e.g., ice age 
cycles). As the Intergovernmental Panel on 
Climate Change recognizes however, recent 
rates of change in global air temperature, for 
example, are occurring at rates faster than any 
seen in the last 10,000 years, largely due to the 
effects of human activities on Earth's surface 
and atmosphere. It is also believed that both 
the frequency and magnitude of climate 
variability events (e.g., floods, droughts, 
storms) may be increasing. Of concern for 
the future is that these changes and effects 
are expected to persist for centuries beyond 
the Intergovernmental Panel on Climate 
Change 2100 horizon, even for the least 
dramatic scenarios [http://www.ipcc.ch]. 

4.2.2.1. Climate Variability Patterns 

Haida Gwaii experiences significant 
inter-annual variations in climate over a 
range of time periods. In particular, there 
are two large-scale variability patterns 
that exert significant external forcing on 
the regional climate system, the El Nino 
- Southern Oscillation (ENSO) and the 
Pacific Interdecadal Oscillation. These 
patterns are mostly natural constituents 
of the global climate system, and they 
are superimposed on, and affected 
by, longer-term climate change. 

4.2.2.2. El Nino-Southern Oscillation (ENSO) 

El Nino is a warm ocean current in the 
eastern tropical Pacific Ocean that flows 
periodically toward the coast of Ecuador 
and Peru, typically in December (Figure 60). 
This phenomenon is thought to result from 
a disruption in the normal trade wind 
pattern in the equatorial Pacific. In "normal" 
years, these winds move westward toward 
Indonesia and Australia carrying warm 
surface waters and promoting upwelling of 
cooler waters along the north coast of South 
America. In El Nino years, the trade winds 
are reduced or even reversed, which moves 
warmer waters toward the coast of South 
America, raises water temperatures and 
inhibits upwelling. For centuries, local fishers 
have documented El Nino events by noting 
dramatic disruptions to local fisheries. This 
is because upwelling is a very important 
océanographie process for nutrient exchange 
and productivity of marine ecosystems. 

The El Nino phenomenon is associated with 
fluctuations in the intertropical atmospheric 
pressure pattern as well as changes in the 
resulting circulation of the Indian and Pacific 
Oceans. This larger scale pattern is known 
as the Southern Oscillation. During an El 
Nino, when waters of the eastern Pacific are 
warmer, sea level pressure drops relative to 
the western Pacific. This reduction in the 
sea-level pressure gradient is what drives 
the weakening of easterly equatorial trade 
winds, which control related ocean currents. 
The intensity of the Southern Oscillation is 
characterized by the Southern Oscillation 
Index, which is a measure of the pressure 
difference in the southeast tropical Pacific 
(at Tahiti) and the Australian-Indonesian 
region at Darwin, Australia [www.cpc.ncep. 
noaa.gov/products/analysis_monitoring/ 
ensocycle/soi.html]. This coupled 
atmosphere-ocean phenomenon is collectively 
known as the El Nino - Southern Oscillation 
(ENSO) and is the most significant and 
widespread phenomenon to cause global 
climate variability on inter-annual time 
scales. The opposing or "cold phase" of ENSO 
is called La Nina and is characterized by 
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unusually cold ocean temperatures in the 
Equatorial Pacific. As such, El Nino and La 
Nina are opposite phases of the ENSO cycle. 

Strong ENSO events have an average 
return period of 3 to 7 years and individual 
events typically persist for 6 to 18 months 
(Ropelewski and Halpert 1986; Yarnal and 
Diaz 1986). Figure 61 A illustrates that, 
since the 1950s there have been 10 notable 
El Nino events (e.g., 1957-58,1982-83,1997-
98) and eight La Nina events (e.g., 1955-56, 
1970-71,1998-99). In the 20,h century, the 
El Ninos of 1982-83 and 1997-98 were the 
most extreme on record (Wolter and Timlin 
1998). In addition, the Intergovernmental 
Panel on Climate Change documents that 
since the mid-1970s, El Ninos have become 
more frequent, persistent and intense. This 
may, in part, relate to enhanced conditions 
resulting from a shift to a positive phase 
of the Pacific Interdecadal Oscillation (see 
below) in 1977 (Hare and Mantua 2000). 

Since the early 1970s, an increasing awareness 
has developed of the linkages between 
El Nino and global weather and climate 
variability patterns. During El Nino events, 
warmer coastal waters cause increased 
emissions of heat and moisture from the 
ocean to the atmosphere resulting in more 
frequent storms and precipitation in coastal 
South America. This atmospheric warming 

also enhances and alters the path of the jet 
stream, which affects global atmospheric 
circulation and weather patterns. In the 
northeast Pacific, this usually results in 
diversion of the jet stream and a stronger 
than normal Aleutian Low pressure system 
during December through February 
(Shabbar et al. 1997). This causes more 
storms to track toward the north coast of 
British Columbia, Yukon and the Northwest 
Territories and brings typically wetter and 
stormier weather to Haida Gwaii. Meanwhile, 
most of southern Canada experiences 
milder and drier winter conditions. 

4.2.2.3. Teleconnections 

Relationships between ENSO and other 
global climate variability patterns and 
weather anomalies, or "teleconnections," 
result from interactions between different 
latitudes of the atmosphere-ocean system. 
Recently recognized, teleconnections are 
very important in the global climate system 
as they strongly influence the broader 
spatial and temporal patterns of climate 
variability. Currently, there are various 
regional climate-ocean variability indices 
that describe teleconnected responses. Two 
of the most relevant for the northeast Pacific 
include the Aleutian Low Pressure Index 
(Beamish et al. 1997) and the Northern 
Oscillation Index (Schwing et al. 2002). 
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Washington.edu/pdo/graphics.html). 

http://tao.atmos
http://Washington.edu/pdo/graphics.html


The Aleutian Low Pressure Index is used 
as an indicator of climate variability in the 
north Pacific as it provides a measure of 
the intensity of the Aleutian Low pressure 
system during winter (December to March). 
This Index is determined by estimating 
the area of ocean in the Aleutian Low 
region with a sea level pressure <100.5 
kPa (kilo Pascals). Values are expressed 
as an anomaly from the 1950 to 1997 mean 
(Beamish et al. 1997). As such, a positive 
Aleutian Low Pressure Index value reflects 
a relatively intense Aleutian Low system. 

The Northern Oscillation Index describes 
climate variability in the northeast Pacific 

as linked to tropical atmosphere-ocean 
ENSO interactions based on sea level 
pressure anomalies between the annual 
mean position of the North Pacific High 
(35°N 135°W) and Darwin, Australia. As 
such, the Northern Oscillation Index 
and Southern Oscillation Index are well 
correlated, yet the Northern Oscillation 
Index is more regionally specific and better 
describes climate variability responses 
resulting from changes in the intensity of 
the North Pacific High (Schwing et al. 2002). 
Similar to the Southern Oscillation Index, 
negative phases of the Northern Oscillation 
Index represent El Nino-like events. 

Figure 61. Climate variability indices: (A) El Nino - Southern Oscillation (ENSO), (B) Northern Oscillation 
Index (NOI) and (C) Pacific lnterdecadal Oscillation (PDO), 1950 to 2003 (adapted from Wolter and Timlin 
1998). 
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A plot of the Northern Oscillation Index 
since 1950 (Figure 61 B) shows a decadal 
scale climate variability pattern with a period 
of ~14 years and three significant negative 
(El Nino-like) phases (1965-70,1977-83, 
1991-98). Negative Northern Oscillation 
Index periods are typified by weaker trade 
winds and coastal upwelling winds in the 
northeast Pacific, warmer upper ocean 
temperatures in winter through spring, 
lower salmon catches in southern British 
Columbia through Oregon and higher 
Alaskan salmon catches (Schwing et al. 2002). 

4.2.2.4. Pacific Interdecadal Oscillation 

The Pacific Interdecadal Oscillation is a longer 
El Nino-like pattern of climate variability 
in the North Pacific with a period of -20 to 
30 years (Mantua et al. 1997). The Pacific 
Interdecadal Oscillation index characterizes 
inter annual variability in average North 
Pacific sea surface temperatures and, as such, 
reflects northeast Pacific regional climate 
variability. The El Nino-like warm phase 
of the Pacific Interdecadal Oscillation is 
characterized by an enhanced Aleutian Low 
pressure system in the winter and warmer 
waters along the west coast of North America, 
while the cool phase is approximately the 
opposite (Mantua and Battisti 1994; Zhang 
et al. 1997) (Figure 62). Transitions between 

the warm and cool phases are typically 
abrupt and occur about every 25 years 
(Gedalof and Smith 2001). Over the 20,h 

century, there have been two full Pacific 
Interdecadal Oscillation cycles with the 
cool phase dominating from 1890 to 1924 
and in 1947 to 1976, while the warm phase 
prevailed from 1925 to 1946 and from 1977 
through the mid 1990s (Figure 61 C). Causes 
for Pacific Interdecadal Oscillation cycles 
are unknown, which limits the predictability 
of future Oscillations. However, Pacific 
Interdecadal Oscillation index values are 
relevant for improving climate forecasts 
for North America given the tendency 
for seasonal to inter annual persistence 
[http://jisao.washington.edu/pdo/]. 

4.2.2.5. Climate Variability Effects 

To date, little research exists on the effects 
of ENSO or Pacific Interdecadal Oscillation 
variability on coastal British Columbia. 
Océanographie responses to these events 
include elevations in local sea levels due to the 
effects of thermal expansion in warmer coastal 
waters and, to a lesser degree, on increased 
terrestrial freshwater discharge. For instance, 
during major El Nino events (e.g., 1982-83, 
1997-98) sea levels along the west coast of 
North America from California to Alaska 
rose by as much as 100 cm (Subbotina et al. 
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2001). During the winter of 1997-98, Hecate 
Strait experienced a rise of -40 cm (Barrie and 
Conway 2002). Due to more intense and more 
frequent storms associated with an enhanced 
Aleutian Low pressure system and enhanced 
storm waves along the Pacific coast, these 
El Nino events produced extensive coastal 
erosion and infrastructure damage (Storlazzi 
et al. 2000; Allan and Komar 2002). In Haida 
Gwaii, the 1997-98 El Nino caused as much as 
12 m coastal retreat on northeastern Graham 
Island (Barrie and Conway 2002). There 
can be a strong correlation between positive 
Pacific Interdecadal Oscillation values and 
elevated sea levels in Hecate Strait, although 
the mechanisms of the Pacific Interdecadal 
Oscillation are not well understood. 

Marine ecosystems in the northeast Pacific 
respond to phase changes in the Pacific 
Interdecadal Oscillation (e.g., Mantua et til. 
1997; Hare and Mantua 2000; Gedalof and 
Mantua 2002). As with El Nino events (and 
negative Northern Oscillation Index periods) 
warm phases of the Pacific Interdecadal 
Oscillation have enhanced coastal biological 
productivity in Alaska whilst inhibiting 
productivity along the southern British 
Columbia and western North American 
coast due to warmer coastal waters and 
reduced upwelling. Cold Pacific Interdecadal 
Oscillation phases show the opposite 
pattern of marine ecosystem productivity. 
Recently, DFO has documented that during 
warm ENSO years the migration route of 
Pacific salmon headed for the Fraser River 
is diverted northward around Vancouver 
Island via Johnstone Strait instead of Juan 
de Fuca Strait. In addition, unusual species 
such as mackerel (Scomber japonicus), 
which prey on juvenile salmon, have been 
observed to migrate north in ENSO years. 
Thus, the migration and population of 
some salmon stocks may be influenced 
by teleconnected ocean-atmospheric 
processes that begin at the equator. 

The effects of Pacific Interdecadal Oscillation 
and ENSO are additive (Gershunov 
and Barnett 1998) and some climate 
models suggest that global warming 

may produce a semi-permanent ENSO-
like state (Timmermann et til. 1999). The 
possibility exists, therefore, that future 
ENSO events may be as, or more, extreme 
in their effects in coastal British Columbia. 
This could have major implications for 
the coastal zone of Haida Gwaii. 

4.2.3. Climate Change Patterns 

Longer term climate changes are statistically 
significant shifts in the mean state of climate 
elements that persist for an extended period, 
typically decades or longer. Again, some 
of these trends are natural. For example, 
global cooling phases occur as a result of 
shifts in Earth's energy (and heat) balance 
due to the eccentricity of the Earth's orbit 
around the Sun. This natural pattern is 
responsible for the great ice ages and has a 
periodicity of -100,000 years where surface 
temperatures tend to be 4 to 6°C cooler 
than present. More recent than the peak of 
the last ice age (-18,000 years ago), there 
have been other warm and cold phases in 
global climate including the Medieval Warm 
Period (1000 to 1300 AD) and the Little Ice 
Age (1200 to 1900) respectively (Figure 63). 
These periods may have been initiated 
by changes in solar activity. Since 1860, 
however, global surface temperatures have 
risen 0.6°C largely due to human-caused 
increases in greenhouse gas emissions. This 
rate of temperature increase is very rapid, 
and unprecedented in the last 10,000 years. 

In the Northern Llemisphere, climate data 
records show a warming of 0.5°C over the 
past 50 years and this is unprecedented in 
the last 1,000 years. This warming occurred 
largely over certain areas of the Northern 
Hemisphere (e.g., Siberia, northwest North 
America) while other regions cooled (e.g., 
Atlantic Arctic regions). In Canada, national 
average temperatures have increased by 
1.1°C over the past 57 years (Figure 64). The 
warmest year on record is 1998 (+2.5°C, a 
strong El Nino year) and 1972 was the coolest 
(-1.8°C). Since 1991, temperatures have 
remained above the longer-term average. 
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Figure 63. Variations in global surface temperature, expressed as °C departure from the 1961 to 1990 
average, from the Intergovernmental Panel on Climate Change. (A) global temperature variation over the 
past 140 years from thermometer data, (B) temperature variations in the Northern Hemisphere over the 
past 1,000 years from tree ring, coral, ice core and historical record data, as well as thermometer data 
(source: http:/ / www.grida.no/climate/ipcc_tar/wgl/005.htm). 
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Precipitation in the middle to upper latitudes 
of the Northern Hemisphere has increased by 
5 to 10% over the 20th century (a rate of 0.5 
to 1% per decade). In North America, there 
are some regions that show great deviations 
from this average including the Great Plains, 
which have dried significantly. In Canada, 
national average precipitation has increased 
by -12% over the past 57 years and, since the 
early 1970s has been consistently above the 
long-term average (Figure 64). This average 
does not reflect the high regional variability 
in precipitation, which includes +5 to 35 % 
variations in southern Canada and +25 and 
45 % increases over Nunavut. There has 
also been a national increase in the ratio of 
snow to total precipitation due to a general 
increased in winter and autumn snowfall. 

In general, the Canadian climate has warmed 
(with the exception the northern Atlantic 
coast) and seen an increase in precipitation 
over the past 50 years. Interestingly, both 
temperature and precipitation trends show a 
distinct shift toward positive (above average) 
trends since the mid 1970s. On the national 
scale, the global to regional processes behind 
this are not fully understood. However, 
on the British Columbia coast, this may 
relate to a shift to the positive phase of 
the Pacific Interdecadal Oscillation and 
enhanced magnitudes of ENSO events. 

As expected, there are significant regional 
differences in national temperature (Table 47) 
and precipitation trends (Table 48), their 
extremes and current 2004 rankings. In 
British Columbia, the longer-term trends 
in temperature for the coast (+1.2°C), 
northern British Columbia - Yukon region 
(+2.0°C) and southern British Columbia 
Mountains district (+1.4°C) are all above the 
national average (+1.1°C). In Haida Gwaii, 
extreme warm and cold years occurred in 
the mid-late 1950s. In contrast, the Atlantic 
coast has shown no significant long-term 
temperature trend over the 57-year period, 
although there was a slight cooling until 
the early 1990s and warming since. 

In 2004, temperatures on both West and 
East coasts were warmer than normal, 
while the North central region was cooler. 
Temperatures were at least 1°C above normal 
from western Alberta westward, and in 
Newfoundland and Labrador. Temperatures 
in British Columbia and the southern Yukon 
were >2°C above normal. The Pacific 
Coast had its 2nd warmest year (+1.5°C) on 
record, whilst the southern British Columbia 
Mountains (+1.6°C) and the Northern 
British Columbia - Yukon region (+2.2°C) 
both experienced the 4* warmest years on 
record. In general there seems to be greater 
warming trend in the west and north with 
the Northern British Columbia - Yukon 
region and the Mackenzie District (western 
Arctic) showing the greatest national increase 
in temperatures over the 57-year period. 

Long-term temperature trends in Haida 
Gwaii (1950 to 2001) from Cape St. James 

B. Annual national precipitation departures 

Figure 64. Trends in annual Canadian surface 
temperature and precipitation, expressed as 
departures according to the long-term trend 1948 
to 2004 (adapted from the Intergovernmental Panel 
on Climate Change). (A) annual national 
temperature departures, (B) annual national 
precipitation departures. 
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Table 47. National annual temperature trends, extremes and 2004 season ranking based on the 1948 to 
2004 period for selected areas of Canada (data from Meteorological Service of Canada, National 
Temperature and Precipitation Trends http://ww\v.msc-smc.ec.gc.ca/ccrm/bulletin/national_e.cfm). 

Region 

Canada 

Pacific Coast 

Northern BC - Yukon 

Southern BC Mountains 

Prairies 

Great Lakes - St. Lawrence 

Mackenzie District 

Arctic Tundra 

Atlantic Canada 

Trend 

°C 

1.1 

1.2 

2.0 

1.4 

1.3 

0.4 

1.8 

1.2 

0.0 

Coldest 
Year 

1972 

1955 

1972 

1955 

1950 

1978 

1982 

1972 

1972 

Extreme Years 

Departure 
°C 

-1.8 

-1.2 

-2.1 

-1.8 

-2.1 

-1.0 

-1.5 

-2.4 

-1.4 

Warmest 
Year 

7998 

1958 

1981 

1998 

1987 

1998 

1998 

1998 

1999 

Departure 
°C 

2.5 

1.6 

2.8 

2.0 

3.1 

2.3 

3.9 

3.3 

2.0 

Rank1 

28 

2 

4 

4 

24 

29 

48 

46 

23 

2004 

Departure 
°C 

071 

1.5 

2.2 

1.6 

0.6 

0.1 

-0.7 

-0.5 

0.1 

According to the Meteorological Service of Canada, the 2004 data are preliminary 

and Sandspit Airport show significant 
warming trends in both daily minimum and 
maximum temperatures of 0.9°C (0.18°C 
per decade) and 1.1°C (0.21°C per decade) 
respectively. These increases are most 
pronounced in winter and summer. This 
variability brackets an increasing average 
daily temperature of +0.5 to 1.1°C. 

These general warming trends have 
additional variability implications. For 
example, according to Environment Canada 
the number of "frost-free" and "growing-
degree" days has increased at many locations 

in British Columbia [www.ecoinfo.ec.gc.ca/ 
env_ind/region/climate/climate_e.cfm]. In 
2004, there are 16 frost-free days at Cape St. 
James, which has increased at a rate of 3 days 
per decade since 1950. The trend at Prince 
Rupert shows a more significant increase to 46 
frost-free days a year at a rate of 8.9 days per 
decade. These regional warming trends also 
have a significant influence on "growing degree 
days" by increasing the length of the growing 
season by ~3 weeks earlier, thus providing 
more favourable conditions for plant growth. 

Table 48. National annual precipitation trends, extremes and 2004 season ranking based on the 1948 to 
2004 period for selected areas of Canada (data from Meteorological Service of Canada, National 
Temperature and Precipitation Trends http://www.msc-smc.ec.gc.ca/ccrm/luilletiiVnational _e.cfm). 

Region 

Canada 

Pacific Coast 

Northern BC - Yukon 

Southern BC Mountains 

Prairies 

Great Lakes - St. Lawrence 

Mackenzie District 

Arctic Tundra 

Atlantic Canada 

Driest Year 

7956 

1985 

1998 

2001 

2001 

1963 

2004 

1954 

2001 

Extreme years 

Departure % 

-7.3 

-24.6 

-35.8 

-24.7 

-32.4 

-16.0 

-28.3 

-19.8 

-19.8 

Wettest Year 

7996 

1980 

1974 

1996 

1951 

1990 

1974 

1996 

1990 

Departure % 

9.7 

17.4 

22.7 

32.2 

26.8 

19.1 

27.6 

25.8 

19.2 

Rank 

33 

53 

48 

20 

21 

24 

57 

32 

51 

2004 

Departure % 

0.4 

-17.3 

-9.2 

3.7 

3.2 

4.0 

-28.3 

4.2 

-9.0 
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According to the British Columbia Ministry 
of Environment, ocean surface temperatures 
have also increased in Queen Charlotte 
Sound by +1.6"C over the 20th century 
compared to +0.9"C on the west coast of 
Vancouver Island and +1.8"C in the Georgia 
Basin [http://wlapwww.gov.bc.ca/air/ 
climate/indicat/seasurf_idl.html]. For the 
waters of Haida Gwaii, this is at least twice 
the Intergovernmental Panel on Climate 
Change global average (+0.4 to 0.8°C). 

Identification of regional changes and 
trends in precipitation in British Columbia 
is difficult given the high variation in 
precipitation as controlled by local geography 
and microclimatology (Figure 65). In 
general, coastal precipitation has increased 
by -20% over the 20th century (Taylor and 
Taylor 1997). Since 1950, the driest and 
wettest years have occurred in the early 
to mid 1980s. In 2003-2004, most of the 
British Columbia coast and Northern British 
Columbia-Yukon region experienced 17 to 
28% below normal amounts of precipitation. 
In these regions, 2004 was in the top 10 driest 
years on record. Precipitation trends this 
winter (2004-2005) however, illustrate the 
variability in the system with a contrasting 
3rd wettest year (+37.7%) in the Northern 
British Columbia-Yukon region while the 
Pacific Coast experienced another dry year 
(-19.1%) and the Southern British Columbia 
Mountain region was lowest in the country 
(-27.1%). In general, since 1950, seasonal 
precipitation trends have been for drier 
winters for much of the interior and southern 
British Columbia, wetter springs for the 
Northern British Columbia-Yukon region and 
wetter summers for the Pacific coast region. 

Long-term precipitation trends in Haida 
Gwaii (1950 to 2001) from Cape St. James, 
Sandspit Airport and Langara Island show 
distinct increases in annual precipitation. 
At Cape St. James, annual precipitation 
has increased by 12.6%, Sandspit shows 
a 12.9% rise and Langara Island shows a 
statistically significant increase of 36.5% since 
1950. At both Cape St. James and Sandspit, 
increases have occurred in all seasons, but 

mainly in winter and spring. At Langara 
Island, statistically significant increases have 
occurred also in all seasons, but mainly in 
fall (+35.1%). This is in contrast to Victoria, 
where annual precipitation has declined by 
-3.1"/) with seasonal values ranging from 
-3.3% in fall to -16.8% in winter and an 
increase of 13.3% in spring precipitation. 

The effects of these hydrological changes are 
widespread. In general, British Columbia is 
experiencing warmer springs, earlier spring 
thaws, and increased melting of alpine 
glaciers. Coupled with precipitation changes 
(amount, timing, snow vs. rain), this is having 
a notable effect on the quantity and timing 
of river flows. For instance, over the 20th 

century the Fraser River discharges fell to low 
levels in the 1940s then rose 30% by the late 
1960s and fell again to the late 1990s (Taylor 
and Taylor 1997). In terms of timing, a bulk 

Figure 65. Trend in annual precipitation since 1950 in 
the British Columbia - Yukon region expressed as % 
departure from the 1961 to 1990 average (source: 
http://www.ecoinfo.ec.gc.ca/env_ind/region/clirnate 
/climate_e.cfm). 
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(one half) of the annual flow of the Fraser 
River is occurring earlier in the year at a rate 
of ~9 days per century. There has been no 
discernable shift in the timing or quantity of 
annual peak flow. In southern central British 
Columbia, however, peak flows are occurring 
earlier with accompanying lower summer 
to early fall flows and higher early winter 
flows (Leith and Whitfield 1998). Similar 
changes are also occurring in coastal rivers 
(Whitfield and Taylor 1998) where spring and 
summer river flows have decreased due to 
an earlier and longer lasting growing season 
which promotes increased terrestrial water 
use and a lowering of groundwater supply 
to river flows. Low flow periods will likely 
begin earlier and will prolong later into 
the fall as higher air temperatures increase 
evaporation and surface water losses. In 
addition to timing and magnitude of river 
flow, water temperature changes are also 
anticipated, which may have a significant 
impact on salmon spawning success. 

Seasonal to inter annual variations in river 
flow are also reflective of climate variability 
events. Rivers in coastal British Columbia 
tend to show greater flows after La Nina 
winters due to above average precipitation 
and snowfall. Following an El Nino season 
(fall-winter), peak flows arrive earlier 
due to warmer spring conditions and 
earlier snowmelt. In addition, summer 
flows after an El Nino season are below 
average due to generally drier winter 
conditions. Again, these hydro-climatic 
variations are natural to some extent, but 
may be exacerbated by ongoing human-
induced global warming trends. 

4.2.3.1. Future Climate Change Scenarios 

According to the Intergovernmental Panel 
on Climate Change, global average surface 
air temperature is expected to increase by 1.4 
to 5.8°C over the period 1990 to 2100. This 
rate of increase is larger than those observed 
during the 20th century and is perhaps the 
most rapid rate of rise in the last 10,000 
years. Recent global simulation models 
show that most continents will warm more 

rapidly than the global average. This will 
be most notable in the northern regions of 
North America and north-central Asia in the 
winter. Global average water vapour and 
precipitation are projected to increase during 
the 21s ' century over northern mid- to high 
latitudes in winter. In British Columbia, 
this may mean an increase of 10 to 20% in 
fall-winter precipitation. In addition, larger 
year-to-year variations in precipitation are 
expected in these areas, which could mean 
more intense deluges and snowfalls as well 
as more intense and prolonged droughts. 

Simulations of future conditions for Canada 
are conducted by the Canadian Centre for 
Climate Modelling and Analysis, a branch 
of Environment Canada's Meteorological 
Service. This Canadian Centre has produced 
several Global Circulation Models that 
simulate future climate conditions to 2100 
[www.cccma.bc.ec.gc.ca/eng_index.shtml]. 
These models are able to forecast atmospheric 
climate (temperature and precipitation), 
sea-ice, soil moisture and carbon cycling. 
These conditions can be predicted for 
various future greenhouse gas scenarios 
that are currently being considered by the 
Intergovernmental Panel on Climate Change. 
The results of the models are now being 
used to better understand and prepare for 
anticipated climate variability and change 
impacts in Canada and across the globe. 

4.2.3.2. Future Climate Change Effects 

Future climate change effects scenarios 
for Canada are produced by the Canadian 
Institute for Climate Studies at the University 
of Victoria [http://www.cics.uvic.ca]. This 
Institute is responsible for assessing regional 
and sector specific future climate change 
impacts via the Canadian Climate Impacts 
and Scenarios Project. According to the 
Canadian Institute for Climate Studies 
and information generated from other 
models, future climate conditions of the 
21" century may include the following: 

• Global average air temperature 
increase by 1.4 to 5.8°C according to the 
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Intergovernmental Panel on Climate 
Change. In British Columbia, average 
annual air temperatures may increase by 
1°C to 4"C (Figure 66). For Haida Gwaii, 
increases of 1 to 2°C may be expected 
for both summer and winter average 
temperatures. As well, maximum and 
minimum temperatures for all months 
are predicted to increase (Figure 67); 

Average precipitation increase 
(variably) in Canada. In British 
Columbia, this may mean a predicted 
increase of 10 to 20% in fall-winter 

precipitation (Figure 68). For Haida 
Gwaii, increases of 0.25 to 1.0 mm per 
day are predicted for winter precipitation 
and a slight decline of -0.25 mm per day 
in summer precipitation (Figure 69); 

Greater seasonal and interannual 
variability in precipitation is expected 
such as more intense ra in /snow 
fall, more prolonged droughts and 
increased spring flood frequency and 
damage (Taylor and Taylor 1997); 

Decreases in snow cover, sea-ice extent and 
glaciers in Northern America during the 
21st century and many small alpine glaciers 
in British Columbia may disappear; and 

Figure 66. Predicted surface (2 m) air temperature ("C) changes for winter (left) and summer (right) for 
Western Canada, produced using the Canadian Regional Climate Model (CRCM-II). Map colours show 
changes in air temperature projected to 2040 to 2049 compared to the 1975 to 1984 average in "C 
(source: http://www.cccmaa.bc.ec.gc.ca/diagnostics/crcm/crcm_st.shtml). 
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• Increase in the frequency of high 
magnitude winds in Haida Gwaii, which 
may bring more frequent damaging 
waves, storm surges and coastal damage. 

Potential future impacts of these climate 
changes on ecological and human 
systems are discussed below. 

4.2.3.3. Anticipated Climate Change Effects 

The following are a list of potential climate 
change effects to ecological and human 
systems in British Columbia and Haida 
Gwaii. Much of this information was 
gathered from the 1997 Canada Country 
Study on Climate Impacts and Adaptation 
(Taylor and Taylor 1997) and the 2002 British 
Columbia Ministry of Water, Land and Air 
Protection's Climate Change Indicators of 
Climate Change Report [http://wlapwww. 
gov.bc.ca/air/climate/indicat/intro.html]. 
Possible effects include the following: 

• Global sea level may rise up to 90 cm by 
2100 according to the Intergovernmental 
Panel on Climate Change extreme 
scenario. This is due largely to thermal 
expansion of warmer seawater and 

Figure 69. Predicted monthly precipitation for 2040 
to 2069 for Sandspit Airport produced by the 
Canadian Climate Impacts Scenarios program 
(source: http://www.cics.uvic.ca/scenarios/bcp/ 
select.cgi). 

glacial melt contributions. In British 
Columbia, sea level could rise by up 
to 30 cm in north coast waters by 2050. 

Figure 68. Predicted changes in winter (left) and summer (right) precipitation (mm per day) for Western 
Canada produced using the Canadian Regional Climate Model (CRCM-II). Map colours show changes in 
precipitation projected to 2040 to 2049 compared to the 1975 to 1984 average (source: http://www.cccmaa. 
bc.ec.gc.ca/diagnostics/crcm/crcm_pcp.shtml). 
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In Haida Gwaii, a current sea-level 
rise rate of 1.6 mm per year suggests 
a future rise of 11 to 22 cm by 2100 
(within a statistical confidence of 95',';>); 

Changes in salmon migration patterns 
and spawning success. Many south 
coast salmon stocks (e.g., Fraser 
River) may decline. Rare predatory 
species (e.g., mackerel) may migrate 
into northern waters more frequently 
posing threats to north coast stocks. 
However, milder temperatures in 
northern coastal waters may also lead 
to some increased salmon productivity. 
Cold water fish (trout, char, whitefish, 
grayling) stocks may also decline with 
warming water temperatures rise; 

Increased coastal flooding, erosion 
and sedimentation due to increased 
frequency of storm surges, rising tidal 
inundation and gradual sea-level rise. 

Changes to marine, intertidal and 
coastal habitat due to altered coastal 
sedimentation and organic material 
deposition into nearshore and estuarine 
ecosystems. This may both create and 
destroy coastal habitat, respectively 
providing opportunities and / o r limitations 
for coastal marine and terrestrial 
species (e.g., shellfish, waterfowl); 

Changes to recreationally and culturally 
valued coastal sites such as beaches, 
estuaries, wetlands, coastal campgrounds, 
archaeological sites, coastal resorts, 
and fishing/shellfishing grounds; 

Changes in forest composition due 
to ecosystem shifts in response to 
temperature and precipitation changes. 
This may provide increased opportunities 
for new and existing species a n d / o r 
may result in greater detrimental effects 
(e.g., forest fires, pests, disease); 

Increased coastal infrastructure 
maintenance and damage to docks, 
port facilities, highways, airports 
low-lying homes, etc, by increased 
tidal encroachment, more frequent 
flooding, coastal erosion and 
increased storm surge damage; 

Coastal water resource changes to 
groundwater wells, drinking water and 
sewage systems in response to rising 
sea levels. Local water tables may see 
quality declines via saltwater intrusion 
and gravity fed water and sewer systems 
may experience decreased flow efficiency. 
This could have adverse effects for 
human and coastal ecosystem health; 

Changes in transportation services 
(ferry, air, road) may entail pressure 
on critical services (e.g., health care, 
food and commercial supplies) as well 
as increasing costs for maintenance, 
repair and insurance. The feasibility 
of municipalities to handle these costs 
may decrease and require additional 
support from municipal/regional 
taxes and /o r government funding. 

Increased frequency of landslides and 
debris flows in mountainous areas 
of British Columbia due to increases 
in winter precipitation, permafrost 
melting and glacier retreat. 

4.3. OCEANOGRAPHY 

C.L.K. Robinson 

"The dynamics of the waterways surrounding 
the Queen Charlotte Islands are as diverse 
and as fascinating as any océanographie 
region on the globe." (Thomson 1989) 

The diverse oceanic regime around Haida 
Gwaii has been previously reviewed 
(Thomson 1981, 1989; Crawford et al 1995; 
Robinson et al. 1999; Crawford 1997, 2001). 
Therefore, this is a brief overview with special 
reference to applying local oceanography 
to coastal conservation including the 
proposed Gwaii Haanas NMCA. 

Haida Gwaii is unique in its geographic 
location on the western margin of North 
America. The archipelago is at the edge of 
the continental shelf, with the continental 
slope plunging to thousands of metres 
depth within a few kilometres of the west 
coast of Haida Gwaii. On the other hand, 
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depths within Hecate Strait are relatively 
shallow - tens of metres along much of the 
east coast of Haida Gwaii. The concept 
of spatial and temporal scale is central 
to understanding how oceanography 
influences local coastal ecosystems. This 
overview explains how Haida Gwaii links 
with North Pacific oceanography and 
describes how regional- and local-scale 
océanographie processes may shape the 
structure and function of coastal ecosystems. 

4.3.1. Broad-scale Océanographie 
Circulation 

Haida Gwaii coastal ecosystems are 
influenced by broad-scale océanographie 
currents and atmospheric systems of the 
North Pacific. Temporal variability in 
the large-scale ocean currents is linked to 
seasonal variations and the strength of two 
hemispheric atmospheric pressure systems 
- the Aleutian Low and the North Pacific 
High of the eastern North Pacific (Thomson 
1981) and described previously in the Climate 
section (4.2). These pressure systems also 
control regional winds. During summer, the 
North Pacific High dominates and results 
primarily in NW winds along coastal British 
Columbia. In combination with the prevailing 
North Pacific High, the eastward-flowing 

North Pacific Current splits as it approaches 
the North American coast. The divergence of 
the North Pacific Current results in the Alaska 
Current flowing northward and seaward of 
the continental margin, and in the California 
Current flowing southward and seaward of 
Vancouver Island as a slow (-25 cm per sec), 
variable and generally poorly organized flow 
(Figure 70). A large océanographie transition 
area of variable currents occurs to the south 
of Haida Gwaii at 45 to 52" N and 130 to 140" 
W, where the North Pacific Current splits. 
For example, Freeland and Cummins (2005) 
discuss how anomalous warming of surface 
waters in the Gulf of Alaska in 2002 was 
associated with a northward displacement of 
the North Pacific Current such that the west 
coast of Vancouver Island was completely 
within the California Current system. 
However, by the end of 2003 the area was 
within the Alaska Current system. The second 
dominant large-scale océanographie current 
found along the British Columbia coast in 
summer is the south-flowing Shelf-break 
Current (Figure 70 A). This current results 
from the NW winds associated with the 
North Pacific High, and originates mid-way 
along the west coast of Haida Gwaii. Finally, 
surface waters in Hecate Strait also flow 
southward in summer, eventually joining the 
Shelf-break Current that extends southward 
along the west coast of Vancouver Island. 

Figure 70. Prevailing large-scale current systems affecting the Haida Gwaii marine region for summer (A) 
and winter (B) (courtesy of R. Thomson, DFO). Note the edge of the continental shelf indicated by the 
200m depth contour. 

149 



In winter, the North Pacific High retreats 
southward and the central Gulf of Alaska 
is dominated by the Aleutian Low. This 
pressure system results in SE winds that 
generally bring southern oceanic waters 
onto the continental shelf of Haida Gwaii 
via the surface-flowing Davidson Current 
(Figure 70 B). The north-flowing Alaska 
Current is more likely to flow closer to Haida 
Gwaii, and the océanographie transition 
area of variable currents is typically further 
south off western Vancouver Island. 

4.3.2. Regional Océanographie Domains 

Within the context of the broader 
océanographie circulations discussed 
above, Thomson (1989) identified the 
following three regional océanographie 
domains surrounding Haida Gwaii: 

• Oceanic - along the west coast 
where offshore, oceanic processes 
are most prevalent; 

• Eastern Coastal - Queen Charlotte 
Sound and Hecate Strait where offshore 
and coastal/estuarine processes 
are of equal importance; and 

• Dixon Entrance - where freshwater 
input from continental rivers creates 
distinctly estuarine flow patterns. 

The diversity of major océanographie 
processes occurring in each of these domains 
in summer and winter is summarized 
below. Also indicated, where possible, are 
examples of how such processes influence 
the productivity and océanographie 
connectivity of the three domains. 

4.3.2.1. Oceanic Domain 

During the summer, there is typically a 
significant region of cool water along the 
west coast of Haida Gwaii as a result of wind-
induced upwelling of deep, nutrient-rich 
waters up the continental slope and over the 
narrow (to <5 km wide) continental shelf. 
Crawford (2001) indicated that; "Summer 
winds generally blow from the northwest in this 

region, pushing the surface waters downwind. The 
effect of the rotation of the earth is to turn these 
currents to the right, away from west coast of the 
Queen Charlotte Islands. Waters that move away 
from the coast are replaced at the ocean surface 
by deeper colder water all along the west coast 
of Graham Island and much of Moresby Island." 
Examination of advanced very high resolution 
radiometer satellite imagery indicates that 
upwelling occurs not only along the west 
coast of Haida Gwaii, but also along the east 
coast of Hecate Strait near Aristazabel Island 
(areas 3 and 5 respectively in Figure 71). 

One index describing the temporal variability 
in coastal upwelling is the "Bakuit Index" 
from the United States National Oceanic 
and Atmospheric Administration. Bakun 
Index values are monthly averages of the 
wind-driven cross-shore transport computed 
from six-hourly surface pressure analyses. 
Indices are in units of m3 per second along 
each 100 m of coastline. Positive numbers 
indicate offshore transport (upwelling). The 
index site closest to Haida Gwaii indicates 
that upwelling primarily occurs during June 
through September, with peak upwelling 
values usually in July (Figure 72 A). 
Cumulative June-July-August (upwelling 
season) index values show high interannual 
variability, and six years in the 60-year time 
series had virtually no upwelling during 
the summer growing season (Figure 72 B). 

Upwelling greatly influences an area's 
primary production (growth of phytoplankton 
= plant plankton) by providing nutrients from 
the depths into surface waters where they are 
normally in short supply. When combined 
with sufficient sunlight, the enhanced 
nutrients typically result in phytoplankton 
"blooms" (localized population explosions). 
Area-averaged estimates of surface plant 
pigment (chlorophyll) intensity, as a surrogate 
for phytoplankton production, are available 
from satellite-derived ocean colour images. 
The Nimbus 7 satellite's coastal zone colour 
scanner for January to September, 1979 to 
1985, revealed that annual average chlorophyll 
concentrations in surface waters off the west 
coast of Llaida Gwaii and in Hecate Strait 
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Legend 
1 surface waters warmed by the mainland Nass River 
2 upwelled deep, cold waters due to NW winds and tides 
3 upwelled deep, cold water due to NW winds 
4 warm surface water on Dogfish Bank 
5 upwelled deep, cold water in eastern Hecate Strait due to NW winds 
6 surface indication of strong tidal currents around Cape St. James 
7 warm surface waters emanating from mainland Rivers Inlet 
8 tidally-induced upwelled deep cold water near Cape Scott 
9 cloud 

Figure 71. Processed United States National 
Océanographie and Atmospheric Administration 
(NOAA) advanced very high resolution radiometer 
(AVHRR) satellite image (24 July 1994) showing sea 
surface temperature around Haida Gwaii (from 
Crawford 2001). Bright colours (red) indicate warm 
temperatures (~16°C) and dark colours (blue) 
indicate cold temperatures (~10°C). The dark colour 
along the west coast of Haida Gwaii likely indicates 
cooler, upwelled water along the coast, caused by 
strong NW winds. The effect of very strong tidal 
currents at Cape St. James is indicated by small 
eddies of upwelled water (blue) to the southwest of 
the Cape. 

peak in July/August - possibly related to 
the observed peak in physical upwelling 
(Figure 73 A). The oceanic regions offshore of 
western Haida Gwaii also show a continuous 
increase in chlorophyll concentration through 
August, which is consistent with a build
up of chlorophyll transported offshore due 
to nearshore upwelling. A similar process 
occurs off the southwestern Vancouver Island 
(Robinson and Ware 1999). As noted above 
for the Bakun Upwelling Index, there is 

also high interannual variability in summer 
(June through August) satellite-derived 
chlorophyll values as shown in Figure 73 B. 

Satellite-derived estimates of chlorophyll for 
waters surrounding Haida Gwaii also indicate 
large spring phytoplankton blooms, followed 
by the late-summer/early-fall upwelling-
induced bloom as discussed above. There 
are slight differences in estimated chlorophyll 
values among regions examined, with 
chlorophyll concentrations off the west coast 
of the Haida Gwaii consistently lower than 
estimates derived from satellite imagery for 
Hecate Strait or Dixon Entrance (Figure 73 A). 
Limited field study also indicates higher 
concentrations of chlorophyll and nutrients 
in Hecate Strait and Dixon Entrance than 
off the west coast of Haida Gwaii (Robinson 
et al. 1999; Toews 2004). There are no known 
published estimates of annual primary 
production for the seas around Haida Gwaii, 
but total annual primary production may 
range between open ocean estimates of ~100 
to 300 grams of Carbon per m2 per year as 
found in the Gulf of Alaska (Mundy 2005). 

Winter oceanic processes in the Oceanic 
Domain are very different. Thomson and 
Emery (1986) described a narrow (20 to 30 km 
wide) north-flowing Davidson Current along 
the continental slope of the northern shelf 
(Figure 70 B). This current off the west coast 
of Haida Gwaii occurs between October 
and April with a width of -20 to 30 km, a 
depth of -500 m, and is typically 1°C above 
surrounding waters. This current, called the 
"Haida Current" (see below) usually extends 
northward along the west coast of Haida 
Gwaii flowing >200 km towards the southeast 
Alaska (Thomson 1989). This northward 
flow may have important consequences for 
connecting coastal areas of western Gwaii 
Haanas with northern coastal regions. For 
example, passively drifting planktonic 
particles, such as fish larvae, originating 
from west coast Gwaii Haanas ecosystems in 
late winter, may be transported northward 
toward coastal and offshore areas such as 
Bowie Seamount (Robinson et al. 2005). 
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Figure 72. The coastal upwelling "Bakun" index relevant to the Haida Gwaii region based upon wind-
driven mass water transport. The United States National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service, Pacific Fisheries Environmental Laboratory (http://www.pfeg.noaa.gov 
/products/PFEL/modeled/indices/PFELindices.html) produces a coastal upwelling index based upon 
Ekman's theory of mass water transport due to wind stress. Positive values represent water upwelled from 
the base of the Ekman layer (50-100 m deep) as a result of equator-ward wind stress (NW winds around 
Plaida Gwaii). Negative values imply downwelling, or the onshore movement of surface waters 
accompanied by a downward displacement of water. (A) The long-term monthly average of index values 
for a station south of Plaida Gwaii (51"N 131"VV). The positive values for June through September indicate 
upwelling conditions along the west coast. (B) The combined June-July-August (upwelling season) index 
values reveal high interannual variability. Note that six years in this 60-year time series (1946 to 2005) had 
virtually no summer upwelling (seasons of 1950, 1976, 1983, 1984, 1997, 2001). 

The connectivity between the coastal regions 
of Gwaii Haanas and offshore oceanic 
systems is even more evident, considering 
that eddies are formed to the southwest of 
Cape St. James in late winter (Figure 74). 
These "Haida Eddies" are formed when the 
warmer, fresher waters flow around Cape St. 
James from Hecate Strait to generate plumes 
of buoyant flow, which intensify and sustain 
small patches of counter-clockwise circulation 
immediately to the northwest of the Cape 
(Crawford et al. 2002; Di Lorenzo et al. 2005). 

The large (150 to 300 km in diameter) counter
clockwise eddies are estimated to entrain 
3,000 to 6,000 km3 of water from Hecate 
Strait, and generally track westward into 
the North Pacific (Crawford 2002). Haida 
Eddies exhibit a warm fresh core up to -1,000 
m deep and create ephemeral, productive 
ecosystems through transporting shelf 
nutrients offshore. In particular, the supply 
of micronutrients (e.g., iron) to surface waters 
of the oligotrophic (nutrient-deficient) ocean 
from a persisting eddy can stimulate ocean 

152 

http://www.pfeg.noaa.gov


Figure 73. Monthly estimates of surface water 
chlorophyll content from three areas around Haida 
Gwaii as derived from coastal zone colour scanner 
satellite imagery (from Robinson et al. 2004). The 
areas are: "Gowgaia" off the west coast, "Hecate" 
from Hecate Strait, "Kuttghit" off southern Haida 
Gwaii. (A) annual (1979 to 1985) average 
chlorophyll concentrations according to area from 
winter into summer (January through September). 
(B) individual annual chlorophyll concentrations 
(1979 to 1985) for each area for summer 
(June through August) only. 

production (Miller et al. 2005). Haida Eddies 
migrate to the west and north and may persist 
for several years. The eddies ' zooplankton 
communities remain quite distinct from the 
surrounding oceanic waters for much of the 
eddies' lives (Mackas and Galbraith 2002). 
Overall, we are just beginning to understand 
the implications of Haida Eddies and how 
they connect and transport biological and 
non-biological materials from Hecate Strait-
Queen Charlotte Sound to offshore systems. 

4.3.2.2. Eastern Coastal Domain 

This domain is transitional between marine 
and estuarine (due to freshwater runoff 
exiting mainland fjords - Thomson 1989). A 
map of surface salinity (Figure 75) shows 
fresher-water areas close to the mainland 
coast, and a dominance of more saline water 

Figure 74. SeaWiFS satellite photograph showing 
several large eddies off the west coast of Haida 
Gwaii, 13 June 2002. Colours represent sea surface 
chlorophyll content on a spectrum in which bright 
red (indicating relatively high chlorophyll content) 
to dark blue (indicating relatively low chlorophyll 
content) (image courtesy of SeaWiFS Project, 
United States National Aeronautic and Space 
Administration, Goddard Space Flight Center and 
ORB1MAGE). 

surrounding Haida Gwaii (31 to 32 parts per 
thousand) in summer and winter. In addition 
to differences in salinity, the seas on the 
eastern side of Gwaii Haanas are relatively 
shallow (usually <100 m), and somewhat 
protected from NW winds, allowing for 
heating of the surface waters in summer. In 
fact, the waters of the western Hecate Strait, 
adjacent to Gwaii Haanas, are typically 2 to 
5"C warmer than those in eastern Hecate 
Strait in summer (Jardine et al. 1993). 

Although differences in water temperature 
and salinity are not readily apparent over 
large areas to most people, the regular tidal 
fluctuation rhythm in sea level around Haida 
Gwaii is part of everyday coastal life. The 
regular tidal variance is actually a wave 
that propagates around the Pacific and this 
wave's passage of particular points yields 
their characteristic tidal curves. Most of 
Haida Gwaii has a large tidal range of ~4 to 
5 m, but the tidal wave is amplified in Hecate 
Strait and Skidegate Inlet so the large tidal 
range is ~8 m. By contrast, the tidal range is 
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Figure 75. Average estimates of sea water salinity at 3 m depth (derived from observations made by 
DFO) around Haida Gwaii during the summer (A) and winter (B) seasons (from Crawford 2001). 
Salinity scale is in the standard convention of parts per thousand. 

reduced to <2 m at Juskatla in Masset Inlet 
by isolation through the long, narrow Masset 
Sound. Regional tidal heights are discussed in 
detail later in the base mapping section (8.2). 

The tidal variation of the sea surface is not 
only important in controlling intertidal 
zonation of shoreline biota, but the tidal 
wave generates currents that typically 
extend through the water column. In open 
shelf areas, the currents are circular, varying 
in time and direction as the wave passes 
(Thomson 1989). However, in narrow 
channels and troughs or adjacent to the 
coastline, currents are usually bi-directional 
exhibiting flood currents when the water 
surface is rising and ebb currents when 
the water surface is falling. Tidal currents 
are often strong around Haida Gwaii, and 
in some areas may be capable of moving 
passively drifting particles against prevailing 
winds. Tidal currents may also aid retention 
of vertically migrating particles within the 
proposed NMCA (Robinson et al. 2005). 

The largest tidal velocities in northern British 
Columbia are found off Cape St. James (to 
60 cm per sec), where both rapid changes in 

depth and coastline occur. Relatively large 
tidal velocities are common in Houston 
Stewart Channel and south of Dogfish 
Bank, northern Hecate Strait. Currents in 
western Hecate Strait and southern Dixon 
Entrance are mainly driven by tides with 
coastal topographic effects only locally 
important (Amos et al. 1995; Strong et al. 
2002). Reversing flood-ebb tidal currents 
occur as water floods into Hecate Strait 
around Rose Spit from Dixon Entrance, 
then reverses at high tide. Typical flood 
current speeds are 25 to 50 cm per sec near 
Rose Spit and -15 cm per sec on the ebb 
along East Beach (Amos et al. 1995). 

A combination of océanographie modelling, 
field studies and satellite imagery 
analyses enable identification of areas 
with océanographie processes necessary 
for enhancing the transfer of production 
through the food web. For example, mixing 
due to high tidal currents can increase 
concentrations and availability of secondary 
production (zooplankton) to fishes, birds, 
and mammals. Perry and Waddell (1997) 
produced a schematic for seas surrounding 
Haida Gwaii indicating the potential locations 
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for increase availability of zooplankton 
owing to physical processes such as shelf-
break fronts, eddies, tidal fronts, and coastal 
upwellings (Figure 76). The interactions of 
water movements (from tides or currents) 
with topographic features can increase the 
availability of secondary production to 
vertebrate predators by bringing zooplankton 
closer to the surface, concentrating 
zooplankton at converging water masses or in 
eddies, or by attracting zooplankton to regions 
of higher primary productivity. Bertram et ni. 
(2005) discuss the links between zooplankton 

production and the survival of the Cassin's 
Auklet. These authors demonstrated how low 
chick survival was linked to océanographie 
conditions and ultimately the availability and 
timing of high quality copepod prey. Ware 
and Thomson (2005) extend the important 
concept of food web links by discussing how 
alongshore variations in retained primary 
production is highly related to alongshore 
variations in resident fish yield. This confirms 
the strong influence of "bottom-up" (primary 
productivity-driven) trophic links between 
phytoplankton, zooplankton and resident 

Figure 76. Schematic diagram of regional Haida Gwaii marine waters from Perry and Wadell (1997) 
showing potential areas for increased availability of zooplankton owing to physical océanographie 
processes. 
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groundfish, such as Pacific hake. Indeed, such 
processes are linked to oceanic "regimes," or 
decadal-scale eras of particular sea conditions, 
so important to fisheries (Beamish et al. 2004). 

Another océanographie feature frequently 
observed in Hecate Strait in summer is 
the flow of waters from inlets of Gwaii 
Haanas into central Hecate Strait. Robinson 
et til. (2004) analyzed 20 years of advanced 
very high-resolution radiometer satellite 
imagery of chlorophyll concentrations and 
"brightness" events in surface waters. The 
images were processed to show brightening 

at the wavelength of satellite "Band 1" (580 
to 680 nm). Although the images give no 
indication of the spectral nature of the 
signal, it is assumed that if the brightness 
patch is observed away from a river mouth, 
persists for several days, or increases in an 
area not susceptible to bottom sediment 
resuspension, then the suspended material 
is biological in origin. Analysis of the time 
series of summertime satellite imagery 
indicated that, in most years, bright patches 
primarily occur on the eastern side of Haida 
Gwaii (Figure 77). In addition, longer 
brightness events occurred the Hecate region 

Figure 77. Timing and duration of brightness events in surface waters from different areas around Haida 
Gwaii, 1982 to 2000 (from Robinson et al. 2004). Data are derived from the advanced very high resolution 
radiometer (AVHRR) satellite imagery. The reflectance imagery shows brightening at the wavelength of 
AVHRR band 1 (580-680 nm), but give no indication of the spectral nature of the signal. The signal may be 
due to inorganic or organic (i.e. phytoplankton) origins. However, if the brightness signal is observed 
away from a river mouth (as for Gwaii Haanas), or if the intensity increases in an area that persists over 
several days in an area not susceptible to bottom sediment resuspension, then it is assumed that the 
suspended material is biological. The processed summertime AVHRR imagery shows that, in most years, 
the presence and duration of bright patches varies, and that bright patches occur mostly on the eastern side 
of Haida Gwaii. 
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during 1989-99, although the lower spatial 
resolution of the earlier archived data may 
have caused more events to be missed. 
Thus, it is not known if this observation 
is related to changes in océanographie 
conditions (e.g., water temperature), or to the 
changing detection ability of the satellite. 

No major brightness events were observed in 
surface waters around Haida Gwaii from 2000 
to 2002, perhaps indicating a return to pre-
1989 océanographie conditions. In contrast to 
Hecate Strait, short-duration brightness events 
were detected in only 3 of 20 years on the west 
coast of Haida Gwaii. One offshore brightness 
event was detected south of Kunghit Island 
in 1996 (Gower 1997). Thus, it appears that 
océanographie conditions are most conducive 
for brightness event development in Hecate 
Strait. The exact océanographie mechanisms 
that generate bright patches in the inlets of 
eastern Gwaii Haanas are unknown, but 
the frequency and spatial coverage of the 
patches indicate that they may have important 
consequences for the functioning of pelagic 
ecosystems in Hecate Strait. In other areas 
of the world, similar advanced very high-
resolution radiometer-processed images show 
that bright patches can be linked to blooms of 
coccolithophore phytoplankton. Large blooms 
of coccolithophores can reduce the amount 
of light penetrating the sea surface by 30%. 
This reflectance would greatly reduce the 
light energy needed by other phytoplankton 
that ultimately feed the pelagic food webs of 
offshore areas of the proposed NMCA and 
Hecate Strait. Gower (1997) and Robinson 
et ni. (2004) noted that, in several years, the 
bright patches emerged from east coast 
Haida Gwaii inlets, particularly Juan Perez 
Sound. Field research has identified four 
regions with coccolithiphore blooms on the 
east coast of Gwaii Haanas versus only one 
site on the west coast (Toews 2004). Thus, the 
field sampling confirms that coccolithophore 
blooms occur more readily on the east coast 
of Gwaii Haanas and that they start in small 
sheltered areas before being carried offshore. 
How océanographie processes in Juan Perez 
Sound initiate these blooms is unknown. 

During the winter, winds coast-wide are 
primarily SE or S and they force oceanic 
water into Queen Charlotte Sound, resulting 
in downwelling and mixing of warmer 
surface oceanic waters to the sea bottom. The 
winter water column is almost homogeneous 
to 200 m, with temperatures of 2 to 6 °C 
(Crawford and Thomson 1991; Jardine 
et al. 1993). In a nearly homogeneous water 
column, the cross-strait scale of currents is 
much less than the width of Hecate Strait 
(Crawford and Thomson 1991). Hence, there 
is no significant across-strait current flow in 
winter, and the SE winds mainly result in a 
strong northwesterly water flow along the 
eastern side of Hecate Strait (A in Figure 78). 

The constant flow of water northward 
through Hecate Strait splits into one branch 
that continues to Dixon Entrance, and another 
branch that turns roughly mid-Strait to 

Legend 
A There is no significant across-Hecate Strait current flow in winter, and the south

easterly winds mainly result in a strong northwesterly water flow along tire eastern 
side of Hecate Strait 

B The constant flow of water northward results in sea level rise at the north end of 
Hecate Strait and a southward return current along the east coast of Gwaii Haanas 

C The southward-flowing current is also enhanced by tidal rectification (i.e. flow 
around a promontory) 

D To the southeast of Haida Gwaii. a counterclockwise eddy is formed over the 
northern portion of Middle Bank 

E The narrow (20 to 30 km wide) northward-flowing Haida Current occurs along the 
continental slope of the northern shelf 

F Satellite imagery, in-situ sampling, and model simulations have recently shown that 
eddies are regularly found to the southwest of Cape St. James in winter 

G The Davidson Current extends northwards along the continental shelf from 
Vancouver Island, across the mouth of Queen Charlotte Sound 

H Ocean currents flow out of Johnstone Strait northward into Queen Charlotte Sound 

Figure 78. Schematic diagram of major wintertime 
ocean currents observed on the northern British 
Columbia coast (from Robinson et al. 2005). Arrows 
indicate general directions of currents. 
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the southeast (Crawford et al. 1990). This 
bifurcation is driven by the sea-level rise at 
the north end of Hecate Strait, and the weak 
southward return current moves along the 
east coast of Gwaii Haanas (B in Figure 78). 
This southward flow becomes relatively 
strong by the time it passes within 12 km 
of Cape St. James (Crawford and Thomson 
1991; Crawford et al. 2002). The southward 
flowing current is also enhanced by tidal 
rectification as it nears Cape St. James 
(C in Figure 78 - Crawford et al. 1995). 

To the southeast of Flaida Gwaii, a counter
clockwise "eddy" is typically formed over the 
northern portion of Middle Bank in winter 
(D in Figure 78). Crawford et al. (1990) 
hypothesized that this "Middle Bank Eddy" 
allows Pacific cod (Gadus macrocephalas) larvae 
to remain in Flecate Strait in winter rather 
than being carried northward out of the Strait. 
Robinson et al. (2005) also proposed that the 
Middle Bank Eddy, in winter, may act as a 
barrier to across-sound transport of surface 
plankton particles from southern Queen 
Charlotte Sound. Modelling results indicate 
that the Middle Bank Eddy may only block 
surface (2 to 15 m) particles, but particles at 
30 m depth could pass from southern Queen 
Charlotte Sound to the proposed NMCA. 

Model results from Robinson et al. (2005) also 
indicate that a high percentage of surface 
particles were dispersed from the proposed 
NMCA and transported to other regions in 
central and northern Flecate Strait, and along 
the west coast of Haida Gwaii. In particular, 
northern Hecate Strait (e.g., Banks Island) 
received a high percentage of particles from 
Gwaii Haanas and several Queen Charlotte 
Sound areas, indicating that this area may be 
a sink for larvae, and could be sustained from 
regions 100s of km to the south. Crawford 
and Jamieson (1996) observed that drift cards 
released in winter off southern Vancouver 
Island arrived in northern Flecate Strait and 
Dixon Entrance one month later. Presumably 
the cards were carried northward in the 
Davidson Current, entrained into Queen 
Charlotte Sound, and moved northward 
along the east coast of Hecate Strait. 

Additional evidence for the connectivity of 
Hecate Strait with southern regions in winter 
comes from Gardner (1982), who found 
evidence for seasonal changes in zooplankton 
communities on the southern Hecate Strait 
and Queen Charlotte Sound shelves. Gardner 
found an extension of the northern limits 
of six normally subtropical zooplankton 
species linked to intrusion of deep California 
Undercurrent (Davidson Current) water 
onto the Haida Gwaii shelf. The author 
concluded that the Queen Charlotte Sound 
and Hecate Strait are regularly affected by 
intrusions of offshore water with subtropical 
zooplankton, and that the intrusions vary 
interannually, partly in response to variations 
in the strength of coastal upwelling. 

4.3.2.3. Dixon Entrance Domain 

This region is strongly influenced by estuarine 
circulation and is driven by freshwater 
flowing from rivers into the coastal areas 
(Crean 1967). In Dixon Entrance, "Fresh water 
from the Skeena River mixes with salt water 
in Chatham Sound, and flows out of Chatham 
Sound as a five metre deep layer of brackish water. 
Sediments in this water absorb light, which warms 
this layer as it flows northward out of the Sound, 
then westward across Dixon Entrance. Any 
brackish water that flows out of Chatham Sound 
through channels to the west passes through 
narrow channels with strong tidal currents that 
mix deep cold water up to the surface, and cool this 
layer" (Crawford 2001). The waters of Dixon 
Entrance eventually meet and mix with cool, 
nutrient-rich waters that have upwelled from 
along southeast Alaska. It is the persistence 
of the wind-induced upwelling and tidal 
mixing in summer that makes this region 
so rich in plankton and fish production and 
attractive to marine birds and mammals. 

Also in summer, warm, fresh flows from the 
continental mainland's Skeena and Nass 
Rivers are clearly seen in northern Dixon 
Entrance because of the inflow of colder, 
saline water near Langara Island. Tidal 
currents passing through Dixon Entrance 
produce an anti-clockwise eddy in Dixon 
Entrance (Figure 79). Flood currents are 
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typically stronger along the north coast of 
Graham Island and ebb currents are typically 
strong along the northern shores of Dixon 
Entrance, creating the net effect of an eddy. 
The Rose Spit Eddy has been attributed to the 
mechanisms of "tidal rectification" (Crawford 
1997). This is net water transport arising 
when the ebb (outgoing) tide is stronger, or in 
a different direction, than the flood (incoming) 
tide - or visa versa. Hence, it produces steady, 
background eddies such as those off Cape St. 
James. The Rose Spit Eddy causes eastward 
flow along North Beach and may help retain 
Dungeness crab (Cancer magister) larvae before 
they settle along the north coast of Graham 
Island (Crawford and Jamieson 1996). 

Winter surface currents in Dixon Entrance 
are poorly understood (Crawford 1997). 
There is some evidence of outflow along the 
north side and inflow along the south side. 
Unlike Hecate Strait, which is mixed to 200 
m, waters in Dixon Entrance are stratified 
in the top 50 m in winter (Crawford 1997). 

4.3.3. Nearshore Océanographie Processes 
with Special Reference to Gwaii Haanas 

The information discussed above and that 
reported in DFO's 6"' annual Pacific Region 
State of the Ocean (PSARC 2005) highlight 
the wealth of knowledge about offshore 
oceanography along British Columbia's 
coast. In contrast, considerably less is 
known about nearshore oceanography 
around Haida Gwaii. In general, nearshore 
océanographie processes are determined by 
local topography influencing wind direction 
and intensity, surface currents and mixing 
and local precipitation (hence, stratification). 
Other key factors are tidal currents and 
mixing. This section focuses mainly on 
nearshore waters of Gwaii Haanas. Given 
Gwaii Haanas' relatively steep terrain, it is 
more useful to consider nearshore as <0.5 
km from shore. Modelling has shown that 
in nearshore regions of Gwaii Haanas, high 
tidal mixing will likely have an important 
influence over local biological processes 

Figure 79. Schematic diagram of the semi-permanent eddy in Dixon Entrance with seasonal (summer 
[solid line] and winter [dashed line]) surface currents (from Crean 1967 and Thomson 1981). 
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(Figure 80). Areas such as Burnaby Narrows, 
Murchison Faraday Passage, and Houston 
Stewart Channel are well known for their 
high tidal mixing, high biological diversity 
and high productivity (TEC/HFP 1993, 
1994). Nearshore areas on Gwaii Haanas' 
west coast, however, do not appear to be 
influenced by tidal mixing (Figure 80). 

One way of describing the diversity of 
nearshore océanographie conditions 
around Haida Gwaii is to compare 
processes with those observed offshore. 
Briefly discussed below are three key 
observations about ocean conditions in 
Hecate Strait and Queen Charlotte Sound, 
and these are compared with conditions 
in nearshore regions of Gwaii Haanas. 

McQueen and Ware (2002) summarized 
available studies looking at océanographie 
properties in Hecate Strait, Dixon Entrance 
and Queen Charlotte Sound (referred to 
here as the "region") and made three major 

Figure 80. Tidal mixing in northern British Columbia 
waters as estimated from the physical océanographie 
model of Foreman et al. (1993) (from Foreman and 
Morrison 2002). The spectrum of colours relate to 
tidal current speeds with bright red being the 
strongest and dark blue being the weakest. Note 
that some of the strongest tidal mixing in northern 
British Columbia occurs at Cape St. James. 

generalizations. First, although there can be 
very different surface patterns in temperature 
and salinity in the region, there were no 
significant differences in surface (0 to 5 m) 
nutrient or chlorophyll concentrations among 
sampling stations. In other words, most 
of the offshore areas examined have very 
similar surface nutrient and chlorophyll 
concentrations, likely determined by 
similar responses to broad-scale oceanic 
processes rather than local-scale processes. 

Second, during summer months at most 
stations in the region, water between 0 to 
10 m depth is usually isothermal (of the 
same temperature), cooler between 10 to 
15 m, and isothermal between 15 to 30 
m. In most offshore regions, therefore, a 
mixed layer is common and the depth of 
the upper wind-mixed layer likely varies 
between 10 to 30 m (Figure 81 A). This depth 
range is consistent with other coastal areas 
(Thomson 1981). McQueen and Ware (2002) 
also noted that summer concentrations of 
nutrients (nitrate - N03) were typically low 
in the surface 0 to 5 m, roughly doubled 
from 5 to 15 m, and gradually increased 
with depths >20 m (Figure 81 B). In 
addition, chlorophyll concentrations were 
low (<2.0 pg per litre) in the top 20 m of the 
water column, but increased significantly 
between 20 to 30 m. This observation 
indicates an accumulation of chlorophyll at 
the bottom of the mixed layer - a common 
feature of coastal waters (Thomson 1989). 

Third, seasonal data for the region indicates 
that the depth of the mixed layer is deepest 
in winter, and shallows in spring to 
shallowest depths by mid summer (Figure 
81 A). The seasonal change in mixed layer 
is related to a seasonal decrease in surface 
winds, increased solar radiation (light), and 
increased surface run-off. Consistent with 
the observed seasonal change in mixed 
layer, nutrient concentrations are highest 
in winter, and lowest by mid summer 
(July to August). Conversely, chlorophyll 
concentrations were lowest in winter, 
increasing in spring (spring bloom), low in 
mid-late summer (due to nutrient limitation), 
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and rising again in fall (Figure 81 C). A 
similar pattern was discussed above for the 
coastal zone colour scanner satellite imagery. 

In comparison with the offshore surface 
oceanography described above, data collected 
at 45 stations by Toews (2004) describe some 
similarities and differences with nearshore 
oceanography. Nutrient limitation observed 
in surface offshore waters also occurs 
frequently in nearshore areas in summer. 
Both Toews (2004) and Robinson (unpublished 
data on eelgrass meadows) have documented 
widespread and low concentrations of nitrates 
(< 2.0 pg per litre) and chlorophyll (< 5.0 pg 
per litre ) in surface waters of many near 
shore stations. Although seasonal nearshore 
nutrient or chlorophyll data do not exist for 
Gwaii Haanas, it appears that very low nitrate 
concentrations occur by mid to late July, 
and that these low concentrations occur at 
nearshore sites on both east and west coasts 
of Gwaii Haanas, and they extend to offshore 
areas in Hecate Strait and Queen Charlotte 
Sound. The low nitrate values in July and 
August are consistent with the seasonal 
nitrate patterns described by McQueen and 
Ware (2002) in Hecate Strait, Harrison et 
a/. (1997) for the Juan de Fuca Strait, and 
observed in near shore areas of southern 
Clayoquot Sound (Robinson 2006). Generally, 
nitrate values are highest in winter, decline 
in spring to very low concentrations by 
mid summer, and increase rapidly again in 
September and October due to wind mixing. 

One of the major observed differences 
between nearshore and offshore 
oceanography is the greater diversity of water 
column property profiles in nearshore areas 
compared to the more ubiquitous shallow 
mixed layer profiles observed offshore. Some 
stations exhibited shallow mixed layers, but 
others showed high levels of stratification, 
and some stations were completely mixed 
from the surface to the bottom (Figure 82). 
For example, nearshore stations, such as 
Sunday Inlet and Gowgaia Bay on the west 
coast had highly stratified water columns 
with higher concentrations of nutrients 
and chlorophyll in surface (<5 m) waters. 
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Figure 81. Summary of selected océanographie 
properties of Hecate Strait, Dixon Entrance and 
Queen Charlotte Sound (from McQueen and Ware 
2002). (A) Seasonal mixed-layer depth, 1955 to 
1967. (B) Nitrate (NO,) concentration with depth 
for Hecate Strait and Queen Charlotte Sound, June 
to July 1983. (C) Monthly means (with standard 
deviations) of sea surface chlorophyll 
concentrations, 1970s to 1990s. 



Figure 82. Water column profiles of density, salinity and temperature from various near/shore stations 
around Gwaii Haanas (from Toews 2004). (A) Skedans, east coast completely mixed station. (B) Sunday 
Inlet, west coast - stratified station. (C) Wells Cove, west coast mixed layer of -12 m depth. 

Stratifications were likely due to protection 
from prevailing winds, and freshwater runoff. 
Other nearshore stations such as Tanu, Juan 
Perez Sound, and Huxley Island on the east 
coast were typically well mixed from the 
surface to >25 in, and had similar values of 
nutrients and chlorophyll throughout the 
water column. These stations typically had 
higher surface nutrient and chlorophyll 
concentrations than stratified stations. Likely, 
local conditions such as topography and tidal 
mixing are responsible for the wide variety 
of nearshore water column conditions. 

Offshore océanographie properties can show 
high interannual variability (Freeland and 
Cummins 2005), and it appears that this 
broad-scale variability influences physical 
and chemical océanographie properties 
measured at nearshore stations on both 
the east and west coast of Gwaii Haanas. 
Toews et al. (2006) describe how interannual 
differences in regional ocean climate resulted 
in noticeable differences in nearshore 
oceanic properties, such as nitrate and 
chlorophyll concentrations. For example, 
during the summer of 2001, it was relatively 
cool, rainy and winds were predominantly 

from the SE, while in 2002, it was sunnier 
and drier corresponding to stronger NW 
winds and coastal upwelling. Nitrates and 
chlorophyll were generally significantly 
higher on both coasts in 2002 than in 2001. 

A final point is that nearshore sites exhibit 
different levels of surface-level connectivity 
with offshore areas. The two extreme 
scenarios are as follows. On the west coast 
of Gwaii Haanas, the prevailing summer 
winds are from the north-north west. Sites 
such as Sunday Inlet and Gowgaia Bay are 
fully protected from these winds and, not 
surprisingly, their océanographie properties 
are very distinct from other nearshore sites 
more exposed to alongshore winds and 
coastal upwelling such as SGang Gwaay. 
Water properties in the inlets were typical 
of sheltered, stratified waters, and were 
dominated by smaller phytoplankton 
(nano-phytoplankton). What remains 
to be confirmed is how and when Gwaii 
Haanas coastal and inlet waters exchange. 

On the east coast of Gwaii Haanas, evidence 
was discussed previously how phytoplankton 
blooms originate in sheltered inlets of Juan 
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Perez Sound, and ultimately make their 
way into central Hecate Strait. The linkage 
between east coast regions and Hecate Strait 
is further supported by the observation that 
during the summer most east coast nearshore 
and offshore stations are dominated by 
small-bodied nano-phytoplankton. This 
dominance of small phytoplankton is 
consistent with nitrate limitation observed 
region-wide. Overall, the nearshore 
inlets of eastern Gwaii Haanas may have 
significantly more connectivity with offshore 
food webs than inlets on the west coast. 

In summary, the océanographie processes 
occurring around Haida Gwaii are diverse. 
There are several well-documented and 
understood regional oceanic processes (at 
scales of 100s to 1,000s km) occurring in three 
major océanographie domains. Although 
nearshore oceanography is less well studied 
than regional offshore oceanography, 
local topography and tidal mixing are 

most likely responsible for the diversity of 
océanographie conditions found nearshore, 
particularly inshore of kelp forests (<30 m 
depth). It is also apparent that regional 
océanographie processes can, at times, 
exert an archipelago-wide influence on 
surface océanographie properties such as 
temperature, nutrients and chlorophyll. 

Understanding regional and local 
océanographie processes would benefit many 
coastal management issues as summarized in 
Table 49. In particular, understanding spatial 
and temporal variability in océanographie 
processes, such as through appropriate 
monitoring (Robinson 2002), will be 
critical to knowledge-based management 
of the proposed NMCA because: 

• a NMCA must be representative 
of the océanographie processes 
of its marine region; 

• as ecosystem structure and function 
cannot be compromised within a 

Table 49. Seven basic topics towards incorporating coastal oceanography values into marine area 
protection. 

Topic Notes 

Marine 
connectivity 

Land-sea 
connectivity 

Ecosystem 
productivity 

Toxic algal 
blooms 

Effects of regional 
developments 

Representivity 

Species-at-risk 

Most marine invertebrate and fish species have their larval stages dispersed in currents. Knowing 
the temporal and spatial variability of currents is critical for understanding the dispersal (sources 
and sinks) of larvae. 

Coastal ocean processes can be strongly affected by terrestrial runoff and by the funnelling of wind 
through steep, mountainous terrain. In addition, many marine species use terrestrial, intertidal or 
nearshore habitats for spawning, nesting, and feeding. Hence, the relationships between land 
forms and ocean processes are central in the ecology of many coastal species. 

The production of phytoplankton and zooplankton (i.e., the base of the coastal food web) is driven 
by interactions between ocean currents and bottom topography and/or the surface winds and 
ocean currents. Identifying key areas of primary and secondary production are required to locate 
foraging areas of marine fishes, birds and mammals. 

In many coastal areas of British Columbia, océanographie conditions are responsible for toxic algal 
blooms that can cause paralytic shellfish poisoning (PSP) in people who eat bivalve shellfish 
contaminated by eating the phytoplankton (see section 3.5). Several toxic phytoplankton species 
are common in Gwaii Haanas' nearshore waters (Toews 2004). However, Utile is known about the 
océanographie conditions that lead to blooms of these species. 

Given the prospect of offshore oil and gas, the seasonal and interannual variability in the direction 
and intensity of coastal currents must be documented. 

Part of Parks Canada's marine mandate is to ensure that the proposed NMCA is representative of 
the region's natural marine features, including physical oceanic processes. 

Numerous marine species-at-risk (e.g., northern abalone, Humpback whale) occur in nearshore 
Haida Gwaii waters. Understanding oceanic processes is required to define the spatial and 
temporal variability in critical habitats essential for each species' eventual recovery. 
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NMCA, and given that nearshore 
ecosystems are driven by oceanography 
and coastline structure, understanding 
océanographie processes is vital; 

• a key element in the design of a coastal 
network of marine protected areas, to 
which Canada is committed (DFO 2005 b), 
is to understand how océanographie 
processes influence the physical and 
biological connectivity within and among 
such areas (Robinson et al. 2005); and 

• zoning within the proposed NMCA 
will be contingent, in part, on 
understanding océanographie 
processes, such as larval transport 
at small enough scales, to establish 
ecologically functioning (connected and 
representative) fully protected zones. 

4.4. WAVE CLIMATE 

J.R. Harper 

"I saw a wave break over a 150' rock outside. I 
knew this couldn't be but I kept watching am/way. 
In another two minutes it happened again. Not 
only did it break over but it shot up another 150' 
before crashing and cascading dozen the rock's tree-
covered backside toward our cabin." (N. Carrie 
1979 - from the west coast of Moresby Island) 

The long-term characteristics of waves, or 
wave climate, around Haida Gwaii is the 

most energetic in Canada and among the 
highest around North America. Extensive 
open fetches of the North Pacific Ocean 
and frequent storms generated as part of 
the Aleutian Low pressure system in the 
Gulf of Alaska result in large waves being 
generated and striking Haida Gwaii. 

4.4.1. Regional Variations 

The frequency of occurrence of wave height 
classes recorded from offshore buoys around 
Haida Gwaii are summarized in Figure 83 
from the sources listed in (Table 50). Wave 
heights are greatest on average at the 
southern tip of Haida Gwaii, although west 
coast stations are fairly comparable. This 
pattern is a reflection of the swell-dominated 
ocean wave climate in which large waves 
are generated over long fetches in the North 
Pacific. Hecate Strait has lower average 
wave heights than the west coast because 
open water fetches are more restricted within 
Flecate Strait. For example, -40% of the 
waves are <2 m high along the west coast, 
whereas 70 to 80% of the waves are <2 m in 
Hecate Strait. Looking at patterns of larger 
waves, 10% of the waves on the west coast 
are >6 m whereas <1% are >6 m high in 
Hecate Strait. The wave data patterns show 
the much higher exposure levels on the west 
coast Haida Gwaii compared to the east 
coast facing Hecate Strait. Further, there are 
numerous recordings of individual waves 

1 Buoy locations are shown in Heure 83 
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Table 50. Wave height data sources from buoys deployed around Haida Gwaii. Only quality-controlled 
data were used in analyses (data were accessed from Fisheries and Ocean Canada, Marine Environmental 
Data Service: h t tp : / /www.meds-sdmm.dfo-mpo.gc .ca /meds /Databases /Wave/ idxMAP/ idxMap 
Qbasic_e.asp). 

Number of hourly 
wave observations 

Location Buoy No. Time period Position used in summary 

West Dixon Entrance 46205 Nov. 1988 - Feb. 2005 54.16N/134.28W 103,570 

Central Dixon Entrance 46145 Apr. 1991 - Feb. 2005 54.38N/132.45W 105,184 

West Moresby Isand 46208 July 1990 - Feb. 2005 52.52N/132.69W 104,537 

South Moresby Island 46147 June 1993 - Feb. 2005 51.83N/131.22W 89,430 

North Hecate Strait 46183 May 1991 - Feb. 2005 53.62N/131.10W 90,988 

South Hecate Strait 46185 Sep. 1991 - Feb. 2005 52.42N/I29.81W 89,512 

http://www.meds-sdmm.dfo-mpo.gc.ca/meds/Databases/Wave/idxMAP/


Figure 83. Summary wave height data from ocean wave buoys around Haida Gwaii. The data indicate 
frequency of occurrence of wave height classes based on hourly wave height observations from 10 or more 
years of records (data from Marine Environmental Data Service, DFO: http://www.meds-sdmm.dfo-mpo. 
gc.ca/meds/Databases/Wave/idxMAP/idxMAPQbasic_e.asp). 
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>20 m in both Hecate Strait (-40 observations 
in 14 years of record) and on the west coast 
of Haida Gwaii (-40 observations in 12 years 
of record, including two >30 m high). 

4.4.2. Seasonal Variations 

Seasonal variations of mean monthly wave 
heights for each buoy are summarized in 
(Figure 84). The strong seasonal variation is 
evident with average winter wave heights 
typically twice that of summer. For example, 
average wave heights for December are 
-3.5 to 4.0 m for the west coast compared 
to -2.0 to 2.5 m for Hecate Strait. While 
December is the month with highest wave 
heights for both the west coast and Flecate 
Strait, December wave heights on the 
west coast of the islands are -10% greater 
than any of the other months, whereas the 
wave climate in Hecate Strait is not that 
different between December and January. 

Frequent storm winds also generate large 
waves, particularly where strong tidal 
currents can contribute to the build-up of 
steep waves. Thomson (1981) noted that a 
drilling rig operating near Cape St. James in 
1968 observed wave heights rising from 4 
m to >18 m in a 10-hour period, attesting to 
the rapidity with which seas can develop. A 
winter time series of hourly wave heights 
from North Hecate and the South Moresby 
buoys are shown in shown Figure 85 for 
depicting winter wave climate conditions. 
Individual waves of -22 m were recorded at 
South Moresby buoy with some hourly means 
>10 m. As well, the plots reveal frequent (6 
to 8) storms. A summer time series of hourly 
wave heights in shown Figure 86 show that 
mean wave heights in Hecate Strait were 
rarely >2 m and rarely >3 m off the west coast. 

4.4.3. Implications of Wave Climate 

Wave buoys reveal that the wave climate 
around Haida Gwaii can be extreme, 
particularly in winter. Prevailing westerly 
wind systems, almost unlimited open-water 
fetches and intense low-pressure systems that 

dominate the winter months all contribute. 
The extreme wave conditions thoroughly 
mix surface waters during winter and exert 
a strong control on species inhabiting the 
outer coasts. Intertidal biotic assemblages 
reflect the ocean wave conditions in that fewer 
organisms prevail within such an energetic 
surf zone. These west coast assemblages of 
Moresby Island, where the continental shelf 
width is narrow and little wave energy is lost 
due to shoaling, have only been observed 
at a few other (Alaskan) locations in the 
northeast Pacific such as the outer Kenai 
Coast and along northeastern Kodiak Island 
(J.R. Harper, unpublished observation). No 
locations on Vancouver Island display the 
assemblages associated with the very exposed 
wave conditions of Haida Gwaii as will be 
described later in section 6. Intertidal species 
assemblages along the Hecate Strait shoreline 
generally indicate lower exposures, although 
extreme events due occur. Some southeast-
facing coves, such as Benjamin Point just 
north of Rose Harbour, have log debris piles 
up to 10 m above the normal high water line. 

4.5. SEA LEVEL 

I.J. Walker 

According to the Intergovernmental Panel 
on Climate Change, global eustatic sea level 
is rising at a rate of 1 to 2 mm per year in 
response to thermal expansion of warmer 
seawater, glacial meltwater into oceans 
and changes in ocean salinity. Local to 
regional geological factors, such as coastal 
sedimentation, land subsidence, tectonic uplift 
and glacio-isostacy effects, are also important 
as they determine local "relative" sea level 
changes as the land rises or subsides relative 
to eustatic sea level changes. According to the 
British Columbia Ministry of Environment, 
ocean levels in coastal British Columbia have 
risen by 4 to 12 mm per year over the 20th 

century and could rise by another 8 to 33 cm 
by 2050 [http://www.env.gov.bc.ca/air/]. 

Given the geophysical dynamism of the 
British Columbia coast, it is important to 
recognize local geological factors that cause 
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Figure 84. Mean monthly wave height summaries for ocean buoys around Haida Gvvaii (data from Marine 
Environmental Data Service, DFO: http:/ /www.meds-sdmm.dfo-mpo.gc.ca/meds/Databases/Wave/ 
idxMAP/idxMAPQbasic_e.asp). 
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Figure 85. One-month (November 1995) times series of hourly winter wave height observations at North 
Hecate (top) and South Moresby (bottom) buoys. Both the averaged hourly significant wave height and the 
peak measured wave height are shown. The maximum recorded single wave height was 22 m at South 
Moresby buoy. 

vertical movements of coastal landmasses. 
Much of the British Columbia coast is still 
rebounding upwards at rates of 0 to 4 mm 
per year in response to the retreat of massive 
ice sheets that once covered much of the 
province (Hetherington et til. 2004). As well, 
transverse plate motions along the west coast 
of Vancouver Island are causing the landmass 
to tilt such that the southwestern coast is 
rising as much as 4 mm per year in addition 
to the rate of isostatic rebound, whilst the 
rest of the island is sinking. Tectonic motions 
(plate uplift) are responsible for the observed 
relative sea level drop in Torino of -1.3 mm 
per year. In contrast, it seems that tectonic 
effects on land subsidence or rise since 1937 

are negligible in terms of influencing relative 
sea-level rise in Haida Gwaii (Larson et al. 
2003). This is based on long-term water level 
data from both Prince Rupert and Queen 
Charlotte City. Unfortunately, land surface 
elevation change and water level data for 
western Haida Gwaii are not available 

Figure 87 shows a mean sea level trend of 
1.6 mm per year for Haida Gwaii derived 
from Prince Rupert water level data from 
1945 to 2003. From this, a future rise of 
11 to 22 cm by 2100 is possible (given a 
statistical confidence of 95%). This trend 
is within the Intergovernmental Panel 
on Climate Change estimates for the 20th 
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Figure 86. One-month (August 2004) times series of hourly summer wave height observations in North 
Hecate (top) and South Moresby (bottom) buoys. Both the averaged hourly significant wave height and 
the peak measured wave height are shown. 

Figure 87. Mean sea level trend derived from Prince Rupert, 1945 to 2003. Dashed lines indicate 95 % 
confidence limits (from Abeysirigunawardena and Walker, 2004 (unpublished data) and courtesy of the 
Canadian Hydrographie Service, Sidney, B.C.). 
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century (1 to 2 mm per year) and is slightly 
higher than the longer-term 1909 to 1999 
trend published by the British Columbia 
Ministry of Water, Land and Air Protection 
(1.2 mm per year - Beckmann et ni. 1997). 
The difference between these trends is from 
a data quality assessment procedure in the 
former that resulted in removal of several 
years of missing or poor data coverage (>10% 
missing), particularly from 1918 tol939. 

4.5.1. Storm Surges and Extreme Water 
Level Trends 

Of additional interest for predicting coastal 
hazards and future effects of climate change-
induced sea level rise are the temporal 
trends in extreme water levels. Extreme 
water levels results from the combination of 
high seasonal tides, storm generated surges 
and other fluctuations in sea levels driven 
by inter annual climate variability patterns 
that influence ocean temperatures (thermal 
expansion effects) such as El Nino and the 
Pacific Interdecadal Oscillation. Tides are 
controlled by astronomical processes thus 

can be deterministically predicted. Surges 
and climate variability events on the other 
hand, are largely stochastic and can only 
be estimated using complicated statistics. 

An examination of the occurrence of 
maximum annual water level events 
generated by both tides and surge is 
presented in Figure 88. Annual extreme 
water levels on the north and eastern shores 
of Haida Gwaii appear dominated largely by 
high tides. Interestingly, very few extreme 
storm surges occur at higher tide stages (i.e., 
>6 m above chart datum). The explanation 
for this is uncertain and may simply reflect 
that the chance occurrence of an extreme 
storm surge with a high tide has not yet 
happened since 1909. This is not entirely 
unlikely and confirms several anecdotal 
accounts from local fishers. It is possible, 
however, that a surge-inhibiting effect may 
exist that differs in shallower waters (e.g., 
Dogfish Bank) vs. deeper waters (e.g., Queen 
Charlotte Sound). Preliminary examination 
of the occurrence of surge elements in the 
region (mainly total water levels, atmospheric 
pressure and surface winds) suggests that 

Figure 88. Distribution of annual maximum tides (vs. corresponding surge) and annual maximum storm 
surge events (vs. corresponding tide stage) derived from Prince Rupert tidal station 1909 to 2003 (data 
courtesy of Canadian Hydrographie Service, Sidney, B.C). 
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surge generation in deep waters is governed 
largely by atmospheric pressure, whereas 
surge development in shallow waters is 
controlled equally by pressure and wind 
properties. As such, enhanced wind wave 
setup in shallower waters of Dogfish Bank 
may amplify net water levels and create 
higher surges at lower (shallower) tide 
stages. The mechanisms of this potential tidal 
stage-surge setup are poorly understood. 

Figure 89 shows long-term seasonal variations 
in water levels for Haida Gwaii derived from 
Queen Charlotte City from 1938 to 2003. 
Yearly maximum sea levels occur during late 
fall to early winter and there is a distinct shift 
(rise) in all monthly averages post-1970s. It 
is interesting to note that the distribution of 
monthly extreme winds (not shown) indicate 
a very similar (increasing) shift in seasonal 
trends over the same time period. This may 
reflect the influence of a shift to the positive 
(warm) phase of the Pacific Interdecadal 
Oscillation and resulting enhancement in the 

intensity of El Nino events during this period. 
Aside from warmer (and higher) than average 
ocean waters during this period, the processes 
that link Pacific Interdecadal Oscillation 
or El Nino-Southern Oscillation (ENSO) 
phases to regional océanographie responses 
in Haida Gwaii are not well understood. 

The longer-term trend in annual maximum 
sea levels from 1945 to 2003 at Prince Rupert 
shows an increase of 3.4 mm annually. This 
is shown in the regression of maximum vs. 
mean sea levels over this period in Figure 
90 and is significant at 95"/» confidence 
level. It is common for the trend in extreme 
water levels to be comparable to the mean 
sea level trend, however, in this region 
extreme high waters are increasing at a rate 
of 2.1 times greater than the mean sea level 
trend. This suggests a significant increase 
in hazard potential due to shorter-term 
extreme events over the longer-term (and 
still appreciable) mean sea level trend. 

Figure 89. Monthly maximum water level distribution for Haida Gwaii derived from Queen Charlotte City 
water level data, 1938 to 2003 (from Abeysirigunawardena and Walker, 2004 (unpublished data) and 
courtesy of Canadian Hydrographie Service, Sidney, B.C.). 
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Superimposed on the gradual mean sea 
level rise trend, the existing macrotidal 
range and a potential increased storm 
frequency may result in more frequent 
extreme storm surges such as the Christmas 
Eve, 2003 storm. Surges enhance erosion 
(currently 1 to 3 m per year along much of 
East Beach) and increase flooding and tidal 
encroachment into low-lying areas (e.g., 
Delkatla Slough). This will threaten coastal 
infrastructure (e.g., coastal highway 16, 
ferry terminal, port facilities, airports, sewer 
systems, navigation beacons, groundwater 
aquifers), ecologically sensitive habitats (e.g., 
wetlands, estuaries, dunes, coastal forests) 
and other culturally and recreationally 
valued sites throughout Haida Gwaii. 

4.5.2. Sea Level Response to Climate 
Variability Events 

Interannual to decadal scale climate 
variability patterns such as the El Nino-
Southern Oscillation (ENSO) and Pacific 
Interdecadal Oscillation generate regional 
rises in sea levels along the Pacific Coast 

(Subbotina et ni. 2001). For example, during 
the El Nino of 1997-98, sea levels along the 
North American Pacific coast rose by 50 to 
100 cm above normal (Subbotina et ni. 2001). 
On the British Columbia coast, sea-levels 
rose 10 to 40 cm higher than normal and 
remained high for several months (Crawford 
et ni. 1999; Barrie and Conway 2002). 

Recent statistical analyses to explore the 
correlations between dominant climate 
variability indices (e.g., ENSO, Pacific 
Interdecadal Oscillation, Northern Oscillation 
Index) and mean sea-level show that higher 
than average sea levels are strongly correlated 
with the positive (warm) phases of the Pacific 
Interdecadal Oscillation (r=0.686) and ENSO 
(El Nino, r=0.624) and the negative phase of 
the Northern Oscillation Index (r= -0.639). 
All of these correlations are significant at the 
99% confidence limit (p=0.01). Maximum 
total water levels (including surge) are most 
significantly correlated with both negative 
ENSO (La Nina) (r= -3.54) and positive 
Northern Oscillation Index values (r=0.348) 
at the 95% confidence interval. The strongest 
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Figure 90. Maximum versus mean sea level plot for Prince Rupert from 1945 to 2003. Dashed lines indicate 
95 % confidence limits (data courtesy of Canadian Hydrographie Service, Sidney, B.C). 



correlation with total water level is with the 
negative Pacific Interdecadal Oscillation 
phase (r = - 0.4) at 99% confidence. 

These statistics highlight the dominant 
control exerted by well known tropical • 
and extratropical climate variability 
phenomena. It seems that the Pacific 
Interdecadal Oscillation, perhaps due to 
its more regional definition, is the most 
significant governing climatic index that 
describes sea level variability in Haida Gwaii. 
Unfortunately, causes and mechanisms 
of the Pacific Interdecadal Oscillation 
are unknown and, given it's rather long 
period (20 to 30 years), the ability to use 
this index as a potential forecast for high 
water levels is limited. This stresses the 
need to develop a better understanding of 
the Pacific Interdecadal Oscillation and it's 
océanographie implications. Mean sea level 

at the inter annual to seasonal scales may 
be better modeled using negative Northern 
Oscillation Index values (as this index is more 
regionally specific than ENSO). Figure 91 
shows the strong coincident timing of average 
annual water levels and the negative 
Northern Oscillation Index. In essence, this 
relationship better reflects localized ENSO 
responses and has a fairly strong correlation 
(r=-0.639). Maximum total water levels 
(including surge contributions) may be better 
modeled using negative ENSO values. The 
limitation of this, however, is that the ENSO 
index is not regionally specific and would 
not necessarily reflect the frequency and 
magnitude of storms in coastal areas that 
may contribute to enhanced surge water 
levels around Haida Gwaii. Thus, a more 
regionally specific index, such as the Northern 
Oscillation Index, is likely more useful. 

Figure 91. Time series plot of mean sea level (lower trend, residual levels from long term mean) versus 
Northern Oscillation Index (upper trend) for Prince Rupert, 1950 to 2003 (data courtesy of Canadian 
Hydrographie Service, Sidney, B.C.). 
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5. BIOPHYSICAL COASTAL 
MAPPING HISTORY AND 

METHODS 
N.A. Sloan and J.R. Harper 

Biophysical coastal mapping collects physical 
and biological attributes simultaneously, 
integrates and illustrates them in a single 
map. The foundation of such classification 
systems is the physical structure, or 
geomorphology (Finkl 2004). Biophysical 
mapping systems typically inventory a 
number of mappable physical and biological 
features that can be associated with other 
features not explicitly mapped. Biophysical 
maps are most commonly used for delineating 
species habitat. The maps are linked to 
species occurrences, which are often difficult 
to monitor or map. McLean Fraser (1938) 
was the first scientist to report on the 
relationship between species' distributions 
and shore types around Flaida Gwaii, as 
reviewed in Sloan et ni. (2001, p. 34). 

5.1. TERRESTRIAL 

Two complementary ecological mapping 
systems are used within British Columbia: 
the Biogeoclimatic Ecological Classification 
system developed by the Ministry of Forests 
starting in the late 1970s (Meidinger and 
Pojar 1991) and the Ecoregion Classification 
System developed by what is now the 
Ministry of Environment (Demarchi et ni 
1990). Both use a hierarchical system of 
nested units to delineate terrestrial ecoregions, 
in which terrain and climate mapping is 
combined with vegetation mapping, and 
both have been applied province-wide. In 
1998, the Terrestrial Ecosystem Mapping 
system was developed to bring together 
these two differing approaches. Further, 
terrestrial biophysical mapping has been 
linked to a Habitat Suitability Rating System 
and Predictive Ecosystem Mapping System 
(Meidinger et al. 2000 a, b). Habitat suitability 
systems provide an index of probable 
occurrence of selected species and assist in the 
assessment of coastal development proposals. 

Concerning Gwaii Flaanas, describing the 
coastal terrestrial resources of has long been 
a technical priority (Golumbia 1995). 

5.2. SUBTIDAL MARINE 

The province developed a British Columbia 
Marine Ecosystem Classification system 
for all subtidal areas coast-wide (Demarchi 
1996). Also influential were federal initiatives 
towards marine region classification 
nationally (Harper et ni. 1993 a) and in 
the Pacific (Watson 1998). The provincial 
marine system follows a similar rationale to 
the terrestrial system, although vegetation 
types were not used in the classification. 
The marine system was developed to aid 
marine and coastal management planning 
and conservation (Harper et ni. 1993 b; 
Howes 1992; Zacharias et ni. 1998 a,b). This 
hierarchical system systematically applies 
physical criteria considered significant to 
controlling regional ecological processes. 

Pacific Canada is shown in Figure 92 in 
which the Haida Gwaii region occupies 
three of British Columbia's six marine 
Ecoregions as well as comparable federal 
(DFO) terminology. Note that the offshore 
provincial Subarctic Pacific-Transitional 
Pacific and the DFO Alaska Gyre-Transition-
California Current boundaries are comparable 
and can shift enormously each year. Indeed, 
this boundary can be either completely 
south or completely north of Canadian 
waters in any one year according to ocean 
conditions (D. Johannessen, DFO, personal 
communication). This boundary is also 
evident in the province's 12 Ecosections 
illustrated in Figure 93. The criteria for 
Ecosections are fully defined in Zacharias et ni. 
(1998 a) from geographic, océanographie, 
and biological attributes. Problems with 
the Ecosections are that their reliance on 
expert opinion and limited datasets makes 
their representativeness and boundary 
accuracy difficult to verify. Accordingly, 
the Ecosections were subdivided into 619 
Ecounits for which only empirical field data 
were used (Zacharias et ni. 1998 a). The 
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Figure 92. Pacific marine Ecoregions within Canada's Exclusive Economie Zone. (A) Terminology of"the British 
Columbia Marine Ecosystem Classification System ecoregions from Zacharias et al. ( 1998 a); (B) Terminology of 
Fisheries and Oceans Canada from Prowles et al. (2004). 

Ecoiinits are subdivisions based on current 
regime, depth, exposure, substrate and sea 
bottom relief or rugosity (Zacharias et al. 
1998 a). Ecounit definition was later refined 
to include seawater temperature, salinity, 
stratification, bottom slope and revised 
depth data (AXYS 2001). This yielded 1,201 
Benthic and 155 Pelagic Ecounits coast-wide for 
which those of the north coast are illustrated 
in Figure 94. The federal government in 
Atlantic Canada developed a more detailed 
approach for benthic habitat classification 
and mapping for the Scolian Shelf based on 
physical seabed features that are linked to the 
ecological function of animals living on or in 
the seabed (Arbour 2004). This approach is 
now being evaluated for possible application 
to the Pacific North Coast Integrated 
Management Area by DFO (E. Gregr, Scitech 
Consulting, personal communication). 
Clearly, a commitment to federal-provincial 
cooperation will be required to make optimal 
use of these separate classification systems 
for this region. An example would be of 
comparisons between DFO's ground fish 
distribution data and benthic classification 
with the province's benthic Ecoiuiits. 

Morris (1996) developed a nearshore 
biophysical classification system that 
combined seabed vegetation data and 
substrate data within the Gulf Islands of 
the Strait of Georgia. The system evaluated 
the capability of the model to predict biotic 
assemblages based on abiotic (substrate, 
depth and energy) information and is 
discussed in the methods Appendix B. 

5.3. COASTAL ZONE 

The history of coastal mapping in British 
Columbia is founded on federal-provincial 
technical cooperation and is summarized 
elsewhere (Watson 1998; Howes 2001, 2002). 
Within the coastal zone, the shore zone is 
defined as shore's upper limit of the seaward 
edge of the terrestrial vegetation down across 
the intertidal to the shallow subtidal where 
kelp and seagrass are visible (see the glossary 
in Appendix A). The ideas and information 
coding supporting the physical shore 
mapping system (hereafter called ShoreZone) 
were framed by E. Owens (private sector 
consultant) and D.E. Howes (British Columbia 
Ministry of Environment) in 1979. The system 
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Figure 93. Pacific marine Ecosections of the whole coast of British Columbia based on the Province of 
British Columbia's Marine Ecosystem Classification System (from Zacharias et al. 1998 a). 

was originally tested on Saltspring Island 
(Owens 1980 a) and funded by the Lands 
Directorate of Environment Canada. As 
well, the Environmental Protection Service of 
Environment Canada was the first agency to 
fund applying the new ShoreZone technology 
into oil spill preparedness and response 
(Owens 1980 b). However, often overlooked 
in this mapping history is the involvement of 
federal agencies (led by Environment Canada) 
as partners with the province in development 
of, and as early clients for, ShoreZone. As 
well, Parks Canada (then part of Environment 
Canada) funded some of the first physical 
mapping; in Pacific Rim National Park 
(Harper 1981; Harper and Sawyer 1983). 

It was during the Saltspring and the Saanich 
Peninsula projects (Howes and Harper 1984) 
that the commitment was made to oblique 
aerial video of the coast (Owens 1983) as 
the basic information source for physical 
shore zone mapping (Howes 2002). The 
physical mapping system was to become an 
official protocol of the federal/provincial-
funded Resource Inventory Committee 
(RIC) whose mandate was to develop 
inventory and mapping standards for 
British Columbia (Howes et al. 1994). Ideas 
were rapidly coalescing in the early 1990s 
and the RIC issued a coastal information 
inventory providing an overview of coastal 
data, an assessment of user needs and a 
suite of recommendations for developing a 
coast-wide data set (Harper et al. 1993 b). 
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Figure 94. Pacific marine Benthic Ecounits (A) and Pelagic Ecounits (B) of the northern coast of British 
Columbia based on the Province of British Columbia's Marine Ecosystem Classification System (from 
AXYS2001). 
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A detailed description of ShoreZone 
assessment methods are provided in 
Appendix B, so only a brief overview is 
provided here. Mapping is founded on 
physical data derived from the aerial video 
imagery that enabled partitioning the shore 
into discrete, systematically described "shore 
units". Within each shore unit the structure 
(shape), substrate texture and exposure to 
wave energy are classed. With this as a 
foundation, biological mapping was overlain 
on the physical mapping in the original 
Gwaii Haanas ShoreZone mapping (Harper 
et al 1994 a; Morris et al. 1995) and became a 
RIC standard (Searing and Frith 1995). As 
well, coastal mapping in British Columbia 
has become doable by the general public 
through the Community Mapping Network 
who have issued their mapping, inventory 
and data management methodology using 
a spatial database (Mason and Booth 2004). 
Their methods are complimentary with 
provincial standards and enable motivated 
citizens to map local coastal resources 
including the backshore riparian areas. 

The Washington State marine and estuarine 
classification system developed by Dethier 
(1990) provided important ideas towards 
developing the biological component of 
the British Columbia system. As well, 
the Washington work was influential in 
formulating a U.S. national system (Allée 
et al. 2000) and a proposed North American 
coastal and marine ecological classification 
system (Madden and Grossman 2004). 
Dethier (1990) linked morphology and 
substrate, wave exposure, salinity regime, 
and shore biota into discrete habitat 
classes. This grouping of attributes helps to 
summarize a myriad of seeming unrelated 
features into a few repeatable biophysical 
shore types. Dethier's system provides 
a conceptual framework for ecological 
associations along shores. However, the 
habitat types described by Dethier (1990) 
proved difficult to map and in some cases 
several habitat types occur along the same 
stretch of coastline. These types were never 
used to map Washington state shorelines. The 
British Columbia ShoreZone system is based 

on the integration of mapped features into 
repeatable habitat classes and was used to 
map the entire tidal shoreline of Washington 
(Berry et al. 2001). The primary difference is 
that Dethier (1990) is a classification system 
whereas ShoreZone is a mapping system. 

The Joint Nature Conservancy Committee 
of the U.K. has developed a comparable 
hierarchical coastal and nearshore marine 
habitat classification to that of British 
Columbia. Their system is based largely 
on a physical framework in upper levels 
(substrate and exposure) and biological 
modifiers in the lower levels (Connor et al. 
2004). The approach attempts to develop 
habitat units that are useful for resource 
management, are based on mappable 
features, and can reflect ecological function. 

With the biology incorporated, British 
Columbia agencies now had an integrated 
biophysical classification system for which 
regional pilot projects were Gwaii Haanas 
(Harper et al. 1994 a) and the west coast 
of Vancouver Island (Harper et al. 1994 b). 
Indeed, the biophysical dataset from Haida 
Gwaii is the best of any coastal area along 
British Columbia (Zacharias et al. 1999). The 
largest of the early biophysical mapping 
projects was Gwaii Haanas - funded by 
Parks Canada. The Gwaii Haanas dataset 
is still acknowledged as having the greatest 
density of biological reference points, for 
ground-truthing the aerial video data, coast-
wide in British Columbia (Zacharias and 
Roff 2001 a). New developments from this 
dataset are reported here, such as Morris and 
Thuringer's (2001) approaches for linking 
shore zone habitat types to coastal species 
including birds, fishes and marine mammals. 
Intertidal biophysical survey and mapping 
protocols drawing on the British Columbia 
expertise have become a technology-based 
export and have since been conducted in 
Washington State (Harper et al. 1997; Berry et 
al. 2001) and Alaska (Harper and Morris 2003) 

A biophysical estuary mapping system was 
developed by Howes et al. (1999), building 
upon the other RIC standards. The system's 
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methods, database structure and mapping 
procedures enable province-wide estuarine 
comparisons and inclusion into a GIS. 

DFO issued their own fish habitat description 
and assessment manual to cover "riparian" 
(stream-side) to the subtidal (to 20 m depth) 
for habitat assessments along the British 
Columbia coast (Williams 1989,1990). 
Subsequently, DFO developed RIC standards 
in cooperation with British Columbia solely 
for subtidal mapping (Booth et al. 1996) and 
sampling (Robinson et al. 1996) protocols. 
On the north central coast, the province 
completed a largely nearshore subtidal habitat 
inventory and mapping project in the Goose 
Islands off the mainland coast (Emmett et al. 
1995). They used the RIC standards for the 
intertidal, but not the developing subtidal 
RIC standards. Their classification delineated 
habitat units based on a combination of 
exposure, substrate and biotic assemblages. 
This system was developed specifically 
for the Goose Islands and has not been 
applied to other areas, nor has it been 
incorporated within a management plan. 

Classification systems and mapping 
systems are not necessarily interchangeable. 
Classification systems, such as Dethier's 
(1990), usually provide a framework on 
which to group resource information, 
whereas mapping systems specifically 
categorize observable resource information 
into a spatial framework. Therefore, map 
units, based on mappable features, may not 
necessarily group within a classification 
system. ShoreZone is for mapping in which 
map units are classified. The Dethier (1990) 
habitat classification system provides a 
framework for ecological associations along 
shores, but is not easily applied to mapping 
physical shore zone features or shore life. 

Mapping datasets have become important 
sources for decision support systems to aid oil 
spill response planning, marine conservation 
planning, and species capability models - a 
series of examples follow. Harper et al. (2005) 
used the Haida Gwaii ShoreZone dataset for 
oil spill response planning and the province 

is currently updating their oil spill sensitivity 
model to include both physical and biological 
data as part of the sensitivity analysis (Howes 
ct al. 1993; P. Wainwright, LGL Research 
Associates, personal communication). The 
Coastal Information Team conducted a 
major review of existing terrestrial, coastal 
and oceanic datasets to assist with the 
identification of areas with high conservation 
potential (Ardron 2003). Over 90 data layers 
were used in the analysis and combined with 
the MARXAN model (Possingham el al. 2000) 
to systematically identify areas with high 
conservation potential and good candidates 
for marine protected areas. DFO has been 
developing a benthic habitat model that 
uses a variety of datasets to delineate seabed 
habitat suitability for a variety of species 
(O'Boyle and Worcester 2004). Jameison el al. 
(2004) combined a variety of coastal datasets, 
including ShoreZone, to identify suitable 
habitat for northern abalone. Combinations of 
high-resolution substrate, exposure and biota 
mapping are used to rate abalone habitat and 
delineate high potential areas of occurrence. 
Zacharias and Gregr (2005) similarly use a 
number of digital datasets combined in a 
GIS model. The model combines attributes 
known to be favorable to certain whale 
species and acoustic noise probability based 
on ship traffic occurrence to identify areas of 
possible sensitivity to acoustical disturbance 
in Queen Charlotte Strait and Queen 
Charlotte Sound. These projects exemplify 
GIS analyses of multiple, spatially-linked 
datasets where results are intended to aid 
decision-support for resource management. 

The coastal zone falls between terrestrial 
and marine technical conventions for 
measurement, agency mandates and human 
cultural expectations. In anticipation of 
the land-to-sea continuum for knowledge-
based management of Gwaii Haanas, 
a discussion of seamless biophysical 
mapping and classification between land 
and sea is provided later in section 8.2. 
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5.4. METHODS USED IN THIS 
UPGRADE 

Five distinct procedures were used in 
upgrading of the Haida Gwaii biophysical 
GIS-based ShoreZone dataset. These 
procedures are exhaustively described 
in Appendix B, and are summarized 
in the following five points: 

1. ShoreZone mapping standardized methods 
for describing intertidal habitat and 
some shallow subtidal habitats for which 
the shore is subdivided into alongshore 
segments ("shore units"). Physical and 
biological data are recorded for each shore 
unit. The mapping approach is based on 
the British Columbia provincial standard 
(Howes 2001), and has been widely applied 
in Washington State (Berry et al. 2001) 
and Alaska (Harper and Morris 2003); 

2. Gound-truth survey data acquisition 
and analysis procedures from 
118 stations in support of the 
ShoreZone imagery recorded; 

3. Coastal fringe vegetation mapping 
applied to Gwaii Haanas' shores only; 

4. Oil spill logistics planning to systematically 
characterize accessibility of each shore 
unit from the ShoreZone dataset, in the 
event of a spill (Harper et al. 1992); and 

5. Nearshore (subtidal to 20 m depth) habitat 
modeling based on observed intertidal 
and shallow subtidal information from the 
ShoreZone dataset and expert knowledge. 

The entire ShoreZone dataset was updated 
and corrected. This meant correcting 
and updating the original Gwaii Haanas 
dataset to include the bioband observations 
consistent with the more recent bio-mapping 
completed in northern Haida Gwaii. The 
original Gwaii Haanas bio-mapping was 
done before development of the bioband 
system. Accordingly, the Gwaii Haanas 
imagery was reviewed, biobands were 
added and these folded into the total Haida 
Gwaii ShoreZone dataset. As well, the 
oil spill logistics were added throughout 
the Haida Gwaii dataset. Finally, the 
ShoreZone habitat coverage was broadened 
to landward with the "coastal vegetation 
fringe" (Gwaii Haanas area only), and to 
seaward with a "nearshore" habitat analyses. 
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6. COASTAL THEMATIC 
SUMMARIES 

J.R. Harper and M.C. Morris 

Using the same aerial survey technique, 
as described in Appendix B, spatial data 
were acquired of coastal ecology along the 
entire -4,700 km of Haida Gvvaii shoreline. 
Features in the total ShoreZone database 
include -8,000 shore units in which each can 
have >100 attributes of associated data. The 
patterns of coastal features provide insight 
into the processes that shape them and 
coastal species' occurrences reflect substrate 
and wave exposure. Species have particular 
exposure tolerances; for example, eelgrass 
(Zostera marina) occurs rooted in sands at 
lower exposures only, whereas the California 
mussel {Mytilus californianus) and thatched 
barnacle (Semibalanus cariosus) assemblage 
is found on rock only at higher exposures. 
By plotting the occurrence of these biotic 
features, spatial variations of coastal exposure 
are revealed. The spatial occurrence of 
physical themes is discussed first, followed by 
biological themes. However, coastal habitats 
include both physical and biological elements 
and the separation into abiotic and biotic 
attributes is used for understanding some 
of the processes, but it is their combination 
that is significant to coastal ecology. 

6.1. PHYSICAL THEMES 

6.1.1. Substrate 

"Shore types," the summary categories of 
coastal substrates are coarsely subdivided into 
six categories listed in Table 51 and mapped 
in Figure 95. The proportion of sediment 
shorelines is high compared to many areas 
of British Columbia where such shores may 
be rare (Clague and Bornhold 1980; Harper 
et al. 1992). The common occurrence of 
sediment beaches is not archipelago-wide. 
Concentrations of these beaches occur along 
northeastern Graham Island and Masset 
Inlet, amounting to -400 km or -8% of 
the total shoreline (Figure 95). Sediment 
size alone is not necessarily an indicator 
of sediment mobility. Species can encrust 
pebble-sized (2 to 64 mm diameter) material 
that is relatively undisturbed on low-energy 
beaches, whereas on exposed coasts, even 
boulders (rocks >256 mm diameter) may be 
shifted by waves, abrading off encrusting life. 

The occurrence of sediments has important 
biological implications including vulnerability 
to spilled oil, as discussed below in the effects 
of oil section. By combining the rock-and-
sediment with sediment shorelines, -56% of 
the Haida Gwaii coast is described. Despite 

Table 51. The generalized shore types and approximate proportions of each along the -4,700 km of Haida 
Gwaii shoreline. 

%of total 
Shore type shoreline Notes 

Rock 38 Includes the rugged sea cliffs common along the west coast and the narrow rocky 
shores common within many of the more protected inlets 

Rock and 24 The most common combination is bedrock ramp underlying a veneer of boulder or cobble 
Sediment typically associated with lower wave exposures; another type is bedrock platform in the 

lower intertidal with boulder, cobble, or coarse sediment in the upper intertidal 

Sediment 31 Sediment sizes range from rubble to clay 

Wetland 6 Typically organic or fine sediment estuarine conditions, with rooted saltmarsh vegetation 

Human-made <1 Where docks, ramps, seawalls and other human structures dominate the intertidal 

Current- < 1 Where shoreline type is structured by current energy, not by wave energy, e.g., 
dominated Burnaby and Skidegate Narrows 

1 based on the substrate particle size (diameter) classes in Howes et al. (1994, p. 55): clay <0.0195 mm; silt 0.0195 to 0.0625 mm; sand 
0.0625 to 2.0 mm; pebble 2 to 6-1 mm; cobble 64 to 256 mm; boulder >256 mm; nibble >2,000 mm 
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Figure 95. Distribution of the six general Shore Types of Haida Gwaii. These categories 
are summarized from the 34 shoreline types mapped as part of the ShoreZone inventory 
and listed in Table 52. 
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the general perception that Haida Gwaii 
has a predominately rocky shoreline, more 
than half contains sediments. The presence 
of coarse sediments on so much of the 
coast tends to increase habitat complexity. 
Boulders and cobbles support a variety of 
epibiota (attached flora and fauna), as well as 
providing underlying crevice micro-habitat. 
Sand and gravel substrates, such as along the 
northeastern shore of Graham Island, provide 
substrate for both epibiota as well as infauna 
(species living in the substrate). Coastal 
saltmarsh wetlands are usually estuarine, 
generally small and widely distributed. 
The largest wetlands are in Masset Inlet 
and Naden Harbour. Rare shoreline types 
include human-made and current-dominated 
shores such as Burnaby Narrows, which 
has very high species diversity with a high 
associated biomass (TEC/HFP 1993). 

Considerably more detail is available on 
coastal morphology and substrate. Each of 
the 8,000 mapped shore units is defined as 
one of 34 shore types or coastal classes whose 
criteria of substrate, sediment type, beach 
width and beach slope are listed in Table 52. 
The resolution of these classes is important. 
For example, wide rock platforms make up 
-14% of the coast and of this, ~8% includes 
sediment beaches or veneers. Such detail is 
important in understanding shore ecology 
as the species associated with bare rock 
platforms differs from those associated with 
sediment-covered platforms where wave-
borne sediments may scour biota away. 

6.1.2. Exposure 

Together with substrate type, wave exposure 
is one of the primary determinates of coastal 
habitat type. Physical wave exposure is 
estimated from "fetch" - the distance over 
open water that winds blow. Biological wave 
exposure is estimated from observed species 
assemblages. The biota present is an index 
for the wave energy. Exposure levels of each 
shore unit were estimated from knowledge 
of specific tolerance of intertidal species to 
different wave climates. Observations of 
the intertidal biotic assemblages, therefore, 

reveals exposure levels. Wave exposure 
categories, as defined by wave fetch, are 
listed in Table 53. The same six categories, 
from very exposed to very protected, have been 
assigned a set of typical indicator species. 
The observed species assemblages at each 
unit are used as the index of wave energy. 
In Appendix B (Tables B3, B4, B5), indicator 
species are listed in each exposure category 
and the description of biological exposure 
is further discussed below in Biological 
Themes. The overall exposure for the Haida 
Gwaii shoreline, according to five wave 
exposure classes, is shown in (Figure 96). 
The surprising feature about exposure is that 
that low levels comprise -55% of the entire 
coast whereas only -2570 falls into the two 
highest exposure categories. Haida Gwaii is 
generally regarded as being highly exposed, 
yet much shoreline is actually sheltered such 
as in inlets and channels between islands. 
Indeed, it is the predominance of the low 
exposure shoreline that makes Haida Gwaii so 
amenable to recreational boating and fishing. 

Two prominent spatial anomalies shown 
in Figure 96 warrant mention. First, very 
exposed shores occur only on the west coast 
of Moresby Island south of Tasu Sound. 
Only a few species of indicator algae and 
invertebrates are adapted to withstand this 
wave exposure. Nearshore depths along the 
coast are extremely deep and there is no loss 
of wave energy of the open North Pacific 
swell due to shoaling over the continental 
shelf. Second, the occurrence of semi-exposed 
shoreline on the northwest corner of Graham 
Island (from Langara Island south for -25 
km) is surprising in that this section of coast 
appears open to the west and northwest, 
and extreme waves have been measured at 
the West Dixon ocean data buoy discussed 
previously in section 4.4. The occurrence 
of surfgrass (Phyllospadix spp.) throughout 
this area is a reliable indicator of its semi-
exposed status. This lower than expected 
exposure level is likely due to shallow reefs 
and shoals in the nearshore. A ubiquitous 
pattern is that of protected exposures at the 
heads of inlets with increasing exposure 
levels going down inlets towards their 
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Table 52. Criteria used to determine the 34 shore types around Haida Gwaii as a general summation of the 
detailed physical data compiled for each shore unit (after Howes et al. 1994). 

1 -n/a means not applicable 
2 folded into wetland is "Lagoon" (Shore Type Code No. 35 in the Shore/one dataset) that is represented by S entries (-13 km of shoreline) 
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Substrate Sediment Width Slope Shore Type Code and Description 

Wide (>30m) Steep (>20°) ~ ~ ~~~~ " 
Inclined (5-20°) (1) Rock Ramp, wide 

Rock n /a ' Flat (<5°) (2) Rock Platform, wide 

Narrow (<30m) Steep (>20°) (3) Rock Cliff 
Inclined (5-20°) (4) Rock Ramp, narrow 
Flat(<5°) (5) Rock Platform, narrow 

Wide (>30m) Steep (>20°) n/a 
Inclinde (5-20°) (6) Ramp with gravel beach, wide 

Gravel Flat (<5°) (7) Platform w gravel beach, wide 

Narrow (<30m) Steep (>20°) (8) Cliff with gravel beach 
Inclined (5-20°) (9) Ramp with gravel beach 

Flat (<5°) (10) Platform with gravel beach 

Wide (>30m) Steep (>20°) n /a 
Inclined (5-20°) (11) Ramp with gravel/sand bench, wide 

Rock Sand Flat (<5°) (12) Platform wit gravel/sand beach, wide 
and and 
Sediment Gravel Narrow (<30m) Steep (>20°) (13) Cliff with gravel/sand beach 

Inclined (5-20°) (14) Ramp with gravel/sand beach 
Flat (<5°) (15) Platform with gravel/sand beach 

Wide (>30m) Steep (>20°) n /a 
Inclined (5-20°) (16) Ramp with sand beach, wide 

Sand Flat (<5°) (17) Platform with sand beach, wide 

Narrow (<30m) Steep (>20°) (18) Cliff w sand beach 
Inclined (5-20°) (19) Ramp with sand beach, narrow 
Flat (<5°) (20) Platform with sand beach, narrow 

Wide (>30m) Flat (<5°) (21) Gravel flat, wide 

Gravel Narrow (<30m) Steep (>20°) n/a 
Inclined (3-20°) (22) Gravel beach, narrow 
Flat (<5°) (23) Gravel flat or fan 

Wide (>30m) Steep (>20°) n / a 
Inclined (5-20°) n/ci 

Sediment Sand Flat (<5°) (24) Sand and gravel flat or fan 
and 
Gravel Narrow (<30m) Steep (>20°) n/a 

Inclined (5-20°) (25) Sand and gravel beach, narrow 
Flat (<5°) (26) Sand and gravel flat or fan 

Wide (>30m) Steep (>20°) n/a 
Inclined (3-20°) (27) Sand beach 
Flat (<5°) (28) Sand flat 

Sand (29) Mudflat 
and 
Mud Narrow (<30m) Steep (>20°) n/a 

Inclined (3-20°) (30) Sand beach 

n /a 

Wetland Organics and Fines n/a n/a (31) Organics/Firies/Estuarine/Wetland/Lagoon 

Human-made n/a n/a n/a (32) Human-made, permeable 
(33) Human-made, impermeable 

Current-dominated n/^ n/a n/a (34) Channel 



Table 53. Wave exposure levels of the shoreline, with associated fetch distances, around Haida Gwaii. 

mouths. Many of the more exposed 
west coast inlets show evidence of wave 
energy penetrating considerable distances 
towards their heads (e.g., Gowgaia Bay). 

6.2. BIOLOGICAL THEMES 

The biological theme data are also separated 
for discussion purposes, although biology 
should not be considered in isolation of the 
physical attributes, as it is the collective 
biological and physical features that describe 
coastal habitats. The species observed 
on the video imagery were characterized 
according to recognizable and repeatable 
biotic assemblages or "biobands." Biobands 
are named after indicator species used to 
represent these assemblages of associated 
species. Biobands appear as attached, 
epibenthic plants and animals usually at 
characteristic wave exposure tolerances, 
substrate conditions, at a typical across-
shore elevation, and in concentrations 
sufficient to be visible from the overflight. 

Biobands are defined as an assemblage of 
species and are named by their dominant 
indicator species (Table 54). For example, the 
Eelgrass bioband is named for the dominant 
indicator species (Zostera marina), rooted in 
fine sediments of the lower intertidal and 
nearshore subtidal, at semi-protected or lower 
wave exposures. An example of a bioband 
named for a species assemblage is the Dark 

Brown Kelp bioband, named for several 
species of tough, chocolate brown algae. 
This bioband always occurs on bedrock or 
immobile substrates, in the lowest intertidal 
and nearshore subtidal, at semi-exposed or 
higher wave exposures. Further detail 
of the definition and occurrences of the 
biobands in Haida Gwaii are summarized 
in Table 54 and in Appendix B (Table B-3). 

Nearshore subtidal biological features 
are also mapped as part of the ShoreZone 
mapping technique as vegetation canopies 
are visible during the low-tide overflights. 
For example, kelp forests on rocky bottoms 
are complex assemblages structured by 
large, floating canopy-forming kelps. As 
well, the most conspicuous invertebrates 
associated with kelp forests are red sea 
urchin (Strottgylocmtrotusfranciscanus), 
which is commonly observed as urchin 
barrens where concentrations of urchins 
have grazed away fleshy algae, leaving a 
bare pink rock-encrusting calcareous algae. 

The distributions of the Haida Gwaii biobands 
are described below and selected bands 
have been illustrated in the map figures. 

6.2.1. Verrucaria Bioband 

The Verrucaria (rock lichen) bioband is 
immediately landward of the intertidal zone, 
in the splash zone of the supratidal (defined 
in Appendix A). Splash zone width is an 
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Wave Exposure Typical % of total 
Category Description Fetch (km) shoreline 

Very Exposed Extreme exposure with little wave energy lost due to refraction or »1,000 6 
shoaling offshore 

Exposed Ocean swell" dominated with high energy levels >500 17 

Semi-exposed Usually includes ocean swell and locally-generated waves 50 to 500 22 

Semi-protected Sufficient wave energy to move cobbles 10 to 50 20 

Protected Sufficient wave energy to move pebbles, but not cobbles 1 to 10 34 

Very Protected' Sheltered areas often associated with deposition of fine sediments <1 <1 

1 "fetch" is the distance of open water over which unobstructed winds could blow 
2 ocean swells are waves generated in areas remote from the coastline and propagate into shallow coastal areas 
3 Very Protected sites are rare, and have been included with Protected in Figure 96 



Legend 

Gwaii Haanas' Northern Boundary 

Biological Exposure Class (km) 

Very Exposed (294.6) 

Exposed (782 1 ) 

Semi-exposed (1,084.7) 

Semi-protected (885.7) 

Protected (1.625.2) 

Figure 96. Distribution and length of wave exposure classes of Haida Gwaii shores, based 
on the observed biological assemblages. 
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Table 54. Descriptions of biobands, their exposure criteria and relative occurrence used for Haida Gwaii 
ShoreZone analyses. Relative occurrence is based on the cumulative shoreline length in which each 
bioband type occurs and exceeds 100% as there is overlap of bioband types within shore units. 
"Continuous" means bioband observed in at least half of the length of each shore unit. "Patchy" means the 
band was observed along less than half of each shore unit's length. The order of biobands indicates relative 
across-shore elevations, starting with the splash zone in the supratidal and downward into the subtidal. 

1 this band could include up to nine Verrucaria species as well as other black lichen species (Brodo and Sloan 2004) 
2 n/a - not applicaple as the Verrucaria bioband recorded by estimated width: Narrow = <1m; Medium = l-5m; Wide = >5m 
3 species assemblages listed as defining these biobands are specifically for Haida Gwaii 
4 kelp is the colloquial term for large brown algae species 
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Wave Exposure or N a t i v e Orx imenœ (%) 

Bioband Description Habitat Indicated Continuous Patchy 

Vcnucaria black lichen Verrucaria species complex visible as a dark band on band width increases n/a n /a 
bare-looking rock in the supratidal splash zone with exposure 

Snlicornia pickleweed {Salicornia trirgmke), marsh grasses, or saltmarsh dune Protected to Seiui- 4 6 
grasses and other salt-tolerant herbaceous plants; appears in protected or estuarine 
saltmarsh wetlands around estuaries and in the log-line of beaches 
with the grass, dune wildrye (Leymus mollis) 

Barnacle continuous frosting of acorn and/or thatched barnacles (Balauus Protected to 17 IS 
glandule and/or Seiiiibalauus cariosus) that can form an extensive band Very Exposed 
in higher exposures where overstory algae are absent 

Roekweed dominated by roekweed (Fucus Spp.) and commonly at the same Protected to 26 38 
elevations as the Barnacle band Semi-exposed 

Blue dense beds of blue mussel (Mytilus trossulus) often associated with Protected to Semi- 0 2 
Mussel freshwater stream mouths, estuary flats or in current-dominated protected or current-

channels dominated 

Green mixture of blade and filamentous green algae (Lllva spp., Moiiostroma Protected to Semi- 15 24 
Algae spp., Euteromorpha spp.); the broadest extent occurs on wide platforms protected or estuarine 

and lower-energy flats 

Bleached an assemblage of bleached reds in the lower intertidal with typical Protected to 2 5 
Red Algae species being Llalosaecion glaudiformc, Gastroclonium subarcticulatum, Semi-protected 

Odoiithalia spp. and other bleached blade and filamentous reds 

California dominated by large California mussel (Mytilus californianus) and Semi-exposed 10 23 
Mussel thatched barnacle (Scmibalauus cariosus) with scattered goose barnacle to Exposed 

(Pollicipes polymerus) at higher wave exposures 

Red Algae' algae-rich band in the lower intertidal, including a complex of Semi-protected to Very 36 12 
filamentous and blade species such as Microcladia spp., Odoiithalia Exposed or current-
spp., Polysiphouia spp., foliose coralline algae and others dominated 

Soft Brown defined by ruffled blades of Lamiuaria saccharine often encrusted with Protected to 5 18 
Kelp "' diatoms and brvozoans giving the blades a dusty appearance; Semi-protected 

includes large-bladed browns such as L. saccharine, L. bongardiaua, 
Agarum spp., Alalia spp., Cymathcre triplicate and others 

Dark stalked large browns with leather)' and shiny-smooth blades; a Semi-exposed to Very 38 8 
Brown mixture of species at moderate wave exposures including Lessouiopsis Exposed or current-
Kelp' littoralis, Lledophyllum sessile, Egregia menziesii, Alaria spp., Lamiuaria dominated 

setchellii, with single-species monocultures of Lessouiopsis littoralis 
occurring at Very Exposed sites 

Surfgrass continuous cover of surfgrass (Phyllospadix spp.) attached to bedrock Semi-exposed 5 22 
or boulder/cobble; often includes a rich understory of encrusting 
invertebrates 

Eelgrass meadows of eelgrass (Zostera marina) rooted in sand or mud of the Semi-protected to 9 13 
lower intertidal to shallow subtidal; often mixed with the Green Algae Protected or estuarine 
band 

Urchin pale pink, bleached-looking encrusting coralline red algae in the Semi-exposed to Semi- 14 9 
Barrens shallow subtidal, where red sea urchin (Strongylocciitrotusfranciscauus) protected or current-

have grazed away all other algae leaving bare-looking substrate dominated 

Giant Kelp' nearshore canopy-forming giant kelp (Macrocystis integrifolia) forests; Protected to 6 12 
fronds have long stipes with numerous small bulb floats, each with Semi-exposed 
terminal blades 

Bull Kelp' nearshore canopy-forming bull kelp (Nereocystis luetkeana) forests; Semi-protected to 10 21 
often indicates current-affected areas if growing in areas of low wave Exposed or current-
energies dominated 



index of local wave energy. Exposed sites have 
wide splash zones while those for sheltered 
sites are narrow. Indeed, some sheltered sites 
can have over-hanging terrestrial vegetation 
extending below the high-water line. On 
rocky coasts, lichens form a dominant, yet 
often overlooked, component of splash zone 
vegetation. Lichens create a distinct (usually 
black) band along rocky shores from polar 
to tropical seas with maximum abundance, 
and the most studies, along temperate shores 
(Fletcher 1980; Little and Kitching 1996). In 
southern British Columbia, the black lichen 
band is best defined along sheltered rocky 
shores (Lewis and Quayle 1972). Along 
Gwaii Haanas' rocky coast, this band is 
coloured by a complex of at least nine species 
of Verrucaria, plus other black lichen species 
(Brodo and Santesson 1997; Brodo and Sloan 
2004). Gwaii Haanas' rocky shores are the 
first in Canada to have a focused coastal 
lichen survey, with at least 43 species recorded 
(Brodo and Sloan 2004). Unusual, at least 
to Gwaii Haanas' shores, are conspicuous 
patches of the white lichen Coccotrema 
maritimum above the Verrucaria bioband. 

6.2.2. Salicornia Bioband 

The Salicornia bioband occurs along ~10% 
of the shoreline and represents a mixture 
of salt-tolerant herbaceous plants and 
grasses (Figure 97). This bioband is named 
for American glasswort (or pickleweed -
Salicornia virginica) as a reliable indicator of 
estuarine saltmarsh habitats. However, dune 
rye grass (Leymus mollis) is also associated 
with this bioband along the driftwood log line 
of sand and pebble beaches (not wetlands) 
where it can occur in semi-exposed to higher 
exposures. Most Salicornia bioband was 
mapped near the heads of inlets, at stream 
mouths. These are typically in protected 
areas of low wave energy that permit 
deposition of fine sediments rich in organic 
matter, mostly from terrestrial runoff but 
also from marine sources. Both Masset 
Inlet and Skidegate Inlet have relatively 
large sections of shoreline with Salicornia 
bioband, associated with estuarine habitats. 

6.2.3. Barnacle Bioband 

The upper intertidal Barnacle bioband 
is widely distributed between different 
shore types and habitat types in Haida 
Gwaii (along -35% of the shoreline). This 
bioband is not used as an indicator of 
specific wave exposures. The Barnacle 
bioband was observed most often above 
the Rockweed band in the lower wave 
exposures, and is particularly evident where 
the Rockweed bioband is sparse or absent. 

6.2.4. Rockweed Bioband 

The Rockweed bioband is indicated by 
a common intertidal brown alga Fucus 
distichus, and is observed in the mid-intertidal 
elevation. The three-dimensional complexity 
of the microhabitat created by a thick cover 
of Rockweed creates an important habitat in 
the intertidal zone. Similar to the Barnacle 
bioband, the Rockweed bioband is widely 
distributed in Haida Gwaii (-65% of the 
shoreline - Figure 98) and is particularly 
abundant at semi-protected and lower wave 
exposures. The bioband was not observed on 
the higher energy sand beaches of northeast 
Graham Island and was also missing from 
the highest exposures on the west coast. 

6.2.5. Blue Mussel Bioband 

The Blue Mussel bioband was uncommonly 
mapped and was usually associated 
with stream deltas or current-dominated 
channels (Figure 99). The blue mussel 
(Mytilus trossulus) indicator species of this 
bioband, however, is found widely across the 
archipelago's shorelines, usually as scattered 
individuals and not concentrated into a 
dense aggregation visible as a bioband. 

6.2.6. Green Algae Bioband 

The Green Algae bioband represents the 
distribution of ephemeral and annual 
species of sea lettuce and other filamentous 
green algae (Ulva spp., Monostroma spp., 
Enteromorpha spp. and others - Figure 100). 
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Figure 97. Distribution of the Salicornia bioband, signifying protected estuarine saltmarsh, 
or more exposed sandy beach dune grasses such as dune rye grass (Leymus mollis), conditions 
around Haida Gwaii. 
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Figure 98. Distribution of the Rockweed (Fucus distichus) bioband around Haida Gwaii. 
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Figure 99. Distribution of the California Mussel (Mi/tilus californianus) and Blue Mussel 
(Mi/tilus trossuhts) biobands around Haida Gwaii. 

191 



Figure 100. Distribution of the Green Algae bioband around Haida Gwaii. 
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Similar to the Barnacle bioband, this band 
was observed across all wave exposures 
and coastal habitats and was not used to 
indicate a specific exposure category. The 
Green Algae bioband is most often observed 
on mid to lower shores, at lower wave 
exposures and is most abundant at the 
peak of the mid-summer growing season. 

6.2.7. Bleached Red Algae Bioband 

The Bleached Red Algae bioband is closely 
related to the Red Algae bioband and may 
be composed of the same species, with the 
difference being that the seaweeds have lost 
their dark red pigment and faded to a golden 
yellow colour. The assemblage of species 
in this lower intertidal bioband is defined 
specifically for the Haida Gwaii area to reflect 
differences in geographic distribution of the 
species in this bioband. The Bleached Red 
Algae bioband indicates semi-protected wave 
exposures and is mapped most often in the 
heads of bays and inlets on the southeast 
coast of Moresby Island, at areas of transition 
from greater to lesser wave exposures. 

6.2.8. California Mussel Bioband 

The mid-intertidal California mussel bioband 
is a diverse species assemblage associated 
with thick beds of California mussel (Mytilus 
californianus) that occur along - 3 3 % of 
the shoreline (Figure 99). This bioband 
is an indicator of semi-exposed to higher 
wave energies on immobile substrates 
throughout outer British Columbia coasts 
(Lewis and Quayle 1972) and is particularly 
common along the west coasts of Moresby 
and Graham Islands. Goose barnacles 
(Poilicipes polymerus) often occur with 
California mussels at higher exposures. 

Off the west coast of Vancouver Island, 
California mussel and goose barnacle 
structure a complex matrix of living animals, 
dead shells and debris whose greatest 
thickness can shelter >140 species (Jamieson 
et al. 2001). This may represent the most 

biodiverse rocky intertidal ecosystem 
along the British Columbia coast. 

6.2.9. Red Algae Bioband 

The lower intertidal Red Algae bioband is 
a mixture of filamentous and foliose small 
red seaweeds. Different species assemblages 
are present in the Red Algae bioband at 
different exposure categories. At the highest 
exposures, the bioband is dominated by 
erect and encrusting coralline red algae, 
usually in combination with the Dark 
Brown Kelps bioband, while the highest 
diversity of species in the Red Algae band 
is found at semi-exposed wave energy. A 
low turf of filamentous Red Algae is also 
an indicator of semi-protected conditions. 

6.2.10. Soft Brown Kelp Bioband 

The Soft Brown Kelp bioband is a mixture 
of large brown algae and associated species 
in the lower intertidal along - 2 3 % of Haida 
Gwaii (Figure 101). The bioband is most 
often associated with hard, immobile 
substrates, and is an indicator of semi-protected 
condition. The Soft Brown Kelp bioband 
is described by a set of species specific 
to the Haida Gwaii shoreline, in that the 
composition of the band is slightly different 
than in other regions of British Columbia. 
The most common species in this bioband 
were the large bladed kelps (Laminaria 
spp.). The introduced feathery brown alga 
Sarpassum muticum was also observed. 

6.2.11. Dark Brown Kelp Bioband 

The Dark Brown Kelp bioband is strongly 
associated with high exposures and was 
mapped along -46% of the coast (Figure 101). 
This bioband is always observed on hard, 
immobile substrates and only at semi-
exposed or higher wave energies. At very 
exposed shores, the bioband is a monoculture 
of a single species, the stalked, tough 
Lessoniopsis littoralis, a specialist along 
highly exposed outer shores. At semi-exposed 
sites, the bioband is a mix of species and 
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Figure 101. Distribution of the Soft Brown Kelp and Dark Brown Kelp biobands around Haida Gwaii. 
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may include combinations of the smooth 
morph of Hedophyllum sessile, the stalked 
Laminaria setchellii, feather boa kelp (Egregia 
menziesii), ribbon kelp (Maria spp.), five-
rib kelp (Costaria costata) and others. 

6.2.12. Surfgrass Bioband 

The occurrence of the Surfgrass bioband 
(along -27% of the shoreline) is shown 
in Figure 102. This bioband is indicated 
by surfgrasses (Phyllospadix spp.) and is 
one of the most easily distinguished on 
aerial videography by the bright emerald 
grass green colour attached to hard, non-
mobile substrates in the lower intertidal. 
The Surfgrass bioband is a good indicator 
of semi-exposed shorelines and is often 
associated with diverse faunal assemblage. 

6.2.13. Eelgrass Bioband 

The Eelgrass bioband is named for the 
indicator species Zostera marina that is found 
rooted in sediments in the lower intertidal 
and nearshore subtidal. The eelgrass band 
was observed along -22% of the Haida 
Gwaii shoreline (Figure 102). This bioband 
is often associated with stream mouths and 
estuary deltas, and indicates highly valued 
marine meadow habitat. Extensive sections 
of shoreline with the Eelgrass bioband were 
observed in Masset Inlet, Naden Harbour and 
in Skidegate Inlet. Eelgrass is always found at 
sediment-dominated shores and only occurs 
at semi-protected and lower wave energies. 

6.2.14. Urchin Barrens Bioband 

The Urchin Barrens bioband describes 
nearshore subtidal areas where a large 
abundance of red sea urchins (S. franciscanus) 
have grazed away fleshy macroalgae and 
left only bare-looking substrate covered with 
encrusting coralline algae. The occurrence 
level of local barrens is similar to that of 
barrens mapped on the southwest coast 
of Vancouver Island (Harper et al. 1992). 
The green (S. droebachiensis) and purple 
(S. purpuratus) sea urchins can co-occur 

with red sea urchin, but do not feature 
significantly on the barrens. Urchin barrens 
were observed along -2370 of the Haida Gwaii 
coast (Figure 103) and are usually associated 
with semi-exposed or semi-protected wave 
energies and rocky immobile substrates. 

As with all the mapping data, the 
distribution of this band is a composite of 
the 1991-1992 data for Gwaii Haanas and 
the 1997-1998 data for the northern sections 
of Haida Gwaii. Likely the distribution 
of the urchin barrens changes over time, 
corresponding to urchin population status. 

6.2.15. Giant Kelp Bioband 

Along with bull kelp, giant kelp (Macrocystis 
integrifolia) is also a short-lived (up to 3 
years off the west coast of Vancouver Island; 
Druehl and Wheeler 1986), canopy-forming 
species subject to marked interannual 
variations in growth and aerial coverage 
(Dayton et al. 1999; Druehl 2000). Another 
giant kelp (M. pyrifera) may occur around 
Haida Gwaii, but this requires confirmation 
(Sloan and Barrier 2000). Kelp forests form 
important nearshore fish and invertebrate 
habitat. Giant kelp occurs along -20% of 
the coast as estimated from the 1991-1992 
and 1997-1998 imagery (Figure 103). The 
extent of kelp forests likely varies from year 
to year. This bioband's preferred habitat 
is stable substrates in semi-protected wave 
exposures. Giant kelp is less tolerant of wave 
energy than bull kelp and if the two bioband s 
co-occur, the Giant Kelp bioband will be 
inshore (landward) of the Bull Kelp bioband. 

6.2.16. Bull Kelp Bioband 

The Bull Kelp bioband, defined by Nereocystis 
luetkeana distribution along - 3 1 % of the 
Haida Gwaii shoreline, is summarized in 
Figure 103. As with the Urchin Barrens and 
Giant Kelp biobands, the occurrence of bull 
kelp is based onl991-1992 imagery for Gwaii 
Haanas and 1997 tol998 imagery for other 
areas. Bull kelp occurs at very exposed to semi-
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Figure 102. Distribution of the Surfgrass (Pkylhspadix spp.) and Eelgrass (Zostera marina) biobands 
around Haida Gwaii. 
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Figure 103. Distribution of the Urchin (red sea urchin Strongylocentrotusfranciscanus) Barrens, Giant 
Kelp {Macrocystis intcgrifolia) and Bull Kelp (Nereocystis luetkeana) biobands around Haida Gwaii. 
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protected shorelines on stable substrates, and 
is a good indicator of current-affected areas. 

Bull kelp is largely an annual plant (a few 
may live 2 years; Druehl 2000), so there can be 
large year-to-year variations of their spatial 
occurrence due to varying temperature, 
nutrient conditions and dispersal of 
young plants. Monitoring programs in 
Washington State have shown up to 20% 
variations in kelp cover associated with 
warm ocean (El Nino) events (Sewell 1999). 

6.3. DISTRIBUTION OF COASTAL 
HABITATS 

Although distributions of biobands and 
associated species are of interest, it is the 
combination of physical and biological 
attributes that best define coastal habitats. 
Clusters of biobands, substrate and exposure 
occur in repeatable patterns - certain 

species only occur with certain substrate 
types and exposures. The repeatable 
assemblages have been called "biotypes" 
or "biomes" (Connor et al. 1997 a, b) but 
we refer to them here as "habitat types". 

Our summary "habitat type" is analogous 
to the physical summary shoreline type 
(Table 51), but instead of a summary of 
only the shore type category for the shore 
unit, the habitat type is a summary for 
the combination of observed biobands, 
the wave exposure indicated by those 
biobands, the general substrate type and 
the substrate mobility category. The criteria 
for the seven coastal habitat types of Haida 
Gwaii are summarized in Table 55 and their 
distributions are shown in Figure 104. 

This is a top-down, knowledge-based 
habitat classification based primarily on 
substrate mobility and wave exposure. 
Mobility of sediments is a key influence on 
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Table 55. G e n e r a l i z e d coasta l hab i t a t t ypes of H a i d a G w a i i b a s e d o n b iophys ica l shore l ine criteria 

i l lus t ra ted in F igure 104. 

W a v e Exposure Habitat Substrate 

Habitat Type Levels Type Code Stability Description 

High energy, Very Exposed, 1,2 Stable (immobile) Highly exposed cliffs in particular on the west coast; open 
rock Exposed to full energy of ocean swells; very wide splash zone 

Moderate Semi-exposed 3 Stable (immobile) Moderately exposed cliffs and some boulder benches 
energy, rock typically in exposure-transitional areas, e.g., those 

between the exposed coast and sheltered inlet heads; also 
along the northwest of Graham Island and some outer 
east coast shores; usually has a wide splash zone 

Low energy, Semi-protected, 4,5 Stable (immobile) Sheltered rock or boulder-cobble shores with thick 
rock or boulder Protected rockweed (Fucus) cover; often with terrestrial vegetation 

overhanging the water 

Low energy, Semi-protected, 6,7 Partially stable Includes mixed boulder to sand shores; sediment mobility 
coarse sediment Protected prevents growth of epibenthos, but where boulder-cobble 

is stable, epibenthic biota is present 

Estuary Semi-protected, 8 Partially stable Includes wetland saltmarsh vegetation rooted in 
Protected, (binding) organic-rich soils in the upper intertidal; mid 

Very Protected a n d lower intertidal frequently have protected, partially 
stable substrates with species tolerant of brackish water; 
occurring typically at the heads of inlets 

Mobile Variable 9 Mobile All sediments are mobile with no visible epibenthos (no 
substrate (Exposed through biobands) and exposure can be variable; the broad sand to 

Semi-protected) cobble beaches of North and East beaches are examples 

Current- Current energy, 10 Usually stable Typically narrow channels dominated by strong tidal 
dominated not wave energy currents, but sheltered from most wave action; substrate is 

dominated stable rock or boulder; rare habitats of very high 
biodiversity and biomass, e.g., Burnaby Narrows 



Figure 104. Distribution of generalized coastal habitat types around Haida Gwaii. Each 
habitat type is based on substrate, exposure and other criteria as described in Table 55. 
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the development of intertidal epibenthos 
as mobile substrates prevent attachment 
of species and the development of visible 
biobands. On partially mobile substrates, 
some biobands are prevented. For example, 
there are areas with bedrock in the lower 
intertidal covered with life, but a relatively 
barren upper intertidal with wave-borne, 
scouring sediments that discourage 
epibenthos. There are also many beaches 
with a mixture of coarse, immobile sediment 
such as boulders, and mobile sand. Here, 
the visible attached biota concentrates on 
stable boulders that may represent only a 
small portion of the beach. Stable bedrock 
typically has well-developed benthic 
communities reflecting the amount of wave 
exposure for which they are adapted. 

Wave exposure and sediment mobility are 
not independent variables, however. On very 
exposed shores, even large boulders may be 
mobile whereas on moderate and low energy 
shores such boulders are immobile and 
support significant benthos. On very protected, 
low-energy shores, even pebbles can be 
immobile and encrusted with life. Therefore, 
the presence or absence of biobands can 
be an indicator of substrate mobility. 

During another survey of intertidal flora in 
1999, the occurrence of nine marine plant 
species was recorded to assess exposure 
at 19 locations around the SGang Gwaay 
archipelago (Sloan and Bartier 2000). Listed 
in Table 56 is the expected presence/absence 

of these species, based on expert opinion 
(Druehl and Hopkins 1999), and according 
to the ShoreZone exposure classes. The 
presence of Mazzaella cornucopiae and Zostera 
marina bracket the full exposure range within 
which there are at least four core species per 
exposure class. These locations are illustrated 
in Figure 105 along with a table of their 
exposure classifications from the ShoreZone 
database and reclassifications based upon 
plant observations at those sites. Some 
of the exposure classification differences, 
such as sites P and R, are large and possibly 
attributable to original coding/transcription 
error. However, the six other differences 
are smaller and may be due to protocol 
refinement through using additional indicator 
species such as A4, cornucopiae. In other 
words, combining more species (with expert 
opinion) could refine exposure classification. 

6.4. REGIONAL HABITAT 
DESCRIPTIONS 

6.4.1. Western Dixon Entrance 

The northwest coast of Graham Island is 
dominated by irregular, incised semi-exposed 
bedrock platforms supporting rich species 
assemblages. To seaward, large forests of 
bull and giant kelps are present. The species 
typical of the higher exposures (e.g., goose 
barnacle, California mussel and Lessoniopsis 
littoralis kelp) do not occur along the north 
coast until nearby Langara Island. Naden 
Harbour has lower species diversity typical 

Table 56. The expected presence/absence of marine plant species on rock to sediment shores indicating wave 
exposure around SGang Gwaay archipelago in Gwaii Haanas (from Sloan and Bartier 2000). 

Exposure Mazzaella Alaria Lessionopsis Laminaria Nereocystis Laminaria Macrocystis Fucus Zostera 
Class cornucopiae nana littoralis setchellii luetkeana bongardiana integrifolia distichus marina 

VE + + + + + - _ . _ 

E - + + + + - - +/-

SE - - + + + +/- - + -

SP - - +/- +/- +/- + 

P - - - - - +/- +/- + + 

1 Exposure classes: VE = very exposed, E = exposed, SE = semi-exposed, SP = semi-protected, P = protected 
+ = expected present, - = expected absent 
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Figure 105. Locations of 19 wave exposure assessment sites around the SGang Gwaay archipelago in Gvvaii 
Haanas. 

of protected shores and also has large eelgrass 
meadows, particularly off stream deltas. 

Three sites were visited: two on rock 
platforms facing Dixon Entrance and one site 
at a boulder beach along the eastern entrance 
to Naden Harbour. The bedrock platforms 
are open to waves from the west and are 
typically 100 to 200 m wide, with a rich Dark 
Brown Kelp bioband in the lower intertidal. 
Across the mid intertidal platform, the sites 
are notable for the diversity and lushness 
of species, as well as for how the species of 
the upper and mid intertidal are "smeared" 
together across the platform's tide pools. 
Weathered-looking surfgrass occurred almost 
into the upper intertidal. The platforms all 
have a similar form along this coast; wide 
and flat across mid-section then a drop off 

with a steep face of several metres in height 
at zero datum. A mixed bull and giant 
kelp forest is continuous offshore. On the 
boulder beach site, sand is interspersed with 
the boulders, among which several unusual 
species were observed including purple olive 
snail (Olivella biplicata) and clumps of the 
polychaete tubeworm (Eudistulia Vancouveri). 

6.4.2. Masset Inlet 

In Masset and Juskatla Inlets, the intertidal is 
generally narrow and characterised by low 
species diversity except in tidal channels. The 
locally-strong tidal currents along Masset 
Sound and the influence of freshwater input 
renders this low-exposure shore type different 
from other Graham Island shores. Indeed, 
Masset Sound forms a unique Ecounit in the 
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provincial Marine Ecosystem Classification 
scheme described previously. The Yakoun 
River estuary and nearby Kumdis Slough 
have large eelgrass meadows and tidal 
mudflats. Water is often tea-coloured due to 
input of tannic-stained bog-forest drainage. 

Three shore stations were visited. On the 
rocky Dawson Islets, the semi-protected 
bedrock ramp has a surprisingly diverse 
assemblage of small red algae at lower 
intertidal. However, there was no Soft Brown 
Kelp bioband as seen at similar exposures 
in Skidegate Inlet. Inside Juskatla Inlet, 
where wave exposure is very low and tidal 
range is reduced, intertidal widths are only 
a few metres; the fine beach sediments 
have a green film of benthic diatoms. 

6.4.3. Northeastern Graham Island 

The semi-exposed beaches on the northeast 
corner of Graham Island from Masset to 
Tlell shows little attached intertidal biota. 
However, the physical forms of ridges, the 
eroding high and low sediment cliffs and 
the sand dune systems in the backshore are 
unique coastal features in British Columbia. 
At the bases of some cliffs, eroding areas 
of organic peat or clay can be firm enough 
to support attached algae. These are from 
relict bog or lake deposits now eroding as 
the shoreline recedes into the bog forests 
of the Queen Charlotte Lowlands. 

Along the southeast side of Graham Island, 
a wide boulder and cobble platform extends 
100s of metres offshore. This shore type 
extends roughly from Skidegate village north 
to Tlell, where the coarser substrate gives 
way to finer sand and gravel beaches. Two 
shore stations on the boulder and cobble 
platforms are semi-exposed where Surfgrass, 
Dark Brown Kelp and Red Algae biobands 
occur. The beach has diverse under-boulder 
fauna with pockets of sand. The mid and 
upper boulder and cobble platform is bare, 
with only scattered rockweed and barnacles. 

6.4.4. Skidegate Inlet 

Skidegate Inlet, with its complex of islands 
and islets between Graham and Moresby 
Islands, is typical of protected and very protected 
shores. Most shores are sediment-dominated 
boulder, cobble and sand with low species 
diversity. The intertidal is dominated by 
rockweed and barnacles, and the lower 
intertidal by eelgrass meadows. Eelgrass is 
particularly prominent at the mouth of the 
Honna River, west of Queen Charlotte City. 

In Skidegate Channel, habitat characterisation 
is challenging as many of the shore units 
could be classified as both estuarine wetland 
in the upper intertidal or current-dominated 
in the lower intertidal. The area is very 
dynamic, due to the strong tidal currents 
over cobble-pebble-sand beaches. Swash 
ridges and bars observed from the air on 
delta flats suggest large amounts of mobile 
material. Bull kelp, an indicator of tidal 
currents, is common throughout the channel. 

Three ground stations were surveyed in 
Skidegate Inlet; all were low-exposure 
sediment beaches with bedrock outcrops. 
At semi-protected islets of Alliford Bay and 
on Maude Island, a rich Soft Brown Kelp 
bioband of Laminaria spp. occurred in the 
lower intertidal. The Red Algae bioband 
was dominated by high cover of cine or two 
species. In the most protected inlets, in the 
west end of Skidegate Inlet, filamentous 
green algae, diatoms and an abundance of 
invertebrates including cup corals and solitary 
tunicates dominated the lower intertidal. 

6.4.5. Inner Coast Eastern Moresby Island 

The sheltered waters on the east coast of 
Moresby Island are characterised by semi-
protected, protected and very protected wave 
exposures. Freshwater input is moderate 
from the numerous small streams. Shoreline 
types include all categories, from fine 
sediment beaches and deltas to bedrock cliffs. 
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Approximately 40 shore stations were visited 
in this area. Typical species assemblages 
observed on semi-protected sites, such 
as on Stansung Island, included lush 
Rockweed and Soft Brown Kelp biobands 
with a nearshore Giant Kelp bioband. 
A mid-intertidal Bleached Red Algae 
bioband assemblage was also common. 

Very protected shores included tidal flats and 
estuarine wetlands at the heads of inlets 
with a protected, immobile substrate species 
assemblage along inlets. Examples of these 
were noted at shore stations in Island Bay, 
Mathieson Inlet and in Echo Harbour. Each 
of the inlets had a flat, estuarine delta with a 
typical across-shore biota of a well-established 
wetland of Salicornia bioband in the upper salt 
marsh, with Rockweed and Barnacle biobands 
in the upper to mid-intertidal, and lush 
Eelgrass bioband in the lower intertidal and 
subtidal. At sites within the protected bays, 
a similar pattern of biobands was observed 
except for the absence of saltmarshes. 

An important, but rare shore type in this 
region is current-dominated passage. 
Dolomite (Burnaby) Narrows, Skidegate 
Narrows, Houston Stewart Channel and the 
passage between Murchison and Faraday 
Islands are examples (TEC/HFP 1993, 
1994). These current sites have a different 
and more diverse species assemblage than 
in the surrounding lower energy shores 
(Burnaby Narrows is the best example of 
this). Instead of the wave energy structuring 
the community assemblage, current energy 
dominates. Current-dominated sites 
are valued and sensitive ecosystems. 

6.4.6. Outer Coast Eastern Moresby Island 

High-diversity semi-exposed and exposed 
habitat types open to Hecate Strait 
dominate the "outer coast" of Moresby 
Island. The spatial heterogeneity of the 
habitat types characterizes this area, with 
species assemblages changing from the 
higher to lower wave exposures often 
within 10s of metres of coastline. 

On immobile substrates, such as East 
Copper Island, Lyman Point and Tar Islands, 
species assemblages typical of high-energy 
sites are found. Biobands observed there 
include Dark Brown Kelp bioband (with 
Lessoniopsis littoralis and stalked Laminaria 
setchellii), diverse red algae, and the California 
Mussel bioband. The tough L. littoralis 
kelp dominates in the Dark Brown Kelp 
bioband at exposed sites. At the semi-exposed 
sites, feather boa kelp (Egregia menziesii) 
is often in the Dark Brown Kelp bioband 
and the Surfgrass bioband may also be 
present. A high diversity of invertebrates 
also characterizes these habitats. The 
semi-exposed shores, especially those with 
immobile to partially mobile substrates 
(providing stable substrate including under-
boulder habitat spaces) have the highest 
species diversity of any single habitat type. 

Higher energy sediment-dominated beaches 
are also found here. These beaches are 
usually bare of attached biota but have 
interesting infauna assemblages. For 
example, at Woodruff Bay, Kunghit Island 
the crawling clams (Tellina nuculoides) 
leaves trace patterns on the hard-packed 
sand in the lowest intertidal level. 

6.4.7. Southwestern Moresby Island 

This is a spectacularly rugged shoreline, 
exposed to the highest wave energies from 
the open North Pacific. A new very exposed 
exposure category was defined to typify these 
ShoreZone units. The extensive westerly 
wave fetches and the lack of any continental 
slope make this the highest exposure of any 
observed shoreline in British Columbia. 

The very exposed habitat assemblage was 
observed at the outside south entrance of 
Wells Cove and consists of thick, foliose 
coralline Red Algae bioband, a pure stand of 
L. littoralis in the Dark Brown Kelp bioband 
and a few nearshore bull kelp plants. This 
confirmed the pattern observed during 
the aerial video survey where the zonation 
observed in very exposed was: a very wide 
splash zone, bare upper intertidal and 
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a lower intertidal of lush coralline red 
algae with an overstory of L. littoralis. 

In surge channels and other microhabitats 
where wave energies are reduced, diverse 
assemblages of other algae and encrusting 
invertebrates occurred. The highest energy 
sites tend to have a complex assemblage of 
species, from those adapted to withstand 
the highest energies to those species found 
in boulder crevasses and other moderately 
sheltered sites. Inlets on the west coast 
of Moresby Island have assemblages 
typical of semi-exposed and lower wave 
exposures; for example, inside Wells 
Cove, Gowgaia Bay and Tasu Sound. 

Two other exceptional sites within this area 
are the sheltered sand lagoon - boulder beach 
- open coast complex at Puffin Cove and the 
reef complex at Cape Freeman. At Puffin 
Cove, exposure ranges from the very exposed 
to very protected (the lagoon), separated by 
just 10s of metres! This extreme exposure 
gradient, coupled with an equally strong 
species gradient, is unmatched along the 
British Columbia coast. Similarly, at Cape 
Freeman, the shore and lagoon are sheltered 
from the full wave exposure to the west by 
a series of rocky reefs and a wide boulder-
covered rock platform. This station is a 
species-rich and spatially diverse site. 

Several exposed, bare sand beaches are 
found on the west side of Moresby Island, 
with those at Gilbert Bay and at Kwoon 
Cove being the largest. These sites are 
highly dynamic and Gilbert Bay has a large 
Sitka spruce-covered sand dune system 
extending >200 m landward of the shore. 

6.4.8. Northwestern Moresby Island and 
West Coast of Graham Island 

This coastline is complex and both the wave 
exposure and substrate types change over 
short distances, from exposed open coast 
(on outermost headlands) to the protected 
eelgrass meadows at the heads of inlets. 
Associated with this range of shore types 

is a diversity of biota. Steeper cliffs and 
wide platforms on the outer coast show a 
wide splash zone with much of the upper 
intertidal looking like bare rock with a 
reduced lichen flora. Here, attached biota 
forms a relatively narrow set of biobands 
close to zero datum. Lower wave exposure 
communities are seen nearby in surge 
channels or where offshore islets or nearshore 
topography reduces wave energy. On the 
wide bedrock platforms, such as at blunter 
Point, a gradient of indicator species occurs 
across the platform from exposure-tolerant 
species at the outer edge of the platform, to 
the less-tolerant species in the upper platform. 
Inlets such as in Port Louis included beaches 
of semi-protected and protected biota. 

Four sites were surveyed near the western 
entrance of Skidegate Inlet along the west 
coast of Graham Island and on Chaatl Island. 
The changing wave exposure gradient, from 
semi-protected to very exposed, was evident 
along the bedrock shoreline of the north side 
of Chaatl Island, from east to west. Also 
observed were the gradients along the north 
shore of the channel on Graham Island, and 
into the semi-protected shore of Dawson Inlet. 
The outermost coast was very exposed. A 
rich and diverse Dark Brown Kelp bioband 
occurred at the lower intertidal; dominated 
by Lessoniopsis littoralis and Laminaria setchellii 
with profuse foliose coralline red algae. The 
site near Mercer Point had a dense California 
Mussel bioband which was not observed at 
the lower-exposure site inside Dawson Inlet. 

A site on the west coast of Hippa Island 
revealed a particular diversity of habitats 
and associated species along a gradient of 
wave exposures across the wide bedrock 
platforms. These platforms' outer edges had 
a mixture of indicator species from exposed 
and semi-exposed (L. littoralis, Hedophyllum 
sessile, and surf grass). Landward of that 
was a wide California Mussel bioband 
with goose barnacle growing in a ripple 
pattern. Numerous small filamentous reds 
and coralline red algae occur throughout 
this bioband. At a higher elevation on the 
platform, a sparse band of rockweed, mixed 
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with similar-looking Mazzaella cornucopiae 
was present. This mixture likely occurs 
along the entire outer coast of this area. 

The Urchin Barrens bioband, an indicator of 
semi-exposed conditions, occurs deeper into 
the nearshore at higher wave exposures. 
That is, at semi-exposed sites, the sea urchin 
band is in the lower intertidal and upper 
subtidal; while on exposed sites, the band is 
only in the subtidal, and away from direct 
impact of breaking waves. This avoidance 
of higher wave exposures is well know 
for red sea urchins along Haida Gwaii 
shores (Jamieson and Campbell 1995). 

6.5. CLUSTER ANALYSES OF SHORE 
STATION DATA 

Hayes and Morris (2002) conducted cluster 
analyses of the 103 shore stations observed by 
Harper et ni (1994) using methods described 
in Appendix B. The objectives were, firstly, 
to determine the indicator species that best 

accounted for groupings of stations and, 
secondly, to compare the attributes of the 
identified groups of stations to the indicator 
species that define the habitat type and 
biological exposure categories used in the 
aerial video mapping (Appendix B, Table B-5). 

In the cluster analyses, nine groups of 
stations were identified and two pairs of 
those groups were determined to be not 
significantly different and were combined, 
resulting in seven groups of stations for 
comparison (Table 57). Stations within each 
of the seven clusters were compared by 
shore type (Table 52), the wave exposure 
category determined in the field (Table 53) 
and by the definition of the general substrate 
type. The clusters where then compared to 
each of the habitat types used in the aerial 
video mapping (Appendix B, Table B-5), and 
the results are summarized in Table 57. 

In comparing specifics between the 
definitions of the habitat types listed in 
Appendix B (Table B-5) to the groups 

Table 57. Comparison of the Gwaii Haanas cluster analysis groups from Hayes and Morris (2002) with the 
original habitat type definitions as listed in Appendix B, Table B-5. 

Cluster Cluster Typical station geomorphology; Equivalent habitat type from 
analysis group group name exposure category Appendix B, Table B-5 

1 Lessoniopsis bedrock; Habitat Types 1,2; 
exposed or very exposed very exposed and exposed; Immobile 

2 California bedrock; Habitat Type 3, in part; 
mussel/Alaria high semi-exposed high semi-exposed; Immobile 

3, 5 Halosaccion bedrock or mix of bedrock/sediment; Habitat Type 3, in part; 
/surfgrass low semi-exposed low semi-exposed; Immobile 

4 Astraea/sea star bedrock; Habitat Type 4; 
high semi-protected semi-protected; Immobile 

6,7 F«cws/barnacle sediment-dominated or mix of Habitat Types 6, 7; 
bedrock/sediment; semi-protected and protected; 

low semi-protected and protected Partially-mobile 

8 Zostera/Estuary sediment-dominated, estuary or sand Habitat Types 5, 7, 8; 
and gravel flats; protected; 

protected Immobile, Partially-mobile, Estuary 

9 Bare sediment sand or sand and gravel beaches; Habitat Type 9; 
beaches various from protected to exposed semi-protected to exposed; 

Mobile, bare beaches 

1 these pairs of clusters were combined after determining that the original clusters were not significantly different from each other 
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of stations in the cluster analyses, the 
following conclusions were made: 

• the highest energy habitats (habitat 
type 1 and 2) were clearly defined 
by a group of species that were quite 
different than the species that occurred 
in lower exposures, where more overlap 
between species groups were noted; 

• the complex, species-rich semi-exposed 
habitat type 3 was split into two 
groups by the cluster analysis, with 
a slightly different set of indicator 
species for each, reflecting the gradual 
transition in communities observed 
at the moderate-energy stations; 

• the semi-protected cluster types 
identified a number of invertebrates 
associated with habitat type 4, adding 
more specific species definition to 
community assemblages for these sites; 

• the semi-protected and protected partially-
mobile types (habitat types 6 and 7) 
were not easily separated by indicator 
species, illustrating the similarity 
between assemblages observed 
at the lower-energy stations; 

• the protected habitat types (both 
immobile and partially-mobile) were not 
separated from the estuary habitat type 
- designations of sites as "estuarine" were 
not necessarily associated with presence 
of certain species but rather a summary 
of the overall coastal processes at the 
site (i.e., estuarine-process dominated 
versus wave energy-dominated process) 
instead of using indicator species 
presence alone to define the site; 

• mobile, bare beaches were clustered 
together, and were not separated by 
exposure category - bare beaches were 
considered equivalent by virtue of a 
lack of species, regardless of the coastal 
processes or wave energies at the site; and 

• the current-dominated sites were 
not identified by unique species 
assemblages, but rather are classified 
at the ground station as "anomalous" 
species assemblages, where sites 

are structured by current energy 
conditions rather than wave energy. 

Generally, the indicator species associated 
with each habitat type defined by expert 
knowledge (Appendix B, Table B-5) 
matched fairly well with the indicator 
species that defined the grouping of stations 
identified from the clustering of station 
species data (Hayes and Morris 2002). 

Although unequal numbers of stations 
were visited in the different habitat and 
exposure categories during the ground station 
survey, the cluster analyses did show that 
groups of stations could be separated with 
significantly different species assemblages. 
The separation of these groups of stations 
could be explained by the wave exposure 
category and substrate categories in most 
groups, and indicator species were identified 
for the clustered stations. The strongest 
groupings were for stations from the highest 
wave exposures (on immobile substrate) and 
for stations in sediment-dominated, lowest 
wave exposures (clusters 1 and 8, Table 57). 
Stations at the moderate wave exposures (low 
semi-exposed, semi-protected and high protected) 
had overlapping species lists and were less 
clearly separated from the two extremes. 

6.6. NEARSHORE (SHALLOW 
SUBTIDAL) HABITAT 

The intertidal habitat characterization 
discussed above is based on observed and 
mapped information. Only a few, very 
conspicuous species were mapped in the 
nearshore (shallow) subtidal zone (e.g., 
seagrasses, kelps, urchin barrens) and no 
sediment or substrate was mapped. However, 
given the interest in nearshore habitat for 
long-term conservation management and 
the difficulty of systematically inventorying 
such habitat, a pilot predictive model 
for Gwaii Haanas was developed. The 
model is based on the premise that 
processes and substrate of the intertidal 
and nearshore may be associated, and that 
knowledge about the intertidal may be 
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useful in predicting the general character 
of the nearshore shallow subtidal. 

The occurrence of predicted habitats for 
Juan Perez Sound was used as an example 
and is illustrated in Figure 106, and its 15 
most commonly occurring habitat types 
are summarized in Table 58. In addition, 
the nearshore of Ramsay Island, Juan Perez 
Sound was digitized into 37 polygons for 
the area between the shoreline and 20 m 
water depth and each polygon linked to 
an adjacent shore unit (Figure 107). 

In a comparison of the polygon data (an aerial 
measure) to shore unit data (a linear measure) 
for Ramsay Island, there was no appreciable 
difference in the relative occurrence of various 
nearshore habitat types. This means, that 
as a first approximation, a linear analysis is 
probably sufficient to define general trends for 
larger sections of shoreline (>10 km in length). 
Because creating the polygons for the 0 to 20 
m depth subtidal area involves a complex 
procedure, this preliminary result represents 
an important procedural simplification. 

The predictive habitat types provide a fair 
degree of resolution around Juan Perez Sound 
but the critical question is: how good are the 

Table 58. The 15 most common nearshore subtidal habitats matched with intertidal biobands or 
substrate along 196.5 km of shoreline of Juan Perez Sound. 
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Intertidal Biobands or Substrate 

Length Subtidal Giant Bull Urchin Freshwater 
Rank (km) Habitat Class Eelgrass Kelp Kelp Barrens influence 

1 31.1 Low energy, rock X 
2 30.7 Low energy, rock 
3 27.5 Moderate energy, rock X X 
4 15.1 Moderate energy, rock X 
5 12.7 Low energy, rock X 
6 11.5 Low energy, rock X X 
7 10.2 Moderate energy, rock X 
8 9.6 Low energy, rock X 
9 8.1 Low energy, fine sediment X 
10 7.9 Low energy, rock X X 
11 6.6 Low energy, fine sediment 
12 6.5 Moderate energy, rock X X 
13 6.5 Low energy, fine sediment X X 
14 6.3 Low energy, coarse sediment X 
15 6.1 Low energy, rock X X 

1 subtid.il habitats with no associated intertidal biobands of substrate 

Figure 106. Occurrence of nearshore habitats 
around Ramsay Island, Juan Perez Sound, as 
predicted by the habitat model and the locations 
of the LGL Ltd. 1983 dive sites (Searing and 
English 1983). 

http://subtid.il


modeling results? An independently collected 
data set of observations from a 1983 series of 
reconnaissance dives done for Parks Canada 
by LGL Ltd. (Searing and English 1983) 
was used to test the model results. These 
dive data include rudimentary descriptions 
of seabed substrate, observed macro flora 
and fauna to 10 m depth at 23 dive sites. 

6.6.1. Dive Data and Nearshore Habitat 
Model Comparison 

A list of algal and invertebrate species 
and substrate descriptions documented 
at 23 subtidal dive site locations in Juan 
Perez Sound (Searing and English 1983) 
were examined in context of the associated 

nearshore model. Table 59 lists the number 
of dive sites for various nearshore habitat 
categories. Subtidal dive data were 
available for depths ranging between 0 
to 13 m, with 15 of the 23 at <10 m depth. 
The substrate in the intertidal zone was 
classified as rock in the nearshore model for 
all, except one, of the nearshore dive sites. 

Overall, the substrate at most of the dive sites 
was a combination of material; boulder-size 
and smaller, with bedrock reported at four 
locations. At these sites, bedrock tended to be 
in the shallow subtidal zone (1 to 2 m depth) 
only and changed to finer material (boulder, 
cobble) seaward of those depths. Substrate 
was reported as predominantly boulder at 
13 of the sites across all exposure categories, 
with boulder from 0 to 10 m depth at all four 
of the high exposure sites. The lower energy 
sites were a mixture of boulder, cobble, pebble 
and sand with the exception of one location 
- the west side of Burnaby Strait where rock 
was reported to the deeper subtidal depths 
(10 to 12 m). No fine sediment (clay/silt) 
sites were included in the dive program. 

Generally, algal species observed in the 
subtidal zone (particularly the shallow 
subtidal zone) tended to be more consistent 
with the predicted species assemblage 
than the occurrence of animal species 
(Appendix B Table B-14). However, several 
plant species (e.g., feather boa kelp Egregia 
menziesii and surf grasses Phullospadix spp.), 
typically indicative of semi-exposed sites, 
were present at most (3 of 4) of the high-
exposure sites, while either one or both of 
the species E. menziesii and sea staghorn 
(Codium fragile) were also reported at the 
lower energy sites. There could be a number 
of reasons for these differences including 
differences in exposure categories used by 
Searing and English (1983) in their dive-site 
report and the exposure categories used in 
the model; the effect of current; point data 
verses unit data; and species occurrence 
versus bioband observation (i.e., not 
enough C. fragile visible from aerial video 
to constitute formation of a bioband). 
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Figure 107. The occurrence of nearshore 
polygon units (to 20 m water depths) around 
Ramsay Island, Juan Perz Sound and linked to 
individual shore units. The LGL Ltd. 1983 dive 
sites are shown in Figure 106. 

Table 59. Numbers of dive site according to 
nearshore subtidal habitat exposure and substrate. 

Number of 
Exposure Substrate Dive Sites 
Low energy Rock 6 
Low energy Coarse sediment 1 
Moderate energy Rock 12 
High energy Rock 4 



The correlation between faunal species 
observed in the subtidal zone and those 
predicted by the model is generally low, 
particularly for the lower energy sites. 
Species typically found in higher energy 
locations (wave exposure levels greater 
than moderate) including orange sea 
cucumber (Cucumaria ininiata), soft coral 
(Gersemia rubiformis), encrusting hydrocoral 
(Stylantheca petrograpta), and red turban 
snails (Astraea gibberosa) were actually 
observed in lower energy sites. However, as 
dive site species data was only recorded as 
presence/absence, it is possible that many 
of these species may have been present in 
low numbers. Generally, there did not seem 
to be a difference in species composition 
or richness (number of species) between 
the high and moderate energy dive sites. 

In summary, we conclude the following: 

• some of the dive sites appear to 
be mis-located (unlikely species 
assemblages for the site location, where 
a shift of few hundred metres might 
alter the species composition); 

• dive site substrate descriptions were poor; 

• no soft-sediment substrates were 
examined in the dive survey; and 

• there is a 10-year gap in between the dive 
survey and the videographic survey. 

status as a transitional (land-to-sea) ecotone 
as described in sections 8.3 and 8.4. 

This is part of DFO's definition of marine and 
estuarine riparian fish habitats in which the 
"marine riparian" (vegetated area immediately 
above the shoreline) is particularly 
data-deficient coast-wide (Levings and 
Jamieson 2001). As well, archaeologists 
are interested in using this vegetation to 
identify potential human-modified sites 
given the many human uses of coasts. 

Classifying the marine riparian vegetation 
fringe for Gwaii Haanas was an experiment 
to assess the possibility of using aerial 
videography for characterizing this ecotone 
immediately landward of the shoreline. A 
total of 16 categories of coastal vegetation 
fringe were defined, eight for each of the 
two terrestrial ecoregions that occur within 
Gwaii Haanas; very wet, hypermaritime 
coastal western hemlock (CWHvh) and wet, 
hypermaritime, coastal western hemlock 
(CWHwh). Each shore unit included 
primary, secondary and tertiary vegetation 
types for the 2,743 units mapped. There 
are 151 unique combinations of vegetation 
types, although 44 of the primary-secondary 
and tertiary combinations explain >90% 
of the occurrences. No cluster analysis of 
mapped attribute data was conducted. 

In that red sea urchins are common and 
highly spatially variable (Jamieson and 
Campbell 1995), changes in their distribution 
could substantially affect the comparison. 
The difficulties in comparing the two 
datasets, emphasizes the need to carefully 
choose metrics that may be meaningfully 
compared across different scales of data. 

6.7. COASTAL TERRESTRIAL 
VEGETATION FRINGE 

Understanding the coastal terrestrial 
fringe vegetation (also called "marine 
riparian" or "ln/droriparian" vegetation 
- see Appendix A) is warranted given its 

Plots of the primary coastal fringe types for 
CWHvh and CWHwh ecoregions are included 
in Figure 108. There are some discernible 
patterns in the CWHvh with the Puffin Cove 
(scrub headland) and De la Beche (rock 
cliff) dominating the outer, exposed sections 
of western Moresby and Kunghit Islands 
whereas the Cedar Forest class dominates the 
eastern shore of Moresby Island. The plot of 
the CWHwh region shows no strong pattern 
at least in the primary coastal fringe type plot. 

Given the interest in coastal riparian 
management, observations could be 
used to improve future riparian mapping 
efforts such as the following: 
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Figure 108. The coastal fringe classification for the Coastal Western Hemlock, very wet, hyper-
martime Ecoegion (left) and the Coastal Western Hemlock, wet hyper-maritime Ecoregion (right) as 
mapped in Gwaii Haanas. 
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• greater resolution of attributes 
in the dataset would be helpful 
including associated understory 
vegetation and vegetation density; 

• an estimated width and aspect 
of the fringe zone; 

• an estimate of terrestrial vegetation 
overhang above the intertidal zone as 
recent surveys have suggested that 
terrestrial insects are an important 
food source for juvenile salmonids 
(Sobocinski et al 2003); and 

• a clustering analysis of the 
classification data that would allow 
complex combinations to be more 
easily identified and mapped. 

This exercise involved a top-down approach 
with different classifications for different 
terrestrial ecoregions (i.e., a land approach). 
This resulted in different names for similar 
vegetation assemblages that occur in different 
ecoregions. For example, at the boundary of 
the ecoregions different classes are mapped 
on either side of narrow water bodies 
(e.g., Burnaby Narrows, Houston Stewart 
Channel, Darwin Sound). Had the riparian 
classification been developed from a clustered, 
multi-attribute approach, likely the coastal 
vegetation communities would be mapped 
in similar categories in the two ecoregions. 

6.8. HUMAN-CAUSED 
(ANTHROPOGENIC) THEMES 

6.8.1. Shoreline Modification 

Shoreline modification implies coastal areas 
where soine human modification has occurred 
in the intertidal or immediate supratidal such 
as landfills, seawalls and wharves. Their 
distribution along Haida Gwaii is summarized 
in Figure 109. These modified shorelines are 
primarily associated with coastal communities 
(wharves, ramps and seawalls) and forestry 
activities (log sorting and dumping sites). 

Most common types of man-modified 
shoreline in decreasing order of occurrence, 

Table 60. Summary of human-made shoreline 
modifications along the Haida Gwaii coast. 

Type of Modification Length (km) 
Landfill 
Rip-Rap 
Wooden Bulkhead 
Concrete Bulkheads 

21 
12 
7 
1 

are landfill (21 km of coast), rip-rap (13 km), 
wooden bulkheads (7 km) and gravel ramps 
(2 km) (Table 60). These total 46 km and 
represent <0.1 % of the Haida Gwaii coast. 

6.8.2. Oil Residence Index 

The Oil Residence Index provides a relative 
indicator of the potential persistence of 
beached oil at any shore unit in the database 
and provides a useful spill-response planning 
tool. Many factors affect the persistence 
of beached oil including wave exposure 
levels, substrate type, type of oil, degree of 
oil weathering and the season in which the 
spill occurs. These are reviewed below in 
the Effects of Oil section. The Oil Residence 
Index is derived from the physical attributes 
of substrate and exposure, assuming that 
persistence of oil is usually longer in low 
energy environments, given that wave action 
is the primary process that removes oil, and 
that permeability of shores to oil penetration 
depends on beaches' substrates. For example, 
high-energy bedrock shores are likely to have 
less persistent oil than sheltered, permeable 
beaches (e.g., cobble, gravel). Moreover, 
saltmarsh wetlands are in low energy 
environments that accumulate sediments and 
typically have the high oil residence indices. 

The overall occurrence of Oil Residence 
Index on Haida Gwaii is summarized in 
Table 61. The relatively lengthy persistence 
levels (months to years) for -50% the Haida 
Gwaii coast reflects the substantial length 
of sediment-covered, low energy shores 
(Figure 110). The -30% of the coast with 
short persistence (days to weeks) corresponds 
to rocky, impermeable-surface shores with 
associated high wave-exposure levels. The 
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Figure 109. Summary distribution of human-modified shoreline on Haida Gwaii. Most 
features are points, indicating very short alongshore length. Concentrations are associated 
with communities while isolated points are typically active or former log-handling sites. 
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Figure 110. Spatial occurrence of the Oil Residence Index for Haida Gwaii 
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Table 61. Summary of Oil Residence Index along 
the Haida Gwaii coast. 

Index 

1 
2 

4 

5 

Approximate 
Oil Residence 

DAYS to weeks 

WEEKS to Months 

weeks to MONTHS 

MONTI IS to years 

months to YEARS 

Occurri 

(km) 

1,297 

399 

702 

1,026 

1,220 

3nce 

% 
28 

9 

15 

22 

26 

significance is that, in event of a major 
oil spill on the archipelago, a substantial 
portion of the coast would likely require 
cleanup. Sections of shoreline with low 
Oil Residence Index values could be left 
to "self clean," whereas sections with high 
index values would likely require cleanup. 

Table 62. Summary of shoreline access according 
to method around Haida Gwaii. Approximately 
24% of the shoreline cannot be accessed safely by 
any method. 

Access 
Method 

Road 

Sea 

Float plane 

Helicopter 

Type 
No access 
Possible 

No access 
Inflatable 
Landing craft 
Support vessel 

No access 
Possible 

No access 
Intertidal zone 
Supratidal area 

Shoreline 
Length (%) 

92 
8 

27 
28 
21 
23 

63 
33 

66 
28 
5 

6.8.3. Oil Spill Logistics 

Coastal video recording allows some 
interpretation of accessibility during response 
to an oil spill. It is possible, therefore, to 
classify responders' likely access to each shore 
unit as first developed by Harper et al. (1992). 
In much of North America, coastal response 
can be conducted from land. However, on 
Haida Gwaii, roads provide access to <10% 
of the coast (Table 62). Accordingly, a major 
spill response effort would resemble that of 
the Exxon Vahiez oil spill, with most response 
from vessels, helicopters and floatplanes. 

Estimated accessibility by sea and air is 
summarized in Table 62; access would 
be weather- and season-dependent and 
estimates are based on general conditions. 
Approximately 30% of the coast would not be 
accessible from the sea, primarily as a result of 
exposed wave conditions. An additional 30% 
might be accessible only from small inflatable-
type boats, -20% accessible by landing-craft-

type vessels and -25% accessible by large 
support vessels (e.g., barges). Float- planes 
could be used opportunistically to access 
-30% of the coast, although this access would 
be more weather-sensitive than vessel access. 
Helicopter access is highly limited with safe 
landing sites in the supratidal zone on <5% 
of the coast and landing within the intertidal 
zone, where helicopters typically are not 
allowed to shut down, on 28% of the coast. 

Vessel-supported response is likely to be 
the primary means of bringing cleanup 
crews to Haida Gwaii shores, either to 
implement protection strategies or actual 
cleanup. Most importantly, >25% of the 
coast is inaccessible by vessels or aircraft 
(Figure 111). In other words, it is unlikely 
that any type of effective response could 
occur in these areas. These no-access areas 
are mostly located on the west coast where 
exposure is likely too high to permit safe 
vessel access and coastal topography is too 
rugged to permit helicopter landings. 

214 



Figure 111. Locations (in bold) where there is neither safe sea nor helicopter access to the 
shoreline for emergency spill response. 
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7. COASTAL VALUES 
WARRANTING SPECIAL 

MENTION 

7.1. MARINE BIRDS 

N.A. Sloan 

The well-being of marine birds straddles 
land and sea around Haida Gwaii. Regional 
marine waters support a diverse and 
abundant bird fauna of -125 species. The 
most prominent marine bird species have 
been reviewed in depth by Harfenist 
et al. (2002) and this coast-focused 
overview draws heavily upon that. 

Marine bird populations of national and 
international importance rely on nearshore 
and offshore areas for food when breeding, 
migrating and wintering. This overview 
of marine birds is divided according to 
their four main groups; seabirds, marine 
waterfowl, shorebirds and marine raptors. 
While some marine birds breed in the 
region (Table 63), others breed in the arctic, 
sub-arctic or elsewhere in the Northern 
Hemisphere and migrate along, or winter 
on, the Haida Gwaii coast and offshore 
waters. As well, there are marine birds 
that breed in the Southern Hemisphere and 
migrate north during the austral winter. 

Marine birds are iconic components of the 
Haida Gwaii marine realm. They have 
received more attention from scientific and 
naturalist communities combined than any 
other regional marine group, as well as 
being central to Haida culture. Marine birds 
are also highly topical. Examples covered 
here are concerns related to the prospect of 
offshore energy development in the Hecate 
Strait-Queen Charlotte Sound area, the high 
profile of marine bird values in the Land 
Use Plan (Harfenist 2003) and their use as 
sentinels of ocean climate variability (Bertram 
et al. 2005; Hedd et al. 2006). Together, these 
underscore the importance of understanding 
marine birds around Haida Gwaii. 

Table 63. The main groups of marine bird species 
that breed in the Haida Gwaii region (from 
Harfenist et al. 2002). 

Seabirds 
Fork-tailed Storm-petrel (Occanodroma furcata) 
Leach's Storm-petrel (Occanodroma leucorhoa) 
Pelagic Cormorant (Phalacrocornx petagicus) 
Mew Gull (Lants canus) 
Glaucous-winged Gull (Lams glaucescens) 
Common Murre (Uria aalge inomata) 
Pigeon Guillemot (Ceppluts columba) 
Marbled Murrelet (Bracln/ramplms marmoratus) 
Ancient Murrelet (Synthliboramphus antiquus) 
Cassin's Auklet (Ptychoramphus aleuticus) 
Rhinoceros Auklet (Ccrorhinca monocerata) 
Horned Puffin (Fratercula corniculata) 
Tufted Puffin (Fratercula cirrliata) 

Marine Waterfowl 
Red-throated Loon (Gavia stelhzta) 
Pacific Loon (Gavia pacifica) 
Harlequin Duck (Histrionicus histrionicus) 
Barrow's Goldeneye (Bucephala islandica) 
Hooded Merganser (Lophodytes cucullatus) 
Common Merganser (Mergus merganser) 
Red-breasted Merganser (Mergus senator) 

Shorebirds 
Semipalmated Plover (Charadrius semipalmatus) 
Killdeer (Charadrius vociferus) 
Black Oystercatcher (Haematopus bachmani) 
Spotted Sandpiper (Actitis macularia) 
Least Sandpiper (Calidris minuliUa) 
Short-billed Dowitcher (Limnodromus griseus) 
Common Snipe (Galliuago gallinago) 

Marine Raptors 
Bald Eagle (Haliaeetus leucocephalus) 
Peale's Peregrine Falcon (Falco peregrinus pealei) 

1 federally designated by the Committee on the Status of 
Endangered Wildlife in Canada (COSEW1C) as listed in Table 3 

7.1.1. Seabirds 

"Low reproductive rates, long lives, deferred 
breeding, coioniality, and sexes that beliave alike 
and look alike, form part of a strongly correlated 
suite of adaptations tliat characterize birds 
which feed far out at sea." (Gaston 2004 b) 

The key to understanding seabirds is 
that they forage widely at sea where 
océanographie conditions concentrate 
their food, but they must come ashore 
to breed in inaccessible coastal colonies 
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safe from land predators (Gaston 2004 b). 
In other words, their life history pinch-
point is safe nesting along coasts. 

The seabirds of Haida Gwaii include a 
diverse suite of species that spend most 
of the year feeding in offshore waters and 
usually come to land only to breed. Some 
1.5 million seabirds breed colonially on 
>200 islands, islets and rocks around Haida 
Gwaii and disperse offshore during the non-
breeding season. As with all marine birds, 
the seabirds that most strongly link land and 
sea are the 13 species that breed on Haida 
Gwaii (Table 64). Trend data are available 
for many seabird colonies after the 1950s 
through surveys by the Canadian Wildlife 
Service (Environment Canada). Before that, 

seabird populations may have increased 
post-contact as Haida populations declined 
and their diets changed (Kaiser 2002). 
The breeding distributions of all species, 
except Marbled Murrelets (Brachymmphus 
marmoratus), are mapped in Harfenist et al. 
(2002), from which two examples are shown 
here. The breeding of Ancient Murrelets 
(Synthliboramphus antiquus) shown in Figure 
112 is typical for alcids (murres, auklets, 
puffins) in that colonies are usually confined 
to exposed rocky coasts. Note, however, that 
this species does not breed along the very 
exposed coast on the west coast south of 
Tasu Sound. This is in contrast to the more 
ubiquitous breeding of Glaucous-winged 
Gulls (Lnrus glnucescciis) that also includes 
sheltered rocky areas (Figure 113). The coast 

Table 64. The 13 species of seabirds that breed on Haida Gwaii with notes on their estimated breeding 
populations (data from Harfenist et al. 2002; Harfenist et al. 2005). 

1 these are rough estimates only and those with (??) are particularly speculative, for example, the number for Pelagic Cormorant could be 
out by an order of magnitude as just one colony at Tow Hill has -250 pairs (J. Broadhead, personal communication) 

2 M. Hipfner, Canadian Wildlife Service, personal communication May, 2005 
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Estimated breeding population 
Species (numbers of pairs) Notes 

Fork-tailed Storm-petrel 53,000 - 2 1 % of British Columbia's storm-petrel 
Leach's Storm-petrel 103,000 population 

Pelagic Cormorant 300 ?? Likely an underestimate as very difficult to 
account for all nests 

Mew Gull 6 ?? Only 6 nests recorded since the early 1990s, very 
incomplete data 

Glaucous-winged Gull 2,800 Likely an underestimate; coast-wide, the 
population has increased -4-fold since the 1940s 

Common Murre 200" Only the Kerouard Islands confirmed as breeding 
sites 

Pigeon Guillemot 2,500 ?? Very difficult to estimate breeding population; 
-50% of the British Columbia population 

Marbled Murrelet 2,900 ?? Very difficult to locate nests in old-growth trees 
(<20 nests confirmed to date); there may be 5,800 
breeding in the region; radar surveys are 
underway (Harfenist et al. 2005) 

Ancient Murrelet 256,000 -50% of the global population; the only breeding 
location in Canada 

Cassin's Auklet 297,000 -18% of the global population; the most abuntant 

breeding seabird around Haida Gwaii 

Rhinoceros Auklet 23,900 -4% of the global population 

Horned Puffin 16 ?? No confirmed breeding sites (3 probable, 2 
suspected) 

Tufted Puffin 560 14 confirmed or suspected breeding colonies 
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Figure 112. Locations and relative sizes of breeding colonies of Ancient Murrelets 
(Synthliboramphus antiquus) in Haida Gwaii (from Harfenist et al. 2002). More than 50% of 
all nesting occurs at Frederick, Hippa and Rankine Islands. 



Figure 113. Locations and relative sizes of breeding colonies of Glaucous-winged Gulls 
(Lnnis glaiicescens) in Haida Gwaii (from Harfenist et al. 2002). 
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of the Queen Charlotte Lowlands is little 
used by seabirds for breeding as it lacks 
protective rocky cliffs and islands for colonies. 

Other seabirds include non-breeding 
individuals of the breeding species, plus 
there are >40 other seabird species that 
feed locally (in season) but breed elsewhere 
(Harfenist et al. 2002). For example, Sooty 
and Short-tailed Shearwaters (Puffimis spp.) 
breed in the far southern hemisphere yet 
they dominate the offshore Fiaida Gwaii 
seabird community in spring (Harfenist et al. 
2002). In some years, >4,000,000 may pass 
through Hecate Strait and Queen Charlotte 
Sound pausing to feed during northward 
migration and large flocks are later seen 
during their southward migration. 

Seabirds are exposed to threats in common 
with other marine birds, but some are of 
greater concern for them. On land, introduced 
mammal predators are a continuing threat 
to seabird nesting colonies, most on-ground 
and many composed of burrows, as reviewed 
by Harfenist et al. (2002) and Columbia 
et al. (2006). Raccoons (Procyon lotor) and 
rats (Rattus spp.) have seriously damaged 
>10 seabird colonies and are suspected of 
destroying others. Indeed, the Ancient 
Murrelet was federally designated (Table 3) as 
a species of special concern in large part based 
on the threat posed by introduced predators. 
At sea, the prospect of offshore energy 
developments, particularly interference from 
offshore operations as described previously 
in section 2.4, are most relevant to seabirds. 

Valuing seabird colonies has been important 
to coastal land conservation in British 
Columbia. For example, 12 of the first 32 
coastal provincial Ecological Reserves were 
for the preservation of seabird colonies 
(Foster 1979). Of the eight Ecological 
Reserves around Haida Gwaii, seven were 
coastal and five of these had seabird colonies 
as their main focus (Table 1). Further, the 
importance of seabirds to local land-to-
sea issues is manifested in two separate 
protection initiatives in the Land Use Flan 
recommendations package (HG/QCI 2005); 

that of breeding colonies ("Seabird Protection 
Areas") and Marbled Murrelet old-growth 
forest breeding habitat. Colony disturbance 
from nearby habitat damage and loss from 
logging, is a "major consideration." Some 
41 Seabird Protection Areas (ranging from 
0.1 to -505 ha) are in place (Figure 114). 

Interestingly, seabird values ended up being 
explicitly addressed in this Land Use Plan 
for which marine and coastal issues were 
perceived as being too complicating to 
include. As the planning process unfolded, 
it was clear that the good spatial seabird 
breeding colony data (ITarfenist et al. 2002; 

Figure 114. Locations of the 41 Seabird Protection 
Areas accepted for inclusion in the Haida Gwaii/ 
Queen Charlotte Islands Land and Resource 
Management Plan in 2005. 
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Harfenist 2003) were too important to 
exclude as well as being easy to act upon 
(J. Broadhead, personal communication). 

Marbled Murrelet is a high profile species 
in current land use planning. They are 
unique among local breeding seabirds in 
their non-colonial nesting on thick moss-
covered branches of lame, old-growth 
trees (Harfenist et al. 2002). The fate of 
this species, therefore, is linked directly 
to forest practices that preserve sufficient 
old-growth stands for nesting. But, it is 
extremely difficult to census breeding birds 
due to their cryptic nest locations and nesting 
behaviour. Further, Marbled Murrelets are 
federally and provincially listed, and these 
listings are primarily because of nesting 
habitat loss due to logging. Radar techniques 
were applied in 2004 and 2005 towards 
population estimates and the amount and 
location of their old-growth coastal forest 
use (2004 data in Harfenist et ni. 2005). 

Monitoring Cassin's Auklet (Ptychoramphus 
aleuticus) population survival on breeding 
colonies on Frederick Island, and Triangle 
Island (in the Scott Group Islands -Figure 1), 
rapidly reflects marine ecosystem responses 
to ocean climate variability (Bertram et ni. 
2005). Specifically, an El Niiïo (warm ocean 
conditions as described previously in section 
4.2), that occurs in some years, reduces 
ocean productivity of phytoplankton (and 
therefore zooplankton) that rapidly affects 
these zooplankton-eating seabirds. The 
strong El Nino of 1997-1998, for example, 
caused high Cassin's Auklet mortalities 
that make this species useful for monitoring 
annual northeast Pacific ecosystem changes 
(Bertram et ni. 2005). Hedd et ni. (2006) 
reported a similar phenomenon among 
Rhinoceros Auklet (Cerorhinca monocerata) 
from a 15-year Triangle Island data series. 

In summary, seabirds' colonial breeding and 
reliance on offshore food sources separates 
them from all other marine bird groups. 
The health of seabird colonies and Marbled 
Murrelets are now key considerations in 
regional land use planning. It is ironic 

that this most oceanic of the marine bird 
groups is the most prominent in land use 
planning. Finally, monitoring some seabirds 
populations can rapidly provide insights into 
the status of offshore ocean ecosystems. 

7.1.2. Marine Waterfowl 

Marine waterfowl, including loons, grebes, 
sea ducks and the sea goose Brant (Branta 
bernicln), generally frequent nearshore 
waters. Seven species breed on Haida 
Gwaii (Table 63) and at least 17 others 
use regional coastal waters (Harfenist et 
ni. 2002). Those that do not breed locally 
tend to nest in northern tundra and boreal 
regions. These birds then congregate along 
the Haida Gwaii coast to moult and over
winter. The only long-term data on regional 
marine waterfowl are the Christmas Bird 
Counts executed by volunteers. Given the 
extreme inter-annual variability in these 
counts, however, it is unlikely that these 
data are sufficient to detect statistically 
significant changes for most species. 

The distribution and abundance of migrating, 
moulting and wintering waterfowl are not 
well known, with the exception of Brant. 
Hecate Strait does serve as the passageway 
through which large populations pass in 
spring. In fall, and particularly winter, inlets 
and bays support large populations with 
higher densities along shorelines than in 
open water. Also at this time, birds are more 
abundant along sandy shorelines than rocky 
shorelines, more abundant along sheltered 
than exposed rocky shorelines and densities 
for some species are higher in the open 
waters of Hecate Strait than Dixon Entrance. 

As most species inhabit relatively shallow 
inshore waters, they are overlooked during 
boat-based marine bird surveys that tend 
to occur more offshore. Eight of the top 
10 ranked coastal wetlands for marine 
waterfowl in northern British Columbia occur 
around northern Haida Gwaii (Figure 115). 
Important regional seasonal events that likely 
influence marine waterfowl distribution 
are the spring Pacific herring spawn and 
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the fall salmon migration into watersheds. 
Haida Gwaii supports relatively large 
populations of migrating and wintering 
sea ducks, among which Harlequin Duck 
(Histrionicus histrionicus), Surf Scoter 
(Melanitta perspicillata) and White-winged 
Scoter (M. fusca) moult in large numbers. 
During offshore bird surveys, sea ducks were 
more abundant in Hecate Strait and Queen 
Charlotte Sound than off the west coast. 

Brant are sea geese that breed along the 
coasts of Alaska and the western Canadian 
Arctic. Birds are abundant along local coasts 
in the winter and during spring migration 
where they eat mostly sea grass on sand / 
muddy flats. Brant found along eastern 
Haida Gwaii represent one of three main 

known spring concentrations world-wide 
and Shingle Bay in Skidegate Inlet is the most 
important staging area (Harfenist et al. 2002). 

Little regional research has focused on 
breeding of marine waterfowl. Most of 
the data on nesting sites were collected 
incidentally during biophysical inventories 
of lakes and streams but many water 
bodies have not been surveyed. Generally, 
breeding population sizes are poorly 
known for all species, but are likely small. 

7.1.3. Shorebirds 

Shorebirds are a highly migratory group 
whose populations have shown appreciable 

Figure 115. Top-ranked north British Columbia coast wetlands of Haida Gwaii considered important to 
marine waterfowl (in fall and winter) and coastal areas of provincial significance to shorebirds (adapted 
from Harfenist et al. 2002). 
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declines over the last 30 years (Morrison 
2001). Most species breed in arctic, sub
arctic or northern boreal habitats and winter 
as far south as South America. Migrating 
birds depend on stopover sites to feed along 
their routes. Shorebirds use a diversity of 
coastal habitats. Most species use coastal 
lowlands including tidal flats, estuaries, 
grassy uplands (natural or human-made), 
but some species prefer rocky shores and 
a few use the open ocean (CWS 2002). 

runs. Peale's Peregrine Falcon is a marine 
subspecies rarely observed inland. Birds use 
territories on island cliff ledges, usually near 
seabird colonies where they strike their flying 
seabird prey over water. Regular regional 
surveys since 1971 reveal a relatively steady 
count of -70 active nests or "eyries". The sub
species was federally listed in 1999 (Table 3) 
because of its reliance on seabird populations 
that have been decreased by prédation by 
introduced mammals and other threats. 

Seven species of shorebird nest on Haida 
Gwaii (Table 63) and at least 37 other species 
frequent the archipelago (Harfenist et al. 2002). 
Regional shores provide important migratory 
stopover and/or wintering sites for many 
species. However, there have been no broad-
scale, systematic survey of the archipelago for 
nesting, migrating or wintering shorebirds. 
Shown in Figure 115 are the locations of 
provincial importance to shorebird from the 
CWS regional shorebird plan (CWS 2002). 

Among the species that breed on Haida 
Gwaii, only the Black Oystercatcher 
(Haematopus bacluuani) is abundant and 
widespread (Figure 116). Birds nest on 
sediment beaches or rocky shores and 
feed mostly on rocky shore invertebrates. 
Available data on this species are the best for 
any regional shorebird and come from the 
NGO, the Laskeek Bay Conservation Society 
as previously discussed in section 3.11.1. 

7.1.4. Marine Raptors 

The two species of marine raptor are Bald 
Eagle (Haliaeetus leucocephaliis) and Peale's 
Peregrine Falcon (Falco peregrinus pealei). 
They depend heavily on coastal resources, 
are widespread breeders and year-round 
residents, but their non-breeding distribution 
is poorly recorded. Most Bald Eagle nests 
are in live Sitka spruce trees near rocky 
shorelines on islets or nearby estuaries. 
Eagles function as active predators and 
opportunistic scavengers (beached carcasses 
and road-kill). These birds concentrate near 
Pacific herring spawn, nearby herring shoals 
in summer and at estuaries during fall salmon 

7.1.5. Transitional Species 

Given that the landscape of Haida Gwaii is so 
maritime, some land birds are influenced by 
the sea. For example, -15% of the lifetime diet 
the Saw-whet Owl (Aegolius acadicus brooksi) 
sub-species endemic to Haida Gwaii consists 
of marine-derived protein (including intertidal 
invertebrates), compared to mainland owls 
that eat mostly small land mammals (Sealy 
1999). Further, there are a four non-marine 
species very prominently active in the coastal 
zone warranting mention. All are year-
round residents that breed on Haida Gwaii 
(Campbell et al. 1990 a, b, 1997). However, 
there is relatively little published of their 
local life history, distribution and abundance. 
The Northwestern Crow (Cornus cauiimts) 
and Common Raven (C. eorax) are generalist 
predators and scavengers in coastal forests, 
riparian and intertidal areas and around 
human habitation sites. Although there is 
an extensive literature on the cultural roles 
of ravens (and eagles) in Haida culture (e.g., 
Swanton 1905,1995), which is not matched 
by a body of regional science knowledge. 
The other species are Great Blue Heron 
(Ardea hewdias fannini) and Belted Kingfisher 
(Ceryle alcyon), both small-fish predators 
in freshwater, estuarine and nearshore 
marine areas. The former is a stalker in the 
shallows and the latter a diver (Butler 1997; 
Campbell et al. 1990 a, b). Estuaries and 
seagrass meadows are particularly important 
feeding areas for Great Blue Herons. These 
herons tend to be solitary nesters locally 
whereas in southwestern British Columbia 
they can nest in large colonies (Englestoft 
and Sopuck 2005). There are also seven 
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Figure 116. Locations of nest sites of Black Oystercatchers (Haemotopus bachmani) 
in Haida Gvvaii (from Harfenist et al. 2002 and Laskeek Bay Conservation Society). 
Most of the Moresby and Graham Island coastlines have not been surveyed. 
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Table 65. Freshwater waterfowl that occur in 
"significant" numbers around Haida Gwaii from the 
Coastal Waterbird Survey database of Bird Studies 
Canada in cooperation with the Canadian Wildlife 
Service (data courtesy of M. Ceh, CWS, Delta, B.C.). 

American Wigeon {Anas americana) 

Green-winged Teal [A. crecca) 

Mallard (A. platyrhynchos) 

Northern Shoveler {A. clypeata) 

Northern Pintail (A. acuta) 

Greater White-fronted Goose (Anser albifrons) 

Trumpeter Swan (Cijgnus buccinator) 

species of freshwater waterfowl present 
seasonally in significant numbers in coastal 
waters around Haida Gwaii (Table 65). 

7.1.6. Coastal Marine Bird Issues 

So, what is the state of knowledge on 
regional marine and coastal birds? We know 
that some seabirds are useful indicators of 
offshore ocean ecosystem conditions. We 
also know that marine birds are present in 
the millions and that their effects on local 
ecosystems must be significant in the coastal 
zone. There is enough information, for 
example, to render seabirds important to 
coastal land use planning (HG/QCI 2005). 
In reality, however, our baseline inventory 
of coastal zone birds is very incomplete; 
spatial coverage is limited and variability 
on daily, seasonal and annual time-scales is 
unknown. Further, key foraging, moulting 
and staging habitats are not well described, 
with the exception of the large inlets and 
estuaries, and uses within smaller inlets 
and estuaries are poorly documented. In 
other words, population trends cannot be 
reliably defined using the current baseline. 

Still, a start has been made with preliminary 
delineation of important marine bird habitats 
that form GIS layers for future use with other 
layers to aid coastal resource management. 
The combined historical data on regional 
marine bird distribution and abundance at 
sea is an example. Some general patterns 
of distribution and seasonality are evident; 

highest densities occur over the continental 
shelf in all seasons, in fall and winter, 
densities are higher along shorelines than in 
open water, and all inlets and bays support 
large winter populations. However, there 
are so many caveats to these data that their 
reliability is uncertain (Harfenist et ni. 2002, 
2004). The opportunistic nature of the 
information means that coverage is weighted 
toward convenient times and places for 
observers. Further, coverage from systematic 
surveys has also been extremely uneven 
seasonally and geographically. The data are, 
therefore, more indicative of the distribution 
of observers than that of birds and cannot be 
considered population estimates and the lack 
of time-series data scuttles the possibility of 
revealing species population (distribution 
and abundance) trends. Finally, we have 
few insights into marine birds' ecosystem 
roles in any regional marine areas. 

The British Columbia Coastal Waterbird 
Survey is a volunteer program administered 
by Bird Studies Canada with support from the 
Canadian Wildlife Service (P. Davidson, Bird 
Studies Canada, personal communication). 
It was established to monitor population 
trends and distributions of waterbirds 
using coastal habitats province-wide, with 
a focus on the more populated areas of the 
Georgia Basin, southern British Columbia. 
Data are housed by Bird Studies Canada 
and available for public use. Observers 
conduct standard counts at designated sites 
on pre-determined dates each month from 
September through April (i.e., eight monthly 
surveys per winter). Species groups surveyed 
include loons, grebes, cormorants, herons, 
swans, geese, ducks, shorebirds (sandpipers, 
plovers, etc.), gulls, alcids (murres, puffins, 
etc.) and raptors. At present, the north 
coast is relatively poorly covered due to a 
lack of observers. For example, there are 
just seven (out of -260 coast-wide) survey 
sites in ITaida Gwaii. Analyses to-date have 
evaluated the Survey's ability to reveal annual 
species population changes of <3% (a widely 
accepted threshold for waterbird populations) 
and province-wide abundance trends for 
58 most commonly recorded species from 
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the Survey's first five years (1999 to 2004; 
Badzinski et al. 2005). Data from Haida Gvvaii 
were included in these analyses, however, 
no analyses have yet been conducted on 
specific coastal regions. Distribution maps 
in Badzinski et al. (2005) show Rose Spit 
consistently supported the highest counts (of 
any site) of Sanderling (Calidris alba), which 
is a species undergoing national declines. 
Moreover, Rose Spit supported the second 
highest count of Common Murre (Uria aalge). 

Examples of challenges for regional 
marine birds include potential threats from 
increasing coastal tourism and recreation, 
the prospect of offshore energy development 
and mortalities associated with commercial 
fisheries. For example, the Canadian Wildlife 
Service is proposing assessment studies in 
2007 associated with the proposed Nai Kim 
Windfarm described in section 2.4.2. It will be 
important to ensure appropriate inclusion of 
marine bird knowledge into ecosystem-based 
management. An example is targeted surveys 
to delineate important areas during late 
summer when the main threats from human 
disturbance overlap the moulting season of 
sea ducks and fall shorebird migration. 

7.2. COASTAL MAMMALS 

N.A. Sloan 

Coastal mammals are divided here into 
"maritime" species prominent in coastal 
lands and wholly marine species. 

7.2.1. Maritime 

Applying the term maritime to mammals 
was introduced by Carlton and Hodder 
(2003) to describe terrestrial species that 
eat beached and live plants or animals in 
the intertidal or estuarine wetlands and 
transfer that food energy to the land. Such 
species are important in the Haida Gwaii 
coastal zone given the number of mammals 
using the intertidal and the high ratio of 
shoreline to land mass. Listed in Table 66 
are the maritime mammals. Buries et al. 
(2004) review the biology of all the native 
mammals of Haida Gvvaii and Gaston et al. 
(2006) reviewed the knowledge on introduced 
mammals and their effects to terrestrial 
ecosystems of Haida Gwaii, especially the 
effects of browsing by Sitka black-tailed 
deer (Odocoilens hemionus stichensis). Among 
the native maritime species, the river otter 
(Lontrn canadensis peroclyzomae) is the most 
marine-adapted. River otters are common 
along Haida Gwaii shores and do venture 
into freshwater habitats. Coastal river 
otters are close to being "marine" as they eat 
mostly marine fishes from shallow nearshore 
waters, although they also can prey on land 
including adults and / o r eggs in seabird 
breeding colonies (Buries et al. 2004). They 
transfer marine nutrients into terrestrial 
habitats, usually within -30 m of the shore 

- the area in which most of their dens occur. 

A prominent land-to-sea linking mammal 
explicitly mentioned in the land use 
recommendations is the native black bear 
(Ursus americanus carlottae) that occurs from 

Table 66. Maritime mammal species of Haida Gwaii 

Native Introduced 

Black bear (Ursus americanus carlottae) 

River otter (Lontra canadensis) 

American pine martin (Martes americana nesophila) 

Keen's mice (Peromyscus spp.) 

Dusky shrews (Sorer spp.) 

Sitka black-tailed deer (Odocoileus hemionus stichensis) 

Racoon (Proa/on lotor) 

Norway and black rats (Rattus spp.) 

1 explicitly identified in Carlton and Hodder (2003) as examples of maritime mammals reported from Haida Gwaii 
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the high alpine to the intertidal (HG/QCI 
2005). This species' most dramatic transfer of 
marine nutrients to the land occurs in the fall 
salmonid spawning during which prédation 
transfers carcasses into the nearby riparian 
forest systems as discussed later in sections 
8.4 and 8.5. As well, in rocky intertidal 
habitats, black bear and the introduced 
raccoon (Procyon lotor) commonly forage 
on invertebrates, such as crustaceans and 
mollusks, encountered while overturning 
rocks. As well, both raccoons and rats 
(Rattus sp.) have devastated some seabird 
breeding colonies as previously mentioned. 
Finally, black bear and introduced deer 
graze on the lush saltmarsh wetland grasses, 
particularly in spring. With the exception of 
bear-salmon interactions, we know little about 
the ecological effects of prédation and grazing 
(energy transfer) by maritime mammals at the 
land-sea interface around Haida Gwaii and 
this remains an important knowledge gap. 

7.2.2. Marine 

This overview relies on the detailed reviews 
by Heise et al. (2003) and Gregr (2004) on the 
26 marine mammals recorded from around 
Haida Gwaii (Table 67). Remarkably, 10 
of those species are nationally listed by 
COSEWIC as being at some level of risk or 
concern (Table 3). There are explicit marine 
mammal protection regulations appended to 
the Fisheries Act. Despite their few species, 
therefore, marine mammals are an iconic 
group that has a high profile with the public. 

The most coastal of the marine mammals are 
the fish-eating harbour seal (Phoca vitulinn) 
and Steller sea lion (Eumetopias jubatus). 
These pinnipeds are associated with >110 
specific onshore sites (Figure 117). The 
widely dispersed population of harbour 
seals (perhaps -9,500, but not yet reliably 
estimated) haul out and breed throughout 
the archipelago. Steller sea lions haul out at 
far fewer sites (some only seasonally) and, 
around Haida Gwaii, breed only at Cape St. 
James. These sea lions are federally listed 
in the United States and American federal 

Table 67. Mar ine m a m m a l species recorded from the 
Ha ida Gwai i mar ine region (from Heise et al. 2003). 

Toothed Whales 

Sperm whale (Physeter maavcephalus) 

Killer whale (Orcinus area) 

Baird's beaked whale (Berardius bairdii) 

Cuvier's beaked whale [Ziphius atvirostris) 

Stejneger's beaked whale (Mesoplodon stejnegeri) 

Short-finned pilot whale (Globicephala macrorhynchus) 

Risso's dolphin (Grampus griseus) 

Pacific white-sided dolphin (Eagenorhynchus obliquidens) 

Northern right-whale dolphin (Lissodelphis borealis) 

Common dolphin (Delphinus delphis) 

Striped dolphin (Stenella coeruleoalba) 

Dall's porpoise (Phocoenoides dalli) 

Harbour porpoise' (Phocoena phocoena) 

Baleen Whales 

Blue whale " (Balaenoptera musculus) 

Fin whale '" (Balaenoptera physalus) 

Sei whale '" (Balaenoptera borealis) 

1 lumpback whale' (Megaptera uovaeangliae) 

Gray whale' (Eschriehtius robustus) 

Minke whale (Balaenoptera aeutorostrata) 

North Pacific right whale (Eubalaena japoniea) 

Pinnipeds 

Steller sea lion (Eumetopias jubatus) 

California sea lion (Zalophus ealifornianus) 

Northern fur seal (Callorhiuus ursinus) 

Northern elephant seal (Mirounga angustirostris) 

Harbour seal (Phoca vituliua) 

Weasles 

Sea otter (Enln/dra lutris) 

1 species that are essentially offshore (pelagic), though some 
ocassionally be seen inshore. 

2 federally listed by the Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC), see Table 3. 

and state agencies have recently funded 
research in this region (Heise et al. 2003). 

Among the small toothed whales, dolphins 
and porpoises, some species, such as killer 
whales (Orcinus orcn) and harbour porpoise 
(Phocoena phocoena), are often sighted 
nearshore (Figure 118). The population 
type of killer whales most often recorded 
are transients (marine mammal hunters) that 
likely target harbour seals and Steller sea 
lions in nearshore waters (Heise et al. 2003). 

It is worth pausing here and reflecting on 
effects of land-based industrial chemical 
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Figure 117. Major onshore sites for marine mammals around Haida Gwaii (data 
from Heise et al. 2003). The 91 known haulout sites of harbour seal (Pluxn vitulina) as 
illustrated from aerial surveys. The coast north of Tasu Sound to just east of Langara 
Island has not been surveyed. The 20 haulouts and one breeding rookery (at Cape St. James) 
of Steller sea lion (Eumetopias jubatus) are also shown. 
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Figure 118. Locations and numbers of sightings up to 2003 of small toothed whales around Haida Gwaii: 
(A) killer whale (Orcinus orca), and (B) harbour porpoise (Phocoena phococua) (data from the British 
Columbia Cetacean Sightings Network as illustrated in Lleise et al. 2003). The 200 m depth contour 
demarcating the seaward edge of the continental shelf is shown. 

pollution on coastal marine mammals in 
British Columbia. Such contamination is 
comparable to Arctic marine mammals (some 
eaten by indigenous people) accumulating 
persistent organic pollutants from far distant 
aerial emissions (Kuhnlein et al. 2005). Local 
killer whales' high trophic status (being 
predators of predators) and long lives 
renders them vulnerable to accumulating 
concentrations of persistent organic industrial 
chemicals (Ross 2006). Ross reported that 
British Columbia's killer whale populations 
are among the most polychlorinated biphenyl-
contaminated in the world, with fire retardant 
chemicals (from urban runoff) emerging 
as a new chemical threat. This could have 
long-term consequences on their health 
(reproductive and immune systems). The 
point is, that we are beginning to see chronic 
chemical contamination, transported from 
distant sources, in species perceived by the 

public as either iconic of marine wildness 
or used as traditional food sources. 

Among the large baleen whales around Haida 
Gwaii, the gray whale (Eschrichtius wbustus) 
comes the closest to shore where it suction-
feeds off the bottom (including the intertidal 
at high tide) for small prey (invertebrates, fish 
eggs) during their northward migration from 
Baja California to Gulf of Alaska and Bering 
Sea summer feeding grounds (Heise et al. 
2003). Locally, gray whales are seen feeding 
inshore between February to May (peaking 
in April) in sediment areas such as along 
Skidegate Inlet (Figure 119). An important 
issue with gray whales is whether there is an 
over-summer sub-population in the region. 

As the most frequently recorded baleen whale 
in regional waters, large pods (>70 whales) 
of humpback whales (Megaptera novaeangliae) 
can be seen in inlets and sounds along the 
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Figure 119. Locations of sightings up to 2003 of large baleen whales around Haida Gwaii: (A) gray whale 
(Eschrichtius robustus), and (B) humpback whale (Megaptera novaeangliae) (data from the British Columbia 
Cetacean Sightings Network as illustrated in Heise et al. 2003). The 200 m depth contour demarcating the 
seaward edge of the continental shelf is shown. 

east and north coasts and offshore. They 
are attracted to swarms of small fish and 
plankton on which they gorge in summer to 
early fall before returning to the Hawaii area 
for winter to spring breeding and socializing 
(Figure 119). The remaining large whales 
are more commonly seen offshore in shelf 
waters or particularly where the shelf breaks 
before the continental slope descends into 
the deep-sea. Although there are many 
caveats to the whale-sighting database, 
that is available for public input [www. 
wildwhales.org], the sightings nonetheless 
indicate species' general distributions in 
regional waters. These are still early days 
for understanding the occurrence of whales 
in space and time around Haida Gwaii, but 
the data-gathering process is in place. 

Commercial whaling and sealing was 
important to the regional economy in the 
early to mid 20th century, during which 

many thousands of animals were taken 
and kill sites recorded (previous section 
3.4; Heise et al. 2003). There were large 
coastal industrial sites such as the whaling 
stations at Naden and Rose Harbours. 
There has been no regional commercial 
take of marine mammals since 1968. 

A whale-watching industry has yet to be 
established in this region, as it has off the 
south and west coasts of Vancouver Island. 
Whale watching has grown very rapidly 
within the marine and coastal tourism sector 
(Duffus 1996), and its potential importance 
to future local tourism development should 
not be underestimated. National growth of 
this industry stimulated public consultations 
(now in their third year) and technical 
reports (Lien 2001) in support of revising the 
Marine Mammal Regulations appended to 
the Fisheries Act. This national regulatory 
review process likely will take a few more 
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years. In the interim, the current regulations 
with their harassment-minimizing criteria, 
including minimum distances between people 
and mammals, remain in force [ht tp : / / laws. 
justice.gc.ca/en/lM4/SOR-93-56/], 

Sea otters are large marine-adapted weasels 
that forage nearshore, sleep entangled at 
the water surface in the kelp forest canopy 
at night and infrequently go ashore. They 
eat mostly benthic invertebrates (e.g., clams, 
aba lone, crabs, sea urchins) from sedimentary 
to rocky substrates associated with kelp 
forests. Sea otters were once abundant 
around Haida Gwaii (Home and Menzies 
1796), but they were over-hunted during 
the maritime fur trade (-1790 to 1830), as 
previously reviewed in section 3.4.1. Since 
then, they likely have been present in low 
numbers. From 1972 to 2006, there have been 
11 confirmed sightings (9 singles-2 pairs), 
around the archipelago and no breeding 
population is established (Heise et al. 2003). 

The sea otter is a particularly important costal 
marine mammal for two reasons. Firstly, 
it is a keystone species whose influence on 
nearshore rocky (kelp forest) and soft-bottom 
ecosystems is greatly out of proportion to 
sea otters' numbers and biomass in northern 
waters (Alaska and British Columbia - Heise 
et al. 2003). The extirpation of sea otters 
from the region likely affected kelp forests 
and associated prey species, as discussed 
later in section 7.6. For example, it has been 
speculated that the absence of sea otters 
coast-wide allowed some invertebrate 
stocks, such as red sea urchin, to accumulate 
to unnaturally high levels. Further, there 
likely was a widespread decrease in kelp 
forest biomass after the release of red sea 
urchins from prédation pressure. Examples 
are the sea urchin "barrens" seaward of the 
linear fringe of kelp forests along regional 
rocky shores as manifested in the bioband 
described previously in section 6.2. 

Secondly, sea otters have a very long 
history of protection (and recovery) starting 
internationally in 1911 and federally since 
1978 (Table 3). Between 1969 and 1972, 89 

sea otters (Alaskan stock) were reintroduced 
along the northwest coast of Vancouver 
Island (Heise et al. 2003). By 2001, after rapid 
growth in population and range occupied, 
there were >2,670 animals along the west 
and north coasts of Vancouver Island and ~ 
500 in a separate population on the central 
mainland coast (Nichol et al. 2005). The 
latter population doubled its range from 
1995 to 2004. Sea otter populations grow 
rapidly after reintroduction into unoccupied 
habitat, but population growth rates 
decrease as populations reach equilibrium 
with food resources (Nichol et al. 2005). 
Accordingly, continuing rapid expansion 
into the unoccupied north coast (including 
Haida Gwaii) is expected with currently 
occupied areas showing less growth. 

An intriguing species at risk precedent is 
the potentially mutually exclusive recovery 
of two "listed" species - northern abalone 
and their predator the sea otter (Sloan 
2004). Northern abalone was Canada's first 
marine invertebrate to be listed by COSEWIC 
(in 1999). Requirements of the Species at 
Risk Act (fully in force in 2004) compels 
protection and recovery of all federally 
listed species including protection of their 
critical habitats in federally-controlled areas 
such as NMCAs. Further, listed status 
invokes a mandatory recovery process 
on an explicit schedule. The strategy and 
planning processes are now completed 
for both northern abalone and sea otter. 

Recovery of these species poses some 
interesting questions (Sloan 2004). Why 
recover northern abalone if recovered sea 
otter populations would likely crop abalone 
populations to low levels? What benchmark 
state of local kelp forest ecosystems, including 
optimal populations of northern abalone, 
red sea urchin and sea otter should be the 
(integrated) recovery goal? Perhaps the 
goal should be pre-European contact (pre-
1780), which likely would mean low abalone 
populations with sea otters present. Whatever 
state is desired, we have little local kelp 
forest ecosystem baseline data from with 
which to compare current with past states. 
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Coastal mammals feature prominently in 
the transition from marine to terrestrial 
ecosystems and people are naturally drawn 
to these "charismatic" species. Certainly, a 
better understanding of their life histories, 
abundance and distribution around Haida 
Gwaii is needed. Gregr (2004) said of marine 
mammal abundance estimates in Hecate 
Strait that they; "... have a low, unknowable 
degree of accuracy. They are no more than the 
application of educated guesses and speculative 
assumptions to estimates that already have large 
confidence intervals." Further, the regional 
presence of whales (as valued ecological 
features) can be used to quantitatively define 
marine areas' vulnerabilities (Zacharias 
and Gregr 2005). In summary, we are in the 
same position as we are with the previously 
discussed marine birds and many of the same 
challenges apply. We know enough to say 
that coastal mammals are important regional 
ecosystem components and that their presence 
reveals major marine processes, but recent 
reviews say more about the scope of our 
ignorance than the depth of our knowledge. 

7.3. BIODIVERSITY 

N.A. Sloan 

" ...coastal nations of the world now see the 
urgent need to ramp up protection of the marine 
environment both to recover fisheries and 
safeguard biodiversity." (Roberts et al. 2005) 

"Coastal BC is the most biologically diverse 
area of the province." (BC 2006) 

Biodiversity, or the diversity of life, is a nested 
system of entities among which the idea of 
species, and therefore species diversity, is 
the most widely understood by the public. 
However, biodiversity is much more than 
just thinking about species. Biodiversity 
frames the three main attributes of ecosystems 
- composition, structure and function. For 
each of these three attributes there can be 
four levels of organization: genetic (within 
a species), species or population, ecosystem 
or community, and regional landscape or 

seascape. Biodiversity science remains 
dominated by research into composition at 
the species or population levels. As part 
of composition, for example, species lists 
reveal a variety of elements, but contribute 
less to understanding ecosystem structure 
and function. Lagging behind are the more 
difficult issues of structure (e.g., physical 
organisation, habitat complexity) and function 
(e.g., ecological and evolutionary processes 
such as gene flow and nutrient cycling). 

Flaving said that, there is now broad 
consensus in the ecological community 
that; "... ecosystem properties depend greatly 
on biodiversity in term of the functional 
characteristics of organisms present in the 
ecosystem and the distribution and abundance of 
those organisms over space and time" (Hooper 
et al. 2005). So, the link between biodiversity 
and ecosystem status is forged. Wood (1997) 
points out the confusion between biological 
diversity and biological (living) natural 
resources. He argues that biodiversity is 
a necessary precondition for long-term 
maintenance of living natural resources. 
These points link to the discussion on 
ecosystem-based approach to management 
(discussed later in section 10.1.3), in which 
maintaining key ecosystem attributes, such 
as biodiversity, facilitate sustainability. 

Marine biodiversity did not become a 
recognizable discipline until the 1990s 
(Norse 1993; NRC 1995). Biodiversity is 
considered higher in the benthic realm 
than in the pelagic realm and greater (also 
with more losses) along coasts as effects 
of human activities and coastal habitat 
diversity is greater than in the open ocean 
(Gray 1997). Biodiversity maintenance is 
now well entrenched as a leading objective 
in marine conservation (NRC 2001; Norse 
and Crowder 2005). Comparisons of 
naturally species-rich with species-poor 
marine systems indicate that those with 
higher biodiversity may have "ecological 
insurance" against agents of uncertainty such 
as disturbance (Hughes et al. 2005). Marine 
ecologists are calling for a revival in the 
"natural sciences," such as taxonomy and 
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natural history, at the whole-organism and 
ecosystem levels to appropriately confront 
global conservation problems (Dayton 
2003). Complimentary to that is better 
appreciation of human-nature relations, as 
put by Norse and Crowder (2005); "Most 
important is the realization that understanding 
humans - who are both the cause and the victims 
of biodiversity loss - is as integral to conservation 
biology as is understanding biology." 

Important conservation issues being discussed 
are using protected areas as biodiversity 
reference locations (Dayton et al. 2000; Sloan 
and Barrier 2004 a), using historical species 
distributions (biogeography) to establish 
baselines (Lourie and Vincent 2004) and using 
observable abiotic (physical and chemical) 
as well as biological criteria to define 
conservation units (Zacharias and Roff 2000). 
This field is young and applying ecological 
techniques to measure, and therefore 
eventually monitor, marine biodiversity 
is in early development (Underwood and 
Chapman 2003). Important threats to marine 
biodiversity include climate change (Soto 
2002), habitat-damaging fishing practices 
such as bottom trawling (Thrush and Dayton 
2002; Watling 2005) and effects of invasive 
species (Bax et al. 2001). Assessing decreasing 
marine biodiversity over geographic areas 
is just beginning to be discussed (Edgar et 
al. 2005). Generally, the lack of systematic 
broad-scale marine sampling means that 
population declines in non-commercial 
marine species have tended to go unnoticed. 
Further, the inclusion of biodiversity values 
at regional, national and international 
scales remains disorganized (Roff 2005). 

Canada is committed (EC 1995) to biodiversity 
well-being as one of the earliest signatory 
nations to the United Nations' Convention 
on Biological Diversity [http:/ /www.biodiv. 
org] - an outcome of the 1992 Earth Summit 
in Rio. By mid-2005,188 countries were 
parties to the Convention. In 1995, marine 
biodiversity concerns under the Convention 
were explicitly defined in the Jakarta Mandate 
on Marine and Coastal Biological Diversity 
[http://www.biodiversity.org.programmes/ 

areas/marine/default .asp]. The Convention's 
secretariat (in Montreal) has been active 
in applying biodiversity values to marine 
area system planning and coastal resource 
management, for example in reports by AID 
Environment (2004) and the secretariat (CBD 
2004 a). In 1996, the Canadian Biodiversity 
Strategy was endorsed by the federal 
government within which five departments 
or agencies (including Parks Canada Agency) 
share responsibility for its implementation 
- coordinated by Environment Canada. 
However, despite Canada's early 
commitments to biodiversity conservation, 
the Auditor General found the government's 
progress in implementing the Canadian 
Biodiversity Strategy "unsatisfactory" 
(OAGC 2005 b). Government was found 
too slow in planning, implementation 
and technical capacity development for 
an adequate national program dealing 
with biodiversity conservation. 

In Canada's Oceans Strategy, DFO lists "species 
diversity" as a key "ecosystem characteristic" 
for assessment towards ecosystem-based 
ocean management (DFO 2002 a, p. 17). 
Further, Canada has developed the Centre 
for Marine Biodiversity at DFO's Bedford 
Institute of Oceanography, Dartmouth, NS 
[http://www.marinebiodiversity.ca] and 
there is now a national marine biodiversity 
science plan (Zwanenberg et al. 2003). Their 
overarching recommendations for Canada 
included creating regional inventories, 
developing monitoring to assess changes 
in biodiversity and establishing a network 
of "marine biodiversity reference areas." In 
Canada, lack of coordination among national 
agencies currently hampers implementing 
a national approach to conserving marine 
biodiversity (OAGC 2005 b; Roff 2005). 

We are just at the beginning of understanding 
the marine biodiversity of Haida Gvvaii. 
Some progress has been made on the 
region's composition (i.e., species diversity). 
Approximately 3,500 marine species have 
been recorded from the Haida Gwaii region in 
our GIS (Table 68). For relatively well known 
groups of large species, such as birds and 

233 

http://www.biodiv
http://www.biodiversity.org.programmes/
http://www.marinebiodiversity.ca


Table 68. Marine species diversity documented 
from the Haida Gwaii region in Gvvaii Haanas' 
Geographic Information System (data from; 
Northcote et al. 1989; Sloan and Bartier 2000; Sloan 
et al. 2001; Harfenist et al. 2002; Heise et al. 2003; 
Brodo and Sloan 2004). 

Marine Approximate 
group number of species Notes 

Lichens 43 Preliminary estimate 
(on rock) only 

Algae 344 Likely underestimated 
(seaweeds) by -10 to 30% 

Angiosperms 4 Likely close to the 
(seagrasses) actual number 

Invertebrates 2,503 Likely only 5 to 10% 
of what is present 

Fishes 400 Preliminary estimate 
only 

Reptiles 2 Other sea turtles may 
be present seasonally 

Birds 125 Likely close to the 
actual number 

Mammals 11 (maritime), Likely close to the 
26 (marine) actual number 

Total 3,458 A preliminary 
estimate only 

mammals, the species numbers are reasonably 
reliable. However, for invertebrates, the 2,500 
or so is a great underestimate - perhaps 10-
fold (Sloan and Bartier 2004 a). Also, the deep 
ocean is poorly covered, as most sampling 
and observation occurs nearshore or from 
shelf waters of <200 m depth. For context, 
perhaps 15% of all species (-1.7 million) have 
been described globally, but really we do not 
know whether there are 10 or 100 million 
species (Raven et al. 1991; Wheeler 1995). For 
Pacific Canadian waters, the photographic 
encyclopedia by Lamb and Flanby (2005) 
of the most prominent species aids public 
appreciation of marine species diversity. 

Gwaii Haanas was the first federal entity from 
Canada's Pacific waters to contribute CIS-
referenced species databases (-31,000 records 
on plants and invertebrates) to the national 
Centre for Marine Biodiversity. These have 
since been forwarded by the Centre to the 
Census of Marine Life [ht tp: / /www.coml. 

org], a NGO launched in 2000 to record the 
world's marine species (O'Dor 2003) and to 
the Global Biodiversity Information Facility 
[ht tp: / /www.gbif .org/] that aspires to list 
all species, all ecosystems world-wide. 

Regional species inventories on GIS is just 
a first step towards what must be a long-
term effort to link biodiversity knowledge 
to marine ecosystem understanding. This 
involves continuing regional exploration to 
define biodiversity elements, developing 
a knowledge base over time to enable 
monitoring changes to those elements and 
eventually understanding the structure 
and function of local ecosystems. As 
well, there is a role for the proposed 
Gwaii Haanas NMCA as a biodiversity 
reference location representative of the 
region through its protected status. 

7.3.1. Introduced Species 

"... the control of alien marine species 
is in its infancy." (Bax et al. 2001) 

Globally, introduced species are 
acknowledged as the second greatest threat to 
all biodiversity after habitat loss (Simberloff 
et al. 2005). In coastal areas, biodiversity and 
ecosystem functioning are under threat from 
introduced species (Bax et al. 2001; Carlton 
and Ruiz 2005). The natural dynamism 
of marine systems and human activities, 
such as mariculture and shipping, facilitate 
introductions. The sources of introductions 
along the coast of North America have been 
mostly from overseas ships' ballast water 
releases, but also from associates of imported 
mariculture stock and from vessel hull fouling 
and organisms living in wood (Carlton 
1992; Ruiz et al. 2000). Given that -90% of 
world trade is ship-borne (Field et al. 2002), 
the scale of the threat is immense. Some 
introductions can go unnoticed, but others 
can be followed by rapid local dispersal 
of these species' young with appreciable 
ecological consequences (Grosholz 2002). 
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Haida Gwaii marine waters now host at 
least one plant, 14 invertebrate, and two 
fish species introduced since the early 
20"' century (Sloan and Bartier 2004 b). 
Introduced marine species recorded from 
the Strait of Georgia include five plant, 38 
invertebrate and five fish species (BC 2006). 
Establishing; such baselines will aid tracking, 
introductions. Perhaps the highest profile 
species coast-wide is Atlantic salmon (Saliuo 
snlnr) that escape from floating net pen culture 
operations (Volpe et ni. 2001). So far, Atlantic 
salmon have not been recorded from the 
freshwater systems of Haida Gwaii (Sloan 
and Bartier 2004 b). Around Haida Gwaii, no 
introduced marine species appears to have 
overwhelmed local ecosystems or excluded 
native species. On a local historical note, it is 
interesting to reflect on how much attitudes 
have changed on introduced marine species. 
For example, DFO published a study on the 
potential effectiveness of introducing Atlantic 
lobsters (Hoinnrus americanus) into nearshore 
Flaida Gwaii waters (Barber 1983). Such an 
initiative would not be considered now. 

Shipping continues as an appreciable threat 
for introducing species to Pacific Canada 
(Levings et ni. 2004). Canadian Ballast 
Water Management Guidelines issued by 
Transport Canada in 2000, have become 
Regulations under the Cnnndn Shipping Act 
[http:/ /www.tc.gc.ca/MarineSafety/]. 
Southern British Columbia ports such as 
Vancouver, New Westminster and Nanaimo 
have mandatory ballast water programs. 
These are based on the assumption that mid-
ocean ballast water exchange, with water 
containing pelagic species not likely adapted 
to coastal conditions, decreases likelihood 
of introducing species into port waters 
(Levings et ni. 2004). The effectiveness of 
such exchange criteria is still being evaluated. 
This issue is directly relevant to Haida 
Gwaii as there is the nearby deep-water 
international port of Prince Rupert (about 
to undergo further expansion for container 
shipping) as well as the prospect of Kitimat 
becoming a port for petroleum supertankers 
(section 2.4.3.). These ports currently have 
no ballast water management programs. 

Moreover, there is "intmconstnl" transport 
(Levings et ni. 2004), for example, barge 
and self-dumping log barge traffic between 
Flaida Gwaii and southern British Columbia. 
In summary, the Haida Gwaii coast will 
likely become increasingly vulnerable to 
species introductions from shipping. 

Shellfish mariculture, previously described 
in section 3.5, remains a potential avenue of 
species introduction to Flaida Gwaii. Local 
operations use certified disease-free juveniles 
(spat) imported from southern British 
Columbia. A federal-provincial committee 
evaluates potential risks associated with 
introductions or transfers of these spat and 
issues a licence to the grower (Sloan and 
Bartier 2004 b). Besides the possibility of 
the species, or their attached associates, 
becoming established in the wild, there is 
also the risk of introducing diseases, parasites 
or genetic material into native species. 

Some introduced marine species are difficult 
to control and have damaging ecosystem 
consequences (Simberloff 2000). An example 
is the European green crab (Cnrcimis maenas) 
introduced to the San Francisco Bay area in 
1989 and where, as an aggressive predator 
of intertidal invertebrates, it is affecting local 
ecosystems (Grosholz 2002). Green crab 
has since been recorded from the northwest 
coast of Vancouver Island (Jamieson et 
ni. 2002). If green crabs spread to Haida 
Gwaii and Gwaii Haanas, could they affect 
native intertidal invertebrate populations? 
Simberloff's (2000) warning that: "no reserve 
is mi islnnd" must be taken seriously. 

Finally, threatening effects of introduced 
species in the coastal zone also come from 
terrestrial species. Among the maritime 
mammals previously listed are introduced 
predators that can seriously threaten nesting 
marine birds around Haida Gwaii (Harfenist 
et ni. 2002), as mentioned previously with 
marine birds (section 7.1). Further, there are 
the unknown effects of intertidal foraging by 
raccoons (introduced in the 1940s to promote 
trapping) and rats (likely introduced much 
earlier via shipping). As well, grazing by 
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Sitka black-tailed deer (introduced in 1878) 
has appreciable affects coastal vegetation 
such as estuarine and riparian (along streams 
and lakes) systems. This grazing may also 
indirectly affect nesting coastal birds by 
altering their breeding habitats. For example, 
by removing understory vegetation, deer may 
expose nests and chicks to visual predators 
such as crows and ravens. The effects of deer 
grazing on island ecosystems is the subject 
of an on-going study by the Research Group 
on Introduced Species (Gaston et al. 2006). 

7.4. SANDY BEACH-DUNE SYSTEMS 

I.J. Walker 

We know from the Coastal Thematic 
Summaries (section 6) that -62% of the 
Haida Gwaii shoreline is dominated by 
bedrock and, therefore, relatively resilient 
to wave action, tidal currents and storm 
surges. Sedimentary (gravel to sand) 
beaches comprise - 3 1 % of Haida Gwaii's 
shoreline and these systems provide a distinct 
biophysical setting of ecological importance. 
Interestingly, this percentage is very high 
compared to the rest of the British Columbia 
shoreline. Of the sedimentary beaches on 
Haida Gwaii, -26% are comprised of sand 
and or sand/gravel , as shown in Figure 120. 

Sandy beach-dune systems provide a 
distinctive biophysical setting very responsive 
to environmental changes such as effects of 
ecological successions, invasive species, land 
uses and of climate variability and change. 
Ultimately, changes are expressed in beach-
dune structure and ecological composition. 
The sandy backshore (landward of the 
intertidal) is an inherently dynamic system. 
Here, it is often difficult to distinguish 
between natural versus climate change-
induced structural and biological responses 
without careful examination of changes over 
appropriate space and time scales. To date, 
relatively little research exists on beach-dune 
dynamics around Haida Gwaii, particularly 
in Gwaii Haanas. Further, given their high 
tide range, exposure to frequent SE storms 
and North Pacific swells, these beaches 

provide a distinct North American example of 
relatively understudied, beach-dune systems. 

On Graham Island, sedimentary beach 
systems back the majority of the northern 
and eastern shores (Figure 120). Most 
notable are the sandy East and North 
Beaches that extend from Skidegate to Rose 
Spit to Masset. Given it's erodible nature, 
exposure to extreme waves and ongoing 
sea-level rise (-1.6 mm per year), this 
shoreline is one of Canada's most sensitive 
to climate change-induced sea-level rise 
(Shaw et ni. 1998; Walker and Barrie 2006). 
Most of the shoreline from Tlell to Masset 
has magnificent dune systems including 
stablized dune ridges dating back to -7,000 
BP (Wolfe and Walker, unpublished data). 
These dune systems include the following 
dune types, according to Hesp (2002): 

• foredunes that are the most seaward 
ridges in a dune system; 

• blowouts that are erosional, saucer- or 
trough-shaped depressions in established 
dunes formed by localized erosion by 
winds ("aeolian deflation") often initiated 
by surface disturbance of vegetation or 
traffic that disturbs the dune surface); and 

• parabolic dunes that are semi-vegetated, 
U-shaped dunes with typically 
vegetated arms and a distinct erosional 
basin between the arms that provides 
sediment during wind events to a 
depositional head - these dunes are 
commonly found in uni-directional wind 
regimes and are oriented with the arms 
pointing into the dominant airflow (e.g., 
southeast on East Beach, see below). 

Systems with these sorts of dunes are most 
pronounced in the Naikoon peninsular region 
towards Rose Point (Figure 121) but also exist 
along narrower, forested coastal platforms 
along East Beach, north of the Oeanda River 
and on North Beach, west of Tow Hill. 

On the west coast of Plaida Gwaii, 
sedimentary beaches are limited and 
occur more commonly to the north (Figure 
120). These beaches occur in bays or as 
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Figure 120. Sedimentary shorelines of Haida Gwaii based on 
physical themes (substrate) information from the ShoreZone 
dataset discussed in the Coastal Thematic Summaries. Also shown 
are locations mentioned in the text of this Sandy Beach-dune Systems section. 
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headland-confined systems supplied by 
marine (intertidal and nearshore subtidal) 
sediments (e.g., Lepas Bay, Ingraham Bay) 
and /o r sediments from rivers (e.g., Gilbert 
Bay). In some of the deeper bays along the 
west and southeast coasts (e.g., Govvgaia 
Bay, Louscoone Inlet, Luxana Bay) beaches 
are supplied predominantly with sediments 
from larger watersheds. Within Gvvaii Haanas 
there are numerous embayed sedimentary 
beaches, many of which are also geologically 
controlled by embayments and /o r headlands. 
These include Windy Bay, Skedans, Gilbert 
Bay, Woodruff Bay, Luxana Bay, Sedgwick 
Bay, Swan Bay, Carpenter Bay and Harriet 
Bay. Not all of these sites are sandy and dune-
backed, largely due to limited availability 
of sands to their beaches. Interestingly, 
most of these beaches display some form 
of recent erosion (e.g., dune scarps - the 
eroded seaward faces of dunes) a n d / o r 
progradation (seaward accretion of dunes 
through accumulation by winds [aeolian] 
or waves) (Walker 2005). In general, many 

of the sandy beaches along eastern shores 
are experiencing erosion. For instance, 
East Beach is currently retreating at a rate 
of ~1 to 3 m per year (Walker and Barrie 
2006). Woodruff Bay also displays backshore 
erosion and dune scarping evident of recent 
erosion. In contrast, North Beach (Figure 
121) and Gilbert Bay demonstrate seaward 
progradation caused by distinctly different 
wind, wave and sediment supply conditions. 

7.4.1. Beach and Dune Structure 

Backshores extend landward from the splash 
zone to the seaward edge of either a dune or 
cliff. The backshore is influenced by waves, 
tides and winds that deliver intertidal or 
nearshore subtidal sediments that are then 
reworked by wind (aeolian) action into dune 
systems (Pye and Tsoar 1990). As such, the 
backshore is a highly dynamic region whose 
structure reflects the interface between the 
intertidal, subtidal and terrestrial components 
within the coastal zone. The structure and 
extent of the backshore depends on tide range, 
wave and wind energy, beach orientation, 
sand supply, larger-scale geological controls 
(e.g., headlands, bedrock shelves) and the 
longer-term sedimentary budget of the 
coast (i.e., stable or eroding or accreting). 

Beach-dune systems strive to attain dynamic 
structural equilibrium with wind, wave and 
tidal processes as well as local sand supply. 
In that each of these processes have their 
own cycles and extremes, beaches constantly 
adjust their form and function over time. 
For example, in the winter, many beaches 
appear "erosional," or steeper and coarser as 
they attain balance with strong winter winds 
and waves. In contrast, beaches during 
summer often appear flatter and finer as 
less energetic summer waves move finer 
sediments onshore that were removed during 
winter. Thus, what is seen on a beach at a 
given point in time may be in balance with 
some processes (e.g., wave swash, tides), but 
out of phase with others (e.g., winter storm 
waves, longer term sediment supply). For 
this reason, beaches are inherently unstable 
and dynamic as they constantly change 
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Figure 121. Stabilized, prograding (seaward-
accreting via accumulation of wind- and wave-
action) dune ridges landward of North Beach that 
have been formed by sea level regression over the 
Holocene era (source: 1980 image from the 
National Air Photo Library [Natural Resources 
Canada] airphoto #A25613-39). 



during which erosion and sedimentation are 
natural responses to seasonal or interannual 
changes in weather and ocean conditions. 

In general, the forms of beaches with high 
tidal ranges (macrotidal beaches) vary from 
wide, low-gradient, fine-sand "dissipative" 
beaches (where incoming wave energy is 
dissipated) such as North Beach to narrow, 
steep, coarse-sediment "reflective" beaches 
(where incoming wave energy is reflected 
back to the ocean) such as Agate Beach 
immediately west of Tow Hill (Masselink 
and Short 1993). Intermediate states also 
exist that may have multiple tidal terraces 
a n d / o r may be associated with nearshore 
bars (e.g., East Beach). Sedimentary 
landforms on beaches reveal the dynamics 
of sediment and energy exchange (via 
wind, wave and tidal action) experienced 
by a shoreline. Intertidal and nearshore 
sediments are delivered to the backshore 
via wave swash and accumulation on the 
beach may result via beach face progradation 
(seaward-accreting), horizontal (plane bed) 
accretion and sand (swash) bar and / o r berm 
(beach ridge marking the landward limit 
of wave action) development (Hesp 1999). 
Backshore sediments are then reworked and 
transported within and beyond the backshore 
by "competent" winds (i.e., wind of speeds 
>6 m per second sufficient to shift sands). 

The -1,500 km of sedimentary shoreline 
around Haida Gwaii is host to a variety of 
landforms including: dissipative beaches 
backed by prograding foredunes; reflective 
cuspate (with U-shaped structures that 
open facing seaward) cobble beaches with a 
sandy low tide terraces; and multiple-barred 
beaches backed by migrating foredunes and 
parabolic dunes. The most spectacular and 
extensive beach-dune systems exist along 
120 km of coast from Skidegate to Masset. 
These systems are maintained by active 
intertidal and nearshore subtidal transport of 
eroded bluff sediments from Capes Ball and 
Fife and by strong wave and tidal currents 
(Amos et al. 1995). Wind-transported sands 
removed from the beach are deposited in 
shore-parallel foredunes often vegetated with 

grasses such as dune rye grass {Leymus mollis) 
and /o r European beachgrass (Ammophila 
arenaria - an introduced species). Foredunes 
provide distinct habitat for fauna such as 
shorebirds. Older, established foredunes can 
reach 10 to 15 m in height and be forested 
with Sitka spruce (Picea sitchensis), shore 
pine (Pinus contorta), western hemlock (Tsuga 
heteroplnjlla) and red alder {Alnus rubra) 
(Calder and Taylor 1968; Douglas 1991). 

Foredunes are important stores of sediment 
that buffer or protect shorelines against wave 
attack, storm surge flooding and gradual sea-
level rise. Landward dune migration is an 
important process that must be maintained 
to allow accreting shorelines to continue to 
maintain their sediment budgets and to buffer 
ongoing sea-level rise effects. Figure 122 A 
shows a log drift line (demarcating the spring 
tide berm crest) and 5 tolO m high foredunes 
with blowouts and parabolic dunes migrating 
to the northwest as far as 1.2 km into muskeg 
on an old shore platform along East Beach. 
This currently retreating coast experiences 
high onshore sand supply whilst erosion 
(i.e., sand loss from the beach) is localized to 
bluff sections with narrow backshores. The 
result is high backshore accretion via onshore 
winds to active dune systems (Figure 122 B). 
On average, foredunes along the coast are 
migrating on the order of metres per year 
while parabolic dune heads move slower 
(metres per decade) (Walker and Barrie 2006). 

Other deposit features common on beaches in 
Haida Gwaii include swash bars and beach 
berms (ridges) on upper shores formed by 
storm waves. In some areas (e.g., East Beach) 
intertidal sand bars >1 m in height, 10s of m 
wide and several 100s of m long are formed 
by wave action during high tides and exposed 
during low tides. During the falling stages of 
the spring-neap tidal cycle, berm platforms 
or tidal terraces, often cuspate (scalloped) 
shaped, can also form. For example, near 
Rose Spit on North Beach, 2 to 3 gravel berm 
terraces often form during the spring-neap 
cycle as the locus of wave action that forms 
the berms and cusps drops with the falling 
tide level toward the neap (Walker and Barrie 
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Figure 122. Active parabolic dune, foredune and 
blowout systems of East Beach. (A) looking south 
from the Kumara Lake/Cape Fife region, there is a 
log drift line (1) and large parabolic dunes (2) 
migrating landward on an abandoned nearshore 
platform. The treed ridges behind the dunes to the 
right are former beaches. (B) migrating 5 to 10 m 
foredunes (1) with blowouts (2) and incipient dune 
(3 - dune beginning to form) seaward of the 
foredune (photos by I.J. Walker). 

2006). These features are more common on 
intermediate to reflective, coarser gravel 
beaches. Many beaches on northeast Graham 
Island display a flat, often sandy, low tide 
terrace only observed at the lower low tides. 
Intertidal and sub-tidal bars and sand waves 
in the nearshore are also common features 
that can migrate and attach to the shoreline 
and provide enhanced onshore sediment 
supply to the backshore, as is the case along 
East Beach (Walker and Barrie 2006). 

Erosional sedimentary features common on 
beaches include bluffs or "scarps" - typically 

steep-faced, exposed sedimentary slopes 
that can range from 10s of cm to >100 m high 
(e.g., at Cape Ball). River outflows may also 
cause incised "washouts" or drainage channels 
across the beach that may develop over 
tidal cycles, seasons or 1,000s of years as the 
hydrology and elevation of the river system 
relative to the ocean changes in response to 
sedimentation and / o r sea-level changes. 

7.4.2. Onshore Wind-driven (Aeolian) 
Sediment Transport 

As previously described in the climate 
section (4.2.), Haida Gwaii is north of the 
"roaring 40s" and experiences an extreme 
wind regime. Regional coastal systems 
experience seasonally opposed winds driven 
by competing weather systems (Aleutian 
Low and North Pacific High). These produce 
strongest SE winds in winter with more 
moderate, though strong W-NW winds in 
summer. Annual average wind speeds in 
Hecate Strait are 8.5 m per sec with <1% calm 
conditions (Eid et al. 1993). The wind regime, 
reviewed previously in the Climate section, 
has some of the strongest, most persistent, and 
most competent recorded winds in Canada. 

Onshore transport of beach sands 
by wind is vital to coastal sediment 
budgets. The prevalence of aeolian 
action, as a significant agent in coastal 
sediment dynamics, depends upon: 

• frequency, magnitude and directionality 
of winds above the sand transport 
threshold (>6 m per sec); 

• availability of sand-sized sediment; 

• moisture content of the substrate 
a n d / o r precipitation; 

• vegetation cover; and 

• stage of the tide. 

On sandy beaches, tide stage and wind 
direction are important as they control the 
effective fetch distance for aeolian sand 
transport (Bauer and Davidson-Arnott 2003). 
Despite a wet climate and dense vegetation 
on most of the sandy shorelines in Haida 
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Gwaii, onshore aeolian sand transport is high, 
particularly along the northeast Graham 
Island coast (Walker and Barrie 2006). 

Figure 123 shows the monthly trend for 
average windspeeds and percentage of sand-
transporting winds derived from 1995 to 1999 
Environment Canada data at Rose Spit (Pearce 
2005). In general, the wind regime is very 
energetic, obtuse to acute bimodal in direction 
(there are two dominant wind directions that 
are widely opposed), and highly competent 
to shift sand with transporting winds 
occurring -67% of the time (Walker and 
Barrie 2006). The highest average monthly 
windspeed and greatest percentage of sand-
transporting winds occur in December (9.7 
m per sec and 70.6% respectively). The 
lowest average windspeed and percentage of 
competent winds occur in August (6.4 m per 
sec and 45.5%). Spring winds from January 
to April show a steady decline in average 
speed and competent winds to April then, 
due to a seasonal shift and development 
of the competing Aleutian Low and North 

Figure 123. Mean monthly wind speeds and 
percentage of sand-transport competent winds 
(> 6 m/sec.) derived from Environment Canada 
data at Rose Spit (1995 to 1999). A seasonal pattern 
shows a shift from high magnitude winds in the 
fall, winter and early spring to lower magnitude 
and less competent winds during the summer 
(data from Pearce 2005). 

Pacific High synoptic pressure systems, the 
percent sand transporting winds increase 
in frequency to 67% in June. As the North 
Pacific High intensifies and atmospheric 
pressure and stability increase in the summer, 
average windspeeds and sand-transporting 
wind events decline through to August. 

Estimation of aeolian sand delivery from 
beaches to dunes is possible by employing 
a sand drift potential model (Fryberger 
1979) using the same wind data for Rose 
Spit. The resulting distribution of sand 
drift potential vectors and the resultant drift 
potential vector are plotted as a drift rose 
in Figure 124 (Pearce 2005). Values are in 

Figure 124. Wind-driven sand drift potential wind 
rose derived from Environment Canada wind data 
collected at Rose Spit, 1995 to 1999 (data from 
Pearce 2005). DP, drift potential, is in vector units 
as standardized sand-transport units per Fryberger 
(1979) in m' per m per year. RDP, resultant drift 
potential, is the net resultant potential sand 
movement in vector units. RDD, resultant drift 
direction, is the net direction of sand movement 
expressed in degrees. RDP/DP ratio is a measure 
of directional variation in the sand transport 
regime in which values closer to 1 approach 
unidirectional sand transport. The solid lines 
emanating from the circle are amounts of sand 
transport from those directions. The dashed arrow 
is the "resultant vector" indicating sand movement 
toward that direction. 
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Figure 125. Monthly resultant drift potential (RDP) 
values (in brackets) and alignments for northeast 
Graham Island derived from Environment Canada 
wind data at Rose Spit (1995 to!999) (data from 
Pearce 2005). 

"vector units" (a volume of sand transported 
per unit beach width per year - m3 per m 
per year) (Fryberger 1979) or a mass flux (kg 
per m per year) if wind speeds are in m per 
second and an appropriate value for the bulk 
density of sand is used (Bullard 1997). Pearce 
(2005) estimated a total drift potential (sum 
of all sand drift potentials) for the region 
of 3,176 vector units - well above those for 
desert regions (80 to 489; Fryberger 1979) 
or for the Canadian prairies (300 to 1,600; 
Wolfe and Lemmen 1999). The resultant drift 
potential vector is high at 1,826 vector units 
directed toward 316° (NW) which reflects 
the dominant SE winds in the region. This 
vector also aligns closely with the average 
alignment (336 ± 8°) of parabolic dunes and 
blowouts along East Beach (Pearce 2005). 

Distinct seasonality exists in monthly 
resultant drift potential vectors (Figure 125) 
and this plays an important role in dune 
development and maintenance. Vectors 
show a seasonal shift in sand drift from 
oblique onshore (SE) in the winter to shore 
parallel (N) in the late spring and obliquely 
offshore (NE) in the summer. The annual 
average resultant drift potential (dashed) 

is directed onshore (from SE), which aligns 
well with parabolic dunes and blowouts 
along the coast of northeast Graham Island. 

Table 69 shows a summary of wind regime 
and sand drift characteristics for northeast 
Graham Island compared with three other 
coastal dune sites. Though they experience 
a similar marine, west coast cool climate, the 
Oregon Dunes experience a lower annual 
average wind speed of 4.1 m per sec, lesser 
wind energy thus, a significantly lower 
sand drift potential (261 vector units) than 
Haida Gwaii. This less energetic wind 
regime results from a different positioning 
of the Oregon Dunes relative to the Aleutian 
Eow and North Pacific High systems and 
results in a much lower percentage (22%) 
of sand-transporting winds. Despite this, 
an extensive transgressive dunefield with 
foredunes, transverse dunes and blowouts 
is maintained in coastal Oregon, in part, 
as a result of significant onshore sediment 
supply by the Columbia River over the 
late Holocene. The Greenwich Dunes also 
exist in a moist climate with lower winter 
temperatures (73 days below 0°C). In that 
25% of the total annual precipitation is 
received as snow and the substrate is frozen 
for several weeks of the year, this reduces 
the availability of sand for transport (Hesp 
et til. 2005). The sand transport potential 
and average windspeed in Greenwich is 
similar to that of Oregon with a sand drift 
potential of 226 vector units 3.9 m per sec 
respectively. There is also a significantly 
lower frequency of competent winds at 12.8% 
and a moderate wind directionality (i.e., 
resultant drift potential/sand drift potential 
ratio of 0.43). Despite this, continuous, well-
vegetated foredunes ranging in height from 
4 to 10 m with active blowouts backed by 
some of Canada's largest parabolic dunes are 
maintained with migration rates ranging from 
0.8 to 13.5 m per year (Catto et ni. 2002). This 
is partly due to a high onshore sand supply 
along this eroding coast. The coastal dunes 
at Aberffraw are more similar to the dunes of 
Flaida Gwaii in terms of climate conditions 
(average temperature 12.6°C, high annual 
precipitation 1,433 mm), sand drift potential 
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Table 69. Wind regime and sand movement potential at four coastal dune sites in North America and the 
United Kingdom, including northeast Graham Island (Haida Gwaii analysis from Pearce 2005). 

Annual mean wind 
speed (m per sec) 

Annual wind 
competence" (%) 

Annual calm 
conditions (%) 

Sediment drift 
potential - DP (VU)' 

RDI' (VU) ' 

RDP/DP ratio" 

Annual precipitation 
(mm) 

Data sources 

Years of assessment 

Graham Island 

8.5 

62.3 

0.04 

3,176 

1,826 

0.57 

1,399 

Rose Spit' 

1995 to 1999 

Greenwich Dunes 

3.9 

12.8 

8.7 

226 

98 

0.43 

1,159 

Stanhope' 

1995 to 2002 

Oregon Dunes, 
U.S. 

4.1 

22 

9.8 

261 

165 

0.63 

1,436 

Samson' 

1982 to 1990 

Aberffraw, 
North Wales, U.K. 

5.7 to 8.0 

3 

na 

0.6 

2,084 

1,657 

0.8 

1,433 

Bailey and Bristow 

na' 

1 Prince Edward Island National Park, Canada 
2 "i. winds above the sand-transport threshold of 6 m per sec 
3 data not available 
4 sediment drift potential (DP) is in VU or vector units as standardized sand-transport units per Fryberger (1979) in m per m per year 
5 RDP is the net resultant drift potential based on total sediment drift potential (DP) from all directions, also expressed in VU 
6 RDP/ DP ratio is a measure of directional variation in the sand transport regime; values closer to 1 approach unidirectional sand transport 
7 data source: Environment Canada wind data for Rose Spit and Stanhope, Prince Edward Island meteorological stations 
8 data source: Samson surface meterological data (http://\vrv\VAvebmet.com/State_pages/SAMSON/24284„sam.htm) 
9 data source: Bailey and Bristow (2004) 

(resultant drift potential of 1,657 vector units), 
low frequency of calm winds (< 0.6%) and 
low directional variability (resultant drift 
potential/sand drift potential ratio = 0.79). 

Though this estimation of aeolian sand 
transport potential is restricted to northeast 
Graham Island and does not consider 
precipitation effects, it is the most accurate 
assessment given the limited availability 
and duration of wind data available in 
Haida Gwaii. It is also worth noting that 
the Fryberger (1979) model does not 
incorporate the effects of surface moisture, 
vegetation, fetch length, topographic 
effects, or sediment supply. Although the 
estimated sand transport potentials provide 
only a rough estimate of relative sand 
transport, this model is widely used and 
does provide a good relative measure of 
wind energy available for sand transport. 

7.4.3. Responses of Trees in Dune Settings 

Tree-ring records of growth over time provide 
high-resolution accounts of past climate. 
For instance, mountain hemlock (Tsuga 
mertensiana) at treeline on southern Graham 
Island is sensitive to June-July temperature 
and coastal shore pine (Piiuis contorta) is very 
sensitive to seasonal precipitation in Haida 
Gwaii (Smith 1999). This latter record shows 
notable droughts in the late 1940s and early 
1950s. These preliminary reconstructions 
emphasize the dynamic nature of climate 
in Haida Gwaii and, while there is great 
variability in the controls of forest growth, it 
is likely that climate variations are reflected 
in existing forest structure. It is also possible 
that past droughts on record into the 
Holocene era may have been favourable for 
enhanced periods of dune activity. This is the 
subject of current research on Graham Island. 

Next to temperature and precipitation, no 
other climatic factor has a greater effect 
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on tree growth than wind (Schweingruber 
1996). Aeolian processes affect trees via 
sand abrasion, burial, excavation and 
application of wind stress. This produces 
distinct responses in tree structure and ring 
growth including tilting, flagging, bark 
removal, adventitious roots (growing from 
buried branches), reduced and/or contorted 
growth, and death. Effects are widespread 
on northeast Graham Island including: 
dwarf-contorted ("krimnulwlz") growth 
form, tilted and buried trees on foredunes, 
"ghost forests" killed by dune migration, 
exhumed adventitious roots formed by rapid 
accretion and subsequent erosion, prop root 
buttressing, and abraded trunks as shown 
in Figure 126 (Walker and Barrie 2006). The 
structure of dune-dwelling Haida Gwaii 
trees identify periods of dune activity and 
migration as they have been for white spruce 
along Hudson Bay (Marin and Filion 1992). 
Trees can provide proxy records of coastal 
landscape responses to climate variability 
that could extend back several 100s of years. 

7.4.4. Driftwood-dune Interactions 

Driftwood jams are common features 
coastwide, including Haida Gwaii. These 
jams and other flotsam act as accretion 
anchors in the backshore (Figure 127 A). By 
generating extra turbulence in airflow over 
the beach, drift jams cause wind-transported 
sand to be deposited, leading to rapid 
accretion and infilling the wood matrix. 
Provided wave attack does not remove the 
debris, development of new, incipient dunes 
can occur in the backshore. Incipient dunes 
can also develop on the beach in the absence 
of driftwood via beach vegetation colonization 
(Hesp 1989), though this is not as common in 
Haida Gwaii given the high tidal range and 
energetic wave regime. Thus, driftwood plays 
an important role in trapping and storing 
beach sediments. Stored sediments increase 
the buffering capacity of the shoreline against 
wave attack, storm surges and ongoing sea-
level rise and also provides new sites for 
vegetation colonization and habitat formation. 

Driftwood jams serve three important 
structuring functions on sandy beaches of 
Haida Gwaii. Firstly, jams act as accretion 
anchors that fortify the backshore against 
coastal erosion by storing significant 
amounts of aeolian sand. In some areas, 
rapid accretion and/or complete burial 
of the drift jam occurs within months of 
driftwood deposition. This stabilizes the 
beach by providing a store of sand and debris 
that must be reworked as a buffer during 
wave attack before the beach and /or dune is 
eroded. Drift jams are not permanent buffer 
features. Foredune scarps (eroded seaward 
dune faces) behind most drift jams in Haida 

Figure 126. Examples of responses of Sitka spruce 
(Picea sitchensis) to high levels of wind-blown 
(aeolian) sand movements in the Naikoon 
peninsular region. (A) Abrasion of trunks of buried 
trees on the head of a parabolic dune near Rose 
Point. (B) Tilting of a trunk and the exposure of 
adventitious roots (roots growing from buried 
branches) after dune erosion, (photos by I.J. Walker) 
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Gvvaii indicate that complete removal could 
occur during storms at high tide. Once re-
deposited however, accretion would resume 
and drift jams will fortify the beach between 
significant storms. The role of such backshore 
storage components and onshore aeolian 
delivery in general is often overlooked in 
assessments of coastal sedimentary dynamics. 

Secondly, jams act as nuclei for dune 
formation in the backshore. Windblown 
sand from the beach is deposited as shadow 
dunes within the drift matrix and, provided 
deposition continues in the absence of wave 
erosion, the matrix fills and vegetation 
establishes. Dune establishment may take 
several seasons in areas with wide, log-
jammed backshores and requires high 
onshore sand transport and low frequency of 
destructive wave surges. On North Beach, 

Figure 127. The effects of driftwood jams in the 
sandy backshore. (A) Jams acting as accretion 
anchors stabilizing the East Beach backshore near 
Rose Point. (B) Logs acting as nuclei for initial 
foredune growth along North Beach (photos by 
I.J. Walker). 

where driftwood is less dense and the beach 
is more dissipative, dune development 
is more continuous. Unlike vegetated 
incipient foredunes, sizable incipient dunes 
can develop in driftwood jams before 
vegetation colonization occurs. Figure 127 B 
shows a new driftwood dune seaward of 
an established foredune vegetated with 
dunegrass and generations of Sitka spruce 
on older dunes in the backshore. Dune 
development via this process is key to the 
progradation and stabilization of this coast 
and rates prior to driftwood accumulation 
(largely generated from forestry) may 
have been potentially slower, assuming a 
similar wind and sand transport regime. 

Thirdly, driftwood jams can dam river 
discharge and/or preserve backshore "swales" 
(wetland areas with temporary to permanent 
standing water). The resulting wetlands 
are common at the base of foredunes along 
East Beach (Figure 122 A). Aeolian accretion 
appears to be key in the development of 
these features and in some areas sand 
subsequently fills backshore wetlands. 
Rapid drainage by channel incision or wave 
erosion and rupture of the drift jam is also 
common and high onshore sand transport, 
coupled with shifting nearshore bars, 
causes deranged drainage on East Beach. 

Driftwood jams, as remnants of former 
coastal logging, serve important 
geomorphic and ecological functions on 
beaches in Haida Gwaii that enhance 
backshore sediment storage, coastline 
buffering against coastal erosion and storm 
surges, and create new habitat. As such, 
they are part of a diverse and resilient 
functioning beach-dune ecosystem. 

7.4.5. Erosion of Beach-dune Systems 

Erosion is a net loss of material (usually 
sediment) from a beach system. Although 
sediment is constantly moving along a 
shoreline, the beach is not considered 
erosional until removed sediments are not 
returned over some time period. In response 
to erosion, the shoreline retreats landward. 
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For example, some areas on East Beach have 
retreated 1 to 3 m per year over the past few 
decades and 3 to 10 m per year during strong 
El Nino years (Walker and Barrie 2006). If a 
beach receives more sediment than it loses, 
then it is accreting. In response, this sediment 
may be delivered to new or existing dune 
systems a n d / o r beach ridges. Over time, 
sediment accretion may cause the shoreline 
to advance seaward via progradation. For 
instance, North Beach has prograded several 
hundred metres seaward over the past 3,000 
years by means of foredune and beach ridge 
accretion. The modern rate of progradation 
is currently -0.3 m per year (Harper 1980). 

Both erosion and progradation can occur 
very gradually. Erosion is often most 
noticeable after episodic events (major 
storms) such as the Christmas Eve 2003 
storm surge in Haida Gwaii. When subjected 
to waves and storm surges, most beaches 
will erode and their sediment will move 
seaward. Often this sediment is stored in 
nearshore bars or it moves along the beach 
in strong nearshore currents. If stored in 
bars, this sediment may return to the beach 
during less energetic wave conditions (e.g., 
summer). If moved in nearshore currents, 
the sediment can travel great distances 
and may never return to the beach from 
which it was removed. For example, 
much of the sediment that now forms Rose 
Spit is derived from material removed 
from Capes Ball and Fife of East Beach 
that is eroded by waves and transported 
northward by strong tidal currents. 

In the face of increasing climate variability 
effects (e.g., storminess) and changes 
(e.g., sea-level rise), it is uncertain how 
beaches in Haida Gwaii will respond. 
Recent examination of several decades of 
meteorological and oceanic data along the 
north coast of British Columbia shows an 
increase in both shorter-term (i.e., inter-
annual) climate variability events (e.g., 
seasonal temperatures, SE storm winds, 
storm surges) as well as longer-term (i.e., 
inter-decadal) sea-level rise of 1.6 mm 
per year, with extreme (surge-generated) 

water levels increasing at -3.4 mm per 
year (Abeysirigunawardena and Walker, 
unpublished data). In response, several years 
of geomorphic research on northeast Graham 
Island suggests a recent increase in coastal 
erosion and sedimentation, particularly 
during strong El Nino years (e.g., 1982-83, 
1997-98) when conditions favour elevated 
sea-levels and increased storminess due 
to warmer ocean currents and changes in 
regional weather patterns (Conway and Barrie 
1994; Walker and Barrie 2006). Although 
much of the shoreline of Gwaii Haanas is 
rocky and resilient to climate variability 
and change effects, many of the culturally 
significant sites (e.g., middens) and embayed 
sediment beaches are experiencing erosion. 
The extent and rate of this, as well as ensuing 
ecoloeical effects, remain uncertain and 
require monitoring and further research. 

Both climate variability events and coastal 
erosion are naturally occurring phenomena. 
However, a growing consensus exists among 
scientists that the frequency and magnitude 
of extreme climate variability events (such 
as droughts, floods, coastal storm surges) 
may be increasing as our ocean-atmospheric 
system adjusts to greenhouse gas-induced 
global warming. Further, well-known 
natural climate variability patterns such 
as El Niiîos, that already drive regional 
weather and oceanic circulation, may also 
be exacerbated. What remains uncertain 
is whether interdependent coastal (marine 
and terrestrial) ecosystems can maintain 
ecological integrity and resilience in the 
face of such relatively rapid climate and 
landscape changes. This is of particular 
concern for sandy beach-dune ecosystems 
and should be considered proactively for 
current and future coastal management. 

7.5. SEAGRASS M E A D O W S 

N.A. Sloan 

"...seagrasses may be one of the best 
indicators of changes in hydroscapes." 
(Phillips and Dura ko 2000) 
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There are -50 species of seagrasses world
wide between the Arctic and Antarctic Circles 
(Phillips and Menez 1988). They usually 
form "meadows" rooted in moderately to 
very sheltered muddy to sandy sediments 
including estuaries, although some species 
specialize in attachment onto more exposed 
rocky substrates. Seagrasses occur in the 
lower intertidal, down to a maximum 
depth of -30 m below the lowest tide line 
in clear tropical seas. Their upper limit is 
determined by exposure to desiccation and 
wave energy in the intertidal, whereas their 
lower limit is imposed by the penetration 
of sufficient light into subtidal waters to 
allow photosynthesis to exceed respiration. 

The occurrence of seagrasses in shallow 
marine waters aliens them with the land-sea 
interface - including the seaward edges of 
terrestrial watersheds. Growing nearshore, 
including in estuaries, renders seagrasses 
particularly vulnerable to effects of human 
activities, such as direct destruction, 
sedimentation or nearshore pollution (e.g., 
sewage or from marine industries). As well, 
seagrasses ecosystems are recognized as 
highly valuable habitats with many positive 
attributes, as listed in Table 70. Awareness 
of threats to and functions of seagrass 

ecosystems has led to rapid growth of 
research (Williams and Heck 2001), given 
the regional (e.g., Atlantic Canada - Hanson 
2004) and global losses of seagrasses (Phillips 
and Durako 2000; Green and Short 2003). 

In the United States and Australia, for 
example, losses of seagrases have led to 
the development of specific guidelines for 
monitoring, conservation and restoration 
(Kirkman 1996; Fonseca et ni. 1998). 
Techniques for restoration of species that 
root in sheltered sediments is much more 
advanced than for restoration of surfgrasses 
on more exposed rocky shores (Bull et al. 
2004). Further, in Canada and the United 
States, seagrass meadows are protected 
as important fish habitat including "no 
net loss" policies for these ecosystems. 
Protection in Canada comes under the 
Fisheries Act (Section 34) in which the 
definition of "fish habitat" fits well with 
the ecosystem role of seagrass meadows. 
As well, seagrass meadows could also be 
"residences" (of listed species) warranting 
protection under the Species at Risk Act. 

As an example of seagrass protection within 
a marine conservation area, the Florida Keys 
National Marine Sanctuary has -5,660 km2 

Table 70. Physical, chemical and biological attributes of temperate seagrass meadow ecosystems (adapted 
from Phillips 1984; Fonseca et al. 1998; Williams and I leek 2001 ). 

Physical Shelters shores by dissipating energy of in-coming waves 
Promotes sedimentation by slowing water movement 
Stabilizes sediments by the presence of root/rhizome mats 

Chemical Increases organic content of surface sediments compared to bare sediment 
Promotes nutrient cycling across the sediment/water interface 
Increases sediment oxygen and aerobic biota content through root/rhizome mats 
Issues nutrients (dissolved organic material) into ambient waters 
Filters out other nutrients from ambient waters 
Increases substrate nitrogen by fixing nitrogen in some species' root nodules 
Fertilizes sediments through decomposition of root/rhizome mats 

Biological Experiences high primary productivity 
Adds particulate organic material into inshore detritus-based food webs 
Provides habitat and/or nursery for many fish and/or invertebrate species; some commercial 
Is a food for some herbivorous bird, fish and invertebrate species 
Creates feeding areas for some predatory fish and invertebrate species 
Provides an attachment surface for epiphytic plant and animal species 
Enhances animal abundance; can be ~3 times that of adjacent bare sediments 
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of seagrass meadows with three of the five 
species accounting for - 9 5 % of meadow area 
(NOAA 1996). These ecosystems within 
the sanctuary are subject to monitoring 
at 51 locations, restoration research and 
two staff are engaged full-time in seagrass 
restoration resulting from boat groundings. 

So, what are seagrasses? They are vascular 
plants, distantly related to land grasses 
such as those of sandy beach backshores 
and salt marshes. Unlike seaweeds (algae), 
seagrasses have true roots, seeds, leaves 
and an internal tubular transport (vascular) 
system for nutrients and gasses. Their 
roots absorb nutrients and their leaves 
have pores (stomata) for gas exchange and 
can absorb nutrients directly from ambient 
seawater. Broad-scale dispersal of seagrasses 
occurs by seed-release. Once established, 
seagrasses spread vegetatively by horizontal 
underground stems (rhizomes) that, with the 
roots, can form dense mats in the substrate. 
Rhizomes contain nutrient reserves, which 
can be used to regenerate leaves if the 
above-ground parts are damaged. Unlike 
seaweeds, the below-ground biomass of 
seagrasses is significant in comparison to 
the visible above-ground plant parts. 

Epiphytes are plants or animals (single-
or multi-celled) that live on seagrass 
leaves. Leaves provide a solid surface 
off the substrate and closer to light and 
water movement. Epiphytes are more 
numerous and diverse at the distal (older 
and eroding) leaf tips. The combined 
surface of leaves in a meadow can increase 
available surface area up to 20 times 
compared to bare sediment. Therefore, the 
potential biomass of epiphytes and their 
contribution to meadow productivity can 
be great. In some meadows, epiphytes 
may be more important in supporting 
secondary productivity than the detritus 
generated from seagrasses themselves. 

7.5.1. Seagrasses in British Columbia 

In British Columbia, meadows are restricted 
along the generally rugged, rocky coast to 

sheltered sediment areas such as estuarine 
deltas at the heads of inlets. Seagrasses 
occur rooted in sediments from the lower 
intertidal to ~8 m depth below the lowest 
tide line. Some species occur on more 
exposed rocky substrates, but usually in 
small patches rather than larger, contiguous 
meadows. Although seagrass ecosystems 
are relatively small compared to other 
inshore ecosystem types, they are very 
important habitat for young fish such as 
salmon, many invertebrates and marine birds 
(Jamieson 2003; Jamieson and Davies 2004). 

Mapping seagrass' distributions within a 
region is fundamental to their conservation 
(Wyllie-Echeverria and Thorn 1994). The 
Seagrass Conservation Working Group 
was founded in British Columbia in 2001 
to address concerns over losses of eelgrass 
(Zostera marina) meadows in the Strait of 
Georgia. This group is a cooperative coalition 
of citizens, academics, First Nations, agencies 
and NGOs. The group has now broadened its 
focus coast-wide and to other seagrass species. 
The group's three main initiatives are: 
inventory (mapping), monitoring and public 
awareness-education. Environment Canada 
has sponsored a mapping and monitoring 
eelgrass methods manual for British Columbia 
to facilitate data recording. This manual, 
and some seagrass maps, are now available 
on the Community Mapping Network web 
site [http:/ /www.shim.bc.ca/maps2.html]. 
Seagrass conservation has, therefore, acquired 
a higher, citizen-run profile worthy of its 
ecological importance to local coastal waters. 

7.5.2. Seagrasses around Haida Gwaii 

Three seagrass species occur around Haida 
Gwaii (Sloan and Barrier 2000). Eelgrass 
(Z. marina) roots in sheltered sediment 
(muddy to sandy) shores forming contiguous 
meadows that achieve their greatest width 
off estuarine deltas, in protected bays or 
in the heads of inlets. As well, there are 
two species of "surfgrass" (Phyllospadix 
scouleri and P. torreyi) that do not form large, 
contiguous meadows, but rather occur in 
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patches or as bands along more exposed 
bedrock, boulder or cobble shores. 

There are four sources of regional seagrasses 
distribution information as follows: 

• the distribution of eelgrass and 
surf grass biobands from the ShoreZone 
mapping process are previously 
illustrated in Figure 102 in section 6; 

• all the historical occurrences recorded 
from specific locations around Haida 
Gwaii were corrected and updated from 
Sloan and Barrier (2000, Figure 11); 

• the boat-based, low tide survey by 
Parks Canada in Gwaii Haanas; and 

• mapped shoreline marine vegetation 
known to be used by Pacific herring 
as spawning grounds, in Cumshewa 
and Skincuttle Inlets (Bennett 2003). 

Over 24% of the Haida Gwaii coast is lined 
with surfgrass and >21% with eelgrass 
(Figure 102). Surf grasses occur along 
relatively more exposed shores (i.e., a good 
indicator of semi-exposed conditions) than 
eelgrass. Although the surfgrass bioband was 
easily distinguished on aerial videography 
given its emerald green colour, it was not 
possible to distinguish between the two 
surfgrass species. The updated site-specific 
location records in Gwaii Hanas ' GIS for 
seagrasses is illustrated in Figure 128. 

Parks Canada wardens surveyed the 
distribution of eelgrass only along all 
sheltered shorelines of Gwaii Haanas from 
June to September 1999 to 2002. Between ~2 
hours before low tide until ~2 hours after low 
tide, crews slowly motored along-shore and 
recorded the linear extent of eelgrass on maps. 
When meadows were relatively extensive 
their width was approximated, although there 
were no calculations areas polygons occupied 
by meadows. All data were digitized from 
original field sheets onto a 1:20,000 scale 
basemap (TRIM) of the shoreline. After 
corrections from the field staff, the eelgrass 
map layer, representing the linear extent 
of meadows was incorporated into GIS. 

The results of the warden survey can be 
compared with the distribution of the 
Eelgrass bioband (Figure 129). Overall, 
both surveys show that meadows occur 
wherever there are sheltered sedimentary 
habitats, with the greater amount of 
sheltered habitat (and meadows) along the 
east coast compared to the relatively more 
exposed west coast. Further, the data table 
in Figure 129 shows reasonable congruence 
between the Eelgrass bioband data and the 
warden survey data. Two important points 
arise from this comparison. Firstly, as a 
field verification of biophysical shoreline 
classification, the independent warden 
data overlap well with the ShoreZone 
data. Secondly, although the surveys were 
separated by about a decade, the meadows' 
appreciable overlap reflects the long-term 
persistence of eelgrass wherever suitable 
habitat (substrate and exposure) occurs. 

One of the two Haida Gwaii areas (Cumshewa 
Inlet) mapped according to nearshore 
vegetation types that are spawned on by 
Pacific herring is shown in Figure 130. Of 
special note is the Fairbairn Shoals that host 
the largest contiguous kelp forest (canopy is 
mostly giant kelp) in southern Haida Gwaii. 

Eelgrass meadows are important fish habitats 
and there is a regional example of DFO's 
no-net-loss fish habitat policy. For the 1996 
construction of a harbour in Shingle Bay 
(~4 km west of Sandspit airport) -4,450 
m2 of eelgrass meadow was lost and a 
nearby compensation area (-9,600 m :) was 
planted to offset this loss. Besides being fish 
habitat established under the Fisheries Act, 
the eelgrass meadows of Shingle Bay are 
the most important northward migratory 
staging area in northern British Columbia 
for Brant (Branta beniicla) sea geese. These 
meadows are particularly important as 
the geese rely on eelgrass for food at this 
stopover during their migration (Harfenist 
et ni. 2002; Moore et ni 2004). 
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Figure 128. Specific location records of seagrasses (eelgrass - Zostcra marina; 
surfgrasses - Pln/Ilospadix spp.) around Haida Gwaii, current to September, 2005 
from Gwaii Haanas' GIS databases. 
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Legend 

Gwaii Haanas' Northern Boundary 

• Shore Unit Boundary (inset only) 

• * Warden-mapped Eelgrass Meadows 

Eelgrass Bioband 

Patchy (190.3 km) 

— Continuous (98.7 km) 

None (1,378.2 km) 

Cumulative length of shore units within the 
ShoreZone database that represent the Eelgrass 
bioband within 25m of warden-mapped 
eelgrass meadows. 

Figure 129. Eelgrass (Zostera marina) along sheltered shores of the Gwaii Haanas 
coast. The Eelgrass bioband from the ShoreZone dataset is shown superimposed on 
the eelgrass meadows recorded from low-tide, boat-based surveys by Parks Canada 
wardens, 1999 to 2002. The inset provides a detailed example of the overlapped datasets, 
with shore unit boundaries from the ShoreZone dataset, from around Skindaskun Island 
on the eastern shore of Louscoone Inlet. 
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Eelgrass Total within Total within 25 m of 
Bioband Gwaii Haanas eelgrass meadows 
Category (km) (km / %) 

Continuous 98.7 81.2 / 82.3 

Patchy 190.3 119.5 / 62.8 

None 1,378.2 175.7 / 12.7 
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Figure 130. Shoreline vegetation map of the Cumshewa Inlet area illustrating pure and mixed populations of algae and eelgrass (Zostera marina), from 
fieldwork completed in 1979 (Haegele and Harney 1981; Bennett 2003). Note Fairbairn Shoals, the largest kelp forest in southern Haida Gwaii, which is 
shown as an area of discete eelgrass meadow and kelp forest (mostly giant kelp). 



7.5.3. Fish Assemblages in Eelgrass 
Meadows 

C.L.K. Robinson 

Although eelgrass meadows play important 
roles in coastal northeast Pacific ecosystems, 
there are few studies on their associated 
fishes (Murphy et al. 2000). Preliminary fish 
surveys from Gwaii Haanas and Clayoquot 
Sound (west coast of Vancouver Island) 
yielded >65 species that use meadows at 
some stage of their life cycles (Yakimishyn 
2003; Yakimishyn et ni 2004; Yakimishyn and 
Robinson 2004). However, it is unknown 
whether all meadows contain the same 
assemblages, or what controls fluctuations 
in fish abundances or what fish assemblages 
reveal about meadow health. Such questions 
underpin eelgrass research in Gwaii Haanas, 
Pacific Rim and Gulf Islands national 
parks (Robinson and Yakimishyn 2005). 

The diversity of fishes in Gwaii Haanas' 
meadows was greater than anticipated. 
Preliminary sampling revealed high fish 
family (19) and species (55) diversity from 
summer surveys (Table 71). During 2004 
and 2005, 20 fish species, of the 47 species 
caught, were found at >60% of meadows 
sampled (Table 72). Although >50% of the 
fish species are incidental or rarely caught, 
the remaining 20 species show an affinity 
for eelgrass and they represent a diversity of 
ecosystem roles. For example, many of the 
commonly caught fishes are forage species 
eaten by other fishes, birds and mammals. 
Butler (1993), for example, has linked the 
importance of the fish species found in 
eelgrass to recruitment success of Great Blue 
Heron. Other commonly caught species are 
the juveniles of important fishery species (e.g., 
rockfishes, herring, English sole) that rely 
upon eelgrass for foraging and protection. 

Another way of looking at diversity is that 
there are different types of ecological, trophic 
(feeding) and reproductive guilds of fishes in 
meadows. Guilds contain species with similar 
functional relationships and are more useful 
ecologically than studying taxonomic groups, 

within which different species may perform 
unrelated roles. Key to the guild concept, 
therefore, is that competition among members 
of a guild (that use similar resources) is 
likely greater than competition with species 
of other guilds. Ecological guilds group 
species, without regard to taxonomic position, 
that overlap in their resource requirements. 
Trophic (feeding) guilds group species that 
feed on similar prey (e.g., fish that eat other 
fish). Reproductive guilds contain fishes that 
reproduce similarly, such as anadromous 
(freshwater spawners), viviparous (live-
bearers) and oviparous (egg layers). A habitat 
guild refers to how fish use the meadow, 
with pelagic species mainly schooling over 
the eelgrass while benthic species are found 
primarily associated with the bottom. 

Gwaii Haanas meadows may contain seven 
different feeding guilds, five reproductive 
guilds, four habitat guilds, and five ecological 
guilds of fishes. Hence, meadows play a far 
greater role for fish than merely acting as 
habitat for commercially important species. 

It is not surprising that meadows host a 
wide variety of fish guilds, as the physical 
or environmental surroundings of the beds 
themselves varies markedly. In Gwaii 
Haanas, eelgrass meadows occur in small 
estuarine bays, or as narrow strips below 
the rocky intertidal or in clumps among 
cobble habitats. This diversity of habitats 
and adjacent conditions surrounding 
meadows may ultimately determine what 
fish species use particular meadows and 
meadows' overall fish species diversities. 

Properties of the lower intertidal portion of 
meadows in Gwaii Haanas were noticeably 
different than those of Pacific Rim and Gulf 
Islands. Gwaii Haanas' eelgrass meadows 
had fewer epiphytes and their blade densities 
were substantially higher compared to those 
of southern meadows. In addition, water 
column nitrates are almost undetectable in 
local meadows, suggesting that they may 
be in good condition compared to most 
southern meadows that could be affected 
by nitrogen from human sources. The fish 
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Table 71 . A sys t ema t i c list of families a n d spec ies of fishes c a u g h t by beach se ine t h r o u g h ee lgrass (Zostera 

marina) m e a d o w s at 25 loca t ions in G w a i i H a a n a s , 2001 to 2005. Mos t of the species c a u g h t a re juveni le 

s tages as s a m p l i n g occu r red m i d s u m m e r w h e n juveni les a re a b u n d a n t . 

Family Species 

Herrings (Clupeidae) 

Sandlnnces (Ammodytidae) 

Salmons (Salmonidae) 

Cods (Gadidae) 

Sticklebacks (Gasterosteidae) 

Tubesnouts (Aulorhynchidae) 

Pipefishes (Syngnathidae) 

Snrfperches (Embiotocidae) 

Gobies (Gobiidae) 

Pricklebacks (Stichaeidae) 

Gunnels (Pholidae) 

Rockfishes (Scorpaenidae) 

Greenlings (Hexagrammidae) 

Sculpins (Cottidae) 

Sculpins (Hemitripteridae) 

Poachers (Agonidae) 

Clingfishes (Gobiesocidae) 

Righteye Flounders (Pleuronectidae) 

Sand flounders (Paralichthyidae) 

Pacific herring (Clupea pallasii) 

Pacific sand lance (Ammodytes hexapterus) 

Chum salmon (Oncorkynchus beta) 
Coho salmon (Oncorhyncluis kisutch) 
Cutthroat trout (Oncorkynchus clarkii) 

Pacific tomcod (Miavgadus proximus) 
Pacific cod (Gadus macroccplmlus) 
Walleye pollock (Theragra chalcogramma) 

Threespine stickleback (Gasterosteus aculeatus) 

Tubesnout (Auhrhynchus flavidus) 

Bay pipefish (Syngnathus leptorkynchus) 

Shiner perch (Cymatogaster aggregate) 
Kelp perch (Brachyistius fremitus) 
Striped seaperch (Enibiotoca lateralis) 

Bay goby (Lepidogobius lepidus) 
Blackeye goby (Rhinogcbiops nicholsii) 

Pacific snake prickleback (LumpetlUS sagitta) 
High cockscomb (Anoplarelius purpurescens) 
Slender cockscomb (Anoplarelius instruis) 
Rock prickleback (Xiphister atropurpureus) 

Crescent gunnel (Pholis held) 
Penpoint gunnel (Apodichthys flavidus) 
Rockweed gunnel (Xererpes fucorum) 
Saddleback gunnel (Pholis ornata) 

Copper rockfish (Sebastes caurinus) 
Yellowtail rockfish (Sebastes flavidus) 
Black rockfish (Sebastes melanops) 
Vermilion rockfish (Sebastes miniatus) 
Bocaccio (Sebastes paucispinis) 
Brown rockfish (Sebastes auriculatus) 

Kelp greenling (Hexagrammos decagrammus) 
VVhitespotted greenling (Hexagrammos stelleri) 
Lingcod (Ophiodon elongatus) 
Painted greenling (Oxylebius pidus) 
Rock greenling (Hexagrammos hgocephalus) 

Pacific staghorn sculpin (Leptoeottus anuatus) 
Tidepool sculpin (Oligpcottus maculosus) 
Padded sculpin (Artedius fenesiralis) 
Buffalo sculpin (Enophnis bison) 
Red Irish lord (Hemilepidotus hemilepidotus) 
Great sculpin (Myoxocepholus polyaeantlioeephalus) 
Smoothhead sculpin (Artedius lateralis) 
Cabezon (Scorpaeniehtltys marmoratus) 
Manacled sculpin (Synchirus gilli) 

Silverspotted sculpin (Blepsias eirrltosus) 
Sailfin sculpin (Nautichthys oeidofaseiatus) 

Pygmy poacher (Odontopyxis trispinosa) 
Tubenose poacher (Pallasina barbate) 

Kelp clingfish (Rimicoh muscarum) 
Northern clingfish (Gobiesox maeandricus) 

English sole (Parophrys vetulus) 
Rock sole (Lepidopsetia bilineata) 
C-O sole (Pleuronichthys coenosus) 
Starry flounder (Platichtln/s steliatus) 

Speckled sanddab (Citharichtln/s stipmaeas) 

254 



Table 72. Frequency of occurrence (%) for the top 
20 fish species caught at 24 Gwaii Haanas eelgrass 
(Zostera marina) meadows, July 2004 and 2005. 

Figure 131. Average numbers (with one standard 
deviation) of fish species caught per eelgrass 
meadow during the summers of 2004 and 2005 in 
Pacific coastal national parks (ordered north to 
south). Parks are: GH - proposed Gwaii Haanas 
NMCA (24 sites); CS - Clayoquot Sound, Grice Bay 
area of Pacific Rim National Park Reserve (28 sites); 
BS - Barkely Sound, Broken Group Islands area of 
Pacific Rim (37 sites); GI - Gulf Islands National 
Park Reserve (20 sites). 

assemblages found in local meadows also 
reflect this general view of better ecosystem 
conditions in Gwaii Haanas. More species of 
fish were caught, on average, in each Gwaii 
Haanas meadow (21 species) compared to 
Pacific Rim and Gulf Island meadows (16 
species, Figure 131). Two of the Gwaii Haanas 
meadows had >22 species each, including 
all nine of the most common sculpin species 
(family Cottidae) whose diversity may be 
characteristic of healthy meadow ecosystems. 
In a stressed meadow with fewer species, 
only one or two sculpin species occur and the 
loss of such species diversity could render 
meadows less resilient to future stresses. It 
is also notable that >44 % of the fish species 
caught in eelgrass can be caught in any one 
meadow at any one time in Gwaii Haanas, 
while -33% of the species are caught in any 
one meadow in the southern regions. Why 
25% more species were caught in Gwaii 
Haanas meadows is unclear, but it is not 
due to greater regional fish diversity, and 
it may ultimately reflect an overall greater 
health of these ecosystems due to less fishing 

pressure, and less nearshore development 
with associated habitat degradation. 

Another interesting difference about the fish 
communities in Gwaii Haanas' meadows is 
the greater abundance of juvenile rockfishes, 
particularly copper (Scbastes caurinus). 
About 75% of the beach seine sets contained 
juvenile coppers. In contrast, -18% and 
9% of samples from Barkley and Clayoquot 
Sounds, respectively, contained coppers. In 
addition, -25 juvenile coppers are caught 
per set in Gwaii Haanas compared to 2.5 and 
5.0 per set in Clayoquot and Barkley Sounds 
respectively. It is possible that southern 
adult populations of this inshore rockfish 
are low due to fishing pressures and hence 
fewer young recruit to eelgrass meadows. 
Alternatively, around Gwaii Haanas, inshore 
rockfish populations are healthier than in 
southern British Columbia, with relatively 
more rockfish recruiting to meadows. The 
difference in juvenile rockfish abundance 
between regions is worth examining closer 
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No. of % 
Common Name Family sites occurrence 
Bay pipefish Pipefishes 24 100 
Crescent gunnel Gunnels 24 100 
Padded sculpin Sculpins 23 95.8 
Tidepool sculpin Sculpins 23 95.8 
Copper rockfish Rockfishes 22 91.7 
Shiner perch Surfperches 22 91.7 
Kelp greenling Greenlings 21 87.5 
Penpoint gunnel Gunnels 20 83.3 
Red Irish lord Sculpins 20 83.3 
Silverspotted sculpin Sculpins 20 83.3 
Staghorn sculpin Sculpins 19 79.2 
Pacific snake prickleback Pricklebacks 18 75.0 
Tubesnout Tubesnouts 18 75.0 
Yellowtail rockfish Rockfishes 18 75.0 
Great sculpin Sculpins 17 70.8 
Kelp perch Surfperches 17 70.8 
Cabezon Sculpins 16 66.7 
Buffalo sculpin Sculpins 15 62.5 
Smoothhead sculpin Sculpins 15 62.5 
Whitespotted greenling Greenlings 15 62.5 



given the perilous state of the southern 
rockfish populations (Glavin 2001). 

Ultimately, it is not known whether eelgrass 
is the major or only habitat used by many 
of the fish species caught in Gwaii Haanas, 
compared to rocky areas, sand/gravel areas, 
or kelp forests. Nonetheless, the well-being 
of many fish species is linked to the health 
of eelgrass and other coastal ecosystems. It 
remains for coastal communities to recognize 
the fishery value and sensitivity of eelgrass 
meadows, and ultimately to protect these 
relatively rare ecosystems from nutrient or 
sediment loading and physical destruction. 

7.6. KELP FORESTS 

N.A. Sloan 

Algae (seaweeds) are non-vascular plants 
whose communities attach mostly onto stable, 
hard substrates. In temperate latitudes world
wide, algal growth-forms include, besides 
encrusting and turf-forming species, large 
canopy-forming species growing from depths 
of up to 25 m (Kingsford and Battershill 
1998; Witman and Dayton 2001; Steneck 
et til. 2002). The large brown algae species 
{"kelp") grow in under-story populations 
over which the largest species form floating 
sea-surface canopies. Together, these kelps 
comprise the visible, usually nearshore "kelp 
forest." Kelp forests characterize an ecosystem 
that is a prominent feature along rocky 
temperate coasts globally. Kelps structure 
highly productive, biodiverse ecosystems 
with many associated species (Steneck et 
al. 2002). Key kelp forest management 
issues globally are minimizing effects of 
fishing and ecosystem restoration (Tegner 
and Dayton 2000; Steneck et al. 2002).' 

Kelp forest ecosystems provide ecological 
functions as follows (Foster and Schiel 1985; 
Duggins et al. 1989; Witman and Dayton 2001): 

• moderate nearshore current 
and wave energies; 

• generate detritus (fragments of organic 
material) into coastal food webs; 

• provide plant tissue as food for 
many herbivorous species; 

• yield quantities of beached 
wrack into the intertidal; 

• form nursery habitat for juvenile 
fishes and invertebrates; and 

• provide habitat for adults of many 
species including commercial 
fishes and invertebrates. 

Along the Pacific coast of North America, 
kelp forest ecology is best known from 
California and Alaska (Foster and Schiel 
1985; Dayton et al. 1999; Estes et al. 2004; 
Parnell et al. 2006). For example, California 
research has shown that kelp forests are 
ephemeral, undergoing great annual changes 
according to the severity of winter storms 
that dislodge plants and fluctuating growing 
conditions. For example, warm-ocean 
years (with suppressed upwelling - see 
section 4.3) mean nutrient-poor waters that 
foster low kelp growth, whereas cold-ocean 
years (that are accompanied by upwelling) 
provide relatively nutrient-rich waters 
that promote vigorous growth (Dayton et 
al. 1999). An important recent study from 
southern California, Parnell et al. (2006) 
used a kelp forest to reveal the parameters 
necessary for creating a self-sustaining 
marine reserve (no-take area), as discussed 
below in section 10.2. Generalizations can 
be inferred from this literature towards 
understanding regional kelp forests 
and their roles in area conservation. 

7.6.1. British Columbia Kelp Forests 

Throughout British Columbia, kelp forest 
canopies are dominated by giant and 
bull kelps with many other kelps, of the 
Order Laminariales (e.g., Laiuinaria spp., 
Alaria spp., Pterygophora californien, Egregia 
menziesii), forming the forest under-story to 
usually <10 m below Chart Datum. Unlike 
seagrasses, the species diversity of marine 
algae (green, red, brown) is large, with >340 
species recorded from around Haida Gwaii 
alone (Table 68). Kelps are the "architecture 
and food base" for the associated kelp forest 
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communities (Druehl 2000). Unlike the 
old-growth coastal terrestrial rain forest 
canopies that are composed of long-lived 
individuals, the canopies of kelp forests 
are composed of short-lived individuals, 
although kelp forests persist - certainly over 
decades. Giant kelp in British Columbia live 
no longer than three years and bull kelp rarely 
live longer that one year (two maximum) 
(Druehl and Wheeler 1986; Druehl 2000). 

Northern giant kelp (Macrocystis integrifolia) 
occurs from Kodiak, AK to Monterey, CA 
(O'Clair and Lindstrom 2000). Until recently, 
southern giant kelp (M. pyrifera) was reported 
from Monterey, CA to Baja California, Mexico 
only, but O'Clair and Lindstrom (2000) have 
reported it from southeast Alaska waters 
based on a historic report. Along with the 
northern giant kelp, the southern species may 
also occur in Haida Gwaii waters (Sloan and 
Barrier 2000). However, confirmation cannot 
occur until holdfasts, diagnostic features of 
giant kelp species, are examined. Southern 
giant kelp is larger (to -55 m length) and 
grows at deeper sites than the northern giant 
kelp, which, in British Columbia grows to -30 
m length and usually from the extreme lower 
intertidal (rarely) to <10 m depth below Chart 
Datum (Druehl 2000; O'Clair and Lindstrom 
2000). Bull kelp (Nercocystis luetkeana) 
occurs from the eastern Aleutian Islands, 
AK to central California. It grows from -17 
m below chart datum to the extreme lower 
intertidal (rarely), and in British Columbia 
can reach -36 m in length (Druehl 2000). 

Prospects of economic development have 
driven kelp assessments along the British 
Columbia coast (Cameron 1916; Scagel 1947; 
Coon et al. 1981). Commercial kelp harvest is 
licensed by the province, which, with DFO, 
funded inventories including those along 
the north coast between the 1970s to the 
1990s. For example, the province published 
five parts of a 1976 kelp inventory (Coon 
et ni. 1979, 1981; Sloan 2002 b), of which one 
area was along the northern Graham Island 
(Figure 132). What we have, therefore, is 
a series of snap-shots of kelp inventory 
separated in time and space. This lack of 

continuity is because wild kelp harvest in 
British Columbia never developed beyond a 
limited take for the herring spawn-on-kelp 
industry and other products. Further, as a 
mariculture industry, only two small-scale 
operations currently exist in British Columbia 
(Druehl 2000). In contrast, there is industrial-
scale wild giant (Macrocystis) kelp extraction 
along the California coast (Tegner and Dayton 
2000). Although standing stocks of kelp in 
British Columbia likely change between years 
according to storms and growing conditions, 
there are no annual time series on populations 
for any coastal area - unlike southern 

Figure 132. The north coast area and year in which 
provincially-funded kelp inventories were 
completed (from Coon et al. 1979,1981,1982; 
Emmett et al. 1995; Field 1996; Sutherland 1998). 
These inventories were to locate and quantify 
standing crops of economically important bull kelp 
(Nereocystis luetkeana) and giant kelp (Macwci/stis 
integrifolia). A blend of infrared aerial 
photography and selected location ground-
truthing yielded bed area, species and density 
information for each km of shoreline. 
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California (Parnell et al. 2006). Knowledge 
of coast-wide kelp abundance over time and 
ecology, therefore, remains rudimentary 
(Sloan and Bartier 2000; Jamieson and Davies 
2004). Nonetheless, coast-wide kelp forest 
distribution provided in the provincial 
ShoreZone dataset, built upon snap-shots of 
kelp occurrence recorded at various times, 
enables inferring the occurrence of likely 
kelp forest habitat [http:/ / i lmbwww.gov. 
bc.ca/cis/coastal/others/crimsindex.htm]. 

shows the occurrence of kelp according to 
the "kelp" symbol on charts of the Moresby 
Island area. The kelp species are most likely 
the visible canopy-forming giant and bull 
kelps. Poor coverage along the west coast 
is because it is largely uncharted - the only 
uncharted coastal area in Pacific Canada. 

Another source of local kelp forest distribution 
comes from the provincial resource surveys 

7.6.2. Haida Gwaii Kelp Forests 

There are -26 kelp species reported from 
Haida Gwaii (Sloan and Bartier 2000). The 
oceanic, exposed coast of Haida Gwaii has 
marine floristic differences compared to the 
more sheltered, fjordic continental coast of 
the northern British Columbia mainland 
(Sloan and Bartier 2000). For example, within 
Southeast Alaska (-60° N south to ~54°N at 
Dixon Entrance), O'Clair et al. (1996) identified 
three seaweed areas: "outer coast" (warmer, 
higher salinity), "northern inside waters" 
(colder, lower salinity) and "southern inside 
waters" (warmer, lower salinity). Although 
these areas shared marry species, each area 
also had distinct species. Haida Gwaii is 
essentially all "outer coast." Vigorous seawater 
mixing and less freshwater runoff from what 
are mostly smaller watersheds draining the 
limited land mass means that nearshore 
salinity is relatively undiluted and thus a 
weak determinant of local kelp distribution. 
This is different than the mainland coast 
where freshwater lenses overtop seawater 
can persist off large estuaries and in long, 
sheltered inlets with reduced mixing. These 
diluted seawater conditions can discourage 
kelp establishment. The generally undiluted 
seawater around Haida Gwaii means that 
kelp distribution is mostly influenced by 
substrate, exposure and temperature (Sloan 
and Bariter 2000). Moreover, the relatively 
stable, full nearshore salinity may extend 
the range of wave exposures at which some 
kelp species are found around Haida Gwaii. 

The earliest available approximation of 
regional kelp forest distribution comes from 
the CHS nautical charts, only some of which 
have been ditigitized by the CHS. Figure 133 

Figure 133. Distribution of "kelp" symbols (likely 
representing mostly giant kelp - Mucroa/stis 
integrifolia and bull kelp - Nereocystis luetkeam) from 
seven Canadian Hydrographie Service nautical 
charts in the Moresby Island area (from Sloan and 
Bartier 2000). These are the only Haida Gwaii charts 
for which the kelp symbol has been digitized. 
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previously mentioned. The 1976 survey 
along northern Graham Island only (Coon et 
al. 1979) was itself preceded by two Masset-
area kelp inventories (Norpac 1967; Blakely 
and Chalmers 1973) and a local commercial 
kelp drying feasibility study (Whyte and 
Englar 1974). However, no kelp industry 
was established. The 1976 survey reported a 
kelp forest area of -2,375 ha with a biomass 
exceeding 61,000 tonnes. This estimate was 
based on species that vary greatly between 
years according to intensity of storms and 
water nutrient conditions. Indeed, local 
people often perceive changes in kelp 
forest cover between consecutive years. 

The largest kelp forest in southern Haida 
Gwaii is on Fairbairn Shoals, Cumshewa 
Inlet that, along with the Burnaby Island-
Skincuttle Inlet area, was mapped in detail 
by DFO for Pacific herring spawning 
area surveys previously illustrated in the 
Seagrass Meadows section (Figure 130). 

Archipelago-wide, the ShoreZone dataset 
provides the best indication of kelp forest 
ecosystem distribution. Kelp forests account 
for three associated biobands (Giant Kelp, 
Bull Kelp, Urchin Barrens) along 100s of km 
of Haida Gwaii coast as illustrated previously 
in section 6.2 (Figure 103) and listed in Table 
73 A. These forests and urchin barrens are the 
most prominent shallow subtidal ecosystem 
type recorded along the rocky shores of Haida 
Gwaii. The ubiquity of kelp forests reflects 
the extent of suitable (stable, rocky) nearshore 
habitat. The conspicuous exception is along 
the sandy coast north of Tlell of East Beach 
to Rose Spit and westward from Rose Spit 
off North and South Beaches to Masset. This 
is the largest contiguous nearshore Haida 
Gwaii area (Figure 120) unsuitable for kelp 
forests due mostly to lack of stable substrates 
for kelp attachment. Giant kelp normally 
occurs along more sheltered shores than bull 
kelp and is usually found shoreward of bull 
kelp where the two coexist. The extent of 
co-occurrence of Urchin Barrens with kelp 
biobands is shown in Table 73 B in which 
barrens show a greater affinity with Bull Kelp 
bioband than with Giant Kelp bioband. 

Table 73. Occurrence of kelp forest-associated 
biobands, as patchy or continuous, around Haida 
Gwaii from the ShoreZone dataset, as illustrated in 
Figure 103. 

A. Approximate lengths of shoreline along which 
Urchin Barrens, Bull Kelp and Giant Kelp biobands 
were recorded. 

Length of shoreline according 
Distribution to Bioband (km) 
Type Urchin Barrens Bull Kelp Giant Kelp 

Patchy 382 884 544 

Continuous 603 436 256 
Total 985 1,320 800 

B. Percent overlap of length of shoreline occupied by 
patchy and continuous Urchin Barrens bioband 
compared with patchy and continuous Bull Kelp and 
Giant Kelp biobands. 

Urchin ^ u " ^ e ' P Giant Kelp 
Barrens Patchy Continuous Patchy Continuous 

Patchy 37.2 16.9 20.5 9.8 

Continuous 32.0 23.4 11.8 3.0 

7.6.3. Kelp Forest - Sea Urchin Relations 

Wherever kelp forests occur world-wide, 
grazing by sea urchins can be an important 
ecosystem-structuring force (Harrold and 
Pearse 1987; Tegner 2001; Steneck et al. 2002). 
Around Haida Gwaii, urchin barrens, or large 
populations of red sea urchins occur over a 
light-coloured band coloured by encrusting 
coralline algae on rocks denuded of fleshy 
algae by sea urchin grazing. Where barrens 
occur, they are usually immediately seaward 
of kelp forests. Factors determining red 
sea urchin abundance around Haida Gwaii 
are complex. For example, off the northern 
Graham Island coast, densities of red sea 
urchins and kelp vary widely and red sea 
urchins do not compliment the presence of 
kelp at all localities (Jamieson and Campbell 
1995). Jamieson and Campbell suggested 
that depth and shelter from wave action 
are also important factors in sea urchin 
and kelp distributions, with sea urchins 
avoiding the higher wave exposures. Work 
from the Aleutian Islands, Alaska suggests 
separation between sea urchins and kelp 
forests exists because the attached algae 
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moved by wave surge (creating whiplash) 
keeps sea urchins from entering the kelp forest 
in large numbers (Konar and Estes 2003). 

Contemporary sea urchin barrens could 
represent historically high populations of red 
sea urchins. The extirpation of sea otters from 
Haida Gwaii by the mid 19"' century (Scouler 
1841, p. 219) may have led to population 
increases of their invertebrate prey species 
that include red sea urchins (Heise et al. 
2003). According to Estes et al. (1989), "Local 
extinction of sea otters has cascading effects 
of broad influence in kelp forest ecosystems." 
That is, among kelp forests along British 
Columbia and Alaskan coasts, sea otters have 
a "keystone" community role (Watson 2000; 
Estes et al. 2004). For example, sea urchins 
relieved from prédation by sea otters may 
have proliferated into the current sea urchin 
barrens around Haida Gwaii. Evidence from 
the local archaeological record suggests that a 
strong presence of sea otter remains is loosely 
correlated with absence of sea urchin and 
abalone remains (Orchard and Mackie 2004). 
Perhaps before the fur trade started in the 
1790s, sea otters may have had some control 
on sea urchin populations. Continuing with 
that speculation, larger kelp forests in that era 
could have provided more adult and nursery 
habitat for associated kelp forest species, 
more kelp detritus into nearshore food webs, 
and more drift algal wrack on beaches. 

7.6.4. Other Kelp Forest-associated Issues 

"Unfortunately, although populations of numerous 
potentially important species have been recently 
reduced in kelp forest communities, usually little 
or nothing is known of the ecological consequences 
of these reductions." (Estes et al. 1989) 

7.6.4.1. Species-at-Risk 

Species-at-risk strongly associated with Haida 
Gwaii kelp forests are sea otter [Enhydra lutris) 
and northern abalone (Haliotis kamtschatkana) 
(Sloan 2004). That means kelp forests could 
be interpreted as the "residences" or critical 
habitats of these species warranting protection 
as defined under the Species at Risk Act. 

Sea otters have been internationally protected 
since 1911, although the species was 
effectively extirpated from Haida Gwaii by 
then. Sea otters have been provincially listed 
since 1980, federally listed by COSEWIC 
since 1978 (Heise et al. 2003) and the species 
is listed as threatened by COSEWIC (Table 
3) and now similarly under the Species at 
Risk Act. Starting in the 1790s, thousands of 
sea otter pelts were acquired by British and 
American traders from the Haida (Gibson 
1992; Robinson 1996; Dick 2004). The trade 
ended by -1835 due to low stocks from 
over-hunting see sections 3.4.1 and 7.2.2) 
As if to remind us of this folly, the sea otter 
and the red sea urchin form the family crest 
of Gwaii Haanas acquired, after potlatch, 
from the Haida hereditary leadership. 

Northern abalone was the first Canadian 
marine invertebrate to be federally listed by 
COSEWIC (as threatened) in 1999 (Table 3) 
and is now protected under the Species at 
Risk Act. The northern abalone fishery was 
closed to all fishers (Aboriginal, commercial, 
recréational) in 1990 and remains closed 
due to low stocks (Sloan 2004). There 
is a vigorous local community-driven 
abalone stewardship program (Jones et 
al. 2004) that fosters public learning and 
involvement in marine conservation. 

Within local kelp forests, therefore, a 
predator (sea otter) and one of its prey 
species (northern abalone) are both listed 
and both subject to compulsory recovery 
mandates of the Species at Risk Act. Within 
the proposed Gwaii Haanas NMCA, Parks 
Canada would lead recovery of sea otter and 
northern abalone and cooperate with DFO (in 
the lead) towards recovery in Haida Gwaii 
waters outside Gwaii Haanas' boundaries. 
The scale is daunting given the extent kelp 
forests along the archipelago's rocky shores. 
This is a challenging precedent in Canadian 
marine conservation (Sloan 2004) as others 
(Watson 2000; Fanshawe et al. 2003) suggest 
that restoring abalone to levels suitable 
for human fishing may not be possible in 
areas where sea otters have recovered. 

Another potentially important species to 
the history of local kelp forest ecosystems 

260 



could have been the extinct Steller's sea 
cow (Hydrodamalis gigas). Anderson (1995) 
speculated that sea cows were specialized 
surface-feeders of kelp forests maintained 
by sea otter prédation that kept sea urchin 
populations in check. Perhaps 20,000 years 
ago, this large (-10 m body length), non-
diving kelp-grazer lived in herds throughout 
the North Pacific (Domning 1972). Aboriginal 
hunters are speculated to have extirpated 
the sea cow from most of its range by the 
time it was scientifically described in the 
1740s from the species' last stronghold in the 
Commander Islands. By 1770, the species 
was rendered extinct by Russian hunters 
(Estes et al. 1989). It could be speculated 
that perhaps the kelp forests of Haida Gvvaii 
developed through similar influences. 
An eventual return of sea otters may not, 
therefore, yield a complete historic kelp 
forest ecosystem around Haida Gwaii in the 
absence of sea cows (Sloan and Bartier 2000). 

So, what benchmark state of local kelp forest 
ecosystems, including optimal populations of 
abalone, red sea urchin and sea otter should 
be the (integrated) recovery goal for Haida 
Gwaii? Regional kelp forests have likely been 
profoundly altered since the extirpation of sea 
otter, and perhaps the sea cow. For example, 
a pre-European contact goal likely would 
mean low abalone populations with sea otters 
present. Whatever state we want, we have 
little local kelp forest ecosystem baseline data 
from any era of Haida Gwaii with which to 
compare current with past states. Parnell 
et ni. (2005) stress that lack of historic data 
means that we cannot know where we are 
on the "sliding baseline" that is the ecosystem. 
Dayton et ni. (1998) have shown that California 
kelp forests endure despite significant losses 
of animal species. So, we will have to live 
with Dayton's "ghosts of missing animals" 
for whatever course of recovery, with 
attendant ecosystem state, we choose. 

7.6.4.2. Fislwries 

Important past and present commercial kelp 
forest-associated species around Haida Gwaii 
include northern abalone, red sea urchin 
and Pacific herring. Red sea urchin has 
been commercially fished by diving around 

Haida Gwaii since 1984. Since 1991, annual 
north coast landings have averaged >80% 
of total British Columbia landings. Within 
the north coast, Haida Gwaii has averaged 
-16% of north coast landings (-795 tonnes) 
since 1994 with the Gwaii Haanas area 
consistently accounting for -50% of Haida 
Gwaii landings (Sloan et ni. 2001). In 2004, the 
landed value of red sea urchin from Haida 
Gwaii was -$1.3 M, of which -45% came 
from the Gwaii Haanas area (Table 11). 

The close association between kelp forests 
and red sea urchin and northern abalone 
underscores the management question 
for the proposed Gwaii Haanas NMCA of 
zoning, including fully protected (no-take) 
réfugia. Both red sea urchins and northern 
abalone are broadcast spawners for whom 
fertilization efficiency declines with adult 
densities. Therefore, distribution into clumps 
of appropriate size and density is critical to 
the design of the protection regime for sea 
urchins and abalone (Sloan 2004). Even a 
small protected area, provided it supports 
a large enough spawning aggregation of 
abalone, can be an important conservation 
asset (Parnell et al. 2005). Numbers, sizes 
and locations of réfugia will depend on the 
dispersal ability of focal species. Which areas 
are "sources" [contribute disproportionately 
large numbers of recruits] and which are 
"sinks" [receive recruits but contribute little] 
of recruits becomes critical conservation 
management information. Knowledge of 
the association of these species with Haida 
Gwaii kelp forests will be an important 
long-term management issue. Further, this 
highlights the need for better nearshore 
oceanography (see previous section 4.3.3) to 
understand current patterns and potential 
connectivity of larval transport between areas. 

Another regional kelp forest-associated 
fishery is for Pacific herring spawn-on-kelp 
described previously in section 3.8.2.2. Each 
year this March-April fishery relies on high 
quality kelp, gathered under licences issued 
by the province. The kelp, as egg attachment 
substrate, is deployed either in closed pens 
(into which captured herring are introduced -
later to be released) or towed attached to rafts 
in open arrays to where herring are spawning. 
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In summary, as with most regional ecosystem 
information, there are disparate scraps of 
kelp forest inventory from around Haida 
Gwaii. The spatial aspect is soundly recorded 
in the ShoreZone dataset from which the 
extent of the kelp forest ecosystem can be 
inferred. However, the biomass productivity 
and ecological functions on regional kelp 
forests, although likely enormous, remains a 
mystery. Further, unlike seagrass meadows, 
kelp forest as nearshore vegetated ecosystems 
currently have direct fishery-associated and 
species-at-risk values that must be considered 
in future regional coastal management. 

by Jamieson and Davies (2004). Around 
Haida Gwaii, most sediment community 
sampling has occurred in waters >30 m 
depth such as from Hetate Strait bottom 
sampling surveys, as reviewed in Sloan et al. 
(2001). Therefore, little attention has been 
paid to this common shallow, nearshore 
habitat type. To feature the importance of 
nearshore sandy habitats, a prominent marine 
species (geoduck clam - Panope abrupta) 
is discussed along with and a small fish 
(Pacific sand lance - Ammodytes hexapterus) 
that likely is enormously importance to 
nearshore ecosystems (see 7.7.2 below). 

7.7. SHALLOW SUBTIDAL SANDBEDS 

N.A. Sloan 

Over 80% of the world's sea bottom is soft 
sediments of mud, sand and gravel (Lenihan 
and Micheli 2001). With the exception of 
rooted seagrasses in the shallow subtidal 
(as previously discussed in section 7.5), 
sediments in deeper waters have little 
attached flora because of insufficient light. 
However, inputs of organic plant detritus 
from adjacent vegetated habitats (e.g., 
kelp forests and seagrass meadows) are 
important food sources for benlhic (bottom-
dwelling) sand bed fauna. Sediment fauna, 
dominated by invertebrates >0.5 mm long, 
can live on sediments (epibenthos), but 
most species live in sediments (infauna) 
(Morrisey et al. 1998; Lenihan and Micheli 
2001). Sediment grain size is important to the 
movement of oxygen and nutrients through 
sediments. Animals move more easily in 
coarser sediments, but finer sediments may 
contain more organic food material. As well, 
resident invertebrates greatly influence the 
physical, chemical and biological structure 
of their sedimentary surroundings through 
their activities (Lenihan and Micheli 2001). 

Most information on British Columbia's 
subtidal sandbeds (shallow- and deep-
water) comes from south coast areas such as 
in the Strait of Georgia (Levings et al. 1983, 
1998). What very little is known about the 
nearshore shallow (<30 m depth), soft (muddy 
to sandy) subtidal ecosystems along the 
northern British Columbia coast is reviewed 

7.7.1. Geoduck Clam - a "Flagship" Species 

"Geoducks are extraordinary because of 
their size, lifestyle, growth pattern, and 
longevity." (Orensanz et al. 2004) 

The ubiquity and high value of geoduck clams 
combine to warrant special consideration 
for these clams as a "flagship" species, in 
the sense of Zacharias and Roff (2001 b), 
for the shallow, nearshore subtidal sandbed 
ecosystem. Thinking about geoducks 
naturally draws attention to their generally 
overlooked sandbed ecosystem. For Haida 
Gwaii, and the prospect of Gwaii Haanas 
NMCA in particular, the most important 
nearshore, shallow subtidal sandbed-
associated issue is the commercial dive 
fishery for geoduck as reviewed previously 
in section 3.8.1.3. The other prominent 
sediment-associated shellfishery of Haida 
Gwaii is the trap fishery for Dungeness 
crab, but that occurs mostly offshore in 
northern Hecate Strait and Mclntyre Bay 
as previously described in section 3.8.1.2. 

The coast-wide history and management of 
the geoduck fishery is reviewed by Campbell 
et al. (1998), Heizer (2000) and Orensanz et 
al. (2004), and for Haida Gwaii by Sloan et al. 
(2001). This export fishery ships live clams 
to the year-round Chinese market. Geoducks 
support the most valuable shellfishery in 
Haida Gwaii as well as all of British Columbia 
(Campbell et al. 1998; Heizer 2000). In 2003, 
coast-wide landings were worth ~$30.3 
million (ex-vessel). This is appreciable, given 
that the wholesale value is twice the landed 
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value (Heizer 2000), or ~$60.6 million in 
2004. Accordingly, it is useful to cast geoduck 
as a flagship species within their shallow 
subtidal sandbed ecosystem. To aid in this 
appreciation, a brief account of geoduck life 
history and human use is provided below. 

7.7.1.1. Life History 

Geoducks are the world's largest infaunal 
clams. They can reach 4.5 kg in weight, 
although the average from the fishery is 
-1.0 kg. Geoducks bury to 1.0 m depth in 
sediment and populations occur from the 
low intertidal to -110 m depth. Maximum 
densities occur at -20 m depth, which is also 
the approximate depth limit of the fishery 
and for stock assessments given safe, no-
decompression limits for divers (Campbell 
et al. 1998.) Thus, there is a depth refuge (of 
-20 to 110 m) from the fishery, although the 
relative stock size within this refuge and its 
influence on population recruitment in the 
species' shallower depth range is unknown. 

Geoducks can have long lives - the record 
is 168 years of a Tasu Sound clam (Bureau 
et al. 2002). Indeed, the chemistry of their 
shells provides insight into historic sea 
surface temperatures enabling reconstruction 
of past climates (Strom et al. 2004). The 
reproductive life of geoducks may exceed a 
century as maturity is reached in - 6 years. 
Sexes are separate and adults broadcast 
millions of eggs (usually one to two million, 
maximum -20 million) and sperm into the 
water column for fertilization in spring-early 
summer. Fertilized eggs become larvae that 
can reside in the water column, available 
to disbursal by currents, for -40 to 50 days. 
Settled post-larvae move about the sediment 
surface for a few weeks, develop into baby 
clams with siphons for suspension feeding, 
then burrow into the sediment. The few 
of the billions of larvae that do survive 
have low mortality rates once individuals 
become safely interred in sediment. 

Geoducks reach fishable size by - 8 to 10 
years of age and growth is negligible after 
-12 years of age. Given their accumulation 
into populations with many age classes of old 
individuals, adults experience low natural 

mortality rates including prédation. However, 
clams living in rocky sediments, preventing 
deep-burrowing, can be excavated by seastars 
(Sloan and Robinson 1983). Prédation by 
sea otters was suggested as having little 
detectable effects on geoduck populations 
(Watson and Smith 1996), although prédation 
is being reported along the west coast of 
Vancouver Island where sea otter populations 
have expanded (Orensanz et al. 2004). 

Perhaps the most important characteristic of 
geoducks to marine area conservation is that 
they occur in dense, discrete subpopulations 
or "beds" of long-lived individuals. This 
renders them useful for zoning processes. 
The aggregations of sessile adults are 
ultimately connected through dispersal 
of planktonic larvae. However, there has 
been no demonstrated linkage between the 
reproductive contribution of a given bed 
and recruitment to that bed (Orensanz et 
al. 2004). Pre- and post-dispersal events 
are not linked, which means that key 
population processes, such as recruitment 
(population replenishment), will be unclear 
unless analyzed at the appropriate spatial 
scale. In other words, we know little about 
how geoducks became aggregated into 
beds, or how these beds are sustained over 
time, or what spatial scales are appropriate 
for research on key processes such as 
recruitment. Certainly, having densely packed 
adults maximizes fertilization towards the 
creation of many larvae, but what processes 
control recruitment thereafter is a mystery. 
However, despite the ubiquity of geoduck 
beds in shallow subtidal sandy areas around 
Haida Gwaii (see Figure 29), we know little 
about how this species functions within, 
and influences, sandbed ecosystems. 

7.7.1.2 Human Uses 

There are commercial and cultural uses of 
geoducks that must be balanced within the 
context of the proposed NMCA. On the 
commercial value side, for example, the area 
of the proposed NMCA in 2003 accounted for 
-65 % of total Haida Gwaii geoduck fishery 
with a wholesale value of -$24.2 million 
(Table 11). Therefore, geoducks will be 
central in forthcoming consultations with the 
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fishing industry, coastal communities, First 
Nations and NGOs towards the creation of, 
and zoning within, the proposed NMCA. 

Concerning the history of industry 
involvement, the Underwater Harvesters' 
Association works closely with the Haida 
Fisheries Program of the CHN and DFO 
for stock assessments and research. In this 
region, the proportion of the population 
that has been assessed (-55%) is the highest 
coast-wide as previously mapped in Figure 
29. New tools are under development to 
identify geoduck beds through linking echo 
sounder data characterizing substrates 
with spatial survey and industry yield data 
(Murfitt and Hand 2004). Hand et al. (1995) 
provides an example of such cooperative 
stock surveys (to <20 m depth), and the stocks 
they reveal, from north of Burnaby Island. 
They surveyed > 15,300 m2 of sand bottom 
and reported an average of 1.14 clams per m2 

overall (allowing for neck-show factor) with 
an average clam weight of 1.1 kg. The neck-
show factor is the proportion of necks visible 
at any one time. There is a winter-season 
low neck-show factor, perhaps due to poor 
feeding conditions (C. Hand, DFO, personal 
communication), that must be considered 
during stock assessment surveys. Distribution 
was very patchy with densities of up to 45 per 
m2. The pre-fishery biomass of the total area 
(-284 ha) was estimated at -4,004 tonnes. 

Given the economics of this fishery, the 
Underwater Harvesters' Association will 
be an important stakeholder in the future 
of the proposed NMCA. Despite the many 
unknowns about geoduck biology, we 
have the prospect of zoning within the 
proposed NMCA. To be effective in zoning, 
however, a more complete inventory of 
geoduck populations should be in hand. 
This prospect of establishing no-take areas 
(preservation zones) has been mentioned as 
part of conservative, precautionary fishery 
management by Campbell et al. (1998, p. 
356). To do that however, based on the 
assumption that such areas could act as 
sources of recruits into fishable areas, cannot 
be supported by our current knowledge 
of geoduck biology. In the near-term, we 
may have to draw upon a precautionary 
approach, as described later in section 10.1.1. 

On the cultural value side, there are other 
conservation reasons more biodiversity-
related (intrinsic or existence value) than 
fishery-related (use value). This is because 
geoduck can dominate the benthic fauna in 
their sandbed ecosystem. Vital questions, 
therefore, are deciding what proportion of the 
total population to preserve throughout its 
depth (intertidal to -110 m) and geographic 
ranges and what should be the sizes, shapes 
and locations of the preservation zones 
within the use-preservation matrix of the 
proposed NMCA? Further, the currently 
relatively unlimited fishery access to all 
geoduck populations coast-wide should 
influence the proportion preserved within 
the proposed NMCA. In summary, 
blending ecologically sustainable use 
and existence values within the proposed 
NMCA will be a key zoning issue. 

7.7.2 Pacific Sand Lance 

C.L.K. Robinson 

If geoduck is the most economically important 
species of nearshore sandy habitats around 
Haida Gwaii, then the Pacific sand lance 
(Ammodytes hexapterus) is one of the most 
ecologically important. This small, slender 
eel-like fish is fed upon by many fish species 
including chinook and coho salmon and 
groundfish species (e.g., lingcod and Pacific 
halibut). Sand lance is also an important 
forage species for regional seabirds (e.g., 
Ancient Murrelet - Gaston 1992; Rhinoceros 
Auklet - Hedd et al. 2006) and marine 
mammals (e.g., sea lions, seals, sei whales -
Willison et al. 1999). The ecological role of the 
sand lance in coastal food webs supports the 
importance of understanding its life history 
and use of nearshore sandy habitats during 
three of its four major life history phases. 

Sand lance from other northeast Pacific 
regions (Prince William Sound, AK - Puget 
Sound, WA) prefer to spawn in late fall to 
early winter within a few meters of the high 
water line in the top few cm of fine sandy 
gravel (Pentilla 1997; Robards et al. 1999). 
Sand lance in the North Sea also spawn on 
shallow subtidal sand banks at 10s of m 
depth, but subtidal spawning has not been 
documented for Pacific sand lance - most 
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likely because these habitats have not been 
searched. In Washington State, the sand lance 
frequently share spawning beaches with the 
surf smelt (Hypomesus pretiosus) (Pentilla 1997). 
Sampling such areas for sand lance eggs 
requires using a microscope to distinguish 
eggs among species and from sand grains. 

One approach to narrowing possible sand 
lance spawning areas, is to use the method 
applied to the Washington State foreshore 
habitat types and sand lance spawn inventory 
(Borecky and Harper 2003). Links were 
investigated between the occurrences of 
sand lance spawning habitats with types of 
foreshore habitat type and exposure. A good 
fit was found between sand lance spawning 
and sheltered areas associated with eelgrass. 
In addition, sandy driftwood areas and 
beach berms had a high presence of spawn. 

After spawning, eggs hatch in 60 to 90 days 
and the pelagic larvae move with nearshore 
currents for ~2 or 3 months. No research has 
addressed the dispersal or retention potential 
of sand lance larvae, but this may be an 
important aspect of interannual variability 
in their populations. The dependence of 
survival and dispersal to nearshore habitats 
also highlights the importance of having 
some basic knowledge nearshore currents, 
as previously explained in section 4.3. 

After the pelagic larval phase, young-of-
the-year burrow in sands of shallow coastal 
habitats by early summer. Preliminary results 
from a Barkley Sound study (Robinson, 
unpublished data) indicate that juveniles 
show fidelity to some nearshore sites over 
summer. As well, in relatively few areas, 
some sites contain juvenile sand lance year-
after-year whereas other areas have juveniles 
in one year, but not the next. In addition, 
some areas with seemingly suitable sand 
properties never appear to have juvenile 
sand lance. Because sand lance feed on 
copepods in the water column, the use of 
nearshore burrowing habitats by juveniles 
may be connected to the proximity to nearby 

foraging areas. It also is unknown whether 
sand lance spawning areas are linked to 
preferred juvenile burrowing areas. 

Juvenile sand lance likely live in nearshore 
shallow habitats during the summer and fall, 
and then move to deeper waters to join older 
age classes. The habit of burrowing in sandy 
sediments still predominates among older fish. 
Adult sand lance rest buried in sand for most 
of the winter. Most sand lance are observed at 
depths < 60m, and most forage in the water 
column over sand when such habitats are 
located in waters between 40 to 60 m depth. 

In the North Sea, the selection of subtidal 
habitat by adult sand lance also appears to be 
determined by water depth and substrate type 
(Wright et al. 2000). The optimal depth range 
of adult sand lance was 30 to 70 m, and the 
low abundance of sand lance in deeper waters 
may be related to lower water movements 
at these depths, and the associated increase 
in % silt content. North Sea sand lance 
appear to avoid sediments with a silt content 
> 10%, and they have a strong preference 
for medium to coarse sands with a mean 
particle size of 0.25 to 2.0 mm. It would be 
invaluable to apply the habitat selection rules 
developed for sand lance in the North Sea 
to the mapping of substrates and potential 
adult sand lance habitat in shallow subtidal 
areas of the proposed Gwaii Haanas NMCA. 

In summary, Pacific sand lance is a key 
prey species in nearshore food webs. Sand 
lance have obligate requirements for sand / 
gravel at different life history stages and in 
different areas. However, so little is known 
about the amount of habitat available to, and 
specific habitats used by, local sand lance. 
Ultimately, there is a great need to document 
the habitat needs, and distribution and extent 
of substrates around Haida Gwaii from the 
high intertidal to depths of ~100m. A starting 
point could be a basic inventory of sand lance 
spawning sites in nearshore habitats. The 
viability coastal food webs may depend on it. 
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8. LAND TO SEA TRANSITION 

8.1. PREAMBLE 

N.A. Sloan 

"Approaching the management of our ocean, 
coastal, and Great Lakes resources from a 
watershed perspective allows impacts from 
both coastal and upland activities to be taken 
into account, providing a more comprehensive 
basis from which to protect, restore, and 
conserve the Nation's waters." (United States 
Ocean Action Plan - U.S. OAP 2004) 

" ...land-sea interactions are usually ignored 
when selecting terrestrial and marine reserves 
with existing models." (Stoms et al. 2005) 

As stated in the Introduction (section 1.), the 
coastal zone straddles the marine to terrestrial 
realms producing unique, productive and 
biodiverse transitional ecosystems (ecotones) 
while hosting the greatest amount of human 
maritime activity and culture. The interface 
between land and sea, however, often is an 
area of uncertainty in human planning and 
management for natural resources. The 
conceptual diagram in Figure 134 shows the 
strategic location of freshwater wetlands and 
saline estuaries within the land-sea interface. 
The idea of riparian (water-side) habitats 
such as forests is not shown in the diagram, 
but is discussed later in section 8.4. The key 
ecotone terms are defined in the text as well 
as listed in the glossary (Appendix A). 

Discussing transitional ecosystems is essential 
towards appreciating the coastal zone of 
Haida Gwaii. Indeed, the proportion of 
these ecotones is high for the archipelago, 
given its small, highly maritime-influenced 
land-mass relative to its extensive shoreline 
and given its abundant precipitation with 
attendant drainage systems. No point on 
land is >20 km from the shoreline. Further, 
the coastal zone is a critical attribute of Gwaii 
Flaanas' potential contribution to Canadian 
and world conservation in its proposed 
mountain-top-to-sea-bottom continuum 

Figure 134. Conceptual diagram of relationships 
between the terrestrial, freshwater and marine 
realms showing the relative positions of wetland 
and estuarine transitional systems (adapted from 
Mackenzie and Moran 2004). Wedge refers to the 
salt wedge in stratified, relatively unmixed 
estuaries. The salt wedge is the lower, high-salinity 
layer, and is thickest at the seaward end of the 
estuary and thinnest at the point upstream at 
which only freshwater occurs. 

after adding a NMCA on to the national 
park reserve and Haida heritage site. 

The quote from the U.S. Ocean Action 
Plan above typifies new scales of marine 
environmental thinking, allowing for the 
connectedness of marine systems and, 
respecting that land and sea interact critically 
for humans in the coastal zone. Indeed, 
the land-sea continuum is a new facet of 
coastal conservation thinking (Stoms et al. 
2005) and clearly an area in which the gap 
between aquatic and terrestrial ecology 
should be bridged (Stergiou and Browman 
2005). Applying terrestrial ideas completely 
to coastal conservation is not a fully 
appropriate fit, because of the increased scales 
of connectivity in the sea due to seawater 
moving nutrients, materials and the young of 
marine species (Carr et al. 2003). This is the 
most influential difference between marine 
and terrestrial ecosystems. Nonetheless, 
only relatively recently has an enlightened 
attitude of considering the links between 
these systems been articulated (Ray 1999; Ray 
and McCormick-Ray 2004; Stoms et al. 2005). 
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While some focus on estuaries and coastal 
wetlands as "critical transition zones" (Levin 
et al. 2001), others are concerned about 
the interrida] zone being ignored between 
the solitudes of marine and terrestrial 
conservation (Banks et al. 2005). Guerry 
(2005) has proposed an overall "concept 
of connections" for conservation in coastal 
areas. Therefore, the idea of connectedness 
to include watersheds in coastal marine 
conservation is matched by ideas of "whole-
catchment management" as the appropriate 
scale for freshwater conservation (Saunders 
et al. 2002). Indeed, for freshwater ecosystem 
protection, Gwaii Haanas is well suited as 
it matches the three key criteria of Saunders 
et al. (2002) of having intact watersheds, 
relatively undisturbed hydrological regimes 
and no non-native freshwater species -
that we know of. Further, the rarity value 
of Gwaii Haanas' relatively undisturbed 
watersheds renders them potentially 
valuable for establishing baseline (reference) 
conditions (Dodds and Oakes 2004). 

Concerning transitional ecosystems along 
the Pacific North American coast, these 
have recently been characterized to better 
define these overlooked yet immensely 
valuable systems. For example, a suite 
of "riparian" terms has recently emerged, 
as defined in Appendix A, that include 
marine and estuarine coastal habitats 
(Levings and Jamieson 2001; Brennan and 
Culverwell 2004; Lemieux et al. 2004). 

In the sections to follow, a series of linked 
coastal transitional topics are discussed, 
beginning with the separate cultures of land 
and sea mapping within which the coastal 
zone (particularly the intertidal) of Haida 
Gwaii has been underrepresented (Bartier and 
Sloan 2007). This is followed by an overview 
of Haida Gwaii estuaries as critical marine 
gateways into watersheds. Special mention 
is made of the structure of small estuaries 
that characterize Gwaii Haanas. Next, is a 
discussion of the riparian fish-forest using 
fish habitat needs to characterize riparian 
forests in Haida Gwaii watersheds. This 
type of valuation has been important to 

recent land use planning for Haida Gwaii. 
Previously mentioned in the context of 
land use planning was the straddling issue 
of seabird breeding colonies (Figure 114). 
Finally, there is a case study of salmon 
escapement as salmon deposit marine 
nutrients in riparian systems. Salmon have a 
totemic role throughout northwestern North 
America (House 1999; Augerot et al. 2005; 
Quinn 2005) for people concerned about the 
health of linked land-to-sea ecosystems. 

8.2. COASTAL ZONE BASE MAPPING 

P.M. Bartier and N.A. Sloan 

Despite its many human uses and the 
acknowledged importance of its transitional 
habitats, within the coastal zone of Haida 
Gwaii is an uncertain demarcation of 
where exactly the land ends and the sea 
begins. This is because the coastal zone 
is dynamic - it is changing rapidly in the 
near-term with tides and storms, and over 
the longer-term according to fluctuating 
sea levels (section 4.5). Further, the coastal 
zone falls between terrestrial and marine 
technical cultures for measurement, 
varying administrative agency mandates 
and uncertain jurisdictions (Nichols and 
Sutherland 2000; Bartier and Sloan 2007). 
Yet, a coastal base mapping convention 
will be central to future planning and 
management. In anticipation of the land-
to-sea continuum for knowledge-based 
management of Gwaii Haanas, therefore, 
reconciliation is needed between these 
separate terrestrial and marine cultures. 

As a mapped feature, the coastal zone 
is represented differently on terrestrial 
topographic maps and marine hydrographie 
charts. These independent and non-
overlapping mapping traditions of 
topographic and hydrographie cartography 
make reconciliation difficult. The traditions 
serve different user groups with varying 
needs and applications, their information 
gathering technologies differ, they employ 
different mapping systems, and they 
have different standards for defining 

267 



and representing features. The many 
technical differences between topographic 
land maps and nautical marine charts are 
summarized in Table 74. Land maps are 

issued by the British Columbia Ministry 
of Agriculture and Lands in the Terrain 
Resource Information Map (TRIM) series or, 
federally, by Natural Resources Canada in the 

Table 74. C o m p a r i s o n of u se s , m a p p i n g s y s t e m s a n d fea ture r e p r e s e n t a t i o n b e t w e e n t o p o g r a p h i c m a p s 
a n d nau t i ca l cha r t s , in British C o l u m b i a (after Bartier a n d Sloan 2007). 

1 Canadian Hydrographie Service (CHS), Fisheries and Oceans Canada nautical charts are the only legal reference documents for 
navigation 

2 Elevation on topographic maps is extracted from aerial photographs using photgrammetric technology and is provided by 
provincial Terrain Resources Information Management (TRIM) maps and federal National Topographic Series (NTS) maps 

3 Marine bathymetry is derived from depth soundings made by the CHS and provided on CHS nautical charts 
4 Topographic maps use Transverse Mercator, Lambert Conformai and Albers equal area projections; nautical charts use Mercator or 

Potyconic projections 
5 A horizontal datum is a known and constant location with which all other locations can be described; currently two are widely 

used in North America; older maps and charts use the North American Datum of 1927 (NAD27) centred on Meades Ranch, Kansas; 
newer maps and charts use the North American Datum of 1983 (NAD83) whose centre is described by the Geodetic Refence 
System-1980 (GRS80), a model ellipsoid that approximates the shape of the earth 

6 The transformation of digital data between NAD27 and NAD83 could be in error by more than 10 metres when applied to CHS 
shnrt data. This is because the transoromation is based on control points in the latest geodetic Survey readjustment by the Geodetic 
Survey of Canada and this may not include CHS horizontal control for much of the British Columbia coast (R. Hare, CHS, personal 
communication) 

7 A tiling system is the method used to divide a lare geographical area into smaller areas that are suitable for map production and 
distribution, at a given scale 

8 A vertical datum is a known and constant elevation with which all other elevations can be described 
9 the theoretical level (equipotential) surface of the earth's oceans in the absence of all forces except gravity; on an equipotential 

surface gravity applies everywhere the same perpendicularly to the centre of the earth 
10 Most charts use forcer low water, /«rye tide (LLWLT), but lowest normal tide is used on charts as it refers to other chart datums used on 

older charts, as well as LLWLT 
11 Positional accuracv should not imply greater accuracy than representational accuracy, only that the statistical parameters of a 

feature's accruracv is known and can be described 
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Topographic Maps Nautical Char ts 

Primary Uses Land use planning, transportation, resource Marine navigation , research 
management, research 

Information Sources Photogrammetry , land surveys Soundings', coastal surveys 

Mapp ing System 

Projection' Selected to preserve geographical area and Selected to preserve geographical bearing and 

shape direction 

Horizontal Datum'" NAD83 NAD27, NAD83 and unknown datums 

Tiling System' Regular, contiguous, non-overlapping map Irregular, non-contiguous and overlapping map 
sheets at standard scales. Features are sheets at various scales; features may not be 
logically continuous at sheet boundaries logically continuous at chart boundaries due to 

differences in map scale 
Vertical Datum Geoid (mean sea level) Chart Datum, or lowest normal tide 

Feature Representat ion 

Terrestrial Features Extensive, including information on elevation, Limited, including information useful for 
watersheds, landforms and land cover navigation such as landmarks, streams, elevations 

and cultural features 

Intertidal Features Limited, including shoreline, shore type, reefs Extensive, including various tidal levels, shore 
and marine navigation lights morphology and shoreline type 

Marine Features Limited, including substrate type adjacent to Extensive, including the best available information 
coast, but only on some map series on depth, substrate typze, kelp cover, and 

navigational aids and obstructions 

Accuracy Positional accuracy is emphasized on newer Representational accuracy is emprhasized (it looks 
digital-based topographic maps series (it may r ight , but it may be in the wrong place) 
not look right, but its accuracy is known) 

Update Frequency Infrequent; tens of years often paass before Frequent for coastal and shallow water features 
topographic map) features are updated (hazards to shipping, aids to navigation); other 

fea tu res in frequen tly 



National Topographie Series (NTS). Marine 
charts are issued federally by the Canadian 
Hydrographie Service (CHS) of DFO. Some 
of the differences listed in Table 74 are 
easily addressed when integrating maps 
and charts. For example, with available off-
the-shelf technology, such as GIS software, 
it is possible to accurately transform maps 
and charts from one projection to another. 

To illustrate problems, depictions of 
Hotspring and House Islands, Juan Perez 
Sound at the same scale of 1:22,500 are 
used as an example in Figure 135. A 2002 
orthophoto (an aerial photograph corrected 
for distortions so that features are shown in 
their true position - Figure 135 A) is compared 
with unmodified depictions from TRIM and 
NTS maps and a CHS chart. These are the 
largest-scale cartographic series available 
and suitable as base maps for coastal zone 
applications in Haida Gwaii. The TRIM 
depiction (Figure 135 B) is restricted to a 
shoreline represented by the "ocean at the 
high water mark" (BC 1992). The CHS chart 
depiction in Figure 135 C includes a shoreline 
and detailed thematic and morphological 
information on the intertidal such as chart 
datum (the seaward edge of the intertidal 
defined in Table 74), intertidal substrate and 
shallow subtidal kelp forest occurrence. The 
NTS depiction also contains a shoreline, as 
well as inferred but crude intertidal details 
including substrate type (Figure 135 D). 

Another example of mapping problems in 
transitional areas, such as in the intertidal, 
comes from in Werner Bay, Juan Perez Sound. 
When terrestrial and marine base map sources 
of elevations are combined, an appreciable 
data gap was revealed in the intertidal and 
adjacent shallow subtidal (Figure 136). The 
1990s multi-beam swath bathymetry by the 
CHS provided literally a carpet of subtidal 
depth records. As the sea became shallow, 
data coverage became ragged where the sonar 
technologies were difficult to apply. In the 
intertidal itself, data are very spotty, being 
based on a few recordings from the original 
charting process between 1941 to 1958. On the 
land side, photogrammetric analyses provide 

regular coverage at about one point every 
75 m, with fewer points on flatter terrain 
and more on variable terrain. In essence, 
intertidal elevations were poorly recorded 
within this area straddling land to sea. 

The coastline from the TRIM topographic 
map series has been the convention adopted 
to represent the coastal zone in the Haida 
Gwaii ShoreZone database. This is because, 
since its release in 1990, TRIM has emereed 
as the de facto base map standard for 
coastal zone management and applications 
throughout British Columbia - even though 
it has little marine information! TRIM was 
the first map series to be created primarily 
as a digital product by the automation of 
photogrammetric techniques such that 
elevation data from aerial photographs 
could be extracted directly into computer 
files. Thus, as the first reliable large-
scale digital base mapping system, TRIM 
became the standard base map for land use 
applications by government agencies, NGOs 
and the private sector. By using TRIM, 
coastal zone applications can incorporate 
(or be incorporated into) a large number of 
other applications. The importance of this 
combination of a widely accepted base map in 
a standardized digital format with a large user 
community is significant. Digital mapping is 
standard practice and having a standardized, 
widely accepted base map facilitates data 
sharing among many users. It also promotes 
development of third-party applications as a 
standard base map reduces map development 
costs while providing users with confidence 
towards universal applications and 
compatibility. Despite its success as a base 
map standard, TRIM has serious limitations 
as a base map for coastal zone applications 
by lacking basic shore zone features. Indeed, 
a suitable base map would require the 
integration of topographic maps with nautical 
charts. However, the issues of tiling systems, 
representation of intertidal features and 
vertical datums need resolution before map 
and chart information can be integrated. 
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Figure 135. Four representations of Hotspring and House Islands, Ramsay Passage, Juan Perez Sound displayed at the same scale of 1:22,500. (A) - a 
2002 orthophoto (an aerial photograph corrected for distortions so that features are shown in their true position); tide level is approximately midway 
between mean sea level and the low water level, (B) - from a 1991 BC Terrain Resources Information Map (TRIM) 1:20,000 scale topographic map 
(No. 103B053) based on 1986 aerial photography, (C) - from a 1:37,500 scale Canadian Hydrographie Service (CHS) nautical chart (No. 3808) last updated 
in 2003, (D) - from a 1986 1:50,000 scale federal National Topographic Series (NTS) topographic map (No. 103B11) based on 1980 aerial photography 
(from Bartier and Sloan 2007). 



Figure 136. Combined terrestrial elevation points and marine sounding depths for Werner Bay, Juan Perez 
Sound (revised from Sloan et al. 2001). Terrestrial spot elevations are from TRIM (map No. 103B043), 
soundings are from the CHS (chart No. 3808) and multi-beam sounding data are courtesy of the Canadian 
Hydrographie Service. Note poor data coverage in the intertidal and shallow subtidal. The white 
smudges in the multi-beam data represent areas with no soundings. 
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8.2.1. Tiling Systems 

Tiling is used to divide large areas into 
smaller ones suitable for production and use. 
Figure 137 shows the tiling systems used 
on Haida Gwaii by CHS charts and TRIM 
maps. The irregular and overlapping tiles 
employed by the CHS for charts contrasts 
sharply with the regular, non-overlapping 
tiling systems used in TRIM mapping. The 
CHS tiling reflects that larger-scale charts 
are required for precise navigation, berthing 
and anchorage, and smaller-scale charts for 
passage planning. Accordingly, the overlap 
on adjacent charts is by design in order to 
facilitate the transfer of vessel position and 
course from one chart to the next. The non-
overlapping tiling system employed by TRIM, 
on the other hand, reflects their more generic 
usage for planning and resource management. 

Although the CHS tiling system serves 
navigational purposes, it hinders creating 

continuous, seamless digital data. Because 
charts can overlap greatly and exist at 
many different scales, information on 
adjoining and overlapping charts is often 
inconsistent. Features end abruptly or do not 
match along chart boundaries where charts 
overlap. Conversely, features are defined 
at a consistent scale and are continuous 
across TRIM map sheet boundaries. 

8.2.2. Representation of Intertidal Features 

The vertical tidal range around Haida Gwaii 
varies from just over 1.5 m at Juskatla, Masset 
Inlet to almost 8.0 m at Queen Charlotte City, 
Skidegate Inlet (Figure 138). This vertical 
tidal range exposes a horizontal (width of 
the intertidal) distance that itself ranges from 
effectively 0 m at vertical sea cliffs to -1.0 km 
on broad sand beaches such as North Beach, 
Graham Island. The total horizontal intertidal 
area of Haida Gwaii may occupy -100 km2. 
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Figure 137. Cartographic tiling systems used by (A) the Canadian Hydrographie Service for nautical 
charts and (B) the Province of British Columbia for TRIM topographic maps (from Bartier and Sloan 2007). 



Figure 138. The vertical tidal ranges at Canadian 
Hydrographie Service tidal gauge stations on Haida 
Gwaii (data courtesy of F. Stephenson, Canadian 
Hydrographie Service) (from Barrier and Sloan 2007). 

The depiction of archipelagic areas is 
extremely sensitive to the scale used. 
According to TRIM 1:20,000 scale maps, 
the largest scale mapping available, Haida 
Gwaii contains -4,660 km of shoreline and 
3,674 islands. However, these numbers must-
be used with caution because, as Table 75 
demonstrates, the number of islands and 
shoreline length are highly scale-dependent. 
While area measurements remain relatively 
constant across different scales, both the 
number of islands and the shoreline length 
decrease rapidly with smaller scale. 

CHS charts are not included in Table 75 
because complete digital coverage for Haida 
Gwaii at a consistent scale is not available. 
However, several digital CHS charts are 
available and several islands' shoreline 
lengths from these charts are compared with 
TRIM maps in Table 76. Interestingly, in 
each case the shoreline length is longer on 
CHS charts than on matching TRIM maps, 
even though the chart scales are almost 
twice as small as that of TRIM maps. This 
greater coastline detail on coarser-scale 
charts reflects the purpose of charts as "aids 
to navigation." At a given scale, therefore, 
nautical charts represent the shoreline in 
more detail than topographic maps. 

8.2.3. Vertical Datums 

Both nautical charts and topographic maps 
are based on projections that assume the 
shape of the Earth is a perfectly smooth 
ellipsoid (a 3-dimensional mathematical 
shape). As Earth's shape is actually irregular, 
the ellipsoid only approximates Earth's 
true shape. Earth is better represented by 
a geoid that approximates mean sea level 
as an equipotential surface where gravity 
is experienced the same everywhere in 
the absence of all other forces. If Earth's 
geological composition were uniform and 
its surface without vertical irregularities 
(e.g., mountain ranges, ocean basins) 
then the geoid would equal the ellipsoid. 
However, variations in rock density 
and topographic relief causes the geoid 
surface to vary from the ellipsoid up to 
-100 m at some places around Earth. 

Topographical maps in Canada express 
elevation relative to a geoid datum that 
is determined by the Geodetic Survey 
Division, Natural Resources Canada. 
Global positioning system (GPS) receivers 
express heights relative to an ellipsoid 
datum, but it is possible to convert these 
ellipsoid heights to geoid heights. 

Nautical charts express elevations (and 
depths) relative to tidal datums. Tidal 
datums along the British Columbia coast 
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Table 75. Effect of scale on length of coast, land area and number of islands of Haida Gvvaii, determined 
from selected available digital data sets (from Bartier and Sloan 2007). 

Map Series (source) 

TRIM (Base Mapping and Geomatic Services ) 

NTS (Natural Resources Canada) 

NRM" (Canadian Hydrographie Service) 

NTS (Natural Resources Canada) 

GeoGratis' (Natural Resources Canada) 

GeoGratis' (Natural Resources Canada) 

GeoGratis' (Natural Resources Canada) 

Scale 

1:20,000 

1:50,000 

1:250,000 

1:250,000 

1:2,000,000 

1:7,500,000 

1:20,000,000 

Length of 
Coast (km) 

4,659.9 

4,334.6 

3,679.9 

3,636.7 

2,586.3 

1,523.2 

1,031.0 

Land Area 
(km2) 

10,053 

10,070 

10,070 

10,065 

9,615 

9,248 

8,455 

Number of 
Islands 

3,674 

2,253 

477 

674 

48 

15 

5 

1 Base Mapping and Geomatic Services is the Agency responsible for base mapping and related data in the British Columbia 
Provincial Government 

2 NRMs (Natural Resource Maps) are designed to provide bathymétrie information on Canada's coastal and offshore waters in a 
layout similar to that of NTS 1:250,000 topographic maps 

3 GeoGratis is a Canadian Government internet site that distributes free spatial data; <http://geogratis.cgdi.gc.ca> 

are based on 19 years of predictions from 
data collected by positioned tidal gauge 
stations. Tidal gauge data facilitates creation 
of various terms for different tidal water 
levels as summarized in the first part of 
Table 77. Gauge measurements should be 
thought of as coming from single points on 
tidal surfaces that vary continuously over 
space. However, whereas the ellipsoid surface 
values are known and geoid surface value 
estimates are available everywhere, tidal 
datum surfaces are currently known only 
at tidal gauge stations. Two tidal datums 
are used on CHS nautical charts. Depths 
are expressed relative to lower low-water, 

Table 76. Comparison of the perimeter of islands 
of Haida Gwaii from TRIM 1:20,000 scale maps 
and digital Canadian Hydrographie Service 
nautical charts of various scales (from Bartier and 
Sloan 2007). 

Island 

Kunghit 

Burnaby 

Tnlunkwan 

Tanu 

Murchison 

Anthony 

Perimeter (m) 

TRIM 

154,603 

69,910 

41,335 

26,136 

19,120 

10,451 

CHS Chart 

166,527 

71,732 

42,224 

27,090 

19,818 

10,973 

CHS Chart 

No. 

3825 

3809 

3807 

3807 

3808 

3825 

Scale 

1:40,000 

1:37,500 

1:37,500 

1:37,500 

1:37,500 

1:37,500 

1 SGang Gwaay 

large tide and coastal clearances (e.g., under 
bridges and power lines) are expressed 
relative to higher high-water, large tide. 

The second part of Table 77 lists other 
widely used, but potentially confusing, 
terms that describe the "natural boundary" 
(often considered manifested by apparent 
vegetation changes) between land and sea. 
For example, the "ordinary high water mark" 
is used to legally describe the seaward edge 
of Gwaii Haanas National Park Reserve 
and Haida Heritage Site that delimits Parks 
Canada's jurisdiction under the Canada 
National Parks Act. The natural boundary 
term is roughly equivalent to higher high-
water, large tide. There can, however, be 
significant horizontal differences in shorelines 
interpreted using the natural boundary from 
those interpreted using the higher high-
water, large tide, particularly in estuaries 
and beaches exposed to the open sea (R. 
Hare, CHS, personal communication). There 
are 33 CHS tidal gauge stations around 
Haida Gwaii. Because the tidal datums are 
known only at station locations, it is only 
possible to translate between tidal datums 
and ellipsoid/geoid datums at these points. 

A summary diagram illustrating these issues 
C o o 

is provided in Figure 139 that shows the 
relationship of the natural boundary to the 
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Table 77. Terms used to describe tidal water levels by Federal and Provincial agencies in British Columbia 
after Barrier and Sloan 2007). 

1 IIAT has been proposed to replace HHWLT as the high water datum for heights and clearances (under structures) on the federal 
Canadian Hydrographie Service (CHS) charts and LAT to replace the LLWLT as chart datum on CHS charts (personal 
communication, F. Stephenson, 2004, CHS, BC) 

2 mean sea level is not a tidal gauge term and it is different than MWL; it is included here because it is used on some CI IS charts in 
place of MWL and because it is a popular term that "...is frequently loosely used, without clear definition of its intended meaning..." 
(Forrester, W.D. 1983 . Candian Tidal Manual. Canadian Hydrographie Service,Ottawa, 138 p.) 

3 Permanent Service for Mean Sea Level <www.pol.ac.uk/psmsl/manuals/glossnrv.html> 
4 General Instructions for Surveys, e-Hdition, 2004. Legal Surveys Division, Natural Resources Canada. 

<http://www.lsd.nrcan.gc.ca/english/manual_e.asp> 
3 Land Act of British Columbia. <http://www.qp.gov.be.ca/statreg/stat/L/96245, 01.htm> 
6 Canada, 1996. Gwaii 1 laanas National Park Reserve Order. Canada Gazette Part II, Vol. 130, No.3: 632-662 
7 Unpublished Chart Specifications, Canadian 1 lydrographic Service, 1994; R. I lare, CI IS, Sidney, BC (personal communication, May, 

2005) confirms this definition and adds that the coastline is interpreted by estimating where the water would stop when the the tide-
is at HHWLT and corresponds to the vegetation line or log line on aerial photographs. 

5 Association of British Columbia I and Surveyors, 2005. Manual of Standard Practice version 1.4 
<http://www.bclandsurvevors.bc.ca> 

9 British Columbia, 1992. British Columbia Specifications and Guidelines for Geomatics for geomatics, content series Volume 3: Digital 
baseline mapping at 1:20 000, 307 p. 
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Terms Interpretation 

Terms associated with CHS tidal gauges 

1 IAT - highest astronomical tide highest tide from 19 years of prediction 

111TVVLT - higher high water, large tide average of the highest high waters, one from each of 19 years of predictions 

- high water datum for heights and clearances 

HITWMT - higher high water, mean tide average of all the highest high waters from 19 years of predictions 

MWL - mean water level average of all hourly water levels over the available period of record 

MSI. - mean sea level" "...mean value of sea level extracted from a suitably long series of data..."' 

LLWMT - lower low water, mean tide average of all the lower low waters from 19 years of predictions 

LLWLT - lower low water, large tide average of the lower low waters, one from each of 19 years of predictions -
chart datum 

LNT - lowest normal tide synonymous with LLWLT on current charts, but it also refers to other low-
water datums on older charts 

LAT - lowest astronomical tide lowest tide from 19 years of prediction 

"Natural Boundary" Terms 

Natural Boundary "A boundary defined by a natural feature such as the bank of a bod]/ of water..." 
"The visible high water mark ... where the presence and action of the water are so 
common and usual, and so long continued in all ordinal]/ years, as to mark on the 
soil of the bed of the body of water a character distinct from that of its banks, in 
vegetation, as well as in the nature of the soil itself." ' 

OHWM - ordinary high water mark "The limit or edge of the bed of a body of water.'"; the term used for legal surveys 
in British Columbia; part of Gwaii Llaanas' gazetted legal boundary 

HWM - high water mark The coastline on CITS charts - "...corresponds roughly to the high water line of 
the highest tide." ; a term used in older survey plans prior to the use of 
'natural boundary' 

tidal high water mark the "... mark that is visible on the aerial photography." ; defines the coastline on 
Province of British Columbia TRIM topographic maps 

apparent high water mark the mark where "...the presence and action of the water are so common and usual as 
to mark on the soil of the bed of the bod]/ of water a character distinct from that of its 
banks, in vegetation and in the nature of the soil itself. " 

http://www.pol.ac.uk/psmsl/manuals/glossnrv.html
http://www.lsd.nrcan.gc.ca/english/manual_e.asp
http://www.qp.gov.be.ca/statreg/stat/L/96245,%2001.htm
http://www.bclandsurvevors.bc.ca


geoid, ellipsoid and various tidal datums. 
The differing vertical datums demonstrate 
potential sources of confusion when relating 
elevation between maps, charts and GPS 
receivers. As well, the relationship between 
these datums is itself variable and complex. 

8.2.4. Towards a Reconciliation 

Recent initiatives in the U.K. (Overton 
2003) and the U.S. (NRC 2004) provide 
examples of reconciling maps and charts. 
The U.K.'s terrestrial and hydrographie 
mapping agencies recommended an 
"integrated approach to coastal management and 
consequently data management" and proposed 
the creation of a national "Integrated Coastal 
Zone Map (ICZMap) data that seandessly 
traverses the sensitive fringe of our nation" 
(Overton 2003). This proposal called for 
a "primary dataset" from which mean low 

water and mean high water lines would 
be derived. The U.K. mapping agencies 
would be required to adopt these features 
assuring a compatible shore zone. In 2002, 
the U.S. National Océanographie and 
Atmospheric Agency (NOAA) developed a 
software package (VDATUM) which enables 
translating elevations between ellipsoidal, 
orthometric and tidal datums (Milbert 
2002). VDATUM works by comparing tidal 
datums, whose geographic distribution 
has been precalculated, with internal 
models of geoid and ellipsoid datums. 
VDATUM has been successfully applied as 
a regional demonstration project and there 
is a proposal to extend it to the entire U.S. 
coastal zone by 2005 (Parker et al. 2003). 

TRIM 1:20,000 digital data is the base map 
standard for coastal zone applications on 
Haida Gwaii, even though it contains no 
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Figure 139. Diagram of the relationship between the "natural boundary" to the geoid, the ellipsoid, and 
the tidal datums of MVVL (mean water level), LLWLT (lower low water, large tide) and HHWLT (higher 
high water, large tide). The relationships are not to scale, and are exaggerated for effect (after Barrier and 
Sloan 2007). 



marine information other than the shoreline. 
Given that many coastal zone applications 
and management projects currently underway 
are outgrowths of land-use, the incentive 
remains to continue using TRIM. The 
archipelagic nature of Haida Gwaii with its 
many islands and islets renders this region 
very sensitive to measurement vagaries. So, 
while TRIM is preferred for the landward 
side of coastal zone applications, without 
focused coastal zone mapping improvements, 
TRIM cannot support integrated land-sea 
planning and decision-making. TRIM is 
being updated to 1:10,000 maps (1:5,000 in 
urban areas), although not yet scheduled 
for Haida Gwaii. As well, the CHS is 
mapping the sea bottom in this region in 
unprecedented detail using multi-beam swath 
bathymetry. However, these improvements 
are independent of each other and between 
which the coastal zone is inadequately linked. 

Mason et al. (2000) have reviewed the 
technology for automated, high-density 
mapping of the coastal zone and singled out 
airborne scanning laser altimetry (LIDAR) 
as optimal. LIDAR appears promising 
because its products could link high-density 
data landward and seaward of the coastal 
zone. However, this technical solution to the 
coastal zone data gap must be matched by a 
solution to the administrative gap in coastal 
zone mapping responsibility. Agencies are 
not committed to mapping the coastal zone in 
similar detail. Currently, various individuals 
and organizations do their own coastal zone 
mapping. This may satisfy individual studies 
and projects, but will lead to proliferation 
of isolated, non-standardized coastal zone 
studies. And, as Overton (2003) notes, 
"Independent integration is time consuming, 
costly work and, because the data are treated in 
isolation, it dates rapidly and may not be sensibly 
integrated with neighbouring or related datasets." 
To facilitate ease of data sharing among 
users and the development of third-party 
applications, one entity is needed to map, or 
coordinate mapping, in a standardized way. 

This underscores the need for next-generation 
mapping to represent the coastal zone capable 

of supporting integrated land-and-sea 
mapping linking watersheds with coastal and 
marine processes and data sets. The challenge 
is to reconcile land maps with nautical charts 
into a single entity that facilitates translation 
between the various vertical datums, and 
establishes a common shoreline between 
topographic maps and nautical charts. In 
closing, therefore, the following criteria are 
important to consider towards adopting a 
base mapping convention for the coastal zone: 

• a coastal zone base map should 
contain various tidal levels including 
clear boundaries delineating land 
and sea, land elevations, bathymétrie 
depths, terrestrial information found 
on topographic maps, and marine 
information found on nautical charts; 

• users must be able to specify views of 
the data that are independent of the 
map scale and map sheet boundaries, 
therefore, features on a coastal zone base 
map should be continuous (standardized, 
complete, of similar scale) and seamless 
(requiring logical continuation of 
features at map sheet boundaries); and 

• coastal zone base maps should be 
widely available in standardized 
digital formats capable of supporting 
a diversity of users and uses. 

8.3. ESTUARIES A N D SALT MARSHES 

M. Pellatt and N.A. Sloan 

"Rivers not only replenish, the water of 
the oceans, they endow it witli nutrients 
waslied from the forests and grasslands of the 
continental interior. Tliese nutrients are not 
immediately distributed tlirougliout the ocean 
but are concentrated and held for long periods 
at the river's mouth, creating one of the ricfiest 
environments on earth, the estuary." (Cannings 
and Cannings 1996 in Mackenzie et al. 1999) 

Among the many definitions for estuaries 
(Hobbie 2000), regional estuaries are best 
described as areas where permanent streams 
or rivers enter the ocean. Estuaries are 
productive, transitional ecosystems hosting 
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specialized species that thrive at the interface 
of freshwater, terrestrial and marine systems 
where salinities fluctuate. Besides being 
important habitat for salt-tolerant species, 
or for marine species that can tolerate lower 
salinities, estuaries are among the areas 
of the highest biological productivity on 
Earth where very significant transfers of 
energy and nutrients can occur (Northcote 
and Healey 2004). Further, estuaries can 
function as useful indicators of environmental 
health at whole-watershed scales. 

with enclosed or covered seeds; the only 
fully marine angiosperms along temperate 
coasts are the few species of seagrasses. 
The roots of wetland plants bind soils and 
promote further sediment deposition that 
enhances wetland development. As coastal 
freshwater wetlands approach the sea 
from the landward edge of estuaries, plant 
communities become dominated by fewer, 
more salt-tolerant species in salt marshes. 
Salt marshes associated with estuaries are the 
focus of this discussion on coastal wetlands. 

Globally, as relatively level coastal features, 
estuaries are sensitive to increases in sea-
level, weather extremes, migration of 
species, sedimentation from human land 
uses, invasion by introduced species, 
resource extraction, and pressures from 
dense human populations characteristic 
of coastal areas (Olsen et al. 2004; Thrush 
et al. 2004; Lotze et al. 2006). Even though 
estuaries represent a fraction of the total 
coastal zone, they are important habitats. 
In particular, climate change accompanied 
by sea level rise (described in sections 4.2 
and 4.5), are major concerns for estuarine 
well-being world-wide, including Haida 
Gwaii. Climate change, sea level change, and 
changes in storm intensity and frequency 
will be major drivers of coastal change along 
coastal British Columbia (Shaw et al. 1998). 

Temperate coastal wetlands are dominated by 
marshes (Weinmann et al. 1984; Ray et al. 1997; 
Pennings and Bertness 2001). A marsh is a 
type of wetland that is dominated by grasses, 
sedges or other herbaceous angiosperms. As 
shown in Figure 134, freshwater wetlands 
in the British Columbia coastal zone can 
occur on the landward edge of estuaries 
where there are appropriate conditions of 
level areas with wet soils. Tidal (saline) 
influence is manifested seaward of coastal 
freshwater wetlands that eventually become 
salt marshes (Mackenzie and Moran 2004). 

Temperate wetlands are typified by 
herbaceous angiosperms that are tolerant of 
water-saturated soils, as defined in Appendix 
A. Angiosperms are flowering plants 

8.3.1. Temperate Estuaries and SaltjMarshes 
of Pacific North America 

Compared to the Atlantic and Gulf coasts 
of North America, the Pacific coast has less 
coastal flat lands and, therefore, less estuarine 
and coastal wetland habitats (Emmett et 
al. 2000; Pennings and Bertness 2001). The 
primary reason is that tectonic uplift along 
the Pacific coast has elevated shorelines 
yielding rocky shores and relatively little 
flat river deltas and estuaries (Clague and 
Bornhold 1980). This leads to shorelines that 
have higher exposure to surf, a narrower 
continental shelf, extensive rocky coastal 
terrain, and relatively little delta development 
(except for a few large rivers) due to geologic 
processes such as isostatic rebound (the 
uplifting of lands after recession of glaciers) 
and seismic activity (Clague and Bornhold 
1980; Pennings and Bertness 2001). Further, 
Pacific estuaries have a briefer history of 
European colonization and tend to be less 
studied - particularly in the north (Emmett 
et al. 2000). As well, estuaries reflect 
the strength of the interactions between 
adjacent ecological systems unique to 
the northeast Pacific coast (Simenstad et 
al. 1997). An understanding of the biotic 
communities in estuaries, therefore, is 
central towards understanding the role these 
ecosystems play as primary links between 
the terrestrial and marine environments 
along the temperate Pacific coast. 

The Pacific Coast of Canada is -25,700 km in 
length (-10.5% of Canadian coastline) and 
is characterised by mountains, a few large 
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estuaries and many inlets with associated 
small estuaries. Approximately 85% of 
the British Columbia coast is rocky and 
relatively steep (Clague 1989) along which 
<3% of the British Columbia coastline is 
represented by estuaries (MacKenzie et al. 
1999). Foster (1993) considered estuaries 
the most endangered ecosystems in British 
Columbia. The vulnerability and key 
ecological functions of estuaries makes them 
highly valued coastal ecosystems in Pacific 
Canada. Salmon pass through estuaries to 
spawn in watersheds and juveniles of some 
species rear in estuaries before their marine 
life phase. Many resident mammal, bird, fish 
and invertebrate species use estuarine habitats 
during some phase of their life cycle. As 
well, millions of migratory birds use estuaries 
to rest and feed along the Pacific flyway. 

Many mechanisms provide the exchange of 
nutrients between British Columbia terrestrial 
and aquatic systems such as the deposition 
and consumption of wrack (beached marine 
plants) and seafoam, the direct transport erf 
terrestrial nutrients from freshwater systems 
and the backshore into the ocean, movement 
of birds and mammals between the ocean and 
land, and aerial transport of nutrients. But, 
perhaps the single most dramatic nutrient 
transfer is from the return of Pacific salmon to 
spawn (Levings and Bouillon 1997; Schindler 
et ni. 2003; Northcote and Healey 2004; Quinn 
2005), as described later in section 8.5. 

There have been attempts to characterize 
British Columbia estuaries coast-wide. 
Remington et ni. (1997) and Howse et ni. 
(1999) developed a provincial estuary 
inventory mapping protocol (at a large scale 
-1:5,000) that integrates with the ShoreZone 
mapping standards (including some 
biobands applicable to estuaries) as described 
in Appendix B. The GIS-based system 
accommodates biotic and abiotic attributes 
and enables between-estuary comparisons. 
However, such comparisons have not yet 
been done in northern British Columbia. 

Federal and provincial governments with 
NGOs have collaborated since 1987 in the 

Pacific Estuary Conservation Program 
to coordinate focused estuary protection 
along the British Columbia coast. A driving 
force behind estuary evaluation has been 
assessing their use by marine waterfowl and 
shorebirds at Migratory Bird Sanctuaries 
or National Wildlife Areas (Emmett et ni. 
2000). The Program secures estuarine lands 
for conservation and inventories estuarine 
environmental data. In 2002, the Program 
began GIS-based coast-wide estuary inventory 
from a range of existing data sources (e.g., 
TRIM, NTS, nautical charts) to provide a 
landscape-level overview of British Columbia 
estuaries. The Pacific Estuary Conservation 
Program produced a CD-ROM (PECP 2004) 
that identified estuaries coast-wide that are 
assumed to have appreciable wildlife values. 
Therefore, this exercise does not represent 
all estuaries, particularly smaller ones with 
little wetland vegetation and less likelihood 
of appreciable use by wildlife (K. Moore, 
CWS, personal communication). As well, the 
Pacific Estuary Conservation Program data 
are limited to coarse estimates of estuarine 
area and are not intended to replace detailed 
site-specific mapping (such as in Howes et 
ni. 1999) that could enable assessing estuary 
features either within or between sites. For 
the north coast (Remington 1993 a, b) and 
Haida Gvvaii (Harfenist et ni. 2002), estuaries 
have received most attention due to 
their uses by salmon and marine birds. 

Salt marshes form when sediments 
accumulate on level estuarine settings (Little 
2000). When sea level rises, salt marshes can 
form inland on level inundated lands, or in 
a seaward direction due to rapid sediment 
deposition (e.g., from storms) or tectonically 
uplifted level coastal areas. When the 
mudflat reaches mean high water at neap 
tides, angiosperms begin to colonize and, 
in turn, promote more rapid salt marsh 
development. For example, the roots of 
American glasswort (Snlicornin virginica) 
bind deposited sediments while their stems 
reduce water velocity and encourage further 
sedimentation. Salt marsh vegetation 
is usually patchy - as a series of uneven 
hummocks bounded by drainage channels 
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(Little 2000). The degree of salt marsh 
development depends largely on volume of 
river output and its sediment load. Smaller 
streams can have substantial estuaries if they 
are glacier-fed (with inorganic sediments), 
while those systems fed by lakes or peatlands 
(with organic soils bound by roots of wetland 
plants) generally receive less inorganic 
sediment that limits salt marsh development. 

Although many factors influence salt marsh 
plant distribution, salinity and inundation 
are the gradients most commonly associated 
with vegetation distribution above the mean 
tide level (MacKenzie and Moran 2004). The 
degree of freshwater versus marine influence 
critically affects plant species' distributions. 
A wetland is considered saline if soil salt 
concentration exceeds 0.5 ppt (parts per 
thousand), or -1.4% the concentration of full 
seawater (-35 ppt). Soil salinity in wetlands 
varies with freshwater input and, therefore, 
is seasonal along the northeast Pacific coast. 
High salinities stress plants and reduces 
floral diversity as salt tolerance occurs in only 
- 3 3 % of angiosperm families. Accordingly, 
salt marsh zonation represented by plant 
communities is generally based on salinity, 
frequency of inundation and competition 
between plant species. Other limits to 
vegetation zones include decreased nitrogen 
availability from saline soils and decreased 
photosynthesis due to increased sediment 
from higher incidence of marsh inundation. 
Further, abrasion due to mechanical factors 
such as sediment load and exposure to winds 
or wave action also influence plant zonation. 
The rigors of life in this transitional saline 
habitat along with significant nutrient inputs 
mean that the relatively few species occurring 
there can enjoy very high productivity. 

8.3.2. Estuaries of Northern British 
Columbia including Haida Gwaii 

The mainland British Columbia coast north 
of Cape Caution (Figure 27) is mostly rocky 
along which estuaries comprise <1% of the 
coastal landscape (MacKenzie et al. 1999). 
The coast is highly incised with estuaries 
generally limited to streams at the heads 

of inlets (PECP 2004). Sediment of these 
estuaries form deltas with freshwater to salt 
marshes, intertidal sediment flats and subtidal 
sediment fans radiating seaward - often with 
eelgrass meadows (Clague and Bornhold 
1980). The North Coast Wetlands Program 
within the Pacific Estuary Conservation 
Program was the first to identify priority 
north coast estuarine areas and strategies for 
conservation (Remington 1993 a). Sixty-two 
coastal estuarine wetland sites, including 20 
from Haida Gwaii, were ranked according to 
their biological resources (e.g., use by fishes, 
birds, mammals), social values (general public 
and Aboriginal uses), protection designation 
and human development. Among the 
recommendations towards securing 
important estuarine habitat for conservation 
and enhanced management were regional 
inter-agency land management planning 
and improved land stewardship respecting 
estuaries' unique values. This work was 
partially updated by MacKenzie et al. (1999) 
who summarized and ranked biological 
resources in 28 northern mainland estuaries. 
In the most recent broad-scale north coast 
survey including estuaries, Colder Associates 
(2004) reported on peoples' perceptions of 
estuary health. The public's main concern 
was for ecosystem preservation and pollution 
control such as minimizing sedimentation 
from upland human activities. An example 
from Haida Gwaii is a study of effects of log 
handling and fuel spills on Crabapple Creek 
estuary, Skidegate Inlet (Levings 2002). 

In the first botanical overview of Haida 
Gwaii, freshwater wetlands, such as bogs and 
swamps, were recorded from all terrestrial 
elevations (Calder and Taylor 1968, p. 71). 
Within the lowest land elevations, in the 
coastal zone, they recognized that freshwater 
wetlands became salt marshes, as "the only 
extensive lowland meadows." They divided salt 
marshes into "high-" and "low-salinity" types. 
Examples of high-salinity salt marshes, such 
as in Dawson Inlet, have seaward drainage 
channels inundated at high tides and tend 
to be fronted by gravel to mud marine flats, 
often with eelgrass meadows. The salt marsh 
propei' was often present as a raised "vegetated 
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terrace only inundated during extreme tides or 
storms." The largest low-salinity salt marches 
occur at the mouths of rivers draining into 
Masset Inlet such as the Masset, Kumdis and 
Yakoun. Although these salt marshes may be 
inundated regularly during high tides, there 
is appreciable dilution of seavvater by river 
output. As well, the low-salinity salt marshes, 
with their "densely vegetated terraces between 
the drainage courses," tend to have more plant 
species than high-salinity salt marshes. The 
coastal Terrestrial Vegetation Fringe section 
within the Coastal Thematic Summaries 
discusses the importance of vegetation 
analyses including those for coastal wetlands. 

Remington's (1993 a) north coast survey 
included 20 estuarine wetland sites from 
Haida Gwaii, although southern Haida 
Gwaii was excluded (Figure 140). Of the 
20 sites, six were considered as "top-ranked" 
north coastal wetlands. Three other estuary 
inventories of Haida Gwaii are illustrated 
Figure 141. Shown in Figure 141 A are 
locations of the "marsh" feature from CHS 
nautucal charts (CHS 1992) that represents 
coastal wetlands visible from nearshore 
waters. Canadian nautical charts are a 
reliable source of information on the spatial 
distribution of coastal features. The next 
dataset (Figure 141 B) is from the Pacific 
Estuary Conservation Program CD-ROM 
(PECP 2004). It updates Remington (1993 
a) and, therefore, concentrates on estuaries 
in northern Haida Gwaii. However, also 
mixed into the dataset are non-estuarine 
features, such as "sand/gravel bars" along the 
west side of Rose Spit, which confuses the 
estuary/coastal wetland distribution. The 
third inventory, also northern in focus as it 
relies on historical data, was complied by the 
NGO Living Oceans Society in 2002 (Figure 
141 C). It is a point rather than polygon file 
and overlaps partially with PECP (2004). The 
objective of showing these datasets is to stress 
that they are incomplete. Although they do 
overlap, there are also estuaries/wetlands 
unique to each. Unique to the Gwaii Haanas 
lands, there is also an interpretation of coastal 
wetlands from the Westland (1994) terrestrial 
ecosystem classification shown in Figure 

142. Again, there is overlap of this land-
based initiative with the locations in Figure 
141, as well as unique locations. The widest 
and most detailed estuary documentation 
for Haida Gwaii is in the form of the 
"Wetland" shore type within the ShoreZone 
dataset shown in Figure 143. These are 
retrievable as shore units from the ShoreZone 
dataset and are verifiable from the archived 
videotapes. The ShoreZone data show that 
most sheltered areas into which streams drain 
manifest some level of estuarine salt marsh 
development. In summary, although Haida 
Gwaii clearly has high coastal estuarine 
wetland values, historic information on these 
important coastal features remains scattered 
and selective. An exception, consisting 
of the most reliable and comprehensive 

Figure 140. The 20 coastal wetland sites of Haida 
Gwaii identified in Remington (1993 a) and ranked 
according to their biological resources (e.g., use by 
fishes, birds, mammals), social values (general 
public and Aboriginal uses), protection designation 
and human development. Eight of these sites with 
an asterisk (*) were identified as "top-ranked" 
coastal wetlands according to their use by marine 
birds (Remington 1993 a, b). 
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Figure 141. Locations of Haida Gwaii estuaries according to three different sources: (A) areas with the "marsh" symbol depicted on Canadian 
Hydrographie Service nautical charts; (B) estuaries and other coastal features such as "sand/gravel bars" or "intertidal areas" (as polygons) identified 
in the Pacific Estuary Conservation Program (PECP), updated from Remington (1993 a) from P.E.C.P. (2004) courtesy of K. Moore, Canadian Wildlife 
Service, Delta, B.C.; (C) estuaries (as points) according to the NGO Living Oceans Society, courtesy of J. Ardron, Living Oceans Society, Sointula, B.C. 



spatial estuarine baseline, is the ShoreZone 
database and this should be used as the 
regional data foundation to build upon. 

The most studied estuary on Haida Gwaii 
is that of the archipelago's largest river, the 
Yakoun that flows into Masset Inlet and is 
particularly important to the Haida (Stockner 
and Levings 1982; Campbell and Bradfield 
1989; CHN 1990). The Yakoun hosts all 
species of spawning salmon including the 
archipelago's only appreciable run of chinook. 
The Yakoun watershed is mostly within 
the Skidegate Plateau (Figure 3), although 
its lower reaches flow across the Queen 
Charlotte Lowlands that increases the size 
of the estuary that is of Calder and Taylor's 
(1968) low-salinity type. Given its size and 

Figure 142. Polygons representing the biophysical 
ecosection of "estuary: tufted hairgrass 
(Desclmmpsia cespitosa), meadow barley (Hordeunt 
brachyantherum)" based on commonly occurring 
plant species, from the Westland (1994) ecological 
land classification of Gwaii Haanas. 

watershed structure, the Yakoun's estuary is 
atypical for most of Haida Gwaii, including 
estuaries in Gwaii Haanas - most of which 
are of the high-salinity type. Stockner and 
Levings (1982) completed a biophysical 
study as part of a trial fertilization program 
to increase Masset Inlet productivity of 
pink salmon. Beach seining, marsh tidal 
channel trapping, and monthly surface 
trawling in the estuary were done from April 
to July 1980, but no follow-up monitoring 
on the estuary's biota has been done. 

Campbell and Bradfield (1989) examined 
intertidal vegetation in the Yakoun River 
estuary in August 1985. The estuary 
has lowland bogs on its landward side, 
a salt to brackish salinity regime and is 
dominated by tufted hairgrass (Deschanipsia 
caespitosa), Lyngbye's sedge (Carex lyngbyet), 
seaside arrow-grass (Triglochin maritima) 
and silverweed (likely coast silverweed 
- Pot ait ilia egedii). There is an increase in 
species richness with increasing salt marsh 
elevation and vegetation can be characterized 
into low, intermediate and high marsh 
zones. Campbell and Bradfield (1989) 
suggested that the vertical separation of the 
vegetation zones was due to tidal inundation. 
Llence, the submergence time and flooding 
frequency were critical to determining the 
vegetation structure of the Yakoun estuary 
- as is true throughout Haida Gwaii. 

As pointed out by Northcote et al. 1989, 
when comparing estuarine fish communities 
with those observed in inlets on Haida 
Gwaii, the Yakoun's estuary was dominated 
by salmon and had less species diversity 
(-20 species) when compared to nearshore 
marine environments such as at the 
entrance of Tasu Inlet (-38 species). The 
estuarine environments in Gwaii Haanas 
do not have the extent of freshwater input 
that the Yakoun River estuary has, so fish 
species diversity is likely less indicative of 
freshwater with higher numbers of marine 
species. The fish assemblages in eelgrass 
meadows are discussed in section 7.5.3. 
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Figure 143. Linear distribution of the "wetland" shore type (Shore Type Code 31) in 
Haida Gwaii from the ShoreZone dataset and defined in Tables 51 and 52. 

284 



8.3.3. Profiles of Three Gwaii Haanas 
Estuaries 

Although estuaries represent only - 6 % 
of Gwaii Haanas ' coastline, they are vital 
transitional land-to-sea locations and 
Harper et al. (1994 a) recommended an 
estuary inventory based on their vegetation 
characteristics. Further, among the 
recommendations of Ray et al. (1997) for 
ecosystem-based estuary management was 
quantitative, landscape-level descriptions 
of estuarine habitats. Accordingly, basic 
vegetation surveys are reported here 
from three exemplary estuaries, surveyed 
during summer 2002 and 2003 low tides, 
along the east, south and west coasts of 
Gwaii Haanas (Figure 144). All estuaries 
drain watersheds in the British Columbia 

biogeoclimatic Very Wet Hypermaritime 
Coastal Western Hemlock sub-zone (CHWvh) 
representative of the windward west coast 
dominated by boggy woodlands (Figure 3). 

Generally, southern and western estuaries 
tend to be smaller than in the northeast of 
the archipelago as the former drain small, 
steep-sided rocky watersheds rather than 
larger, more level watersheds associated with 
the Queen Charlotte Lowlands. Appreciable 
variation in the height of tidal cycles occurs 
around the archipelago as previously 
mentioned in section 8.2. This is central to 
understanding salt marsh hydrology as tidal 
range determines the length and extent of 
inundation. For example, there are relatively 
few high salt marshes, with landward 
freshwater wetlands, along the west coast 
compared to the more protected east coast. 

Figure 144. The locations and types of the three 
Gwaii Haanas estuaries described here, including 
data on the watersheds draining into them. 

The lowest vegetated salt marsh communities 
are tidally flooded and exposed twice daily. 
Flood duration is usually several hours 
per tide cycle. Higher communities are 
less regularly flooded and flood duration 
is therefore briefer. Soil development is 
limited in estuarine marsh communities due 
to constant erosion. Therefore, soils tend 
to be short-lived. The stability of estuarine 
soils is enhanced by plant roots. Further, 
increased storm severity and frequency 
is important to the stability of estuarine 
marshes and meadows. Knowing climate 
processes, as described in the Climate 
section (4.2), aids understanding long-term 
dynamics in these small coastal estuaries. 

These small estuaries of Gwaii Haanas 
are strongly influenced by marine waters 
during the summer, as reflected by their 
salt marsh community structure. Sampling 
revealed high salinity values of -30 parts per 
thousand. As discussed in MacKenzie and 
Moran (2004), the period of highest salinity 
during the spr ing/summer growing season 
likely dictates marsh and meadow vegetation 
structure. Further, climate models do not 
predict increased precipitation during this 
main growing season. The largest threat 

CD CD CD 

to vegetation composition is, therefore, 
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Watershed 

Size (ha) Type Estuary type 

Matheson Inlet 2,125 Sloped valley "fjord-like" drowned river 
Goski Inlet 1,244 Sloped valley "fjord-like" drowned river 
Louscoone Inlet 1,563 Sloped valley "fjord-like" 



disturbance and the prospect of exotic 
species introduced from human activities. 

The intertidal vegetation of the study sites 
was mapped at lower low tide using global 
positioning system (GPS) equipment and 
conventional British Columbia methodology 
of Howes et al. (1999). Vegetation transects 
were performed with the GPS with 
which spatial data were collected to sub-
metre accuracy. Mapped details for these 
estuaries were overlaid on 1986 TRIM aerial 
photographs. Limited influence of freshwater 
on these small estuaries is apparent in the 
vegetation structure of their intertidal that 
usually include the upper limit of eelgrass, 
gravel/rock rockweed (Fucus spp.) zones, 
an algae zone (primarily the alga, green 
string lettuce-Enteromorpha intestinalis), a 
low salt marsh zone (primarily American 

glasswort), and a high salt marsh zone 
(primarily tufted hairgrass - Deschainpsia 
cacspitosa). Illustrated in Figure 145 is a 
generic diagram showing a cross-section 
of these estuarine vegetation zones. 

Characteristic plant communities, similar to 
the British Columbia wetlands Biogeoclimatic 
Ecosystem Classification associations of 
MacKenzie and Moran (2004), are as follows 
for the Gwaii Haanas estuaries surveyed: 

• Estuarine Meadow - (Ed 02 - Tufted 
Hairgrass/Douglas ' Aster); this association 
locally is less diverse than that described 
in MacKenzie and Moran (2004), and 
is dominated by tufted hairgrass, with 
varied appearances of Lyngbye's sedge 
(Carex lyngbyeî), sea-milkwort (Glaux 
maritima), coast silverweed (Potentilla 

Figure 145. Diagram showing a simplified cross-section of a typical Gwaii Haanas estuary with indicator 
species of the Biogeoclimatic Ecosystem Classification site associations of MacKenzie and Moran (2004) 
(modified from Weinmann et al. 1984). 
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cgedii), sea plantain (Plantago maritima), 
dune rye grass (Leymus mollis), Canadian 
sandspury (Spcrgularia canadensis); 

• Estuarine Marsh - (Em 02 - Glasswort/Sea-
milkwort, Queen Charlotte association); 
this association locally includes 
American glasswort, sea-milkwort, 
seashore saltgrass (Distichlis spicata ssp. 
spicata), Canadian sandspury; and 

• Tidal Flat - rockweed, green 
string lettuce, eelgrass. 

8.3.3.1. Matheson Inlet estuary 

This small estuary at the head (south end) 
of Matheson Inlet has the best-developed 
low and high salt marsh among the 
estuaries studied (Figure 146). This estuary 
has a fairly well developed gravel delta 
with rockweed and American glasswort 
representing the dominant plant cover. All 
three main vegetation classes of MacKenzie 
and Moran (2004), of Estuarine Meadow 
(Ed 02)/Estuarine Marsh (Em 02)/Tidal Flat 
were present. Deer were seen grazing in the 
marsh, Pacific salmon carcasses were noted 
in the near-water (riparian) forest, and black 
bear scat was observed in the estuary and 
riparian. There is rapid gradation inland 
from a low salt marsh (Em 02), adjacent to the 
tidally influenced stream, to a fully protected 
(higher, freshwater-influenced) wetland 
meadow (Ed 02) edged by back-shore forest. 

8.3.3.2. Goski Inlet estuary 

This heavily marine-influenced estuary 
in Gowgaia Bay has extensive tidal flats, 
but characteristic salt marsh and meadow 
vegetation typical of east coast estuaries 
is virtually absent at this west coast site 
(Figure 147 A). The largely gravel delta 
has rockweed as the dominant plant cover. 
Harper et al. (1994 a) observed extensive 
high driftwood in the intertidal, indicating 
strong marine influence. An extensive 
eelgrass meadow exists in the low intertidal 
to shallow subtidal (Figure 147 B). 

Legend 
C 3 Algae 
C o Sand bars, gravel, bedrock 

| Tidal Flat - eelgrass 

| Tidal Flat - interspersed with rockweed 

| Estuarine marsh with American glasswort 

| Estuarine meadow 

I Streams 

Figure 146. Matheson Inlet estuary. (A) Map of the 
estuary showing intertidal eelgrass, intertidal flats 
(interspersed with rockweed) and estuarine 
vegetation types overlaying a 2003 orthocorrected 
photograph. Note the Biogeoclimatic Ecosystem 
Classification site associations (MacKenzie and 
Moran 2004) of Estuarine Meadow (Ed 02), 
Estuarine Marsh (Em 02) and Tidal Flat. (B) 
Oblique aerial photograph of this estuary which is 
typical of the small estuaries in Gwaii Haanas. 
Note the landward wetland development on level 
ground associated with stream channels. 
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Legend 

C 3 A|gae 
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C 3 Gravel 

| Tidal Flat - eelgrass 

| Tidal Flat - interspersed with rockweed 

I Streams 

Figure 147. Goski Inlet (Gowgaia Bay) estuary. 
(A) Map of the estuary showing intertidal eelgrass 
meadows and intertidal flats (interspersed with 
rockweed) overlaying a 1986 orthocorrected TRIM 
photograph. Note the dominant Biogeoclimatic 
Ecosystem Classification site association 
(MacKenzie and Moran 2004) of Tidal Flat in this 
highly marine-influenced estuary. (B) Extensive 
lower intertidal eelgrass meadows characteristic 
of Goski estuary. 

8.3.3.3. Louscoone Inlet estuary 

This estuary at the head (north end) of 
Louscoone Inlet has high and low salt marsh 
as well as an extensive intertidal flats (Figure 
148 A). There is a fairly well developed 
gravel delta with rockweed and American 
glasswort as the dominant visible plant cover 
(Figure 148 B). This estuary has the three 
main vegetation classes of Estuarine Meadows 
(Ed 02), Estuarine Marshes (Em 02), and Tidal 
Flats, whose development is more extensive 
than in Goski Inlet estuary due to greater 
protection from storms and wave action. 

The estuaries in Gwaii Haanas tend to be 
relatively small, occur in drowned river-
valleys draining small watersheds and 
are strongly marine-influenced. Their 
nutrient-poor streams are primarily fed by 
high rains and drain bogs and coniferous 
forests compared to the more nutrient-
and sediment-laden rivers of the British 
Columbia mainland. Hence the input of 
nutrients from Pacific salmon likely plays a 
particularly important role in local estuaries. 

In summary, these maps are examples of 
estuarine baselines using plant communities 
whose dynamics enable monitoring change. 
Such inventories need to be completed in 
other regional estuaries and linked with 
other ecosystems and processes. These 
include the biota of subtidal to intertidal 
ecosystems, measurements of productivity 
and food web dynamics, monitoring for 
community change (native and introduced 
species) and understanding of the physical 
processes that drive estuarine ecosystems. 
Accordingly, our long-term need is to 
integrate terrestrial, freshwater and marine 
knowledge of these transitional areas in 
order to understand and communicate the 
interplay between these realms. Although 
estuaries naturally have some resilience to 
disturbance, changes in hydrology in logged 
watersheds and increases in seasonality and 
intensity of storms due to climate change 
(particularly current sea level rise) will have 
profound effects. In other words, we should 
anticipate dramatic changes in estuaries. 
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Figure 148. Louscoone Inlet estuary. (A) Map of 
the estuary showing intertidal eelgrass, intertidal 
flats (interspersed with rockweed), estuarine 
marsh (lower salt marsh dominated by American 
glasswort) and estuarine meadow (upper salt 
marsh) overlaying a 1986 orthocorrected TRIM 
photograph. Note the Biogeoclimatic Ecosystem 
Classification site associations (MacKenzie and 
Moran 2004) of Estuarine Meadow (Ed 02), 
Estuarine Marsh (Em 02) and Tidal Flat. 
(B) Examples of Estuarine Marsh (Em02) 
dominated by American glasswort, Estuarine 
Meadow (Ed02)dominated by tufted hairgrass 
and backshore forest in Louscoone estuary. 

Linking estuarine, terrestrial and marine 
realms aids our understanding of overarching 
processes driving coastal ecosystems. In 
order to understand the links between the 
land and the sea we need to understand 
the spatial and temporal scales at which 
each realm functions (Halley 2005). Thus, 
to effectively monitor regional change, 
current estuarine baseline conditions must be 
understood. Monitoring helps discriminate 
between natural spatial and temporal 
variability compared to effects of human 
activities. Estuarine monitoring programs are 
applicable to regional estuaries, and listed in 
Table 78 are relevant components of such a 
program modified from Neckles et al. (2002). 

The conservation value of estuaries 
is high, and increasing development 
pressure on coastal British Columbia flat 
lands and interior watersheds combined 
with fishing and coastal marine activities 
means that few estuaries will remain 
undisturbed over the 2V century. For 
much of Haida Gwaii, mountainous terrain 
drains into coastal estuarine environments 
enclosing critical transitional habitat. The 
estuaries in Gwaii Haanas, being portals 
to conserved and relatively undisturbed 
watersheds, can serve as regional reference 
sites for estuarine monitoring. 

8.4. RIPARIAN FISH FOREST 

J. Broadhead 

"Salmon are creatures of the forest, they're 
born there and tiny die there." (the late 
Charles Frederick Bellis [Haida Elder] 
(Haida Land Use Vision - CHN 2004)) 

The term riparian is derived from the Latin 
word ripa, meaning bank. The riparian 
features here as the zone of transition between 
land and water within watersheds, but it can 
be ecological interface between terrestrial 
and all aquatic environments - even marine 
shorelines as defined in Appendix A. Bank 
also means a place where wealth is stored. 
This function is noteworthy as riparian 
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Table 78. Factors and variables to consider when monitoring estuaries (modified from Neckles et al. 2002). 

Factors Variables 

Baseline habitat map Geo-referenced site information such as locater map, base map documentation (e.g., 
elevation reference system), sampling stations (e.g., photo-reference locations) 
Key spatial features (e.g. wetland vegetation distribution patterns, sediment 
conditions, ecosystem stressors) 
Manipulations (e.g., culverts, restored areas, structures, camp sites, cultural sites, 
trails) 

Flvdrology Marine tidal and freshwater flooding regimes, Wetlands elevations 

Soil and sediment Pore-water salinity, organic content, sediment accretion rates, oxygen levels, 
elevations 

Vegetation Species composition, abundance (% cover), height, above-ground biomass, stem 
density (shoots per irf), proportion flowering 

Water column and benthic Species composition, species richness (total number of species present), biomass, 
fishes and invertebrates density 

Birds and mammals Species composition, species richness, biomass, density, feeding and breeding 
behaviour 

ecosystems, particularly in coastal temperate 
rainforests, contain great biological wealth. 
The dual meaning is relevant in Haida 
ecological knowledge and cultural property 
systems, as symbolized in the supernatural 
being "Creek Woman" (CI IN 2004) and place 
names such as "Wealth-at-the-mouth-of-the-
river" (MacDonald, 1994, p. 69). Haida 
people acquired a wide range of plant and 
animal materials from riparian forests. 
Moreover, the ownership of watersheds, 
or parts thereof, was strictly observed, and 
the use of many resources was regulated to 
ensure ongoing provision (CHN 2004) and 
previously mentioned in section 3.1. Finally, 
the dual meaning is also relevant to salmon 
that link ocean and forest and are converted 
into wealth by fishers, as well as to logging 
that converts into wealth the particularly 
large trees that can grow in the riparian. 

Technically, the riparian includes terrestrial 
areas where the vegetation and microclimate 
conditions are influenced by perennial or 
intermittent water, associated high water 
tables and wet soils. Temperate riparian 
forests along the northeast Pacific coast 
are the most biodiverse on the continent in 
terms of both structure and species (Naiman 
and Decamps 1997; Naiman et til. 2000). On 
Haida Gwaii, riparian forests associated 

with significant salmon populations have 
produced some of the highest relative 
accumulations of biomass of any ecosystem 
on Earth (Pojar and Broadhead 1984). 

As mentioned in section 2.1, the Haida 
Gwaii land use planning process had major 
objectives of establishing a cooperative 
approach towards sustainable terrestrial 
ecosystem use and restoration of forest 
ecosystems. The planning process identified 
the well-being of freshwater fishes (especially 
salmon) and riparian areas (hence riparian 
fish forest) as indicators of environmental 
conditions important to defining risk-averse 
management and conservation objectives. A 
distinctive feature of the land use planning 
process was the Haida Land Use Vision 
(CHN 2004) - a description of land use issues, 
cultural imperatives and guiding principles 
for ensuring that planning outcomes sustain 
Haida culture. The Vision described the 
relationship between salmon, bear, forest 
and people. It identified 12 watersheds with 
"major salmon rims" where extensive logging 
has occurred coincidentally with marked 
declines in culturally important salmon 
populations, especially sockeye. These 
were identified as "priorities for restoration 
ami protection." The Vision demarcates a 
riparian zone of -80 m (two average tree 
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heights) extending from every stream and 
lake feature (at 1:20,000 scale) and indicates 
a need to protect the riparian from logging 
whether it is old- or second-growth. The 
most urgent protection is required in the 
"thousands of small stream habitats land] 
vital headwaters of streams where much 
logging is happening today" (CHN 2004). 

Described here is a landscape-scale model 
for Haida Gwaii that maps and quantifies 
the distribution and enables assessing the 
condition of riparian forest areas from 
the fish-use perspective. This database 
planning tool was developed by the Gowgaia 
Institute, a Haida Gwaii NGO (Gowgaia 
Institute 2006). The riparian fish forest 
database was created to do the following: 

• map the distribution of salmon 
and other freshwater fish; 

• define the spatial extent of the 
riparian zone around the fish; 

• measure the extent to which logging 
has disturbed the riparian zone; and 

• assess whether any ecological risk 
thresholds had been crossed. 

Central to creating the riparian fish forest 
model are resident and anadromous fish 
species inhabiting local streams and lakes 
(Table 79). Among these, the anadromous 
salmon are a vital source of nitrogen and other 
nutrients transferred from the sea into riparian 
forests, described in section 8.5. In the words 
of Reimchen (2004): "...up to 70 % of the 
nitrogen in mosses, herbs, shrubs, ancient trees, 
canopy insects, songbirds and bears in coastal 
forests is derived from the central Pacific ocean via 
the life history of the salmon." Before discussing 
the riparian fish forest model, a brief history 
of logging is provided that underscores the 
disturbance to riparian forests of Haida Gwaii. 

8.4.1. Brief History of Logging 

A major ecological effect of logging to coastal 
forests along the northeast Pacific has been 
widespread disturbances to riparian areas and 
salmon rearing habitat (Augerot et al. 2005). 
The logging industry on Haida Gwaii has 
tended to extract the biggest trees (of highest 
value) from the best forest growing sites 
(with the deepest soils), usually beginning 
with forests most easily accessed through 

Table 79. Some resident freshwater and all anadromous fish species of Haida Gwaii (from McPhail and Carveth 
1993). Only salmonids were used to model the riparian fish-forest. Note that there are multiple life histories 
(full-time freshwater residence and anadromous) for some salmonids. 

1 there is also a recently discovered species known only from Skidegate Lake (Beamish et al. 2tX)2) 
2 another, less common sculpin (prickly sculpin- Coitus usper), can also be present (Northcote et al. 1989) 
3 Dolly Varden is the most common year-round resident lake and stream salmonid, but some populations are anadromous (Krishka 1997) 
4 can occur also as anadromous Cutthroat Trout 
3 can occur also as permanent lake- and stream-resident Rainbow Trout 
6 can occur also as permanent lake-resident Kokanee 
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Family Species 

Resident Petromyzontidae River lamprey {Lampetra ayresii) 
Petromyzontidae Pacific lamprey (L. tridentata) 
Petromyzontidae Western brook lamprey (L. richardsonî) 
Gasterosteidae Threespine stickleback (Gasterosteus aculeatus) 
Cottidae Coastrange sculpirf (Cottus aleuticus) 
Sahnonidae Dolly Varden char' (Salvelinus malum) 
Salmonidae Cutthroat trout' (Oncorhynchus clarkii) 

Anadromous Salmonidae SteelheacT (O. mykiss) 

Salmonidae Chum salmon (O. keta) 
Salmonidae Pink salmon (O. gorbuscha) 
Salmonidae Coho salmon (O. kisutcli) 
Salmonidae Sockeye salmon" (O. nerka) 
Salmonidae Chinook salmon (O. tschawytscha) 



valley bottoms. An illustration of the spatial 
history of clearcut logging on Haida Gwaii 
(Gowgaia Institute 2005) reflects a typical 
development pattern that begins with a 
road system, often entering a watershed 
at tide water, and then going upstream 
along riparian corridors, progressively 
cutting the most valuable stands. At 
the end of this "first pass," most riparian 
valley bottoms and the adjacent hillsides 
are cleared of old-growth forest stands. 

After a century of logging, leading to an 
ever-expanding network of road systems 
and clearcuts, the net result is wide-scale 
disturbance to riparian and stream habitats. 
On Haida Gwaii, -66% of the most valuable 
forest types have been logged, mostly from 
salmon-producing watersheds, and the 
total population of salmon has declined by 
-50% over the past 50 years (Holt 2005). As 
previously described in the salmon section 
(3.8.2.1), it is a blend of habitat damage, 
overfishing and ocean regime shifts that 
influence salmon declines. Although 
the past history of this situation is well 
documented, the future implications of a 
landscape deprived of salmon are not well 
understood or articulated. The wealth-
creating infrastructure built, in part, by 
salmon has been largely liquidated with 
appreciable, yet poorly understood, 
consequence to the future of Haida Gwaii. 
This is why, in the land use planning process, 
it was agreed that estimating the distribution 
and condition of riparian forests was 
essential to planning for sustainable forest 
resource use and long-term restoration. 

8.4.2. Creating the Riparian Fish Forest 
Model 

Mapping was done at a scale and accuracy 
appropriate for landscape spatial analysis 
and planning. The primary tool used 
for collation, correction and analyses of 
existing data was GIS - a powerful tool 
for riparian spatial studies (Hyatt et al. 
2004). Data were merged from disparate 
sources and spatially modeled to: 

• create a network coverage of streams 
and lakes including physical barriers 
to fish such as impassable falls; 

• illustrate the distribution of anadromous 
and resident freshwater fishes; and 

• delineate the riparian forest 
surrounding streams and lakes. 

Detailed methodology for creating the 
riparian fish forest dataset is available 
from the Environmental Conditions 
Report (Holt 2005) used in the land 
use planning process, so only a brief 
overview of methods is provided here. 

8.4.2.1. Mapping Fish Distributions 

Firstly, a model was created of freshwater 
fish distribution, based as much as possible 
on accessible data and mapped at a scale 
(1:20,000) suitable for landscape analysis 
and strategic planning. Data were obtained 
from various sources and at different scales: 
>2,200 fish sample records and maps of 
survey locations (1:5,000); salmon escapement 
records for the past 50 years for 278 streams 
(1:50,000); and general fish species presence 
data for >300 streams (1:20,000). These 
were merged in a GIS and combined with a 
network model of streams, lakes, and gradient 
barriers (>100,000 line segments and points), 
along with 398 records of known waterfalls 
and other obstacles to fish (1:20,000 and 
50,000). Errors and discrepancies between 
the different map layers and data sources 
were corrected (duplicate and erroneous 
features and labels were omitted). 

The model is logically fish-centric. It 
begins with a digital "fish-eye" visit to the 
estuary of each of several thousand "primary 
streams" (those with a marine terminus), 
where the model looks upstream for any 
historical record of a fish species being 
present (i.e., "known present"). If a species is 
present, the model "swims" up the digital 
stream until either a known waterfall or a 
modeled gradient barrier to fish passage 
is encountered. For that stretch of water 
the species is "inferred present." Above the 
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barrier, anadromous fish are assumed absent; 
and resident freshwater fish (trout, char, 
sculpin, lamprey, stickleback, landlocked 
salmon) are either known to be present 
from surveys or are inferred so by the 
model. The predictive model was developed 
based on the following assumptions: 

• inferred gradient barriers - for 
anadromous salmonids, gradient barriers 
were recorded at gradient breaks having 
a slope >20% (>7,200 barrier points) - for 
resident species, barriers were designated 
at slopes >30% (>10,900 barrier points); 

• distribution of resident fish - as resident 
fish occur upstream of barriers to 
anadromous fish, the model infers that 
resident fish exist downstream of any 
such barrier when the upstream reach has 
known or inferred resident fish. If the 
stream reach above an anadromous fish 
barrier is of a consistently low gradient and 
located below 200 m elevation, the model 
infers that resident fish distribute upstream 
until they reach the next barrier; and 

• 200 m elevation limit - as there were no 
known fish records above a barrier at 200 
m elevation or higher on Haida Gwaii, it 
was assumed that resident fish did not 
occur above barriers at this elevation. 

Model outcomes include maps of the 
distribution of anadromous and resident 
forms of salmon, trout and char only. As 
an example, the known and inferred 
distribution of coho salmon on northern 
Louise Island is illustrated in Figure 149. 
Stickleback, sculpin and lamprey are all 
known to inhabit freshwater streams 
(Table 79), but there were insufficient data 
to map these species with confidence. 

8.4.2.2. Modeling the Riparian Fish Forest 

Secondly, the spatial extent of the riparian 
forest around streams and lakes was 
demarcated. A "fishy-ness" index was 
developed to describe six classes of riparian 
zone productivity or cumulative biomass, 
based on stream order, magnitude and 
watershed size in combination with data 

on fish species present and population 
sizes determined in the previous step. 
As summarized in Table 80, a scheme of 
GIS buffers was applied to each stream 
segment and lakeshore to approximate the 
biophysical extent of the riparian. These 
ranged from a 20 m radius extending 
inland on each side of small streams with 
no fish, to an 80 m radius on higher-order 
streams with known salmon populations. 

The sizes of these riparian areas assigned to 
stream segments and lakes approximate the 
average biophysical extent of the riparian 
zone at a broad, landscape scale. Depending 
on the riparian function considered and the 
location, the actual extent of the riparian zone 
ranges up to several 100s of metres from the 
edge of a given water feature. Reimchen 
(2004), for example, noted that the isotopic 
signature of salmon-derived nitrogen is 
detectable where bears carry salmon carcasses 
up to 150 m away from source streams. 

Figure 149. An example of the freshwater fish 
distribution model outcome showing the known 
and inferred distribution of coho salmon 
(Oncorhynchus kisutch) in a portion of northern 
Louise Island. 
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Table 80. The scheme for inferring fishy-ness index and riparian buffers according to stream and fish 
population criteria - towards quantifying the riparian fish forest of Haida Gwaii. 

1 first order tributaries arc the small headwater streams at the top of watersheds; second order tributaries are those downstream of the 
union (confluence) of first order tributaries; third order tributaries are those downstream of the union of second order tributaries, etc. 

2 Fishy-ness index class is a qualitative and numbered (colour-coded) approximation of cumulative fish biomass, or likely 
productivity, that underpins the extent of the inferred riparian buffer calculation in the GIS - each number of the index has a 
corresponding colour as shown in Figures 150 and 151 

4 the inferred riparian buffer radius, created in the GIS, extends landward of the stream bank or lakeshore 
5 Magnitude Factor is determined by a GIS-based calculation using a flow accumulation routine that approximates stream magnitude 

according to watershed catchment area receiving precipitation 

In addition to the buffer scheme, riparian 
flood plain features identified in terrestrial 
ecosystem mapping (scale 1:20,000) through 
air photo interpretation were added as 
elements of the riparian fish forest coverage. 
Floodplain features were included if they 
were contiguous with the network of stream 
and lake features created in the previous 
step, and so are probably occupied to some 
extent by fish during major flood events. 
Figure 150 illustrates the resulting map 
coverage, again using part of Louise Island, 
where the scale is large enough to reveal the 
various parts of the riparian fish forest. 

The extent of the riparian fish forest for all 
of Haida Gwaii is shown in Figure 151. The 
Queen Charlotte Lowlands and Skigegate 
Plateau to the north and east host the most 
riparian fish forest. In the Windward Queen 
Charlotte Ranges to the west, the ubiquity 
of the blue through violet colours reflect the 
steep terrain and small, fish-poor watersheds. 
The overall pattern and extent of riparian fish 
forest by Physiographic Region is summarized 
in Table 81, which also includes various other 
biophysical characteristics, including water 

quality parameters that affect fish habitat 
quality. Although the ratio of riparian fish 
forest zone within each Physiographic Region 
is -15% in all cases, salmon habitat quality 
and water quality is evidently superior 
on the Skidegate Plateau, where 16 major 

Figure 150. An example of the riparian fish forest 
model using the same area of Louise Island as in 
Figure 149. This is themed by colour according to 
the "fishy-ness index classes" defined in Table 80. 
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Fishy-ness Inferred riparian Magnitude 
Stream Type Status of fish populations Index' buffer (m) Factor1 

Any tributary Resident fish and (anadromous) salmon 1 20 None 
absence known or inferred 

l"1 and 2™ Order Resident fish and salmon absence inferred 1 30 Watershed area 
tributaries due to watershed size <100ha 

Resident fish presence inferred due to 2 30 Watershed area 
watershed size <100 ha 
Resident fish presence known 2 30 None 
Resident fish present but low quality salmon 3 30 Watershed area 
habitat inferred due to watershed size 100 to 500 ha 

Salmon presence known 4 40 None 

3r' Order tributaries Salmon presence known or inferred 5 60 None 

All other streams Salmon presence known or inferred 6 80 None 



salmon runs occur, compared to eight in 
the Windward Queen Charlotte Ranges and 
one in the Queen Charlotte Lowlands. 

8.4.2.3. Pattern and Extent of Logging 

Thirdly, the history of logging on Haida 
Gwaii was constructed (in annual increments 
of area logged) and then compared to the 
riparian fish forest coverage from the previous 
step. The archipelago's logging history since 
1900 is illustrated in Figure 152. A suitable 
coverage at 1:20,000 scale was in hand, 
based on information from provincial forest 
cover databases, archival maps, photos, 
and satellite imagery (Gowgaia Institute 
2005). The same data were used to create 
an animated map of annual logging events, 
displayed at a rate of one year per second. 
This provided a high-resolution tool for 
understanding the spatial and temporal 
pattern of logging (Gowgaia Institute 2005). 

A GIS file of this coverage was also used 
in the land use planning process to model 
timber supply trends, and changing 
environmental conditions for other key 
biodiversity indicators, such as old growth 

forest types and important bird-nesting 
habitats. In general, the pattern of relatively 
high levels of biological wealth on Skidegate 
Plateau is reflected in Figure 152. In her 
assessment of old growth ecosystem 
condition, Holt (2005) found that -70% of 
the good and medium forest types on the 
Plateau were logged, compared to -30% in 
the Windward Queen Charlotte Ranges and 
-60% in the Queen Charlotte Lowlands. 

A detailed discussion of major phases in the 
local logging history is presented in Holt 
(2005), where the total area of logged and 
unlogged riparian zones is given for each 
of 145 discrete "watershed units" selected 
by technical experts supporting the land 
use planning process. As an example, 
the most highly disturbed unit was the 
Copper River watershed (-16,000 ha) on 
the Skidegate Plateau where -84 % of the 
riparian fish forest has been logged. 

8.4.2.4. Watershed Risk Assessment 

The fourth and final step was to assess 
whether and where any thresholds of 
ecological risk have been crossed. Scientists 
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Table 81. Summary of riparian fish forest distribution including various generalized biophysical 
characteristics affecting fish habitat quality according to the three Physiographic Regions of Haida Gwaii 
(adapted from Northcote et al. 1989, Holt 2005, Gowgaia 2006 and DFO and Environment Canada data). 

Physiographic Region Windward Queen Skidegate Queen Charlotte 
generalized characteristics Charlotte Ranges Plateau Lowlands 

Area (ha) 340,000 400,000 260,000 

Average annual precipitation (mm) 2,900 2,500 1,600 

Slope Steep Rolling Flat 

Stream velocity High Moderate Low 

Water tanin" staining Light Moderate Heavy 

Water pH 5 to 7.9 6 to 8.9 4 to 7.9 

Water dissolved Oxygen Highest Moderate Lowest 

Number of largest salmon runs' 8 16 1 

Area of riparian fish forest (ha) 51,000 58,000 38,000 

Percent of total area represented bv 15.0 14.5 14.6 
riparian fish forest 

1 the Physiographic Regions of Haida Gwaii are illustrated in Figure 3 
2 tea-coloured staining of water related to the amount of organic content in soils from which waters drain, with hog (muskeg) organic-

rich soils of the Queen Charlotte lowlands staining waters the most 
3 among the hundreds of salmon runs discussed in Section 8.5, these are the longest runs 



Figure 151. The spatial distribution of riparian fish forest throughout Haida Gwaii. 
This is themed by colour according to the "fishy-ness index classes" defined in Table 80. 
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assisting the land use planning process 
adapted a risk assessment framework 
developed from elsewhere in British Columbia 
(Bulkley Valley - Wilford and Lalonde 2004), 
which identified the level of potential risk 
to aquatic resources given various levels of 
current or proposed future logging (Table 82). 

In the Haida Gwaii land use plan, this 
framework was modified slightly by basing 
calculations on current harvest only, and only 
within the riparian fish forest as measured 
in the previous step. The threshold for "low 
risk" was adjusted to <10% and a new class 
called "some risk" in the 10 toi9% disturbance 
range was added. Table 83 presents the 
resulting risk assessment, summed from the 
145 watershed units. The level of potential 
risk is high in 44 watershed units (38 of 
which are on the Skidegate Plateau) and 
medium risk in 20 units (11 on the Plateau). 
Figure 153 illustrates the spatial distribution 
of watershed units with their assigned risk 
classes across the archipelago, from which 
the Skidegate Plateau shows many watershed 

Table 82. Levels of potential risk to riparian values 
according to proportions of Haida Gwaii 
watersheds logged (adapted from Wilford and 
Lalonde 2004)' 

Percent of Level of potential 
watershed logged risk to riparian values 

>30 High 
20 to 30 Moderate 
10 to 19 Some 

<K) Low 

units at risk. A comparison of these risk 
assessments to more detailed Coastal 
Watershed Assessment Procedure studies 
as stipulated by the British Columbia Forest 
Practices Code Act and Regulations is discussed 
in (Holt 2005). In general, the 64 units 
deemed by this study to be at high-to-moderate 
risk correspond closely with watersheds 
where coastal watershed assessment studies 
have documented significant damage to 
riparian structure, water quality and/or 
hydrological stability (M.J. Milne Associates, 
Vernon, B.C., personal communication 2005). 

8.4.3 Closing Comments 

This project did not consider the potential 
for future restoration of riparian conditions 
and salmon populations. But, as a result 
of logging to date (mostly over the last 30 
years), a fully functional riparian forest is 
gone from large parts of major watersheds 
that once held significant salmon populations. 
The precise impacts of this are a challenge 
to measure, but a very large decline in 
the amount of plants, habitat for bears, 
spawning salmon and other riparian forest 
inhabitants is an obvious long-term result. 

Of the 23 largest salmon runs on the islands, 
10 are in watersheds whose ecological 
integrity is deemed to be at high risk 
and six are at moderate risk. Whether 
the salmon will recover is unknowable, 
but we do know that fully functional 
riparian forest salmon spawning habitat 
would take -400 to 500 years to be fully 

Table 83. Summary of logging disturbance to the riparian fish forest of Haida Gwaii according to 
Physiographic Region (adapted from Gowgaia Institute 2005 and Holt 2005). 

1 potential risk level is matched with % logged in Table 82 
2 ihe range represents individual levels of logging per Watershed Unit 
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Level of Number of Watershed Units Riparian Fish Forest 

potential Total Skidegate Windward Queen Queen Charlotte Total area Area % area logged 

risk Plateau Charlotte Ranges Lowlands (ha) logged (ha) (range") 

High 44 38 3 3 45,526 22,613 50(31-84) 

Medium 20 11 3 6 14,888 3,717 25(20-30) 

Some 7 0 5 2 7,220 847 12(10-19) 

Low 74 5 42 27 92,774 1,187 1 
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Figure 153. An assessment illustrating the 
potential risk to 145 Haida Gwaii watershed units 
from different intensities of logging. 

restored post-logging, provided there 
is no future logging disturbance. 

In the broader economic context, the 
biological wealth accumulated through the 
linkage of land and sea and the life cycle of 
the salmon has been literally and figuratively 
transferred to offshore accounts. The old-
growth logging cycle is coming to an end, 
and time will tell whether current land use 
planning will effectively address the need for 
economic and écologie restoration, for which 
the recovery of salmon in the landscape will 
surely be the most important indicator. 

8.5. TRANSITIONAL PROCESS CASE 
STUDY: SALMON ESCAPEMENT 

N.A. Sloan 

"But clearlp, there are warnings which 
should concern all of us. Strong indications 
of serious decline in Queen Charlotte Islands 
salmon stocks are appearing along with 
alarming evidence of their extinction in 
small streams." (Northcote et al. 1989) 

As mentioned previously in salmon 
commercial fisheries (section 3.8.2.1.) and 
in section 8.4 above, the transfer of marine 
nutrients from escaping salmon into riparian 
habitats by their predators, or directly from 
salmon carcasses, is a key characteristic of 
temperate coastal forests throughout the 
north Pacific (Willson et al. 1998; Reimchen 
et al. 2003; Schindler et al. 2003; Reimchen 
2004; Augerot et al. 2005; Scheuerell et al. 
2005), and the leading topic in the field of 
fish-forestry interactions and management 
(Northcote and Hartman 2004, p. 10). A 
key feature of salmon in the ecological 
integrity of coastal ecosystems is their 
homing behavior to their natal stream to 
spawn, hence providing a relatively stable, 
cyclical effect to the ecosystem and the 
foundation of their genetic diversity (Quinn 
2005). Salmon and the riparian habitat they 
affect are central to the land-sea connectivity 
so influential in future land use planning 
for Haida Gwaii (Anonymous 2003 a) 
and for Gwaii Haanas' prospective land-
to-sea conservation continuum. Further, 
protecting salmon habitat, understanding 
ecosystem integrity and protecting genetic 
and geographic diversity of salmon are 
key elements of Canada's new Wild 
Pacific Salmon Policy (DFO 2005 c). 

Salmon escapements comprise one of the 
great aquatic data sets of Haida Gwaii and 
help quantify a critical land-sea linking 
process worthy of a brief overview. Previous 
histories of local escapement monitoring 
and stream assessment are by Northcote 
et al. (1989) and Krishka (1997). Since the 
1930s, patrols funded by DFO have estimated 
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numbers of spawning salmon annually from 
watersheds around Haida Gwaii, within 
which the dominant species are pink, chum 
and coho. Counts are made mostly by trained 
patrollers on charter (some active for many 
years), DFO staff and, more recently, Haida 
Fisheries Program patrollers. Counting 
methods are not standardized and reliability 
of counts varies with stream conditions at 
the time (weather, flow rate, extent of tanin 
staining) and patrollers' experience. Thus, 
there is marked innate variability in the 
escapement data, although it must be stated 
that there are long-serving patrollers whose 
experience and expertise provides continuity. 
Further, the emphasis on charter patrol 
visual counts and escapement estimates 
of chum and pink means that differences 
in spawn timing between these target 
species and coho also contribute to lower 
reliability of coho escapement estimates. 

A sub-set of escapement streams are "index" 
streams relied upon by DFO each year to 
characterize stock well-being for each species 
within this region. Some are index streams 
for more than one salmon species. With all 
their variability, escapement data are the 
primary way DFO assesses the broad-scale 
stock status of salmon species. However, 
budget cuts to DFO have led to a loss of 
annual coverage throughout the north coast 
that is degrading these irreplaceable time-
series (Riddell 2004). Although there are 
many caveats on consistency of escapement 
data, they nonetheless provide the only 
time-series on salmon populations and, 
therefore, some sense of historic trends in 
salmon stock abundance (Riddell 2004). 
In the face of such change, DFO has been 
strongly urged to commit to a core salmon 
assessment program providing adequate 
information towards long-term salmon 
management (PFRCC 2004; Riddell 2004). 

The scale of marine nutrient transfer is 
enormous as hundreds of thousands of 
salmon escape into and die within hundreds 
of watersheds around Haida Gwaii 
annually. Illustrated in Figure 154 is the 
distribution of estuaries according; to the 

main individual salmon species reported 
from their watersheds. These maps update 
and coalesce an enormous amount of 
disconnected escapement data on the five 
main species from different sources gathered 
for >60 years. The numbers of estuaries 
counted are probably high for most species 
as all data sources were combined. As well, 
there are likely errors in the databases of 
many types and sources, and non-spawning 
salmon are well known to stray into non-
natal watersheds. Pink, chum and coho are, 
as expected, ubiquitous spawners around 
Haida Gwaii. The count of 49 watersheds 
from which sockeye were recorded does not 
represent actual spawning populations. Many 
observations are of very few to single fish in 
streams' escapement records. Nonetheless, 
there may indeed be some small populations 
within some of the watersheds with small 
lakes that have anadromous access (P. 
Katinic, Haida Fisheries Program, personal 
communication). Local knowledge has it that 
-11 stream systems actually host spawning, 
10 of which experience some level of Plaida 
FSC fisheries (Figure 26). Intrestingly, there 
are landlocked sockeye (kokanee) in Mosquito 
and Roy Lakes (Northcote et al. 1989; P. 
Katinic, Haida Fisheries Program, personal 
communication). Chinook spawn consistently 
only in the Yakoun River, although there are 
two records (-100 each for 1979 and 1981 - of 
strays?) from Naden River. There is also an 
introduced hatchery-based run (of eastern 
Vancouver Island stock) in Pallant Creek. 
Over the years, straying chinook have been 
recorded from up to five other watersheds, 
but these likely do not represent spawning 
populations (V. Fradette, DFO, personal 
communication). Many watersheds host 
multiple salmon species, with the Yakoun 
being the only river confirmed to host 
spawning by all five species (Figure 155). 

Attempts by DFO to comprehensively 
catalogue this great spawning data legacy 
go back at least to the 1970s (e.g., Marshall 
et al. 1978; Brown and Musgrave 1979). In 
1989 and 1990, DFO cooperated with the 
British Columbia Ministry of Environment 
and Parks to create four massive catalogues 
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Figure 154. Locations of estuaries of Haida Gwaii watersheds with recorded evidence of salmon spawning 
by by (A) pink (Oncorhynchus gorbuscha), (B) chum (O. keta), (C) coho (O. kisutch) and (D) sockeye (O. nerka) 
and chinook (O. tsawytscha). Four data sources were used as follows: (1) four federal-provincial catalogues 
entitled Stream Information Summaries (FHIIP 1989,1990), (2) an escapement spreadsheet current to 2004 
(courtesy of B. Spilsted and B. Spencer, DFO, Prince Rupert), (3) the data of T.E. Reimchen summarized in 
Krishka (1997) and (4) data from the British Columbia Fisheries Information Summary System available 
from the DFO's Oceans, Habitat and Enhancement Branch [http://www-heb.pac.dfo-mpo.gc.ca/]. 
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Figure 155. Locations of estuaries of Haida Gwaii watersheds with recorded 
evidence of one to five salmon species (chum, pink, coho, sockeye, chinook) 
spawning within them. Four data sources were used as follows: (1) four federal-
provincial catalogues entitled Stream Information Summaries (FHIIP 1989, 1990), (2) an 
escapement spreadsheet current to 2004 (courtesy of B. Spilsted and B. Spencer, DFO, 
Prince Rupert), (3) the data of T. Reimchen summarized in Krishka (1997) and (4) data from 
the British Columbia Fisheries Information Summary System available from the DFO's 
Oceans, Habitat and Enhancement Branch [http://www-heb.pac.dfo-mpo.gc.ca/]. 
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of Stream Information Summaries for all 
of Haida Gwaii (FHIIP 1989, 1990). This 
is the first of four data sources we used 
for mapping. Each source had some 
escapement data not found in any of the 
others. The other sources included an 
escapement spreadsheet current to 2004 
(courtesy of B. Spilsted and B. Spencer, DFO, 
Prince Rupert), the data of T.E. Reimchen 
summarized in Krishka (1997) and data from 
the British Columbia Fisheries Information 
Summary System available from the DFO's 
Oceans, Habitat and Enhancement Branch 
[http://wvvw-heb.pac.dfo-mpo.gc.ca/]. 

As is common with long time series of data, 
many things have happened over the years to 
introduce error in the databases - too many 
to fully recount here. As an example, the 
spreadsheet current to 2004 has fewer streams 
than the 1989,1990 catalogues because, in 
part, some lumping occurred such as in Gray 
Bay, Moresby Island where four separate 
streams in 1990 are coalesced into two 
streams in the spreadsheet. Another example 
influencing escapement data history relates to 
the previous section on base mapping where 
the differences between federal NTS and 
provincial TRIM mapping were discussed 
in which TRIM is now the standard for 
coastal land use planning. Salmon straddle 
this jurisdictional split as forested Crown 
lands and freshwaters upstream of tidal 
influence are under provincial control, while 
anadromous salmon and the marine realm 
are under federal jurisdiction. Accordingly, 
early (federal) escapement work developed 
watershed codes based on the NTS (1:50,000) 
terrain maps and TRIM did not come into 
use in this region until the early 1990s. 
Subsequently, TRIM is in prominent use 
and there are now two separate watershed 
code systems (based on NTS and TRIM) 
that do not match! The point is, that despite 
the importance of escapement data, there 
remain many inconsistencies and the 
updated summary presented here is not 
definitive, but rather a descriptive snapshot. 

A useful way to think about escapement 
into Haida Gwaii watersheds is that it 

varies according to the major physiographic 
regions of the Queen Charlotte Windward 
Ranges, Skidegate Plateau and Queen 
Charlotte Lowlands (Figure 3) as reviewed 
by Northcote et al. (1989). About 60"/, of all 
streams drain the Ranges and are generally 
small and unbranched. Some 157» of the 
streams, and the largest watersheds (many 
with lakes), occur in the Lowlands Annual 
escapement targets and average escapement 
for the three most common species (pink, 
chum, coho) are listed in Table 84. These data 
provide a sense of the relative abundance of 
each species (from index streams only) with 
the reality that virtually all are below their 
escapement goals for watersheds according 
to PFMA. The PFMA 1 is split between 
Ranges and Lowlands, PFMA 2(E) is mostly 
Plateau with some Ranges and PFMA 2(W) 
has only Ranges watersheds. The most 
abundant salmon in Range streams is the 
pink, fewer occur in the Plateau and fewest 
in the Lowlands. Pink escapements are much 
larger in even years, during which pinks are 
the archipelago's most numerous spawners. 
The largest pink run occurs in the Lowlands 
Yakoun River, which is the archipelago's 
largest and a PFMA 1 watershed. Chum 
are the most widely occurring species in 
Range streams with less representation in 
Plateau streams and least occurrence in 
Lowland streams. Conversely, coho occur 
mainly in Lowland streams, to a lesser 
extent in Plateau streams and uncommonly 
from the Ranges. Coho are more difficult to 
count as they spawn later in the season, less 
synchronously and more widely through 
stream systems than pink or chum. 

From the late 1940s to the late 1980s, 29 
streams showed "extinction" or no escapement 
for 10 consecutive years (Northcote et al. 
1989). A more recent assessment of possible 
extinctions has not been done, but the general 
salmon declines indicate that more marginal 
watersheds could be expected to follow this 
pattern. Further, recent DFO budget cuts for 
stream patrolling in the mid 1980s, late 1990s 
and a large (-75%) cut in 2004 have seen a 
change in emphasis from broad coverage to 
a focus on streams potentially supporting 
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Table 84. Pink (A), chum (B) and coho (C) salmon escapement according to Pacific Fisheries Management 
Area (PFMA) around Haida Gwaii (data courtesy of B. Spilsted and J. Sawada, DFO, Prince Rupert; 
Savvada et al. 2003; Spilsted 2004). Note that "escapement goal" is a management number representing the 
desired number of spawners, not a biologically-based and verifiable number reflecting, for example, 
streams' carrying capacities. The escapement estimates apply to spawners using "index" streams that are 
selected based upon being wild (not humanly-enhanced) and also having at least 10 years of escapement 
estimates within 1950 to 2002. 

A) Pink salmon from 93 "index" streams. 

PFMA 

1 

2(E) 

2(W) 

Escapement Goal 

1,123,000 

722,000 

319,000 

Mean annual escapement for 
even years only (1950 to 2002) 

672,000 

496,000 

192,000 

No. of index 
streams 

14 

48 

31 

DFO's status Assessment 

Variable, below target 

Variable, below target 

Variable, with some recent 
years at or near target 

B) Chum salmon from 146 "index" streams. 

PFMA 

1 

2(E) 

2(W) 

Escapement Goal 

61,000 

220,000 

140,000 

Mean annual escapement 
(1950 to 2002) 

43,000 

130,000 

90,000 

No. of index 
streams 

7 

79 

60 

DFO's status Assessment 

Variable, below target 

Variable, below target 

Variable, below target 

C) Coho salmon from 103 "index" streams. 

PFMA 

1 

2(E) 

2(W) 

Escapement Goal 

105,000 

64,200 

15,800 

Mean annual escapement 
(1950 to 2002) 

19,000 

29,000 

4,800 

No. of index 
streams 

11 

62 

30 

DFO's status assessment 

Rebuilding 

Rebuilding 

Rebuilding 

1 DFO is currently reviewing the escapement goals for coho with the objective of establishing biologically-based escapement goals 

fishable surpluses (V. Fredette, DFO, personal 
communication). In other words, a narrow 
commercial focus has taken over from a 
broad coastal ecosystem focus in escapement 
monitoring. Operationally, this means many 
fewer streams patrolled and a decrease in 
patrol intensity of those patrolled (producer-
only) streams from up to seven visits in season 
to perhaps three. The net effect is much 
poorer data - Haida Gwaii is losing the quality 
of its historic escapement time-series data 
that is so fundamental to long-term salmon 
management coast-wide (Riddell 2004). 

Gwaii Flaanas' rocky terrain, comprising 
mostly Windward Range lands, yield small 

watersheds with brief water residence times 
and very high flows after heavy rains. There 
are >1,400 streams from -780 watersheds 
half of which are only 50 to 100 ha in area 
(Krishka 1997). Escapements of chum, pink 
and coho are naturally low from these small 
watersheds, and have declined further in 
recent decades. Krishka (1997) and Gueret 
et al. (2004) summarized the Gwaii Haanas 
escapement data. Annual escapement 
monitoring began in the 1930s (Krishka 
1997) and, by 1947, -20 streams were being 
monitored annually. Spawner counts are 
known from 73 streams, with a minority 
yielding counts on a consistent annual 
basis. The above-mentioned budget cuts 
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mean that few streams are patrolled as few 
yield commercially fishable surpluses. As 
an example, for 2005, most of the streams 
in upper Darwin Sound were walked two 
to four times in October (V. Fradette, DFO, 
personal communication). In Juan Perez 
Sound and Skincuttle Inlet, most streams 
were walked at least once. Streams south 
of Skincuttle Inlet were not walked. Given 
that this is an odd year, chum salmon 
were the priority (pink and chum are the 
priority in even years). Although some coho 
assessments occurred around Haida Gwaii, 
none will be done within Gwaii Flaanas 
other than through the Lyell Island stream 
restoration project currently underway. 

The much-reduced commercial salmon 
fleet (thus reducing fishing effort) and 
the full protection of Gwaii Haanas lands 
since 1988 have not been accompanied by 
increased escapements from its underutilized 
spawning habitat. The reasons for this lack 
of recovery are unknown. Perhaps Gwaii 
Flaanas' small watersheds are susceptible 
to climate change phenomena such as 
warmer/drier summers that heat up waters 
and decrease flows or by increased incidence 
of more violent storms that rapidly and 
violently flush out streams as discussed 
previously in the Climate section (4.2). As 
well, systems with high flushing rates have 
an increased tendency to export salmon-
derived nutrients (Holtham et al. 2004). 

Northcote et al. (1989) and Krishka (1997) 
recount great declines, particularly of 
pink and chum, since the mid 20th century. 
Speculation, not verified causes, abound 
for these declines including Northcote et 
al.'s (1989) attribution to habitat damage 
and overfishing. Other possibilities include 
poor at-sea survival linked to longer-term 
ocean regime changes (Beamish et al. 1999; 
Benson and Trites 2002; King 2005) or possible 
effects of altered riparian vegetation on 
spawning stream quality linked to intense 
browsing by high populations of introduced 
Sitka black-tailed deer (Gaston et al. 2006), 
or climate change affects on watersheds 
mentioned above. That we do not understand 
the reasons for the persistent declines in 
escapement to the archipelago and are 
undergoing diminishment of our long-
term escapement data legacy are unfolding 
events related to long-term sustainability 
that the public needs to understand. Having 
said all that, preliminary chum returns 
seen in Gwaii Haanas area streams in 2005 
showed ~10X recent historic escapement 
numbers. Besides indicating that 2001 was 
a great chum brood year (V. Fradette, DFO, 
personal communication), this shows that 
natural recovery to historic escapement 
volumes is possible, but we need more 
years of careful observation to link cause 
and effect towards potential recovery. 
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9. EFFECTS OF OIL ON TEM
PERATE CLIMATE COASTS 

N.A. Sloan 

"It is timely to consider the possible impacts 
of the petroleum industry on South Moresby." 
(Denning 1984: "Islands at the Edge") 

"Accidents are inevitable companions 
of offshore oil and gas production and 
transportation." (Patin 1999) 

For decades there has been concern about 
the potential effects of spilled oil on Haida 
Gwaii's shores. As explained in section 2.4, 
the issues of possible regional offshore oil 
and gas exploration and development and 
super-tanker traffic have initiated vigorous 
public, political and scientific debate. 
Further, the mapped coastal biophysical 
data, discussed in section 6, could aid 
operational spill response planning, such as 
the o/7 residence index (Figure 110) and coastal 
access assessment (Figure 111) (Harper et al. 
2005). This section focuses on the biological 
effects of oil in temperate coastal zones that 
aids understanding likely oil spill effects. 

Oil floats on seawater and its most dramatic 
effects occur when it comes ashore. A spill 
in Hecate Strait during bad weather would 
likely become beached. The VVCOEEAP 
(1986) report recommended a minimum 
20-km "buffer" strip along the entire north 
British Columbia coast area between potential 
exploration/production sites and the 
shoreline for "protection ofnearshore waters." 
This recommendation has persisted in the 
recent literature. Whether this buffer would 
effectively protect the shoreline from a spill, 
other than delay, is uncertain. However, 
seismic exploration is unlikely to affect the 
coastal zone if the 20 km buffer is invoked. 

9.1. PROTECTING COASTS 

Oil pollution preparedness and response 
is a complex technical field supported by 
natural science that aids identification and 

ranking areas for vulnerability, protection 
and treatment. Given that the prime spill 
response goal is to minimize negative effects 
to coastal ecosystems, sound planning has 
three general requirements (Sloan (1999): 

• identification and ranking of areas sensitive 
to oil, such as the oil residence index; 

• development of strategies for 
protection of these areas; and 

• logistics planning for cleanup 
and operational guidelines to 
minimize ecosystem damage. 

In the event of a spill, agencies and 
communities must cooperate to implement 
response within an agency-based command 
and control structure described below. Best 
local knowledge about the area's shores 
comes from residents and organizations. For 
example, GIS-based shoreline knowledge 
would underpin emergency response. 

If a spill threatens Gwaii Haanas' shoreline, 
for example, a park employee would be 
a member of the Regional Environmental 
Emergency Team (REET). The Canada 
Shipping Act mandates REET the consolidated 
science and technical advisory role, chaired 
by Environment Canada, to advise the 
lead operations agency, the Canadian 
Coast Guard. In British Columbia, the 
Ministry of Environment is mandated by 
the Emergency Program Act to work within 
the REET and to partner with coast guard 
in overall spill operations. Under ideal 
conditions, the polluter would be capable 
of its legal responsibility as "On-scene 
Commander" for response, with the coast 
guard functioning as the federal "0//-sa'//t' 
Monitor." A private sector consortium 
would be standing by to service the polluter 
with professional assistance. If the polluter 
cannot take responsibility, the coast guard 
and its provincial partner would take over, 
engage the contractors and later seek legal 
redress from the polluter. Gwaii Haanas' 
role would be to advise REET in a science 
and environment capacity regardless of 
who guides response. Floating oil is seen 
by the federal government as a federal 
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responsibility and a provincial responsibility 
when it is on shore or on the sea bottom. 
Gwaii Haanas is the exception within 
Haida Gwaii, the former's shoreline and 
sea bottom are under federal jurisdiction. 

The key to effective response is sensitivity 
mapping based on the shore units in the 
ShoreZone database. British Columbia 
shoreline sensitivity mapping was initiated 
in the 1970s. The first spill response atlas 
was of the south west Vancouver Island coast 
(Dickins et al. 1990) and mapping protocols 
were fully developed in the Howes et al. 
(1993) atlas of sets of contiguous 1:40,000 
"Operational" maps for the southern Strait of 
Georgia. Electronic atlases have now been 
developed for all of the British Columbia 
coast [http://maps.gov.bc.ca/imf406/imf. 
jsp?site=dss_coastal]. The three sets of 
Operational maps use coloured shoreline 
segmentation. The Sensitivity to Oiling 
maps provide an aggregate sensitivity 
ranking of segments as well as their monthly 
sensitivity according to assumed seasonal 
changes. Countermeasures and Logistics 
maps provide segmentation according to 
geological shore types and physical attributes 
affecting response. Resource Operational 
maps illustrate segments according to habitat 
type, provide offshore polygons of similar 
resource values, overlay symbols illustrating 
noteworthy attributes such as seabirds and 
provide changing vulnerability of segments' 
resource values on a monthly basis. These 
temporal vulnerability changes could be 
based on, for example, seasonal sea lion 
haulouts and herring spawn locations. 

9.2. SHORE HABITATS A N D OIL 

Habitat is the single most important influence 
on effects of oil in marine ecosystems (NAS 
2003). Intertidal habitats are exposed to much 
higher concentrations of oil than subtidal 
habitats. Benthic habitats are generally more 
affected by contact with oil than pelagic (open 
water) habitats. The two key intertidal habitat 
variables are exposure to wave action and 
substrate. Listed in Table 85 is the relative 

vulnerability of temperate shoreline habitat 
types to oiling with notes on possible recovery 
periods. Sheltered habitats with fine-grained 
sediments are highly sensitive, whereas 
exposed rocky shores have a relatively low 
sensitivity. In sheltered habitats oil lingers 
whereas on exposed rocky shores oil is more 
rapidly removed by wave action. Invertebrate 
community recovery usually occurs over 
a range of 1 to 10 years. Recovery rates 
depend on substrate type, exposure to waves, 
amount and type of oil, season of initial 
oiling and species oiled. As well, the acute 
effects of chemically dispersed oil (and/or 
the dispersants themselves) can be greater, 
although shorter-lived, than undispersed oil. 

9.3. SHORE ORGANISMS A N D OIL 

The effects of oil on cold-water marine 
shoreline flora and fauna are reviewed 
in detail by Sloan (1999). Oiling of 
intertidal species has been more studied 
than for subtidal species because: 

• intertidal oil is more visible and 
receives more public interest; 

• intertidal species experience relatively 
more direct contact with oil; and 

• the greater ease of intertidal surveys 
compared to subtidal surveys. 

The subtidal is often protected from 
contact with floating oil although oil can 
enter subtidal sediments in sufficient 
concentrations to affect some species. Oil 
enters the subtidal after initial intertidal 
contact by sticking to particulates transported 
seaward. There can also be introduction of 
oil particles into the water column by natural 
sinking, the use of chemical dispersants 
and biological processes by plankton. 

Among cold-water spills, the EXXON Valiez 
oil spill (EVOS) in Prince William Sound, 
Alaska is the most studied (Wells et al. 1995; 
Rice et al. 1996; Paine et al. 1996; Peterson 
2001; Peterson et al. 2003), including the best 
time-series of post-spill shoreline effects 
(Short et al. 2004). Accordingly, only a brief 
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Table 85. "Vulnerability Index" of different types of temperate shorelines to spilled oil (from Sloan 1999; 
Irvine 2000). 

1 10 = most vulnerable, 1= least vulnerable; index is a qualitative rank order in which higher values indicate greater potential 
long-term damage by a spill 

review of world literature on effects of oil is 
provided, and special emphasis is placed on 
the EVOS whose spill area ecosystems are 
similar to those of the Haida Gwaii region. 

9.3.1. Intertidal 

Understanding the effects of oil on shore 
plant (sea weeds and seagrasses) communities 
is best approached by considering 
these ecosystems as a whole. Potential 
damage to their communities includes: 

• direct mortality due to smothering 
or absorption of dissolved toxins; 

• indirect mortality of associated 
species due to loss of food sources 
or habitat destruction; 

• mortality of juvenile fauna using 
vegetated areas as nurseries; 

• incorporation of sublethal oil fractions 
into tissues and attendant lowering of 
tolerance to other potential stresses; and 

• incorporation of oil toxins into 
plant-associated food webs. 

In other words, likely as important as the 
temporary damage to plants is the damage to 
biologically structured animal communities 
associate with plants including the habitat 
they provide, some of which could be more 
sensitive to oil than the plants themselves. 

Temperate salt marshes are highly productive 
ecosystems sensitive to oil (Getter et ni. 
1984). These sheltered, estuarine habitats 
have organically rich soils hosting a flora 
rich in grass and herb species, described in 
section 8.3. Although weathered oil is less 
toxic to salt marsh plants, it still suffocates 
them. Oil adheres to most plants and is 
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Vulnerability Shoreline Comments including natural removal processes and 
Index Type persistence of oil 

10 Saltmarsh Wetlands Very productive ecosystems; oil can persist for decades 

9 Sheltered Tidal Flat Areas of low wave energy and high biological productivity; oil may 
persist for decades 

8 Sheltered Rocky Coast Areas of reduced wave action; oil may persist for over a decade 

7 Gravel Beach Oil may undergo rapid penetration and burial under moderate to low-
energy conditions; if asphalt pavement forms at high spring tide level 
it will persist for decades 

6 Mixed Sand-Gravel Beach Same as index 7; oil may persist for decades 

5 Exposed Compacted Most oil not likely to adhere to or penetrate the compacted sediments; 
Tidal Flat oil may persist over a year 

4 Course-grained Sand Oil may sink and/or be buried rapidly; under moderate to high-
Beach energy conditions oil likely removed within months 

3 Fine-grained Sand Beach Oil does not usually penetrate far into sediments; oil may persist for 

months 

2 Eroding Wave-cut Platform Wave-swept; most oil removed by natural processes within weeks 

1 Exposed Rocky Headland Wave reflection keeps some oil offshore; beached oil rapidly removed 



not readily washed off by the marsh's 
irregular tidal regime. Oil can penetrate 
sediments and adversely affect root systems, 
microbial populations and oxygen content. 
Oiled surface vegetation threatens roots 
needing oxygen. As plant recovery is 
dependent on surviving roots, perennial 
species can survive by regeneration from 
healthy roots. Maximum oil damage is to 
seedlings and annual species, especially 
in the spring to summer growth season. 

Oil in salt marshes persists because of the 
less frequent and less vigorous tidal flushing. 
Population recovery may be more rapid for 
associated animals than the plants themselves 
(Clarke and Ward 1994). Baker et al. (1993) 
reported that thick, untreated oil stranded 
during a high spring tide in salt marsh areas 
remained in large amounts 17 years later 
and continued to exert neeative effects to 
vegetation. Teal et al. (1992) found that oil 
affected a salt marsh for up to 6 post-spill 
years, and after 20 years residual effects were 
"extremely small" provided the oil remained 
undisturbed in sediments. Owens and Sergy 
(2005) reported recovery, but also areas of 
persistent surface oil and asphalt pavement 
in the upper intertidal of marsh sites >30 
years post-spill. Therefore, full recovery 
of salt marshes is a long-term process 
whose full duration remains unknown. 

Seaward of salt marshes, responses of 
intertidal species range from widespread 
death and disappearance, to decrease in 
vertical distribution of plants on shores, to 
necroses and bleaching, to no measurable 
effects. Within the same spill, effects can 
vary from mortalities of some species, to 
replacement by others, to no observable 
effects. Also, increases in vertical distribution 
of algae due to oil-related mortalities of 
herbivores are known. Overall, damage and 
death can occur after heavy oiling, growth 
in highly oiled areas may decrease and 
growth in lightly oiled areas may increase 
due to increased nitrogen availability. 

For example, the higher intertidal populations 
of rockweed (Facas spp.) recovered more 

slowly after EVOS than mid and lower 
intertidal populations (VanTamelen et 
al. 1997). These authors suggested a 
population recovery well in place by 
36 months for untreated (not cleaned) 
shores, but little recovery of rockweed 
on intensively treated (high-pressure, 
hot seawater) shores after 30 months. 

Different life modes, such as pelagic or 
benthic, greatly influence the vulnerability 
and response of invertebrates to oil. 
For example, it is generally held that 
plankton are unlikely to suffer long-term 
impacts from spilled oil due to rapid 
dilution and dispersion of oil in the water 
column (Suchanek 1993). Effects of oil 
on zooplankton are greater at the water 
surface than at depth and greater in 
enclosed inshore waters than in open seas. 

The results of many studies on oil 
effects on benthic invertebrates 
can be generalized as follows: 

• brief period of high moralities of 
the most sensitive species (e.g., 
amphopod crustaceans); 

• medium-term period during which 
some organisms prevail at normal 
expected levels, with proliferation 
of oil-resistant opportunistic species 
(e.g., polychaete worms); and 

• overall species diversity and biomass 
decrease witn an eventual return 
of the original community. 

Suchanek (1993) described a generalized 
oiled invertebrate community response as 
starting with an acute decrease in abundance 
and diversity, then a slow reestablishment of 
diversity while individual species fluctuate 
with decreasing amplitude over time until 
comparable pre-spill communities are 
established. Some invertebrates have a 
disproportionately high influence of local 
community structure, such that oil effects 
on them could "cascade" onto species 
at another level. An example would be 
grazing of sea urchins, which are highly 
sensitive to oil, whose herbivory can 
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structure nearshore communities. Suchanek 
(1993) stressed the need to focus on critical 
species-to-species interactions for improved 
invertebrate community impact studies 
and underscored the importance of a pre-
spill baseline for post-spill comparisons. 

Natural patchiness of intertidal species in 
areas of similar habitat type, interannual 
variability and other natural between-
site differences (tidal elevation, exposure, 
substrate, distance from spill) complicate 
assessments of oil effects. These complexities, 
coupled with usually poor baselines, present 
large uncertainties when assessing effects of 
intertidal oil. Post-EVOS shoreline impact 
assessments were further complicated by four 
types of shore treatment (cleanup), among 
which high pressure - hot water was the 
most destructive (Lees et al. 1996). The least 
physically intrusive was "bioremediation" 
in which fertilizer was applied in order 
to promote normally nutrient-limited 
populations of bacteria that biodegrade 
the oil (Prince and Bragg 1997). Many 
authors have since been critical of the highly 
intrusive cleanup practices, but the politics 
of the moment demanded active cleanup 
regardless of science-based advice (Spies et 
al. 1996). Overall, treated sites were slower 
to recover with some high-pressure, hot 
water-treated sites remaining damaged 
six years post-spill (Lees et al. 1996). 

In an EXXON-funded study, Gilfillan et 
al. (1995 a) suggested that by summer 
1990 (-16 months post-spill), 70 to 90% 
of oiled shorelines examined had "largely 
recovered", being indistinguishable from 
reference (unoiled) sites. They used parallel 
chemical and toxicological studies in which 
hydrocarbon toxicity was very low in 
intertidal sediments by 1990. Oil effects 
were, however, actually the combined oil and 
cleanup effects and difficult to separate. In 
a similar study in more open Gulf of Alaska 
shorelines, Gilfillan et al. (1995 b) found that 
oiling of mid and high intertidal communities 
was also highly patchy, although less affected 
overall than those of Prince William Sound. 
There were few significant differences 

between oiled and reference sites by 1990 
and mussel tissue hydrocarbon levels were 
"near background levels". Gilfillan et al. (2001) 
reported on a subsequent study focusing 
only on the infauna of oiled and reference 
boulder-cobble beaches first sampled in 1990 
and 1991 and re-sampled in 1998 and 1999. 
They concluded that negligible oiling effects 
were apparent in either community structure 
or individual species and they attributed 
changes in community parameters between 
1990 and 1999 to natural interannual variation. 

The conclusions of EXXON-funded shoreline 
studies are in sharp contrast with federal 
and state agency-funded studies. The 
latter also dealt with combined effects of 
oiling and treatment, but reached different 
conclusions. In a general survey of intertidal 
impacts, Highsmith et al. (1996) and Stekoll 
et al. (1996) concluded that injuries had 
occurred to a wide range of organisms and 
their communities, particularly in the mid 
and upper intertidal. Driskell et al. (1996) 
found that lower intertidal infauna of oiled 
but untreated sediment shores "rebounded 
quickly", however, the recovery of treated 
sites lagged significantly behind that of 
untreated sites by 1992. Houghton et al. 
(1996) reported that the surface life at rocky 
sites (oiled, unoiled reference and treated) 
could survive the oiling, but not the most 
rigorous treatment type. By summer 1991, 
there were no significant differences between 
reference and oiled-but-untreated sites. 
Although there were some visible effects by 
summer 1992, but there were "few differences" 
remaining between reference and treated 
beach communities. Skalski et al. (2001 ) 
reported that two more years (by 1994) were 
required for the epibiota at treated sites 
to recover compared to untreated sites. 

An exception was untreated intertidal 
mussel beds at which their underlying 
sediments retained oil and continued to 
contaminate mussels, and perhaps their 
predators, four years post-spill (Babcock 
et al. 1996). Contamination was greatest in 
mid intertidal mussels compared to lower 
intertidal populations and occurred by uptake 
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of whole particulate oil rather than dissolved 
fractions of oil (Short and Babcock 1996). 
Mussels were identified as a hydrocarbon 
vector into nearshore predator populations 
such as young sea otters (Loughlin 1994). By 
6 years post-spill, contamination remained 
appreciable in the majority of sediments and 
mussels of oiled sites, and Carls et al. (2001) 
estimated that it would take -30 years for oil 
contamination to reach background levels. 

Agency-funded work revealed that mid-
intertidal of exposed rocky shorelines that 
had received some cleanup (not the hot 
water treatment) still had unweathered oil 
under large boulders over gravel substrates 
5 years post-spill (Irvine et al. 1999). The 
authors called for revision of the low 
ecological sensitivity of exposed rocky 
shores. Hayes and Michel (1999) similarly 
reported oil persistence for 8 years at 25 to 
50+ cm sediment depths on "intermittently" 
exposed coarse gravel beaches. Essentially, 
oil was sequestered subsurface and not 
reliably indicated from surface surveys. This 
unexpected persistence of unweathered (more 
toxic) oil prompted concerns over chronic 
pollution and sublethal effects to wildlife 
(Peterson et al. 2003). Short et al. (2004) 
concluded from this unexpected persistence 
of mid- and lower-intertidal oil 12 years 
post-spill that EVOS oil remained the "largest 
reservoir of biologically available" oil on beaches. 

9.3.2. Subtidal 

There are very few studies on the effects 
of oil on subtidal plants. Overall, subtidal 
seaweeds and seagrasses are considered less 
vulnerable to oil than intertidal plants because 
greater contact with oil and cleanup effects 
is experienced by the latter. Regeneration 
of oiled seagrass is common provided 
that their root/rhizome mats are intact. 

From post-EVOS studies, certainly the most 
extensive from subtidal habitats, Jewett et 
al. (1995) and Dean et al. (1996 a) reported 
no significant differences in plant density, 
biomass or percent cover between oiled 
and reference (unoiled) sites at 2 to 20 m 

depth. They speculated that an increase 
in small plant density at oiled sites could 
have represented a recruitment event in 
response to an unknown post-spill impact. 
Jewett et al. (1995) found that mean shoot 
densities were lower at oiled subtidal sites 
than unoiled sites in the first year after the 
EVOS only. Dean et al. (1998) concluded 
overall that injuries to seagrass meadows 
themselves "appeared to be slight and did not 
persist for more than a year after the spill" with 
populations recovered by 1991. Concerning 
sediment-associated communities in and 
adjacent to seagrass meadows 16 months to 6 
years post-spill, Jewett et al. (1999) concluded 
that "few consistent community-wide responses" 
were detected. After six years, some 
resistant groups such as infaunal polychaete 
worms remained in increased abundances 
(perhaps due to organic enrichment) whereas 
sediment surface-dwelling groups such as 
amphipod crustaceans showed decreased 
densities. Although these differences were 
suggested to be spill-related, Jewett et al. 
(1999) stated that lack of pre-spill era studies 
rendered their assumptions "untestable." 

In the shallow subtidal (<20 m depth) post-
EVOS studies, effects were compared using 
epibenthic invertebrates associated with 
seagrass meadows and kelp forests up to 
10 years post-spill (Jewett et al. 1995; Dean 
et al. 1996 b; Dean and Jewett 2001). The 
shallower seagrass meadow invertebrate 
communities showed greater effects (and 
slower recovery) than the deeper, kelp forest 
sites. Some groups such as amphipods and 
snails demonstrate acute impacts while others 
such as polychaete worms showed positive, 
opportunistic responses in abundance and 
biomass. After 6 years, invertebrates of 
seagrass meadows continued to show effects 
whereas after 2 years, most groups in kelp 
communities showed recovery. Overall, 
the sediment communities of seagrass 
meadows showed more persistent effects 
than the rocky-bottom kelp communities. 

The acute effects of oil spills on deeper-
water subtidal benthos have been little 
studied. Sixteen months after EVOS, Feder 
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and Blanchard (1998) reported that deeper 
offshore infauna recovered more quickly 
than that from shallower areas. Deep (40 to 
100 m) benthic infauna communities showed 
no difference between reference and under-
oil trajectory stations. As well, O'Clair et al. 
(1996) found oil in shallow subtidal sediments 
at 3 to 20 m depth seaward of oiled shores, 
but little evidence of oil in sediments at >40 
m depth. Armstrong et ni. (1995) examined 
effects on pelagic, epibenthic and infauna 
invertebrates from 20 to 230 m depth and 
found no significant effects at individual 
or population levels for any life stage. 

9.4. COASTAL COMMERCIAL A N D 
SUBSISTENCE FISHERIES 

Oil pollution and cleanup operations have 
potential negative effects on fisheries in the 
following ways (Sloan 1999; NAS 2003): 

• interference with operations through 
gear contamination, temporary closure 
of oiled areas and long-term closure of 
areas with oil production infrastructure; 

• oil-tainting of seafood; and 

• loss of consumer confidence in 
seafood causing market slumps 
that can extend past the time when 
products are safe to consume. 

Another EVOS contribution was evaluating 
spill effects on subsistence food resources and 
coastal communities culturally dependent 
on them. This new aspect of the post-spill 
human dimension became a highly political 
issue within the post-spill litigation (Wooley 
1995). In the first year after the EVOS, 10 
Aboriginal (Alutiiq - subarctic coastal Inuit) 
communities showed a >70% decrease in 
traditional food harvesting, a decrease in 
traditional sharing practices and disruption 
of communal control of natural resources 
(Dyer 1993; Fall and Field 1996; Peacock and 
field 1999). Loss of confidence in seafood 
quality depressed harvest rates three years 
post-spill, even though analyses revealed that 
seafood was safe for consumption in 1989 and 
1990 (Saxton et ni 1993). The spill effects on 

human subsistence in a cross-cultural setting 
require early and excellent communications, 
cultural sensitivity, transparent and inclusive 
data gathering in aid of coping with the 
near-term disaster and promoting long-
term community healing (Fall et al. 1999). 

9.5. ARCHAEOLOGY 

Until the EVOS, post-spill surveys of damage 
to coastal archaeological sites were virtually 
non-existent in the oil pollution literature. 
The EVOS had a large archaeological program 
(Wooley and Haggarty 1995; Bittner 1996); 
just fielding crews doubled the number of 
confirmed archaeology sites in Prince William 
Sound area. Negative spill effects included 
site damage by shore treatment crews and 
the potential that oil contamination could 
impede the radiocarbon dating process 
by a large addition of carbon to artifacts 
(Bittner 1996). Given that Gwaii Haanas 
alone has > 600 coastal archaeological 
sites, beached oil would likely damage the 
region's significant archaeological heritage; 
a threat that warrants consideration. 

9.6. CONCLUSIONS 

The enormous contribution to cold-water 
oil spill science from the EVOS enabled 
Irvine (2000) and Peterson et ni (2003) 
to revise generalizations on effects of 
persistent oil on shores as follows: 

• oil and treatment (cleanup) effects are often 
intertwined and difficult to separate; 

• effects in one habitat can extend 
into other habitats; 

• many direct, indirect or delayed effects 
can be overlooked unless numerous 
species are examined and studies contain 
oiled versus unoiled (control) locations; 

• persistent (chronic, sublethal) biological 
effects can occur without persistence 
of oil due to effects on key species or 
processes (e.g., mortalities of sea otters 
can have cascading effects on kelp forests 
and their invertebrate populations); 
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• effects and persistence of bio-available 
oil are longer-term than first expected, 
requiring a better understanding 
of "ecosystem-based toxicology"; 

• biota can effect the rate of weathering 
of oil (e.g., through their feeding 
or burrowing activities); and 

• residual oil in shoreline habitats plays a 
large role in continued effects on biota, but 
the effects and sources of contamination 
are not limited to habitats where oil has 
traditionally been thought to persist. 

However, the EVOS also exemplifies post-
spill controversy of environmental effects 
and recovery in which shorelines played 
a critical part (Paine et al. 1996; Peterson et 
al. 2003; Short et al. 2004; Wiens et al. 2004). 
This spill remains dramatically litigious, 
for example, a federal court judge ordered 
EXXON Mobil Corp. to pay $6.75 billion 
U.S. to Alaskan plaintiffs in January, 2004 
- now under appeal. This intense litigation 
influenced post-spill science; yielding an 
adversarial polarity on virtually all the 
science and blighted opportunities for 
societal learning (Paine et al. 1996). 

Science cannot necessarily yield a satisfactory 
answer on assessing damage or recovery 
unless study designs are sound, including 
known population/ecosystem baselines that 
include time-series data on natural variability 
(i.e., spatial and temporal) with which to 
make post-accident comparisons. Ideally, we 
need to understand such variability pre- and 
post-spill as well as in both oiled and unoiled 
(reference) sites. A reliable baseline is vital. 

In discussing problems with assessing 
post-EVOS environmental recovery, Parker 
and Wiens (2005) pointed out science 
difficulties that lead to so much controversy. 
Ecological assumptions must be explicitly 
stated along with the likelihood that they 
stand for the system being studied and an 
appreciation of the consequences of these 
assumptions being violated. For example, 
the assumption of steady-state baseline 
conditions for comparison with post-spill 
conditions is flawed. Further, the longer the 
post-spill study period, the more natural 
system variability will confound actual 
post-spill effects. It is critical, therefore, 
to state assumptions and design studies 
that minimize confounding influences 
of sampling and natural variability. 

313 



10. TOWARDS A COASTAL 
SYNTHESIS 

"hi fact, unless most people can come to 
understand how we are inter-related with 
and dependent on the total environment, and 
have the conscience to apply this knowledge, 
our whole society is faced with a stony road 
ahead indeed." (J. Bristol Foster 1979) 

"77K ultimate challenge for sustainability 
in the coastal realm is to harmonize two 
chaotic, non-linear, non-equilibrium systems 
- society and environment - that operate 
on very different time and spatial scales." 
(Ray and McCormick-Ray 2004) 

In the introduction, these were identified 
as "interesting times" for contemplating the 
coastal zone in the future of Haida Gwaii. 
This report's sections reveal that the coastal 
zone is the area in which most human-ocean 
interaction occurs. Also revealed is our 
contrary relationship with the coastal zone on 
a spectrum from ruthless use for untreated 
sewage disposal through to strict preservation 
such as at V.J. Krajina Ecological Reserve. 
We also face Hanson's (1998) prophetic 
assessment of Canada's gap between rhetoric 
and action that is borne out in the Auditor 
General's reports on the government not 
meeting its Oceans Act (OAGC 2005 a) and 
biodiversity (OAGC 2005 b) commitments and 
targets. Renewed vigor in bringing together 
our coastal culture and use values will be 
required to focus public discourse towards 
a healthy and sustainable coastal future. 

This concluding coastal synthesis is structured 
in three steps to facilitate such discussion. 
The first step identifies a framework of four 
core ideas aiding approaches that meet 
peoples' needs today without impairing the 
coastal environment for future generations. 
The second step features leading management 
issues guiding our regional coastal future. 
The third step identifies how Gwaii Haanas 
(integrated national park reserve with 
proposed NMCA) could contribute to 
future regional coastal management. 

As an endnote to this synthesis introduction, 
it is useful to cite Milton Love's reflections 
on reform after California's long history of 
overfishing (Love 2006): "In the long term, the 
citizens of California have to decide "what they 
want in their marine systems; tltese are societal 
rather than scientific issues. Society will have 
to decide how much underwater wilderness is 
"wants. Society will have to decide how much 
fish stock depletion it will tolerate. And society 
will have to decide how best to achieve these 
goals." In other words, it is up to citizens 
- hopefully informed by sound technical 
information - to guide marine conservation 
for themselves and their future generations. 

10.1. CORE IDEAS FOR COASTAL 
SUSTAINABILITY 

N.A. Sloan 

"When science is used in support of policy
making, it cannot be separated from issues of 
values and equity." (Ludwig et al. 2001 ) 

Given the omnipresence of human influence, 
rapid human-caused environmental changes 
and the reality that humans exist within 
ecosystems, the 21sl century has been 
termed the "century of the environment" 
(Lubchenco 1998). Clark (1993) has called 
current conservation professionals ".... the 
last generation that can prevent the extinction 
of large numbers of species and the disruption 
of large scale ecosystem processes." There 
is indeed a sense of urgency in human-
environmental relations that is causing science 
(such as ecology) to move closer to public 
policy (Ludwig et al. 2001). And, scientists 
have been active in formulating principles 
towards conservation and sustainability 
(Mangel et al. 1996; Costanza et al. 1999). Foi-
marine conservation, however, the public 
is confused over aims, implementation, 
potential benefits, and governance - creating 
a major challenge in public awareness and 
involvement (Dayton et al. 2000; NRC 2001). 

The four ideas or values in this section 
reflect such thinking and are offered up as 
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tools helpful for addressing future coastal 
management around Haida Gvvaii. These 
ideas have experienced rapid development 
in recent decades and collectively they 
comprise a lens through which we should 
view the coastal challenges ahead. 

10.1.1. The Precautionary Approach 

"The difficulties lie, not in establishing 
such a principle, but in interpreting and 
applying it justly." (Ommer 2000) 

Each volume in this series describes the 
precautionary approach as a cornerstone 
of national environmental and resource 
management - including; for Canada's oceans 
(Hanson 1998). The precautionary approach 
is an underlying science-use principle of the 
Canadian federal government for managing 
risk (CPCO 2003). Specifically, this approach 
is melded in Canada's Oceans Strategy for 
all federal departments (DFO 2002 a) and, 
both the NMCA and Oceans Acts are explicitly 
committed to the approach, as is the marine 
conservation policy of the Canadian Wildlife 
Service (CWS MPAs Working Group 1999). 

The precautionary approach requires risk-
averse action in the absence of certainty while 
not waiting for full scientific proof before 
decision-making. Garcia (1996) described 
the approach as a set of agreed, cost-effective 
measures and actions including future 
courses of action, which ensures prudent 
foresight and reduces or avoids risk to the 
resources, the environment, and the people, 
to the extent possible taking explicitly into 
account existing uncertainties (i.e., absence 
of scientific certainty) and the potential 
consequences of being wrong. Hilborn et al. 
(2001) linked the approach to sustainability by 
influencing appropriate current resource uses 
towards serving future generations. Other 
aspects of the approach include proponents 
for change from risk-averse action assuming 
the burden of proof that their proposal is 
not damaging, including research costs to 
support their contention, and applying the 
approach to protect both humans and other 
species in coastal resource management 

decision-making (Dayton 1998; Hilborn et al. 
2001). Invoking the precautionary approach 
with conserved marine areas as insurance 
against overfishing are accepted pragmatic 
responses to our fundamental ignorance of 
key marine processes (NRC 2001). Applying 
this approach was credited as a key success 
factor in the recent re-zoning of the Great 
Barrier Reef Marine Park (Fernandes et al. 
2005). Taking an ethical view, Coward et al. 
(2000) feel that protecting marine areas is a 
first step in "restorative justice" for the care 
of stocks and their supporting ecosystems, 
as will be discussed below. Given that no 
marine area has yet been established by 
Parks Canada under the 2002 NMCA Act, 
Gwaii Haanas would be an opportunity 
to creatively implement the precautionary 
approach in marine area conservation. 

10.1.2. Monitoring and Adaptive 
Management 

"Monitoring long-term dynamics of critical 
ecosystem elements is a direct may to learn how 
ecosystems behave and how the various elements 
interact and influence one another, thereby 
increasing understanding." (Davis 2005) 

As with the precautionary approach, the 
importance of monitoring is underscored 
in each volume of this series. Coastal 
ecosystems are under increasing pressure 
from the rapidly growing human coastal 
presence world-wide (Schmitt and Osenberg 
1996; Field et al. 2002; Niemi et al. 2004; Lotze 
et al. 2006). To deal with this global issue, 
Niemi et al. (2004) suggest new indicators, 
reflecting the unique biological organization 
in the coastal zone, to integrate stressor types 
across geographic regions. For example, 
the need for more attention on monitoring 
upland influences that affect the downstream 
coastal zone (Ray 2006). Certainly, the science 
behind marine monitoring is growing, an 
example is the new manual for monitoring 
temperate rocky shores (Murray et al. 2006). 

At the outset, monitoring should begin with 
a conceptual model of the ecosystem and 
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focus on "vital signs" such as the population 
dynamics of selected species relative to key 
ecosystem components and physio-chemical 
environmental variables (Davis 1993, 2005). 
The following monitoring tasks are important 
for marine conservation (NRC 2001): 

• assessing management effectiveness; 

• measuring long-term trends in 
ecosystem properties; and 

• evaluating economic effects, community 
attitudes, involvement and compliance. 

Monitoring should be treated as part of 
"adaptive management" (essentially learning-
by-doing) that structures management as 
an experiment in which hypotheses are 
formulated, findings are used to test these 
hypotheses and failed hypotheses become 
discarded management options. Monitoring 
facilitates the feed-back necessary to guide 
adjustments to the experiment. The prospect 
of applying adaptive management should 
be a design criterion when planning marine 
area protection (Agardy et al. 2003). 

Canadian oceans policy explicitly identifies 
adaptive management as a tool in coastal 
management (DFO 2002 a). Included in 
such an adaptive management regime are 
target variables, pre-set values and decision 
points (management options) established 
in advance depending on whether explicit 
performance criteria are met. In Canada, 
monitoring national marine environmental 
quality is done by Environment Canada and 
DFO. Such monitoring is one of three Oceans 
Act components in the Ocean Management 
Strategy (DFO 2002 a). Environment Canada 
and DFO collaborated to develop categories 
of marine indicators, or parameters tracked 
over time to reveal trends in processes of 
interest such as ecosystem health (Smiley et 
al. 1998; Vandermeulen 1998). Parks Canada 
is not yet part of Canada's interagency 
marine monitoring cooperation. 

Monitoring is fundamental to Parks 
Canada Agency's mandate of ecological 
integrity in national parks (PCA 2000), and 
for facilitating multiple sustainable uses 

without compromising ecosystem structure 
and function in NMCAs. Parks Canada's 
marine policy is that, in order to support 
our regional representation mandate 
(described in section 2.2), and given the 
openness and dynamism of marine systems, 
the agency is concerned "well beyond" 
NMCA boundaries (Parks Canada 1994; 
Mercier and Mondor 1995). That an area is 
representative of some greater natural region 
is, therefore, a principle that drives Parks 
Canada's NMCA (and national park) system 
plans. Representivity refers to ecological, 
environmental and cultural aspects. From 
the NMCA perspective, if an activity is 
deemed to have an effect on some aspect of 
biodiversity (described in section 7.3), then 
this has a detrimental effect on representivity. 

As well, Parks Canada's marine policy 
mentions the following goals for monitoring: 

• ensuring long-term viability 
of marine ecosystems; 

• understanding natural spatial 
and temporal variability in 
structure (e.g., biodiversity) and 
function (e.g., production); 

• learning how human effects, such 
as fishing, fit within the background 
of natural variability; and 

• relating present-day ecosystem conditions 
to past ecosystem conditions. 

There also is monitoring in aid of ecosystem 
restoration or rehabilitation within a NMCA. 
Monitoring could help identify, locate 
and estimate the spatial scale of threats to 
marine ecosystems. For site management, 
we must know which threats can be locally 
managed. Climate change/sea level rise, 
some species introductions and external 
(non-point source) pollution cannot, although 
they are worthy of monitoring, albeit on 
a grander spatial scale and perhaps in 
concert with other partners. On the other 
hand, habitat destruction, point-source 
pollution and overfishing are manageable 
within an NMCA. Those threats for which 
the spatial scales match those of NMCAs 
should be the prime monitoring focus. 
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The proposition that protected areas should 
serve as representative ecological baselines 
is well established (Arcese and Sinclair 
1997; Davis et al. 2003). Monitoring should, 
therefore, be fundamental to Gvvaii Haanas' 
management in which the NMCA functions 
as a long-term reference site for the NMCA 
Natural Regions (Queen Charlotte Islands 
Shelf; Hecate Strait) that it represents 
within the Pacific North Coast Integrated 
Management Area (PNCIMA- Figure 4). 

As mentioned in the offshore energy section 
(2.4), regional marine science reviews have 
revealed a weak commitment to monitoring, 
manifested by often lacking time series 
data. Nonetheless, we will need to establish 
baseline conditions over time (perhaps 
decades) to inform our precaution as society 
contemplates such large offshore energy 
developments. There are some time series 
to build upon, such as; winds, wave heights, 
temperature, salinity, precipitation, salmon 
escapement and herring spawning. Although 
biological series such as on the salmon and 
herring should be maintained, their focus is 
single-species - not on regional representivity 
(i.e., biodiversity or ecosystem well-being). 
The art will be, therefore, to apply historical 
time series to the extent possible for a new 
representivity mandate (with its ecosystem-
based approach discussed in the next section), 
along with new time series filling key gaps. 

Where will the long-term commitment for 
monitoring come from? Parks Canada is 
compelled to monitor in support of its own 
terrestrial (ecological integrity) and marine 
(representivity) mandates - both of which are 
relevant to linking land and sea in the Gwaii 
Haanas context. Further, the agency has a role 
under Canada's Oceans Strategy for which 
the Pacific area of implementation is the 
PNCIMA which envelopes Gwaii Haanas. So, 
there is an issue of integrating Parks Canada's 
individually-pursued agency mandate with a 
broader federal marine (Oceans Act) mandate 
and the imperative of including other sectors 
(First Nations, NGOs, communities, industry) 
in forging a durable monitoring commitment. 

Given the reality that costs for marine 
monitoring are higher compared to terrestrial 
monitoring, and that the data should have 
regional application, a marine monitoring 
program would best be sustained through 
political will led by government interagency 
technical collaboration, shared funding and 
shared data benefits. Such a cooperative 
arrangement could be defined after public 
consultation for establishing the NMCA (as 
well as through the PNCIMA and/or Turning 
Point initiatives) because the long-term data 
would become a common, accessible regional 
information asset. For example, if any of 
the offshore energy initiatives (section 2.4) 
proceeds, this would increase the importance 
of Gwaii Haanas as a regional marine 
reference site and enable it to contribute 
to the knowledge base used by decision
makers. This requires a commitment in which 
monitoring costs are integrated into long-term 
operational funding rather than under short-
term project funding. Filling the information 
gap of monitored, time series information is 
discussed further in section 10.3.2 below. 

10.1.3. Ecosystem and Ecosystem-based 
Management 

"Indeed, if we have no control over the 
dynamic forces and environmental processes 
that create and sustain coastal ecosystems, we 
can only manage the human activities that 
seek to use or have access to coastal areas and 
resources." (AIDEnvironment 2004) 

The idea that humans can manage marine 
ecosystems is hubris. This is especially 
true for the sea because its ecosystems, 
besides being inherently less manageable 
than those on land, are also less knowable 
(Lauck et al. 1998). In the Canada NMCA 
Act, the term ecosystem is defined as 
"... (7 dynamic complex of animal, plant and 
microorganism communities and their non-living 
environment interacting as afunctional unit." 

In a review of the North Pacific, Perry and 
McKinnell (2005) concluded that an "applied 
unknowable" was "how individual species and 
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therefore, the ecosystem as a whole zoill respond 
to changes in natural (e.g., climate) and/or 
human (e.g., fishing, contaminants) forcing." 
Ecosystem management really applies, 
therefore, to restraint or controlling human 
effects on ecosystems towards clearly stated 
goals, such as sustainability, and perhaps 
the prospect of some level of restoration. 

Ecosystem management is a relatively new 
concept and subject to wide debate and 
interpretation among scientists and managers 
(Yaffee 1999). Understandably, therefore, 
the general public (and some scientists! 
- Alverson 2004) is confused about what 
ecosystem management means and how it can 
be implemented. The most widely supported 
explanation of ecosystem management is 
from the 1990s (Slocombe and Dearden 
2002), as follows: "Ecosystem management 
integrates scientific knowledge of ecological 
relationships within a complex sociopolitical 
and values framework toward the general goal of 
protecting native ecosystem integrity over the long 
term." Ecological integrity is the key goal of 
ecosystem management. Linking this to Parks 
Canada, maintaining ecological integrity is 
the first priority in Parks Canada's national 
park mandate and also a key objective in the 
new Wild Pacific Salmon Policy (DFO 2005 c). 

What may be clearer is the idea of an 
ecosystem approach to management (CBD 
2004 b; Slocombe 2004; Browman and 
Stergiou 2005) - a philosophy of valuing 
ecosystems when managing human-
environment relations. The term "ecosystem-
based management" fits with this approach 
and is becoming widely used. Ecosystem-
based management is one of the principles of 
Canada's Oceans Strategy and Action Plan for 
guiding integrated ocean management (DFO 
2002 a, 2005 a). DFO provides the following 
definition: "Ecosystem-Based Management 
(EBM) is the management of human activities 
so that marine ecosystems, their structures (e.g. 
biological diversity), function (e.g. productivity) 
and overall environmental quality (e.g. water 
and habitat quality), are not compromised and 
are maintained at appropriate temporal and 
spatial scales." Pivotal in such management 

is monitoring. That is, measuring outcomes 
towards clearly defined ecosystem 
objectives and using adaptive management, 
informed by monitoring data acting as a 
feed-back loop, to make modifications as 
the process unfolds (Walmsley 2005). 

Perhaps the most important marine and 
coastal management issue in the future of 
Haida Gwaii, and certainly for the future of 
Gwaii Haanas, will be fisheries - particularly 
commercial fisheries. This comes at a 
time when there is wide agreement that 
overfishing is a global problem with negative 
effects on pelagic and coastal ecosystems 
(Jackson et al. 2001; Garcia and Moreno 
2003; Norse and Crowder 2005; Pauly et al. 
2005; Berkes et al. 2006). In the words of 
Canada's Oceans Action Plan (DFO 2005 
a); "There is a growing global consensus that a 
more ecosystem-based approach to fishing will 
enhance opportunities over time." Ecosystem-
based fisheries management, an idea in its 
early stage of development (Sinclair and 
Valdimarsson 2003; Babcock and Pikitch 
2004; Garcia and Cochrane 2005), is being 
promoted "to address the critical need for a more 
effective and holistic management approach" 
(Pikitch et al. 2004). In other words, sustaining 
healthy ecosystems that support fisheries 
by shifting the management priority to 
ecosystem well-being rather than a focus 
only on the well-being of target species. 
Indeed, Garcia and Cochrane (2005), writing 
from the United Nations, call the ecosystem 
approach; "the only opportunity for fisheries 
to become responsible and sustainable...." 

A definition of ecosystem-based fisheries 
management is: "... geographically specified 
fisheries management that takes account of 
knowledge and uncertainties about, and among, 
biotic, abiotic and human components of 
ecosystems, and strives to balance diverse societal 
objectives" (Sissenwine and Mace 2003). In 
Atlantic Canada, DFO is beginning to grapple 
with ways of implementing the ecosystem 
approach in fisheries management (O'Boyle et 
al. 2004). Rice (2005) points out, however, that 
for Canadian fisheries management, the policy 
leap to an ecosystem approach is not currently 
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matched by the ability of science to "reliably 
and comprehensively support ecosystem-geared 
policy initiatives." In other words - and this is 
critical - developing appropriate supportive 
science will have to catch up to Canada's 
policy commitment to ecosystem-based 
management. Globally, there are differing 
views on interpreting (Corkeron 2006), 
and significant problems in implementing 
(Garcia and Cochrane 2005; Tudela and 
Short 2005), ecosystem-based fisheries 
management. It is ironic that an ecosystem-
based ethic was already in place in some 
small-scale, traditional fisheries management 
before the advent of modern industrial 
fisheries (Garcia and Cochrane 2005). 

Not all scientists agree with ecosystem-
based fisheries management. For example, 
Hilborn et al. (2004 a) claim that the real 
problem with fisheries is too much effort 
to maximize fishers' individual catches. 
They suggest a solution through aligning 
individual fishers' incentives to those of 
society for conservation and sustainability 
through tools such as rights-based fishing 
(e.g., individual transferable quotas). 
However, marine conservation is more than 
fisheries management and there are many 
other cultural (e.g., indigenous peoples' 
subsistence, recreation, inherent existence 
value) and technical (e.g., biodiversity well-
being, ecosystem structure and function, 
species-at-risk) issues that come into play. 
Making ecosystem-based management 
operational, however, will be the great 
future challenge (Alverson 2004; O'Boyle 
et al. 2004; Rice 2005). A useful first step 
could be to coalesce the application of the 
habitat-related protection provisions within 
the Fisheries, Oceans, Canada National Parks, 
Canada National Marine Conservation Areas, 
Canada Wildlife, Migratory Birds Convention 
and Species at Risk Acts. There is a real 
depth of federal legislation to draw upon. 

Canada (DFO 2005 a) and the United States 
(U.S. OAF 2004; Granek et al. 2005), with 
whom we share three oceans, have broached 
commitment to ecosystem-based approaches 
to ocean management and this will influence 

future regional coastal zone management. As 
previously mentioned, including in section 
2.2, Haida Gwaii is within the PNCIMA 
- the spatial context of DFO's pilot attempt 
to apply integrated management in Pacific 
Canada under Canada's Oceans Strategy, 
Action Plan and Marine Protected Areas 
Strategy. If ecosystem-based management 
is in Haida Gwaii's future, how should it 
be applied in the coastal zone - the area of 
greatest human interaction with the sea? In 
the forthcoming public consultations towards 
establishing the proposed NMCA there is an 
opportunity to engage the public in discussing 
Canada's ecosystem-based management 
commitment and, hopefully, beginning to 
deliver on it within the context of the NMCA. 

10.1.4. Marine Environmental Ethics 

"We act like the ocean is merely a source 
of materials and a sink largely because we 
lack an ethical framework encouraging 
us to see otherwise." (Safina 2005) 

Environmental ethics is a field of ethical 
enquiry towards establishing the moral 
standing of non-human species, biodiversity 
and ecosystems. Ethical values include; 
right, equity, obligation, virtue, freedom and 
choice. Marine environmental ethics is the 
explicit weighing of such values underlying 
humans ' decision-making concerning the 
sea (Dallmeyer 2003, 2005). As Dallmeyer 
(2005) points out, asking; "what should we 
do?" is both a question of ethics and of 
policy. Thus, there is a nexus of ethics and 
policy that, hopefully, will be informed 
by sound information from many sources 
including the natural and social sciences. The 
"informing" role is what this report aspires 
to do for the coastal zone of Haida Gwaii. 

Ethicists are now trying to apply their 
traditional stock of human-centred ideas 
to non-human species, biodiversity and 
ecosystems, such as Aldo Leopold's (1949) 
seminal "Laud Ethic." This ethic supports the 
intrinsic value of nature and the notion of 
humans as part of ecosystems with the moral 
obligation to "preserve the integrity, stability, 
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and beauty of the biotic community." This ethic 
has much in common with, and is culturally 
predated by, holistic Aboriginal notions of 
the roles of humans within landscapes and 
seascapes (section 3.1 - Berkes 1999; Berkes 
et al. 2005). Further, accommodating First 
Nations interests in marine area protection 
(Jones 1998; Jones and Guenette 2002) will 
be an ethical (and political) imperative 
in Canadian marine conservation. 

The emergence of the environmental ethics 
field in the 1970s included discussing ethical 
norms in the context of ecological principles 
(Callicott et al. 1999). Articulating marine 
environmental ethics, began in the early 
1990s (Callicott 1992; NRC 2001; Norton 
2003; Dallmeyer 2005). The ocean's vastness 
and ancient sea law perpetuate, for many, an 
ill-defined sense of the sea as an immutable 
aqueous commons (NRC 2001; Russ and 
Zeller 2003; Norse 2005). Societies generally 
are at a stage of underdeveloped ethical 
consensus on what should be done, and this 
hampers progress in marine conservation. 
In global fisheries, for example, the United 
Nations stated; "There is no explicit framework 
for dealing with ethical concerns, despite their 
potential significant contribution to solving 
the problems faced by fisheries and fishing 
communities" (FAO 2005). Accordingly, 
the political impasse over levels of use-
versus-restraint is riddled by unresolved 
social objectives and values concerning 
the sea. This is a greater problem than 
that of inadequate science (Fairweather 
1993). Norton (2003) calls the extension of 
environmental ethics into the sea; ".... this 
next great expansion of our moral universe." 

Inadequate natural science is not a core 
problem because we will never have complete 
information sufficient to reliably predict 
nature. However, we already know enough 
to rationalize the need for change, and we 
have the precautionary approach to help us 
cautiously go forward despite incomplete 
knowledge. Of course, progress is greatly 
needed in natural science, for example, 
quantifying the net benefits of protected 
marine spaces to adjacent fisheries - for which 

there has been much recent discussion (Gell 
and Roberts 2003; Alcala et al. 2005; Ashworth 
and Ormond 2005; Gaylord et al. 2005; Roberts 
et al. 2005). The social sciences, however, 
have lagged behind the natural sciences in 
contributing to marine conservation (NRC 
2001). Social science is catching up, for 
example, with progress towards engaging 
fishing communities and accessing their 
experiential knowledge (Mackinson 2001; 
Helvey 2004; Scholz et al. 2004) in the rapidly 
growing marine conservation literature. 
There is an emerging recognition that 
ecologists and conservation professionals 
lack a place within the realm of ethics that 
specifically addresses their needs, i.e., they 
lack an endeavour that Minteer and Collins 
(2005) call "ecological ethics." In other words, 
environmental ethics is not yet sufficiently 
influential in ecologically-based research 
and management practices. For instance, in 
discussing the marine fisheries crisis, Caddy 
and Seijo (2005) called for development of; 
".... an ethical concern for preserving ecosystem 
heritage in the marine environment." 

A major reason that marine conservation 
has lagged behind terrestrial conservation 
in practices and ideas is that people are land 
animals - the sea is less knowable to us. 
Norton (2003) coined the term "terrestrialism" 
to capture this blindness towards the sea 
that covers - 7 1 % of Earth and accounts for 
>95% of Earth's livable space. On a global 
scale, this is manifested by - 1 3 % of lands 
enjoying some level of legislated protection 
compared to protection of -0 .5% and -1.5% 
of marine and wetlands areas respectively 
(McClanahan 2004). The United States 
National Park Service openly admits that 
national ocean stewardship has lagged 
behind stewardship for lands (Davis 2004). 
For Parks Canada Agency, it is revealing 
that the first terrestrial national park was 
established in 1885 (Banff) and the first 
marine national park in 1987 (Fathom Five). 

Humanity's broad lack of understanding 
of the sea is cited as perhaps the greatest 
challenge to human-ocean relations (Earl 
1995). This is encapsulated in a recent 
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novel set on the Pacific northwest coast, 
in which Lynch's (2005) protagonist rather 
pessimistically states; "Most people realize 
the sea covers two thirds of the planet, hut few 
take the time to understand even a gallon of it." 
Not surprisingly, therefore, we have been 
borrowing conservation ideas from the land 
for marine application (Barr and Lindholm 
2000; Sloan 2002). Nonetheless, marine 
conservation will, rightly, be driven by 
citizens. Therefore, citizens' environmental 
awareness and values on marine nature 
will be central to success. What is needed 
now, as quoted from J.B. Foster (1979) at the 
outset of this coastal synthesis section, is 
for people to ".... have the conscience to apply 
this knowledge." The knowledge to apply is 
blended technical (scientific), experiential 
(e.g., fishers' knowledge) and cultural (e.g., 
traditional Aboriginal). Knowledge should 
be applied with an explicit consciousness 
of values towards the common ground 
we occupy before focusing on areas of 
disagreement. Included in the "cultural" is 
the need for citizens' awareness that society 
apply precaution and turn from ruthless 
self-interest and short-term utility to new 
levels of knowledge-based restraint enabling 
long-term, sustainable coexistence with the 
sea. Russ and Zeller (2003) cast the required 
change in social attitude away from "free 
and open" towards "heritage." An overdue 
manifestation of such restraint is marine 
area conservation - setting aside parts of 
our seascape heritage as we have done, for 
over a century, for our landscape heritage. 
Hence, the potentially innovative role of the 
proposed Gwaii Haanas NMCA to foster 
debate and action among Canadians. 

It is useful context to discuss two important 
positions along the natural resource use 
continuum - rational use and no use. Firstly, 
the "resource conservation ethic" (Callicott 
1992) has been the dominant renewable 
resource management ethos. This ethic is 
historically rooted in late 19th century United 
States government forestry management 
practices of conservation, development, 
and social equity through the technically 
defensible distribution of natural resource 

benefits. Modern fisheries management 
remains steeped in this ethic, usually applied 
to individual species or groups, in its 
attempt to facilitate equitable distribution of 
economic and social benefits from stocks. 

But, this ethic has not worked in the 
traditional, narrow approach to marine 
fisheries management in which species are 
rendered into commodities, subsidies lead to 
fishing overcapacity (Myers and Kent 2001) 
and the global application of technology 
(e.g., factory trawlers, at-sea freezing, gear 
technology, positioning systems, fish-finding 
sonar) lead to overfishing with enormous 
negative ecological consequences (Jackson 
et al. 2001; Bundy 2005; Ward and Myers 
2005; Pauly et al. 2005). Fishery science 
is just beginning to reveal the effects of 
fisheries on ecosystems upon which fisheries 
depend and to better address many of 
the risks and uncertainties influencing 
fisheries (Crowder and Norse 2005; 
Flilborn 2005; Preikshot and Pauly 2005). 

In marked contrast to the resource 
conservation ethic is the "preservation ethic" 
(Callicott 1992), which dominates the North 
American national park ideal of for strict 
preservation. This ethic has strong appeal, 
particularly in developed nations such as 
Canada and the United States that have long 
traditions of setting aside wild lands, but 
difficulties with applying this to wild seas 
(Sloan 2002 a; Norse and Crowder 2005). 
Consensus over strict preservation of marine 
areas can be subject to strong opposition, 
particularly from either commercial or 
recreational fisheries sectors (Dayton et al. 
2000; NRC 2001; Avasthi 2005). It is precisely 
the inclusion of these sectors as part of the 
solution to future marine conservation, rather 
than polarizing the debate by pillorying 
them as part of the problem, to which we 
need to evolve. Society as a whole has 
rendered fishery species into commodities, 
not the market-driven commercial hunters 
or the pleasure-seeking recreational 
anglers. Having stated that, we also need 
to counteract the culture of entitlement 
in the perceived marine commons and 
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foster awareness that marine species and 
ecosystems are held in trust by government 
for people now, but also future generations. 

Walters and Coleman (2004) warn that 
including broader values in fisheries 
management, for example, ".... will inevitably 
create some nasty trade-offs: between consumptive 
and existence values, between short- and long-
term values ...." Existence value is one of the 
non-use values of marine areas (Barr et al. 
2003) and is defined as the appreciation of 
inherent value of marine life and ecosystems. 
In other words, the value to people of just 
knowing that protection of marine areas, 
ecosystems and species occurs. This can 
be a non-trivial influence, for example, the 
broad societal concern for marine mammals. 
Generally, however, short-term needs typify 
human economic drive - often in conflict 
with the long-term commitment to restraint 
required for sustainability. A conception 
of the intrinsic rights of marine ecosystems 
and species to exist has, until recently, 
fared poorly within the overwhelmingly 
utilitarian approach to marine resources. 

10.2. LEADING MANAGEMENT ISSUES 

N.A. Sloan, J.R. Harper, C.L.K. 
Robinson, P.M. Barrier 

Keeping in mind the framework of ideas 
and values mentioned above, and with 
so much information in hand, the stage is 
set for innovation respecting sustainable 
uses through preservation when managing 
human coastal activities. Approaches to 
sustainability will need a conception of 
right action, broader public awareness and 
participation aided by accessible information 
(e.g., this report), an appreciation of key 
knowledge gaps and the application of 
spatial information management tools. We 
will need to explore new arrangements 
in the coastal future of Haida Gwaii and 
Gwaii Haanas, such as the following: 

• applying integrated management 
within Canada's Oceans Strategy; 

• acknowledging the unique rights of 
First Nations and facilitating their 
full participation with their historical 
traditional knowledge and with 
natural and social science progress 
in marine use planning as in the 
current Turning Point initiative; 

• combining scientific and contemporary 
experiential (Aboriginal, fisher, coastal 
community) knowledge towards broader 
marine ecosystem understanding; 

• invoking the full potential of GIS and other 
spatial analysis tools to enable layering 
the many spatial data sets (at different 
scales) and creating new outputs from the 
enormous quantities of data available; 

• engaging communities, industry and 
NGOs meaningfully in decision-making; 

• defining, and monitoring for, desired 
marine ecosystem states with attendant 
roles for humans - that is, what do we 
want?, what are our responsibilities? what 
is our progress towards sustainability?; 

• coalescing land and sea use planning 
in the transitional coastal zone that 
must involve cooperation between 
federal, provincial, municipal and First 
Nations levels of governance; and 

• using the prospect of the Gwaii Haanas 
NMCA as a crucible in which to implement 
partnerships using new ideas such as 
ecosystem-based fisheries management. 

10.2.1. Appropriate Spatial Scales and 
Zoning 

"The process of (marine) reserve design must 
be scientifically defensible and transparent in 
order to maximize potential effectiveness and the 
likelihood of establishment." (Parnell et al. 2006) 

This section begins with using species to 
broach the topic of applying spatial scales 
of ocean use to conservation. Many marine 
species straddle different ecosystems 
within their lives, such as occupying the 
water column during their dispersing 
larval stage and living on the sea bottom as 
adults. However, science-based zoning for 
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conservation tends to rely upon spatially 
defined ecosystems or habitats, for example, 
Parnell et ni. (2006) state; "...protection of critical 
habitat is of paramount importance for reserve 
design." To that is added defining appropriate 
roles for humans within sustainable use 
zones. Accordingly, this sections ends 
with a recent example of zoning within a 
proposed southern California no-take ("marine 
reserve") kelp forest (Parnell et al. 2006). 

The ocean's enormity, dynamism, three-
dimensional structure and seasonality 
mean that place-based conservation will not 
protect all species throughout all their adult 
migratory or larval transport ranges and 
seasons. That is why Palumbi and Hedgecock 
(2005) called accommodating for the space 
and time scales of the many species within an 
area a major challenge in marine conservation. 

Marine species vary tremendously in their 
life history characteristics, including amounts 
of sea space they occupy throughout their 
lives and the times at which they occupy 
those spaces. Palumbi (2004) suggests that 
movements of different life phases of species 
define spatial "neighbourhoods." Many 
species of demersal (bottom-associated) 
fishes and invertebrates, for example, have 
adult neighbourhoods of 10 to 100 km, while 
some larger pelagic fish, seabirds and many 
marine mammals have adult neighbourhoods 
that cover 1,000s of km. Palumbi (2004) 
argues that effective marine conservation 
management approaches, such as protected 
areas, must match adults and younger 
stage neighbourhoods. This implies that 
we must understand not only the major 
species present in a region (e.g., this report 
series), but also their life history needs and 
connections between marine ecosystems at 
various scales. Hilborn et al. (2004 b) reflect 
this thinking in their call for case-by-case 
evaluation of the spatial structure of affected 
fisheries within a proposed protected area. 

Gwaii Haanas within the context of the 
northeast Pacific is small, but it may 
contribute significantly to the conservation of 
wide-ranging species if it is included within 

a large network of protected marine areas. 
Such a network is envisioned by Morgan 
et al. (2005) for the northeast Pacific (Baja 
California-to-Bering Sea - as shown in Figure 
5). This network will aid the well-being of 
long-distant vertebrate migrants, such as 
the gray whale (Eschrichtius robustus), which 
have large adult spatial neighbourhoods. 
Gray whales move from Mexico in winter to 
the Bering Sea in summer and some stop to 
feed nearshore around Haida Gwaii usually 
in April to May during their northward 
migration. As these whales are nationally 
and internationally protected, a Gwaii Haanas 
NMCA would have an area-specific role in 
their protection. However, this role would 
be manifested briefly (in season) and be very 
limited spatially within gray whale's total 
northeast Pacific range. Another example 
of the role that Gwaii Haanas could play in 
protecting pieces of a global neighbourhood, 
is that of two seabirds, the Sooty and Short-
tailed Shearwaters (Puffiuus griseus and P. 
tenuirostris respectively). These birds breed 
on islands off Australia, New Zealand and 
southern South America, and comprise a 
major part of the offshore seabird community 
in Hecate Strait and Queen Charlotte Sound 
each spring. Canada has international 
responsibilities to protect these migratory 
birds while they occur in Canadian waters. 
An appropriate conservation management 
goal for the proposed Gwaii Haanas 
NMCA could, therefore, be included as 
part of a network of areas (e.g., Baja-to-
Bering) connected by the large spatial 
neighbourhoods of migratory species. 

Within the context of the two natural marine 
regions that Gwaii Haanas NMCA would 
represent (Figure 4), the NMCA may aid 
conserving species with moderate spatial 
neighbourhoods. For example, geoduck 
clams have a 40- to 50-day larval dispersal 
phase after which settlement occurs and 
adults can spend >150 years buried in the 
same spot within a sand bed. Haida Gwaii 
has many subtidal sand beds occupied 
by dense geoduck populations (section 
7.7). Accordingly, with this ecologically 
and commercially important species we 

323 



are compelled to think at different spatial 
scales when designing a connected system of 
smaller habitat areas linked together by larval 
neighbourhoods. For instance, Robinson et 
al. (2005) used océanographie modelling to 
demonstrate the potential role of the proposed 
NMCA as an important source of larvae for 
many regions in northern Hecate Strait and 

J O 

along the west coast of Haida Gwaii in late 
winter and early spring. In another example, 
Jamieson et al. (2004) modeled northern 
abalone larval dispersal among the Broken 
Islands within Pacific Rim National Park. 
They found that specific areas have larger 
and more consistent abalone recruitment 
than others. Most larvae settled nearby 
release sites, indicating a self-sustainability 
and the importance of maintaining local 
populations for local recruitment. 

Locally, the extent of the proposed NMCA 
(-3,400 km2) will undoubtedly protect species 
with small spatial neighbourhoods. This role 
is not insignificant because many species 
of sedentary or sessile invertebrates, and 
species of near shore fish, including inshore 
rockfishes and lingcod have relatively small 
adult and larval neighbourhoods. Palumbi 
(2004) suggests that to respond optimally 
to protection in an area, the neighbourhood 
size of a species should be about twice the 
size of the reserve. The proposed NMCA sea 
space, therefore, bodes well for many coastal 
species of fish and invertebrates. Gwaii 
Haanas being archipelagic (surrounded 
by ocean) reinforces the potential for 
conservation of coastal-dependent fish 
and invertebrate species with small (< 100 
km) adult and larval neighbourhoods. 

Coastal planning and management requires 
analyses at different spatial scales, or 
the appropriate spatial scale based on 
determination of ecological boundaries 
(Grumbine 1994), or multi-scale analyses for 
one topic. For example, the current spatial 
database infrastructure from standardized 
government data sets for Haida Gwaii 
supports analyses at "medium" scales -
typically between 1:5,000 and 1:500,000. 
However, it is at very large scales (small 

areas) and very small scales (large areas) that 
use of the appropriate spatial scale becomes 
problematic. Very small-scale ecological 
analyses or management (e.g., whale or 
seabird migration) involves combining 
data sets across multiple jurisdictions. This 
brings up issues of data access, incompatible 
data sets, data sets created using different 
standards, and incomplete data - all within 
the ecological boundary being considered. On 
the other hand, the issues involved with large-
scale analyses, such as individual estuary 
assessments, also possess multiple challenges. 
These can include incomplete data, or, 
when data do exist, they are too large to be 
handled with desktop computers. Examples 
of this include missing bathymétrie data 
for some areas of Haida Gwaii (particularly 
the uncharted waters along much of the 
southwest coast), or the patchy occurrence 
of multi-beam swath bathymetry data that 
are too large for desktop computers. In fact, 
bathymétrie data range from km- (uncharted 
areas) to cm-level (multi-beamed areas) scales. 
Finally, some ecological processes require 
multi-scale management and analyses. Using 
Ancient Murrelet ecology as an example, 
the species must be considered at very large 
scales (mapping the non-colonial dispersion 
of breeding pairs in individual large-limbed 
trees in remaining coastal old-growth forests) 
and very small scales (demarcating range 
of foraging over large offshore areas). 

In theory, a few large no-take areas are 
optimal for marine conservation given the 
scale and connectivity of ocean processes 
and ecosystems. In reality, however, needs 
for sustainable human (economic) uses of 
ecosystems and species must be met as well as 
preservation (Sloan 2002 a). Further, the scale 
of ocean use by some species is enormous, 
as discussed above. Therefore, networks 
of many smaller areas are acceptable for 
implementing conservation, particularly if 
the principles of replication, representation, 
and network design are adhered to (Ballantine 
1997). Further, the likely irreducible 
uncertainties of the areas' propagule "sources-
sinks" linkages must be accommodated with 
precaution in management (Roberts 2000). 
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Smaller, networked protected areas, such 
as Roberts' (2000) "networks of interacting 
reserves" are a workable compromise in 
contemporary zoning (Day 2002), especially 
near populated coastal areas where there 
are high social expectations for access to 
the sea and its resources. A few nations, 
such as New Zealand (New Zealand 
2005), are moving towards national-scale 
networks. Unpopulated continental 
coasts, offshore islands and the high seas 
are sound candidates for large contiguous 
preserved marine areas (Norse 2005). 

Thinking about the proposed Gwaii Haanas 
NMCA leads to managing a spatial mosaic of 
zones. Within the NMCA Act, the allowance 
for zoning (full preservation through to 
sustainable uses) will enable the coexistence 
of multiple uses with other purposes 
such as protecting species, or examples of 
ecosystems, or unique First Nations' rights 
(Jones 1998; Jones and Guenette 2002). The 
prospect of zoning within the proposed Gwaii 
Flaanas NMCA will demand new levels of 
integrating spatial marine information for 
Pacific Canada. For example, a question for 
zoning is which kelp forests within a NMCA 
should be within fully protected zones to 
best represent kelp forest biodiversity? We 
already know that all kelp forests of eelgrass 
meadows are not equivalently representative. 

For zoning to be accepted within a transparent 
public consultation process, it will have to 
respect the precautionary approach and 
be based on technically defensible criteria 
towards balancing protection with sustainable 
uses. The federal marine protected area 
precedent has been established by zoning 
within management planning for Saguenay-
St. Tawrence Marine Park (Dionne 2001, 
2004). The largest example globally, however, 
comes from rezoning of the Great Barrier Reef 
Marine Park (Day 2002; Fernandes et al. 2005). 
Within its 344,400 km2, the amount of no-
take (preservation) zone went from -4 .5% to 
>33% of the whole park with -20% protection 
per GIS-demarcated "bioregion." There were 
-40 coral reef-associated bioregions versus 
-30 non-coral reef bioregions (e.g., sea grass 

meadows, sand beds). Critical success factors 
included an extensive and participatory 
public consultation process that enhanced 
very strong political support for rezoning. 
All this occurred after the park authority 
convinced the public and politicians that 
existing levels of protection had to improve. 

An example of how habitat and species 
information together contribute to zoning 
comes from within the single large kelp forest 
studied by Parnell et al. (2006). They wanted 
to determine how large a proposed no-take 
reserve should be within their kelp forest; "to 
protect a self-sustaining assemblage of exploited 
species." They first defined and mapped 
kelp forest sub-habitats - there were five. 
Secondly, they assessed the affinity of the life 
histories of 20 species (fished commercially 
or recreationally), out of a total data set 
on 61 species, for those five sub-habitats. 
Finally, they drew upon 50 years data on the 
kelp forest. These historical data on kelp 
distribution combined with new physical 
data, such as exposure to storm action, 
revealed mechanisms driving kelp forest 
structure and long-term stability. In the end, 
their habitat-based scheme enabled them to 
establish how ecological value scales with size 
towards a reserve size that fostered both long-
term preservation in one part and human uses 
in the adjacent kelp forest area. This reflects 
the sorts of processes in support of zoning 
that Gwaii Haanas will have to undergo. 

In closing, fulfilling both sustainable 
socio-economic and sustainable ecosystem 
needs within Gwaii Haanas NMCA will 
be a political task in which natural science 
advises on the size, shape, number, location, 
persistence and connectedness of zones into 
networks, and monitors their efficacy. This is 
keeping in mind that human activities within 
a NMCA must not threaten the structure 
and function of its ecosystems. Examining 
our social and individual ethical values 
will help us decide on levels of restraint 
required towards defining appropriate 
roles for humans within a zoned NMCA. 
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10.2.2. Prospects of Restoration and 
Species-at-Risk 

If biological integrity implies the idea of 
ecological restoration, or returning to an 
ecosystem's historic biological integrity 
(Callicott et al. 1999), is that achievable in 
the ocean? Parks Canada policy supports 
the prospect of marine restoration within 
NMCAs (Parks Canada 1994, p. 56): "When 
marine ecosystems or components thereof have 
been seriously degraded, Parks Canada will 
initiate restoration programs in cooperation with 
others." This could be folded into the "long-
term ecological vision" requested of Parks 
Canada under the NMCA Act. But, what 
is the optimal ecosystem configuration to 
target for, or how do we expect preserved 
marine ecosystems to appear or function? 
The answer will be different for preservation 
versus sustainable use zones. Arguably for 
preservation, it would be best guided by the 
imperative for NMCAs to be representative 
of undisturbed ecosystems. When 
contemplating representivity and appropriate 
wild marine ecosystem benchmarks, should 
the discussion be in terms of pre-industrial 
fishing (-100 years ago), pre-European 
contact (-200 years ago), or prehistoric 
(-10,000 years ago)? However, picking any 
point along this spectrum is a challenge 
because ocean conditions are themselves 
always changing and we cannot recreate 
the physical oceanic-atmospheric milieu 
originally responsible for any particular 
ecosystem status. In other words, the 
ocean, terrestrial and atmospheric drivers 
of coastal ecosystems cannot be recreated. 

There are important management issues 
regarding the identification and protection 
of "critical" habitat for coastal species-at-
risk. The definition of critical habitat is 
"habitat that is necessary for the survival or 
recovery of a listed wildlife species and that 
is identified as the species' critical habitat in 
the recovery strategy or in an action plan for 
the species" (http://www.speciesatrisk. 
gc.ca/glossary_e.cfm). One could argue 
that because most marine species undergo 
shifts in habitat use according to the different 

stages of their lives (e.g., pelagic larvae and 
benthic adults), it will be difficult to identify 
any one critical habitat. In addition, the 
concept of adult neighbourhoods would 
suggest that it is not any one habitat that is 
important to a marine species, but rather the 
scale and mosaic of habitat patches that the 
species is exposed to. The lack of success 
in identifying the habitat needs of many 
marine species at risk, even benthic species 
such as northern abalone (e.g., Jamieson 
et al. 2004), warns of the problems with 
assigning the label "critical" to a particular 
habitat. Hence, the role of protected areas 
could facilitate conserving mosaics of critical 
habitats for many listed, and other, species. 

So, what should be reasonable levels of 
human intervention in marine restoration? 
How intrusive should we be in achieving 
restoration benchmarks given that 
ecosystem-based management is really about 
facilitating human restraint rather than 
manipulating ecosystems? Pitcher (2001) 
proposed a fisheries policy of ecosystem 
rebuilding, starting with constructing 
models of past ecosystems as reconstruction 
ideals, rather than trying to sustain current 
fishery catches or biomass. Past levels of 
human use may be more knowable than 
past ecosystem states, but both can be 
modeled towards exploring solutions. 

Kelp forest ecosystems (discussed in section 
7.6) provide a habitat example with which to 
envision establishing a habitat configuration 
that represents the most historically 
"wild" status. However, perhaps a more 
fundamentally important management 
question, linked to zoning, is which kelp 
forests within a NMCA should be within 
fully protected zones in order to represent 
kelp forest biodiversity? Are all kelp forest 
areas equivalent in their representivity 
value? The answer is no, as revealed in the 
previously mentioned study by Parnell et al. 
(2006). Further, kelp forests have unknown 
pre-industrial fishery baselines, and they 
can have various stable states, depending, 
in part, on which species have been fished 
out (Dayton et al. 1998). And, this is on top 
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of removal of sea otter, a species-at-risk 
that is also a keystone kelp forest predator 
(see section 7.2.2). Moreover, the prospect 
of optimal states is asked, keeping in mind 
that humans live within ecosystems and that 
indigenous peoples have unique rights to 
accessing ecosystems within their traditional 
territories. The restorative function may best 
be achieved passively by removing human 
effects and letting the system replenish itself 
undisturbed. With the sea otter example, that 
could be awaiting natural reestablishment 
and monitoring the new configuration of kelp 
forests (with sea otters) within preservation 
zones. On the other hand, how long should 
society wait before actively intervening 
in a case such as sea otter recovery? 

The idea of "recovery," under the Species at 
Risk Act described in section 2.2, is an aspect 
of restoration driven by this new legislation 
for species and their habitats. An increasing 
number of marine species are being evaluated 
for their at-risk status, for which protection 
of their habitats will be mandatory if these 
species eventually become listed. Included 
are some species targeted in commercial 
fisheries whose proposed listing for inclusion 
under the Species at Risk Act has created 
conflict between DFO and the COSEWIC, 
such as Bocaccio rockfish mentioned in 
section 3.8.2.3. This means a new facet for 
fisheries management that could include 
special protection for individual species 
and their habitats. Spatial knowledge of 
the extent of mingling of listed species with 
targeted commercial species will become 
essential. Further, there would be well-
defined agency roles for species recovery that 
will be particularly stringent within federal 
waters such as those of the proposed NMCA. 

10.2.3. Climate and Marine Conservation 

There are three major climate change effects 
whose consequences should be considered 
for sustaining our marine legacy. First, there 
are the physical changes that could be caused 
by climate change as described in sections 
4.2, 4.4 and 4.5. Sea level around Haida 
Gwaii could rise by -11 to 22 cm by 2100 and 

there are prospects of more frequent storms 
with changes in winds, waves, circulation 
patterns and land runoff. What consequences 
should we anticipate and what mitigating 
actions should we take? For instance, many 
coastal archaeological sites would erode into 
the nearshore, our current coastal wetlands 
would be inundated and reformed into 
marine flats, some coastal homes and other 
human infrastructure would be threatened, 
and the sand coast of the Queen Charlotte 
Lowlands would be appreciably altered by 
new erosion and deposition patterns. The 
low-lying shoreline of Haida Gwaii will be 
much changed with attendant changes for 
people and nearshore ecosystems such as 
saltmarshes, seagrass meadows and kelp 
forests. This, coupled with anticipated 
increases in storm surges, will change 
the human-coastal zone relationship in 
ways that need to be anticipated. Coastal 
communities will have to plan strategically to 
accommodate for this anticipated transition 
for both human and conservation needs. 

Second, there may be northward shifts 
in animal or plant species adult or larval 
"neighbourhoods" in response to climate 
change. The warm-water conditions 
experienced along the west coast of British 
Columbia in response to successive El Nino 
events in the mid 1990s (see section 4.2), is 
thought to have presented Pacific sardine 
(Sarditwps sagax), chub mackerel (Scomber 
japonicus), Pacific hake (Merluccius productus), 
Humboldt squid (Dosidicus gigas), and many 
other species with opportunities to expand 
their northward ranges. The consequences 
of an increased biomass of migratory, and 
typically predatory, species on local ecosystem 
dynamics is unknown, but potentially 
significant. For instance, increased sardine, 
mackerel and hake biomass in central British 
Columbia in response to ocean warming 
may have negative consequences on resident 
Pacific herring and salmon stocks (through 
competition and prédation), while large 
numbers of Humboldt squid seen in nearshore 
waters of Gwaii Haanas in 2005 signaled a 
major northward shift of these voracious 
predators. Conservation areas will need to 
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be aware of these potential shifts in species 
abundances and distributions in response to 
ocean warming, and communities need to 
be prepared to adapt management practices 
to ensure "resident" species populations 
remain ecologically viable and economically 
sustainable. For example, perhaps fishing 
plans will have to be adapted to reduce 
pressure on resident species, while increasing 
pressure on migratory species. Market 
conditions will dictate the economic viability 
of any adaptive management response. 

Finally, there are the effects on climate change 
on coastal watersheds such as discharge 
of precipitation that will influence coastal 
productivity and well-being. Changes in 
water column sfability, nutrient loading 
from terrestrial sources, and other factors 
are known to influence eelgrass, kelp 
and phytoplankton production. These 
primary producers are foundations of their 
food webs (defined in section 10.3.5) and 
change here will ultimately be amplified 
upwards to higher trophic levels. For 
example, changes in plankton at the base 
of the offshore food web are manifested in 
population sizes of fish species that depend 
on them (e.g., Pacific herring and salmon), 
to marine mammals that eat the fish and 
human fishers who also depend on fish 
populations (Ware and Thomson 2005). 

10.2.4. Introduced Species 

The global threat of introduced marine 
species, discussed in section 7.3.1, will 
increase in this region with the enhanced 
international shipping anticipated for the 
north mainland coast, such as the container 
port expansion in Prince Rupert and the 
proposed oil terminal for Kitimat. Estuaries 
along the Pacific coast of North America 
have proven particularly vulnerable to 
this threat (Emmett et ni 2000). Mitigation 
could include a ballast water management 
policy required for shipping. Further, 
north coast communities must henceforth 
be vigilant in monitoring for possible new 
introductions of new non-native species 

to build upon the established regional 
baseline (Sloan and Bartier 2004 b). 

10.2.5. Revisiting Fisheries Management 

Archipelago-wide, the coastal use engaging 
the most people, economy and culture is 
subsistence, recreational and commercial 
fishing. Further, by far the most important 
economic activity within the proposed 
NMCA is commercial fishing. Although 
DFO's Fisheries Act mandate would not be 
diminished within the proposed NMCA, 
would fisheries management be different 
within the NMCA compared to the rest of 
Haida Gwaii? Whether the management 
partnership eventually created for the 
proposed NMCA will uniquely influence 
fisheries management is a central question. 

A solution could be in the opportunity 
for the NMCA to function as a crucible in 
which to pilot interagency cooperation in 
ecosystem-based fisheries management 
with industry, NGOs, coastal communities 
and First Nations unfolds. Any innovations 
would be relevant to all of the Pacific North 
Coast Integrated Management Area under 
DFO's Oceans Act, as reviewed in section 
2.2. A local example would be improving 
knowledge on Pacific herring stock status 
such as developing effective stock recovery 
strategies, better defining roles for herring 
in local food webs (including birds and 
mammals) and arriving at an appropriate 
level of sustainable (post-stock-recovery) take. 

Fisheries management is trying to adopt 
broader, integrating approaches that 
account for ecosystem values. But, this leap 
in Canadian policy is difficult to render 
operational in routine fisheries management 
(Rice 2005). Participants will need to evolve 
from the traditional single-species approaches 
towards invoking an ecosystem-based 
management approach. A way forward is 
running an adaptive fisheries management 
experiment at a restricted spatial scale (e.g., 
within the proposed NMCA) for testing 
ideas and methods. In other words, the 
proposed Gwaii Haanas NMCA could 
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function as a study area for new directions 
in fisheries management. Integrating the 
federal agency mandates, led by Parks 
Canada and DFO, could assist developing 
management reform applicable regionally 
and perhaps eventually coast-wide. 

Starting points could be including broader, 
ecosystem-based concerns within Integrated 
Fishing Management Plans and exploiting 
more fully the explicit habitat protection 
provisions within legislation such as the 
Fisheries and Species at Risk Acts. Concerning 
ecosystem-based approaches for example, 
explicitly considering the role of Pacific 
herring spawning, as an infusion of energy 
into nearshore ecosystems, on the life history 
of local marine birds and mammals. Making 
these sorts of ecosystem-based connections 
could assist future fisheries management. 
Another example would be putting greater 
focus on understanding ecosystem roles 
of species such as Pacific sand lance that 
support food webs containing other 
species, many of which are commercial. 

10.2.6. Committing to Time-series 
Information 

Repeatedly throughout this volume, we 
stress the focused collection of information 
(monitoring) to support decision-making. 
Accumulating natural science information 
into uninterrupted time-series is essential to 
understanding natural variability and human 
effects to ecosystems, as previously discussed 
in section 10.1.2. Besides monitoring 
over time, there needs to be spatial 
replication of reference sites for appropriate 
statistically rigorous, défendable monitoring 
design in space as well as over time. 

What would a coastal monitoring 
program that is economically realistic 
and technically useful look like? We have 
not been prescriptive here because the 
ultimate decision is political - although 
informed technically. We hope to stimulate 
conversation among societal sectors towards 
a viable monitoring system that enables 

sustainability. This sort of discussion 
has yet to occur regionally. The suite 
of variables and where and how often 
they should be monitored over time will 
require technical advice, but political 
consensus. Otherwise, the long-term 
funding for monitoring will not prevail. 

10.3. STRATEGIC INFORMATION GAPS 

N.A. Sloan, J.R. Harper, C.L.K. 
Robinson, P.M. Bartier 

Having reviewed regional coastal knowledge, 
core ideas and leading management issues, 
strategic information gaps can be identified. 
Filling such gaps could aid improving local 
coastal conservation along with sustainable 
economic and social development. 

10.3.1. Respecting Traditional Aboriginal 
Knowledge 

Traditional Haida knowledge remains 
insufficiently represented within the total 
knowledge mix needed to adequately 
inform decision-making for coastal 
sustainability. Filling this gap is in keeping 
with the cooperative management framework 
pioneered by the Grvaii Haanas Agreement 
for managing Gwaii Haanas' lands, national 
policies promoting more uses of traditional 
Aboriginal knowledge (DFO 2002 a), and 
right action. One use could be articulating 
traditional knowledge into hypotheses 
to be tested by natural science methods. 
For example, testing the proposition 
that Pacific herring from different inlets 
behave as different sub-populations within 
the total herring population (described 
from section 3.8.2.2). The prospect of a 
Gwaii ITaanas NMCA will enable the 
cooperative spirit of the Gwaii Haanas 
Agreement to be manifested in the sea. 

As described previously in section 3.1, the 
recent creation of a base GIS Haida place 
name layer is pouring a foundation for 
other Flaida information types to build 
upon. People with early life experiences of 
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learning to subsist by traditional life ways 
are invaluable reservoirs of knowledge. 
Much more needs to be done to make their 
knowledge available, for example, there are 
-120 audio tapes of focused interviews with 
Haida Elders (now deceased) who were 
raised in the undeveloped Haida Gwaii 
coastal zone. Further, there are Elders still 
living who should be interviewed because 
they also hold traditional knowledge. 

Gathering and managing the promulgation of 
such knowledge will be guided by the Haida. 
Complexities include some information 
being proprietary, for example, information 
at the family level rather than village or clan 
levels. Another example would be locations 
of sacred sites such as burial locations. 
These issues are best managed within the 
Haida community before any information is 
released to be pooled in Gwaii Haanas' G1S. 

10.3.2. Land-sea Linkages 

to the currently rising sea level and changes in 
runoff, as mentioned in sections 4.2 and 4.5. 

10.3.3. Characterizing the Nearshore 
Shallow Subtidal 

Now that the biophysical shoreline inventory 
is relatively well in hand, it is time to extend 
our thinking seaward across the intertidal 
and into the shallow subtidal. Key biological 
events (e.g., herring spawning) and many 
human activities (e.g., sport fishing) rely 
on nearshore habitats and the ecosystems 
they host, such as seagrass meadows, kelp 
forests, rocky reefs and subtidal sediments. 
Gwaii Haanas could be a good case study 
for developing biophysical inventory 
methods that would both compliment the 
shoreline knowledge base and perhaps 
reveal shoreline-nearshore linking 
processes. There is, as well the opportunity 
to understand how upland processes are 
linked to nearshore coastal processes. 

A big question for Gwaii Haanas is what 
will be different if integrated marine and 
terrestrial conservation is operational? 
Linking land and sea knowledge for planning 
and management will be central to the 
archipelago's future and Gwaii Haanas may 
contribute as a regional test case. The political 
(levels of government), cultural and technical 
discontinuities between the realms of land 
and sea must be overcome for appropriate 
future sustainability. For instance, a great 
knowledge gap is the downstream effects of 
logging on salmon productivity of watersheds 
and estuary well-being. There have been 
no before-and-after surveys on estuaries 
of logged watersheds in Haida Gwaii. 
Observations are speculative on estuaries of 
logged watersheds but in Skidegate Inlet, 
they appear to have greater sandy sediment 
loads (J.R. Harper, unpublished observation). 
Another problem for estuarine wetlands is the 
general lack of detailed vegetation mapping, 
as discussed in section 8.3, that could enable 
monitoring individual estuary status and 
facilitate inter-estuary comparisons. Further, 
estuarine ecosystems are particularly sensitive 

A human-coast challenge to overcome is one-
dimensional thinking. We talk about being 
on the coast, but rarely about being in the 
coast. For example, the biophysical shoreline 
inventory is a value-added product built on 
an existing topographic (terrestrial) basemap 
that is itself displayed as a linear shoreline 
- the high water mark - discussed in Section 
8.2. Although nautical charts have a more 
detailed, two-dimensional representation 
delimited by the high and low water marks, it 
is the topographical depiction of the coastline 
that forms the standard for archipelago-
wide land use planning. A consequence of 
thinking of the coastal zone as a line, without 
width, is that it discounts the productive 
ecological transition area of wetlands and 
the intertidal. Without appreciating the 
intertidal as a continuum descending into 
the shallow subtidal, making intertidal-
shallow subtidal linkages within the total 
coastal zone is rendered more difficult. In 
fact, technical barriers towards creating better 
base maps of the coastal zone, translating 
between vertical datums and compiling 
standardized measurements of coastal zone 
elevation, have been solved. Impediments 
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to better coastal ecosystem depiction are 
organizational (different cartographic 
cultures, different agencies, different levels of 
government). The United States and United 
Kingdom now have blueprints to overcome 
these barriers and there is no reason why this 
cannot take place on Canada's Pacific coast. 

10.3.4. Linking Nearshore and Offshore 
Processes 

In the lone-term, the Haida Gvvaii coastal 
zone cannot be conserved and managed 
effectively without insight into the offshore 
océanographie processes that impinge upon 
the nearshore. The archipelago's nearshore 
oceanography, and its connectedness to 
the offshore, is largely unknown, although 
offshore océanographie processes are much 
better understood. How will an increased 
understanding in the connectivity of regional 
oceanography with coastal oceanography 
improve our ability to manage a conservation 
area? Part of the answer lies in knowing what 
océanographie processes drive distributions 
of nutrients, local production of plankton 
and forage fishes. Shifts in local production 
can have major effects on movements and 
production of most commercially important 
fishery species. This is because at some 
point in their life history each species is 
dependent upon planktonic production for 
food and survival. And, plankton production 
is directly influences by seasonal nutrient 
inputs such as oceanic upwelling or terrestrial 
runoff. Changes in regional oceanography 
will also ultimately influence local currents 
and hence configurations of larval and adult 
neighbourhoods (see section 10.2.1). Hence, 
to place effective conservation zones within a 
conservation area requires that we will need to 
know how nearshore areas are interconnected 
physically by currents, chemically by 
nutrients and biologically by transport of 
species' life stages (larvae to adults). 

10.3.5. Understanding Food Web Linkages 

Managing human activities within temporally 
and spatially dynamic coastal waters will 

be challenging. Further, the prospect of 
making technically défendable management 
decisions will be unlikely without a clear 
understanding of food web structure. A food 
web is a community of organisms that feed 
on similar organisms. Therefore, food webs 
tend to reveal that certain key species drive 
much of local coastal productivity. We need 
to understand the basic ecology of key species 
underpinning coastal food webs, how food 
webs relate to the physical environment, 
and how human activities may impair 
these interactions. Detailed habitat use and 
ecological information is required for a few 
key regional prey species including; Pacific 
herring (section 3.8.2.2), Pacific sand lance 
(section 7.7.1) and certain zooplankton such 
as the small shrimp-like euphausiids. For 
each of these, we require an understanding of 
life history strategies, habitats requirements, 
and possible threats. The current lack 
of knowledge about regional food web 
dynamics highlights the need for applying 
the precautionary approach and for moving 
towards ecosystem-based management 
ethos. Ultimately, only when the life history 
needs of these key prey species are ensured, 
will there be opportunities for maintaining 
the representivity, ecological integrity, and 
sustainable use of local coastal ecosystems. 

10.4. GWAII HAANAS' POTENTIAL 
CONTRIBUTIONS TO REGIONAL 
COASTAL MANAGEMENT 

N.A.Sloan 

In closing, the prospect of Gwaii Haanas 
NMCA comes at a revolutionary time in the 
history of marine conservation in Canada and 
world-wide. Structuring and implementing 
management of the proposed NMCA could 
influence regional coastal zone and fisheries 
management. A sea-change of attitude is 
occurring globally as people realize that 
human ignorance and negative effects of 
overuse and pollution are degrading the 
oceans (Field et al 2002; Glover and Earl 2004; 
Norse and Crowder 2005). In Canada, a shift 
in national ocean policy is trying to alter 
how we will live with our marine legacy, 
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including marine area protection (DFO 
2005 a, b). Therefore, the proposed Gwaii 
Haanas NMCA could be an opportunity 
for thinking-globally-acting-locally. 

In acting locally, there are a number of 
potential innovations in human-coastal 
relations that Gwaii Haanas could manifest. 
For instance, Gwaii Haanas is on the 
threshold of linking land and sea in which 
wholly protected watersheds will drain into a 
proposed NMCA. This linkage is underscored 
by salmon escapement that fertilizes 
watersheds with marine nutrients. There is 
no other conservation opportunity for such 
extensive land-sea linkage along temperate, 
rainforest coasts world-wide. Despite 
technical and cultural land-sea barriers to 
be overcome, there are opportunities for 
broadening the scale of conservation. 

The proposed NMCA could be offered up 
as a long-term marine biodiversity and 
environment reference location for Pacific 
Canada. The recent scouring of science 

archives in response to the prospect of 
energy exploration and development 
has revealed a generally inadequate 
spatial and time-series regional marine 
environmental baseline. Given the need 
for sustainability and responsible marine 
resource development, a commitment to 
long-term marine knowledge gathering is 
required. A relatively undisturbed NMCA 
with a technical infrastructure could function 
as an inter-agency monitoring focal point. 

Haida Gwaii will be the location of 
an integrated land and sea claim in 
the forthcoming ITaida title case. The 
implications are nation-wide for Aboriginal 
peoples and global for international 
maritime law. The terrestrial national park 
component of Gwaii Haanas has been a 
successful First Nation-Canada co-operative 
management innovation. Replicating that 
in the marine realm, in which the coastal 
zone will feature prominently, will further 
develop reconciliation with First Nations 
and acknowledging their unique rights. 
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APPENDIX A 

GLOSSARY OF KEY TERMS 

This is a strategic rather than an exhaustive glossary intended to clarify certain key terms used 
throughout the text. This is provided because terminology for the coastal zone can bridge 
many disciplines and can be inconsistent, thus confusing non-technical readers. As well, this 
list is in logical rather than alphabetic sequence as some terms are contingent on preceeding 
terms. References are provided that encapsulate, at least in part, the various meanings. 

Coastal zone - ", ..the pari of the livid affected by its proximity to the sea, and that part of the 
sea affected by its proximity to the land... " (RSA 2004); in the present report, we define 
the coastal zone as the seaward edge of the vegetated fringe that is itself immediately 
landward of the shoreline and to seaward across the intertidal to the shallow subtidal. 

Shore zone - within the coastal zone and is the shore's upper limit at the seaward 
edge of the terrestrial vegetation down across the intertidal to the shallow subtidal 
where marine vegetation, such as kelp forests and seagrass meadows, is visible. 

ShoreZone - the specific and conventional technical term used in Alaska, British 
Columbia and Washington state coastal mapping as fully described in Appendix B. 

Shoreline - a theoretical line that separates land and sea; this line is positioned approximately 
at the landward edge of the supratidal (see below), that is, the landward edge of the shore 
zone; in British Columbia, this is equivalent to the "apparent" or "ordinary" high water mark 
that defines the land/sea boundary in legal surveys. In Canadian and U.S. usage, shoreline 
= coastline. According the Canadian Hydrographie Service (CHS); "The coastline (shoreline) 
shall be represented by the high water mark which, in tidal waters, corresponds roughly to the high 
water line of the highest tide." (CHS Online Information Library) According to the United States 
National Oceanic and Atmospheric Administration; "The line of contact between the land and a 
body of water. On NOAA nautical charts and surveys, the shoreline approximates the mean highwater 
line. In NOAA usage, the term shoreline is synonymous with "coastline"." (NOAA 1997) 

Supratidal - the area above the limit of the predicted highest tide (the CHS term is "higher high 
water, large tide") and below the break between terrestrial shrubs and trees versus more salt-
tolerant grasses and sedges; wave run-up (splash) and wind-generated storm surge widen this 
area on exposed shores, whereas it is narrower on sheltered shores; on Haida Gwaii, southeast-
facing shores can have extensive, storm wave-deposited driftwood piles in the supratidal. 

Ordinary high water mark - "the limit or edge of the bed of a body of water" the 
term used for legal surveys in British Columbia and the legal seaward boundary 
of Gwaii Haanas National Park Reserve and Haida Heritage Site 

Intertidal - the substrate exposed during tidal cycles and bounded on the landward edge 
by the shoreline and at the seaward edge by CHS's "chart datum" or "lowest normal tide." 

Subtidal - the area below the CHS "chart datum" of "lowest normal tide;" the substrate 
that is always covered by sea water and never exposed, even by the lowest of tides. 
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Chart datum - the line dividing intertidal and subtidal - defined by the CHS as the average 
of the lower low waters, one from each of 19 years of predictions, for a particular location. 

Ecotone - zone of transition between adjacent ecological systems and having a set of 
characteristics uniquely defined by scales of time and space, and by the strength of the 
interactions between adjacent ecological systems (Levings and Jamieson 2001). 

Wetland - "areas where soils are water-saturated for a sufficient length of time such that excess water 
and resulting low soil oxygen levels are principal determinants of vegetation and soil development. 
Wetlands will have a relative abundance of hydropytes (species tolerant of saturated soils) in the 
vegetation community and/or soils featuring "hydric" character" (MacKenzie and Moran 2004). 

Salt marsh - relatively level, fine-sedimentary areas, usually associated 
with estuaries, where salt-tolerant vegetation (hydrophytes excluding trees) 
experiences periodic inundation by diluted seawater (Allée et al. 2000). 

Estuary - the ecotone in a semi-enclosed, intertidal coastal area in which sea 
water is measurably diluted by freshwater runoff from watersheds and often 
containing soft sediments with saltmarshes (MacKenzie and Moran 2004). 

Riparian - Any land adjacent to water bodies or wetlands (MoF 2000). This 
ecotone represents transitional areas between terrestrial and aquatic ecosystems 
distinguished by gradients in biophysical conditions, ecosystem processes and 
biota; areas through which surface and subsurface hydrology connect water 
bodies with their adjacent wetlands; areas adjacent to perennial, intermittent and 
ephemeral streams, lakes and estuarine-marine shorelines (NRC 2002). 

Hydroriparian - "the area of aquatic habitat and adjacent riparian plant communities 
obviously influenced by water (i.e., low to high-bench floodplains, wetland forested 
fringes, swamp forests and salt-spray shoreline forests), plus the area extending 
one and a half tree heights (horizontal distance) beyond." (CIT 2004) 

Marine riparian - in British Columbia, it is thought of the ecotone (fish habitat) including 
vegetated areas immediately above marine shorelines to the limit of fully-developed terrestrial 
vegetation - the zone could include beach grasses or wetland saltmarsh, but can also include 
unvegetated substrate (Levings and Jamieson 2001). Later, Levings and Romanuk (2004) 
restricted their discussion of the marine riparian (as fish habitat) to areas seaward of brackish 
water habitats in estuaries with an average annual salinity exceeding 25 parts per thousand. 
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SHOREZONE MAPPING 

Five distinct procedures were used to 
develop the Haida Gwaii coastal zone 
dataset. Our standard methods were those 
used throughout British Columbia for the 
ShoreZone program (Flowes and Berry 
2001; Harper and Morris 2003). The history 
of ShoreZone development in British 
Columbia is covered in this report's section 
on Biophysical Mapping and Classifying. 

Methods include acquiring low-tide 
imagery, the systematic interpretation of 
that imagery into classification of biotic and 
abiotic shoreline features, and recording 
that information into a georeferenced 
database. The imagery was supplemented 
by a major ground-truthing survey program 
in Gwaii Haanas, with some additional 
observations on other parts of Haida Gwaii. 

IMAGE ACQUISITION 

Acquisition of coastal imagery has 
remained consistent over the 25 years 

of aerial video imaging surveys (Owens 
1983). The only major change has been 
to include a coastal ecologist in all aerial 
overflights (since 1991) for best description 
of intertidal and shallow subtidal biota. 

Equipment and personnel descriptions 
used for imagery collection are summarized 
in Table B-l. Survey results are typically 
compiled in flightline manuals that include: 

• a summary table of tapes 
acquired during the survey; 

• flight tracks showing the location of each 
videotape (an example is in Figure B-l); 

• flight logs that summarize key locations; 

• photos and time of each videotape; and 

• a navigation data file. 

AERIAL SURVEY PROGRAM 

A key element in the aerial survey program 
was the selection of tide windows at 
elevations lower than +1.0 m. Each of the four 
aerial videographic surveys was conducted 
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Table B-l. Aircraft, crew and equipment criteria for oblique imagery acquisition around Haida Gwaii. 

Categories Features Descriptions 

Aircraft Type helicopters only because of the highly crenulated shoreline 

Altitude usually 75 to 100m, but up to 200m on very wide shorelines 

Speed usually -100 km/hr 

Other helicopter door was removed to improve videography 

Crew Videographer/ imaged shoreline; provided synchronous narration of geomorphological 
Geomorphologist features on one audio channel; directed pilot on altitude, distance offshore 

and flight speed; monitored video imagery quality 

Biologist described intertidal biota as recorded on a second audio channel; shot still 
photographs 

Navigator monitored electronic navigation files; assisted pilot in flight paths 

Equipment Navigation in 1991 and 1992, imagery involved the navigator placing 1-min. fix marks on 
CHS charts of the shoreline; in 1997 and 1998 imagery used GPS positioning 
and flightline fix marks were recorded at 1 to 2-sec. intervals; an electronic 
navigation system was used for flightline tracking 

Video "pro-sumer" video camera (e.g., Sony VX3; Hi8 tape format; -430 lpi 
resolution); in 1998, a GPS burn-on device (Horita captioning system) was 
used to burn latitude and longitude onto each image; audio commentary was 
recorded separately on to the videotape's two audio soundtracks 

Camera 35mm camera for still photographs using Kodachrome Professional 
transparency film 

Communications all on board linked by "push-to-talk" microphones 



Figure B-l. Example of a flightline track, southwest Louise Island. Points represent one- second fix 
marksfor the helicopter track. There is also a time associated with each fix mark and the time on the 
imagery can be related to a position. As such, each frame of the imagery is georeferenced. 

during suitable low tide windows lasting 2.5 
to 4 hours per day and beginning at first light. 

B-2 provides a summary of dates for the 
two video imagery acquisition periods. 

Imaging was conducted from the left side 
of the aircraft, with the plan of achieving 
a contiguous, sequential imaging of the 
shoreline. However, weather conditions 
often required alteration of the plan. Table 

The aerial videography is the primary 
source of information for the ShoreZone 
characterization. All surveys were conducted 
below +1.0 m tidal elevation to record most of 
the intertidal zone. The imagery is typically 
high resolution where features the size 

Table B-2. Dates of videography acquisition around Haida Gwaii. 
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Dates General Locations Videotape Numbers 

11-15 July 1991 East coast of Gwaii Haanas HG-91-01 to HG-91-08 

15-16 July 1992 West and northeast coasts of Gwaii Haanas HG-92-01 to HG-92-02 

21-26 May 1997 Graham Island; north Moresby Island HG-97-01 to HG-97-11 

24-27 May 1998 Moresby Island; Louise Island HG-98-01 to HG-98-06 



of boulders can be individually resolved. 
An important aspect is the associated 
synchronous audio description. Narrators 
concentrated the commentary on features that 
are difficult to resolve in the imagery such as 
sediment size or patchy distributions of biota. 

The imagery also provides some constraints 
to the interpretation. While the position of the 
aircraft is georeferenced within a few 10s of 
metres, the captured image may be 100 m or 
more from the aircraft. For all the mapping 
in Gwaii Haanas, vertical air photos were 
used to help locate shore features. Air photos 
were not used for the later (1997 and 1998) 
mapping, although GPS positions were then 
part of the data package. The imagery was 
acquired over a seven-year period and also 
collected during tide windows ranging from 
mid May to mid July. However, the data are 
presented as if they are synoptic, whereas 
they may incorporate annual and inter-annual 
variation (e.g., intertidal algae variations). 

MAPPING PROCEDURES 

The ShoreZone mapping followed 
standard protocols (Howes et al. 
1994; Harper and Morris 2003). 

Mapping and Classification Rationale 

The oblique aerial imagery must be converted 
to repeatable units or classes of data. The 
data include both spatial representation that 
fixes the information on maps (i.e., a mapping 
system) and an attribute representation 
that classifies data into a discrete 
number of categories (i.e., a classification 
system). Both geological and biological 
attributes are mapped and classified. 

The geomorphology mapper reviews the 
imagery, as well as other existing maps and 
airphotos, and marks the shore units onto an 
electronic shoreline. An example, illustrating 
shore unit demarcation from Masset Inlet, is 
shown in Figure B-2. The electronic shoreline 
used as part of this project is a combination 
of the high water line from CHS charts and 

Figure B-2. Example of shoreline units represented 
as lines (segmented HWL with unit IDs), polygons 
(grey polygon is an intertidal sandflat), and points 
(unit IDs indicate they are subunits within linear 
units; e.g., 144/1). The seaward boundaries of 
polygons are not formally defined, they have been 
drawn to approximate chart datum, or "low water 
level". 

provincial TRIM "water line," this combination 
is essentially the shoreline as defined in the 
previous Base Mapping Convention section. 

The five steps required to develop 
ShoreZone inventory maps are as follows: 

1. videotapes, electronic base maps, hard-
copy charts and vertical air photos are 
assembled by the physical mapper. 

2. The physical mapper views the imagery 
and decides where to break the shore 
units, based on keeping each shore unit as 
a homogeneous collection of morphology, 
substrate and exposure. The shore units 
are marked on hard-copy maps, using 
GPS data on the imagery and using air 
photos to help match the imagery to the 
maps. The hard-copy maps are later used 
as a reference for digitizing the electronic 
shoreline and creating a spatial dataset. 

3. Once the unit is fixed on the map, the 
physical mapper enters in descriptive 
(e.g., substrate type) and quantitative 
(e.g., across-shore width and slope 
of components) information about 
the unit; the videotape imagery and 
commentary are the primary source of 
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information. The database information 
is linked to the electronic map using 
a unique identification number. 

4. When the physical mapping is complete for 
a section of shoreline, the electronic maps 
and completed database are transferred to 
the biological mapper. This mapper views 
the videotapes, views the 35 mm slides, 
reviews the audio commentary, and then 
enters attribute data into the database. 

5. A quality assurance/quality control 
(QA/QC) procedure is performed to 
ensure that each map unit is linked to an 
appropriate database entry and that each 
across-shore component is linked to a unit 
entry. Thematic plots are used to check for 
obvious coding or interpretation errors 
(e.g., a very protected wave exposure on 
the Hecate Strait shoreline of Graham 
Island). Following Q A / Q C completion, 
the dataset is considered a GIS product 
for use in resource management. 

Mapp ing the Shore Unit 

A shore unit is the primary mapping unit 
that delineates locations of uniform substrate, 
geomorphology and wave exposure. Shore 
units are represented as line segments, 
points or polygons. Polygons were only 
rarely used in the Haida Gwaii mapping. 
Alongshore length is used as the standard 
dimension for region-wide summaries 
and comparisons. An example of oblique 
aerial imagery and the interpreted linear 
units, using a pocket beach bracketed by 
bedrock cliffs, is shown in Figure B-3. 

The mapping of shore modifications, such 
as seawall, wharves and landfill areas, 
was added to the standardized ShoreZone 
mapping procedures in 1997 (Berry et al 
2001; Harper and Morris 2003). The entire 
Flaida Gwaii shoreline was reviewed using 
the aerial videography, and the ShoreZone 
data updated to include these standard 
data attributes. Accounting for shore 
modification enables estimating the extent 
of human modification of the shore. 

Mapp ing the Across-shore Componen t 

Each shore unit is further characterized 
by the geologist in terms of a collection 
of across-shore components. The across-
shore components are geomorphic features, 
such as cliffs, beach berms, and tidal flats, 
with associated texture characteristics. An 
example of across-shore components is 
provided in Figure B-3. The across-shore 
component attributes are entered into the 
database but are not delineated on maps. The 
components are described in terms of the 
observed forms and substrates (e.g., a cobble 
berm), a landward to seaward sequence 
and the tidal zone in which they occur (i.e., 
supratidal, intertidal or sub tidal). Within 
a unit, there may be primary, secondary 
or tertiary components; that is, a small 
portion of the beach may include a "bench 
berm" (left side of pocket beach in Figure 
B-3) that would be recorded as a secondary 
attribute of the supratidal component. 
Alternatively an intertidal bar may form 
a portion of a tidal flat and be recorded as 
a secondary component of the tidal flat. 

The across-shore component data essentially 
describes an across-shore transect of each 
shore unit. The across-shore component data 
is searchable for particular features such 
as dunes, pebble beach berms, intertidal 
structures, or mudflats wider than 100m. 
This provides the mapper with a high degree 
of coding flexibility. There are typically 
thousands of unique combinations of 
component attributes. For example, there 
are 6,500 across-shore components mapped 
as part of the Gwaii Haanas mapping and 
-1,500 unique combinations of form and 
material. In an effort to reduce the mapping 
complexity, across-shore components were 
not mapped in the non-Gwaii Haanas 
portion of Haida Gwaii (2,743 units of the 
total 7,937 Flaida Gwaii units include across-
shore component mapping or -33'/)). 

Mapp ing the Biobands 

The intertidal and shallow subtidal 
macrobiota are visible on the imagery and 
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Figure B-3. Oblique aerial photo (top) showing how the shoreline is subdivided into three shore units 
and how each shore unit is further subdivided into across-shore components (e.g., rock cliff, cobble 
beach) and how biobands are nested within components. 
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are further described on the synchronous 
narrative. These biota are characterized by 
a biologist according to recognizable and 
repeatable biotic assemblages or biobands. 
Biobands appear as attached, epibenthic 
plants and animals usually at characteristic 
across-shore elevations. A listing of criteria 
defining biobands is provided in Table B-3. 

Biobands can be defined by a single indicator 
species (e.g., "Zostera" bioband) or by a 
species assemblage (e.g., the "Dark Brown 
Kelp" bioband that includes the lower 
intertidal, chocolate brown, stalked kelps). All 
biobands represent assemblages of biota and 
are not intended to indicate the occurrence 
of a single indicator species. Each bioband 
is classified as absent (not observed in the 
unit), patchy (occurs with <50% cover in 
the band) or continuous (occurs with >50% 
cover of the band in the unit). Biobands are 
nested within across-shore components. 

Some biobands are more recognizable than 
others, which leads to higher confidence in 
interpretations. For example, "Surfgrass" is 
usually a monoculture and if present appears 
as obvious patches whereas the "Red Algae" 
bioband is a mixture of species and often 
overlaps with other bands. Biobands often 
overlap, making interpretations challenging. 
Low-density coverages of some biobands 
result in under-reporting; however, given 
that the same methodology is used coast-
wide, the error is at least consistent. 

Figure B-5. The attribute data are linked to 
spatial units (see example of spatial units 
and associated unique identifiers in Figure 
B-2) through the Physical Unit Table. 

Figure B-4. An example of a thematic map of 
eelgrass bioband in Naden Harbour, Masset Inlet 
and Masset Sound, Graham Island generated by 
a database query asking for "eelgrass bioband". 

The bioband data are searchable and linked to 
both Unit and Component data. For example, 
a user can search for all patchy or continuous 
occurrences of the "Zostera" bioband for a 
defined area such as Graham Island (Figure 
B-4) or could search for just intertidal 
occurrences of the "Zostera" bioband. 
Such searches are useful for examining 
spatial occurrence of various biobands. 

DATA ATTRIBUTES 

Data are stored in five separate tables 
within a relational database as shown in 

Figure B-5. Relationships between the five tables 
making up the ShoreZone database system. 
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Table B-3. Definitions of Biobands used for the Haida Gvvaii ShoreZone analyses. The order of the Biobands 
indicates relative elevations within each zone (e.g. the Barnacle Bioband is usually the highest Bioband in the 
intertidal zone). These Bioband assemblages are specifically defined for the Haida Gwaii data set. 

1 this band could include up to seven Verrucaria species as well as other black lichen species (Brodo and Sloan 2004) 
2 these bioband assemblages are unique to the Haida Gwaii dataset 
3 kelp is the colloquial term for large brown algae species 
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Bioband Bioband Wave Exposure or 
Codes Names Colours Descriptions Habitat Indicated 

Supratidal 
VER Splash Zone black black lichen 'Verrucaria' species complex1 visible as a dark band on band width increases 

'Verrucaria' bare-looking rock in the very high intertidal and splash zone with exposure 

SAL 'Salicornia' light green pickleweed (Salicornia virginica), marsh grasses, dune grasses and Protected to 
and grasses other salt-tolerant herbaceous plants; appears in wetlands around Semi-protected, 

estuaries and in the log-line of beaches such as the grass, dune Estuary 
wildrye (Leymus mollis) 

'"tertidal 
BAR Barnacle beige-white continuous frosting of acorn and/or thatched barnacles {Balanus Protected to 

glandula and/or Semibalanus cariosus) that can form an extensive Very Exposed 
band in higher exposures where overstory algae are absent 

PUC Rockweed golden brown dominated by rockweed (Fucus spp.) and commonly at the same Protected to 
elevations as the Barnacle band Semi-exposed 

BMU Blue Mussel dark blue- dense beds of blue mussel (Mytilus trossulus) often associated with Protected to 
black freshwater stream mouths, estuary flats or in current-dominated Semi-protected, 

channels Current 

ULV Green Algae bright green mixture of blade and filamentous green algae (Lllva spp., Protected to 
Monostrome spp., Enteremtorpha spp.); the broadest extent occurs on Semi-protected, 
wide platforms and lower-energy flats Estuary 

HAL2 Bleached ^ golden yellow band definition specific to Haida Gwaii; an assemblage of bleached Protected to 
Red Algae" reds in the lower intertidal with typical species being Halosacckm Semi-protected 

glandiforme, Gastroclonium subarcticulatum, Odontlnilin spp. and other 
bleached blade and filamentous reds 

MUS California grey-blue dominated by California mussel (Mylilus californianus) and thatched Semi-exposed 
Mussel barnacle (Semibalanus cariosus) with scattered goose barnacle to Exposed 

(Pollicipcs polymcrus) at higher wave exposures 

RED2 Red Algae2 dark red- band definition specific to Haida Gwaii; a red algae-rich band in the Semi-protected to 
brown or lower intertidal, including a complex of filamentous and blade Very Exposed, 

bright pink of species such as Microcladia spp., Odonthalia spp., Polysiphonia spp., Current 
coralline algae and foliose or encrusting coralline algae 

SBR2 Soft Brown dusty light band definition specific to Haida Gwaii; defined by ruffled blades Protected to 
Kelp" brown of Lnminaria saccharins often encrusted with diatoms and bryozoans Semi-protected 

giving the blades a dusty appearance; includes large-bladed browns 
such as L. sacchnrina, L. bongardiana, Agarum spp., Alaria spp., 
Cymathcrc triplicate and others 

CHB2 Dark Brown dark band definition specific to Haida Gwaii; stalked large browns with Semi-exposed to 
Kelp" chocolate leathery and shiny-smooth blades; a mixture of species at moderate Very Exposed, 

brown wave exposures including Lessoniopsis littomlis, liedophyllum sessile, Current 
Egregia menziesii, Alaria spp., Laminaria setchelli, with single-species 
patches of L. liltoralis occurring at Very Exposed sites 

SUR Surfgrass bright continuous cover of surfgrass (Phyllospadix spp.) attached to Semi-exposed 
emerald green bedrock or boulder/cobble; often includes a rich understory of 

encrusting invertebrates 
Subtidal 

ZOS Eelgrass bright green meadows of eelgrass (Zostera marina) rooted in sand or mud of the Semi-protected to 
lower intertidal to shallow subtidal; often mixed with the Green Protected, Estuary 
Algae band 

URC Urchin pink to white pale pink, bleached-looking encrusting coralline red algae in the Semi-exposed to 
Barrens shallow subtidal, where red sea urchin (Strongylocentrotus Semi-protected, 

franciscauus) have grazed away the fleshy, erect macroflorae leaving Current 
bare-looking substrate; purple sea urchin (S. purpuratus) and/or 
green sea urchin (S. droebachiensis) may be present 

MAC Giant Kelp soft golden nearshore canopy-forming giant kelp (Macrocystis integrifolia) Protected to 
brown forests; fronds have long stipes with numerous small bulb floats Semi-exposed 

with leafy side blades 

NFR Bull Kelp' dark nearshore canopv-forming bull kelp (Nereocystis luetkeana) forests; Semi-protected to 
chocolate often indicates current-affected areas if growing in areas of low Exposed, Current 

brown wave energies 



Spatial Unit Table 

The Spatial Unit Table holds the ArcGIS 
data. This table links line, polygon and point 
features from the maps to data records within 
the ArcGIS format. The ArcGIS data are 
linked to the Physical Unit Table so that any 
of the mapped attribute information from 
the Physical Unit, the Biological Unit, the 
Component and the Bioband Tables can be 
linked to specific locations in Haida Gwaii. 

Physical Unit Table 

The Physical Unit Table includes information 
related to the entire unit. This includes 
various geomorphic attributes such as 
overall coastal morphology type, coastal 
stability, sediment sources to the unit, wave 
exposure level and potential oil residence. 
Administrative information such as the 
names of the mappers, editors, data mapped 
are also included. The most commonly 
used attribute is the shore type, which is 
a summary classification of the combined 
substrate and morphology for the unit as 
a whole. Rock cliffs, estuaries and sand / 
gravel beaches are examples of shore types. 

Biological Unit Table 

There is a complementary Biological 
Unit Table that includes biological 
information related to the entire unit. 
Two of the most important attributes 
included in the Biological Unit Table are 
biological exposure and Habitat Type. 

Biological Exposure classification is based 
on the reality that species have particular 
tolerances to wave exposure and substrate 
mobility. That is, species occurrence is 
largely determined by substrate type 
and wave exposure. Understanding the 
wave exposure requirements of certain 
species and associated assemblages is the 
foundation of biological exposure categories 
and explains how presence/absence of 
intertidal species can be used as an index 
of the wave exposure at a site. Examples 

of biological indicator assemblages for two 
different exposures are listed in Table B-4. 

For example, the presence of surfgrass 
(Phyllospadix spp. - SUR bioband) is a 
good indicator of a Semi-exposed shore, 
while the eelgrass (Zostera marina - ZOS 
bioband) indicates lower wave exposure 
such as Semi-protected. The co-occurrence 
of certain biobands is also used to determine 
the exposure category. Wave exposures 
have a typical or most likely assemblage of 
biobands and indicator species. For example, 
in Haida Gwaii areas with high wave 
exposure, the typical diagnostic bioband 
assemblages are the "Dark Brown Kelps" 
(CHB bioband), coralline red algae (part of 
the RED bioband), and a wide splash zone 
as indicated by "W" in the black lichen 
bioband (VER). The biological exposure is a 
better estimate of average wave energy levels 
than the fetch-calculated exposure levels. 

Habitat Type is a summary classification 
combining both physical and biological 
characteristics observed for a particular shore 
unit. It provides a biophysical summary of the 
unit overall based on the mapped attributes. 
Habitat Type is a summary indicator for the 
substrate, exposure and most-likely biota 
for each unit as listed in Table B-5. The idea 
of typical biotic assemblages representing a 
set of exposure and substrate conditions is 
useful for summarizing ShoreZone habitats. 
For example, a Semi-exposed, bedrock shore 
(immobile substrate) typically has the most 
diverse assemblage of intertidal epibenthic 
fauna and flora. But a Semi-exposed, sand 
beach (mobile substrate) will not have any 
attached epibiota and is typically dominated 
by an (invisible) infauna community. 

The Biological Unit Table also includes 
administrative information such as the 
biomapper and editor names, 35mm 
photos for the unit, ground station 
number and the sources of information 
used in the biological interpretations. 
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Table B-4. Examples of biological indicator assemblages for two different exposures in Haida Gwaii. 

1 a complete tabic of definitions of biological Exposure is presented in the Data Dictionary on tire attached CD-ROM 
2 codes for biobands are in Table 11-3 

Component Table 

The Component Table includes a record 
on each across-shore component (see 
Figure B-3) with attribute information 
on morphology, sediment texture, width, 
slope, dominant modifying process and 
index of estimated oil residence. 

Bioband Table 

The Bioband Table includes a three-level 
classification of the abundance for each 
bioband: absent, patchy or continuous. 
For units with across-shore physical data, 
biobands are recorded in the component 
where they are observed (as in Gwaii Haanas 
mapping). For units mapped without 
across-shore components (as in northern 
Haida Gwaii) the relative across-shore 
position of the biobands is inferred from the 
definitions of biobands listed in Table B-3. 

GROUND-TRUTH SURVEY 

The primary objective was to obtain site 
information augmenting the ShoreZone 
classification process. Ground-truthing was 
conducted in 1992 (105 stations inventoried 
in Gwaii Haanas) and in 1998 (18 stations 
inventoried on northern Moresby and Graham 
Islands). Both géomorphologie and biological 
information was acquired. Across-shore 
profiles were surveyed for width, elevation, 
sediment composition and biota. The data 
are systematically recorded in databases. 
Ground-truth stations can be linked 
precisely to the aerial video imagery and 
field photos are linked to the survey notes. 

EXTENT 

The geographic extent of the stations must 
reflect the geographic extent of the aerial 
survey and be planned for a similar tide 
window. For example, lowest daylight tides 
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Semi-exposed (SE) Semi-protected (SP) 

Associated Associated 
Biobands" Indicator Species Biobands" Indicator Species 

VER medium width Verrucaria spp. VER narrow width Verrucaria spp. 
BAR Balanus glandula BAR Balanus glandula 

BAR Semibalanus cariosus 
FUG Fucus spp. FUC Fucus spp. 
MUS Mytilus calijornianus 
RED Halosaccion glandiforme HAL Halosaccion glandiforme 
RED Endocladia muricata 

RED Odonthalk sp. 
SBR Laminaria saccharina morph 

CHB Alarm spp. SBR Alalia spp. 
CHB Egregia menziesii 
CHB Laminaria setchellii 

CHB Hedovhyllum sessile 
SUR Phyllospadix spp. 

ZOS Zostera marina 
MAC Macrocystis integrifolia 

NER Nereoei/stis luetkeana 



Table B-5. Habitat types as defined by indicator species assemblages, biological exposure and substrate mobility. 

1 VE = very exposed, E = exposed, SI: - semi-exposed, SP = semi-protected, P = protected, VP - very protected 
2 Grave] = pebble, cobble and boulder combined; mud = clay and silt 

Habitat Types 1 2 3 4 5 6 7 H 9 10 

Substrate Stability Immobile Substrates Mobile or Partially Mobile Substrates Current-dominated 

. . . q , Bedrock/ Bedrock/ Estuary or Bedrock or 
Across-sbore ' Bedrock Boulder Gravel" Sand/Gravel Sand/Mud" Sediment Sediment 
Zone Species (common name) Biological Exposure1 VÊ E SE SP VP, P ~~SP VP, P VP, P, SP SE, E Currenf 

supratidal Verrucaria spp. (encrusting black lichens) • • • • • • • 
Carex spp. (sedges) • 
(marsh grasses) • 
Salicornm virginal (pickleweed) • 

upper tnteromorpha spp. (filamentous green algae) • • • • • 
intertidal Balanus glandula (acorn barnacle) • • • • • • • • 

Fucus distkhus (rockweed) • • • • • • 

middle Pollicipes polymerus (goose barnacle) • • 
intertidal Mytilus californianus (California mussel) • • • 

Mytilus frossit/i/s (blue mussel) • • • • • Tidal current 
Semibalanus carriosus (thatched barnacle) • • • • dominated 
lllva/ Monostroma spp. (sea lettuce) • • • • • 

middle to Halosaccionglandijorme (sea sacs) • • • • • 
lower Codium fragile (sea staghorn) • • • No visible 
intertidal Phyllospadixscouleri (surfgrass) • intertidal 

lower intertidal (mixed filamentous and foliose red algae) • macrobiota 
Bossiclla spp. (coralline red algae) • • observed 
Calliarthron spp. (coralline red algae) • • 
Corallina spp. (coralline red algae) • • 

~ ~ ~ ~ " sediment 
lower intertidal licdoplnilliim sess;7e (sea cabbage) • 
and subtidul Egregia menziesii (feather boa kelp) • mobility' Species assemblage 

Alalia "marginala" morph (ribbon kelp) • • • determined bv 
Alalia "nana" morph (small ribbon kelp) • current erterev 
Laminaria saccharina (sugar kelp) • • • • 
, . . , , . " f - - . rather than 
Laminaria bongardiana • • • 
Laminaria setcMlii • • w a v e e n e r 8 y 
Lessoniopsis intimitis (strap kelp) • • 

subtidal Agarum spp. • • • • • • 
Lithotliamnion spp. (encrusting coralline red algae) • • • • • 
Macrocystis integrifolia (giant kelp) • • • 
Nereocystis luetkeana (bull kelp) • • • • • 
Slrongylocentrotus franciscanus (red sea urchin) • • • 
Zoaiera marina (eelgrass) • • • • • 



of the year usually in a six-day window 
with tidal elevation below l m for at least 
three hours per day. The ground surveys 
were vessel-supported to accommodate 
two shore teams. A few Gwaii Haanas 
stations were inventoried from a float-
camp base and using a helicopter. 

STATION SELECTION 

Ground-truthing was organized to provide 
a relatively uniform distribution of shore 
stations. Stations are typically clustered in 
a small area on a variety of shore types and 
exposures to minimize travel time during 
the low-tide window. The distribution of 
all the ground surveys is shown in Figure 
B-6. Survey station location was precisely 
positioned on the aerial imagery and related 
directly to mapping data for the shore unit. 

FIELD DATA COLLECTION 

Location information, survey crew names, 
date and time of access are recorded on 
field forms and entered into a field station 
database and listed in the attached CD-ROM. 

Sketch and Surveyed Profile - A simple 
perspective sketch is made at each station. 
An example, using Station GH50 from East 
Copper Island, is shown in (Figure B-7). 
As well, an accompanying shore profile 
was surveyed across the intertidal using 
the water level, corrected to chart datum, 
as a reference level. An example profile, 
also using Station GH50, is illustrated in 
Figure B-8. Horizontal and vertical data are 
entered into a spreadsheet to graphically 
reconstruct the profile. Key morphological 
features are identified and elevations of 
observed biobands and species are surveyed. 

Figure B-6. Locations of all the ground survey 
stations around Haida Gwaii. 

Figure B-7. Example of a perspective field sketch 
showing the general site layout andlocation of the 
survey profile at Station GH50 (Figure B-8). 

Figure B-8. Surveyed profile at Station GH50 with 
annotation on across-shore biota. Elevation is 
relative to chart datum. 
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Intertidal Bioband and Species Data 
- A shore-station biological database was 
developed for recording the biological data. 
Listed in Table B-6 is an example, again 
using Station GH50, of the species listing 
for a particular shore station. W.C. Austin 
(Sidney Marine Ecology Centre) developed 
the original species list with both scientific 
and common names (Harper et al. 1994), 
that has been incorporated into the 
formalized British Columbia mapping 
protocol (Searing and Frith 1995). 

STATION ANALYSES 

Hayes and Morris (2002) conducted a 
statistical analysis of the Gwaii Haanas 
station/species data to examine attributes 
associated with clusters and to refine 
the definitions of habitat types used 
in the classification. This procedure 
is briefly summarised below. 

The first step was to error-check the database 
and standardise all species names for the 
Gwaii Haanas shore stations. Cluster analyses 
was used to group communities based on 
their degree of similarity. Definitions of 
these analyses are listed in Table B-7. 

Nemec and Brinkhurst (1998) discuss the 
ability to distinguish between 'true' or 
'artificial' differences in the underlying 
communities using cluster analyses. True 
differences are those that are statistically 
significant and artificial differences reflect the 
random variability within the community. 
It is expected that the variability between 
linkages in random clusters is higher 
than the variability in true clusters. 

Two sets of cluster analyses were performed 
on the dataset; for comparing stations and 
for comparing species. A summary of the 
sequence of analyses is shown in Table 
B-8. Based on the results of the Station 
cluster analysis, the Station cluster results 
seems to display the more meaningful 
results and, of the 'presence/absence' 
versus the 'relative abundance' clustering, 

the 'relative abundance' results showed 
clearer clusters of stations in the output. 

For the sequence of the Station 'relative 
abundance' clustering, the input dataset was 
refined prior to the second run to further 
improve the cluster output. Four species or 
groups were ubiquitous, occurring at nearly 
every site: Littorina sitkana, L. scutulata, 
Verrucaria spp. and Balanus glandula. These 
were removed from the second run to 
improve the clustering. Two completely 
bare stations (beaches with no visible 
biota - GH-92-77 and GH-92-26B) were 
also removed. A total of 103 stations and 
437 species were included in the second 
run of the relative abundance analyses. 

The significance of the clusters identified 
in the second run of the relative abundance 
station data was tested using the "bootstrap" 
method (Nemec and Brinkhurst, 1998). In 
a bootstrap analysis, clusters are compared 
and a similarity index is determined for 
each pair of clusters compared. The null 
hypotheses, that clusters were from the 
same community was used, and a low P 
(probability value) of 0.01 was chosen to test 
the null hypotheses and reduce the overall 
error in accepting the alternate hypotheses. 
That is, only clusters that were significantly 
different from all the other clusters were 
used to describe our final habitat types. 

For the final station clusters, species that 
were associated with stations in each 
cluster were determined. Species that 
occurred in all of the stations in the group 
were termed as indicator species for that 
cluster. Common species that occurred in 
at least three-quarters of the stations in the 
cluster were listed as associated species. 

In the sequence of analyses of the species 
dataset, the first run was based on the 
Jaccard's analysis for presence/absence data 
- the same analysis used for the first run of 
the analyses of the station comparisons. The 
species analysis output was simplified in the 
second run, by removing uncommon species 
(those occurring <5 times) from the dataset. 
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Table B-6. An example of observed group/species listing using Gwaii Haanas Station 50, East Copper Island. 

REC 

6 
9 
22 

26 

35 
37 
39 
44 

47 

48 
52 

58 

63 
65 
69 

81 

85 
89 
90 
47 

119 
124 
125 
124 

133 

151 
155 
156 
164 

169 

172 
144 

200 
202 

213 
216 

221 
255 
256 

257 

245 
278 

244 
507 

333 
335 
546 

349 
352 

353 

359 
560 

371 

373 

375 
458 

442 

450 

453 

455 
464 

SP_NO 
3 
3.03 
4 

4.04 

4.13 

4.15 
4.17 

4.22 

4.25 
4.26 

5 
5.06 

5.11 
5.13 
5.17 

5.29 
5.33 
5.37 

5.38 

5.45 
5.67 
7 
7.01 

8 
8.04 
8.22 

8.26 
9 

9.08 

10 
10.03 

13 
13 
13.02 
14 

14.03 
14.08 
14.22 

14.23 
14.24 

14.3 
17 

17.16 
19 

19.26 
19.28 
24 

24.03 

24.06 
24.07 

27 

27.01 
27.12 

28 
28.02 

33 
33.04 
34 

34.03 
35 
35.09 

GROUP/ Species 

CHLOROPHYTA 
Cladophora spp. 

PHAEOPHYTA 
Alarin nana 

Egregia menziesii 

Fucus gerdneri 
Hatophyllum sessile 
Lessoniopsis littoralis 
Ncrcoa/stis lueikeana 

Ralfsia spp. 

RHODOPHYTA 
Calliarihwii 

Corailina vancouveriensis 
Cumagloia andersoni 
Emiocladia muricata 

Halosaccion glandiforme 
Iridaea cornucopiae 
Litliotluvunion/Litliopln/Iluin, etc. 

Mastocarpus papillalus 

Odonthalia spp. 

unidentified red algae spp. 
ANGIOSPERMS 

Pln/llospadix spp. 

PORTERA 
Cliona spp. 

red sponge species 
unidentified spp. 

COELENTERATA - Hydrozoa 
Sertularella 

COELENTERATA - Anthozoa 
Anthopleura xanthogramniica 

MOLLUSCA 
POLYPLACOPUORA 

Katharina tunicata 
GASTROPODA: PROSOBRANCH1A 

Amphissa Columbiana 
Calliostoma ligation 

Littorina sitkana 
Litlorina scutulata 

Lottia digitalis 
Nucella canaliculata 

BIVALVIA 

Mytilus californianus 
POLYCHAETA 
Serpula venuicularis 

Spirorbis spp. 

C1RR1PED1A 
Bakmus glandule 

Pollicipes polymerus 
Semibalanus cariousus 

ISOPODA 

Cirolaua harfordi 
Li/gia pallasi 

AMPHIPODA - GAMMARIDEA 

unidentified gammar ids spp. 
HOLOTHUROIDEA 
Cucumaria pseudocurata 

ECHINOIDEA 
Strongi/locculrolusfranciscanus 

ASTEROIDEA 

Pisnstcr ochraccous 

Common Name 
GREEN ALGAE 

branching green filament seaweed 
BROWN ALGAE 

small alalia 
feather boa 

hairy pit rock weed 
sea cabbage 

knarled tough root weed 
bull kelp 

yellow-brown thin crust 
RED ALGAE 

bushy cylindrical coralline 

gelatinous spiny fat branches 
thin dark spiny wires 

fine spray sea sacs 
yellow-brown flaring small blades 

red calcareous crust 
small papillate straps 

dark dense knob-tip branches 

FLOWERING PLANTS 

surf grass 

SPONGES 
boring yellow sponge 

unidentified 

HYDROl DS 
branched yellow hydroids 

SEA ANEMONES & ALLIES 
large solitary green anemone 

CHITONS 
black katy chiton 

SNAILS & ALLIES 
wrinkled dove snail 
brown & blue top shell 

sitka periwinkle 
checkered periwinkle 

ribbed limpet 

channeled dogwinkle 

CLAMS, MUSSELS & ALLIES 
California mussel 

BRISTLE WORMS 

red calcaneus tube worm 

tiny white tube worms 
BARNACLES 

common pacific acorn barnacle 
goose neck barnacle 

thatch acorn barnacle 
PILL BUGS & ALLIES 

carnivorous grey isopod 

speedy shoreline isopod 
BEACH HOPPERS & ALLIES 

side swimmers 

SEA CUCUMBERS 
grey aligned tube feet sea cucumber 

SEA URCHINS 
red sea urchin 

SEA STARS 
purple or ochre star 

Zone 

H,M 

\1 

L 
II 

M 
L 

L 
M 

H,M 
H 

II 
M 

11 
M 

H 
M 

M 

M 

M 

M 

M 

L 
1 

S 

S 
S 
M 

M 

M 
M 

11 
M 

M 

M 

S 

S,L 

M 

L 

M 

Abundance" 

C 

C 

C 
F 
C 
E 

C 
F 

C 
C 

C 
C 

C 
C 

c 
c 
c 
c 
F 

F 

C 
C 

F 

C 

E 

C 

c 
I 

A 

C 

C 

A 

C 

C 

C 
A 

C 

C 
C 

C 

A 

C 

C 

1 Zones: S - supra-tidal; H - high intertidal; M - mid intertidal; L - lower intertidal 
2 Abundance codes: .A - abundant; C - common; F - few 
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Table B-7. Definitions of cluster analyses used in analyzing station/species data. 

Methods Definitions 

Jaccard's similarity measure 

Bray-Curtis similarity measure 

Bootstrap method 

Compares the presence or absence of species within a station to every other 
species - station data comparison. Matches are "absent in both stations" (0 -
0) or "present in both stations "(1 - 1) and non-matches are species occurs in 
one station but not the other (0 -1 or 1 - 0). Results of the interaction matrix 
are shown in a dendrogram matching clusters of stations that are similar 
based on the presence or absence of a species. 

Compares the relative abundance of each species present within a station 
based on a qualitative abundance level of 1, 2 or 3. Results are shown in a 
dendrogram with species' matches based on the relative abundance codes 
(e.g., few present at both stations: 1-1 match, species common at both stations 
2-2, or species abundant at both stations 3-3). 

Tests non-parametric data by re-sampling the data set (testing the relative 
abundance clusters against one another) when the population is not 
normally distributed (Nemec and Brinkhurst 1998). 

Table B-8. Sequence of the Station/Species cluster analyses. 

Events in Sequence Station Dataset Analysis Species Dataset Analysis 

First Run of Cluster 
Analyses 

Revisions to Dataset 
Input 

Second Run of the 
Cluster Analyses 

Test significance of 
Cluster Analyses 

Refine Clusters 

presence/absence cluster analysis (Jaccard's); 
relative abundance cluster analysis (Bray-
Curtis) 

removed blank stations; removed ubiquitous 
species 

relative abundance cluster analysis (Bray-
Curtis) 

Bootstrap analysis of the clusters identified in 
the second run of the relative abundance 
clustering 

based on result of the bootstrap test, two 
pairs of clusters are combined, resulting in 
final set of 7 clusters of the station dataset 

presence/absence cluster analysis 
(Jaccard's) 

revised to include only species which 
occurred at least 5 times in the dataset 

presence/absence cluster analysis 
(Jaccard's) 

no further analysis of species clusters 

two general species clusters identified, 
corresponding approximately to the two 
most different clusters of stations 

COASTAL VEGETATION 
FRINGE MAPPING 

The classification of vegetation landscapes 
for Gwaii Haanas follows traditional 
biophysical methodology, in the development 
of a hierarchy based on biophysical 
Ecoregions, Ecosections and Ecosites. For the 
coastal fringe classification, the terrestrial 
classification of Gwaii Haanas (Westland 
1994) was used as a framework. Ecoregions 
are named according to the British Columbia 
Ministry of Forests classification system (Pojar 
et ni. 1987), and represent broad macroclimatic 
regions. Only those ecosections that occur 

along the coastal fringe are described here. 
Ecosections are reoccurring assemblages 
of plants, surficial materials and soils that 
have developed in response to relatively 
constant landscape conditions. Conditions 
such as slope position, slope, drainage and 
soil texture are the primary factors that 
influence development of plant communities. 

Along shores, however, other factors such 
as exposure to winds and salt spray also 
influence terrestrial plant communities. The 
salt-tolerant coastal vegetation fringe around 
Haida Gwaii is becoming better defined. 
For example, Golumbia (2005) identified 
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three coastal habitat types with attendant 
characteristic vegetation associations as 
follows: for estuarine salt marshes he used 
the red fescue (Festttca rubra) - meadow 
barley (Hordeiuii bracln/aiitlierum) association, 
for sandy beaches red fescue - dune 
wildrye (Leymus mollis), and for exposed 
cliffs, headlands and rocky shores Sitka 
spruce (Picea sitchoisis) - Pacific reedgrass 
(Calamagrostis nutkaensis). Brodo and Sloan 
(2004) described the specialized rocky shore 
lichen assemblages (comprising over 40 
species) for which the upper vegetated fringe 
has certain species. For bryophytes, Golumbia 
and Barrier (2004) found that six moss and 
two liverwort species occur mainly on rocky 
outcrops and headlands whereas sand dunes 
have another 14 moss and four liverwort 
species characteristic of those habitats. 

Two biophysical ecoregions fall within 
Gwaii Haanas (Figure B-9). Most of western 
Moresby Island and all of Kunghit Island 
lie in the Very Wet, Hypermaritime, Coastal 
Western Hemlock (CWHvh) ecoregion 
whereas most of the islands along Hecate 
Strait (Burnaby, Huxley, Ramsay, Murchison, 
Faraday, Lyell, Kunga, Richardson and 
Tanu) lie in the Wet, Hypermaritime, Coastal 
Western Hemlock (CWHwh) ecoregion. 

Aerial videotapes and aerial slide imagery 
were viewed to assign an ecosection type 
to each shore unit. In practice, a primary, 
secondary and tertiary code was assigned 
to each unit alone with an indicator of 
backshore slope. Slope categories included: 
steep (S, >35°), moderate (M, 10" to 35°), 
fan (F, 2° to 10°) and level (L, <2°). 

The CWHvh can have precipitation 
levels exceeding 5,000 mm annually 
(Banner et al. 1983). The ground is super
saturated and soils are characterized by 
the continuous surface-accumulation of 
decomposed organic matter. Descriptions 
of the coastal fringe ecosections of the 
CWHvh ecoregion are listed in Table B-9. 

The CWHwh has soils that are relatively 
well-drained and experience true soil 

Figure B-9. Map showing the location of two major 
ecoregions in Gwaii Haanas that were used as a 
basis for the terrestrial fringe classification. CWHvh 
is the Coastal Western Hemlock, very wet hyper
maritime Ecoregion, and the CWHwh is the Coastal 
Western Hemlock wet hypermaritime Ecoregion. 

development, reflecting less precipitation 
than CWHvh. Descriptions of the coastal 
fringe ecosections of the CWHwh 
ecoregion are listed in Table B-10. 

OIL SPILL RESIDENCE INDEX 
AND LOGISTICAL PLANNING 

Oil spills are a potential threat to all of the 
coastal resources on Haida Gwaii and could 
arise from land-based sources, spills from 
vessels or from offshore petroleum operations. 
Because hydrocarbon spills float, they could 
originate 100s of km from Haida Gwaii and 
eventually strand on its beaches. As reviewed 
in the Effects of Oil on Shores section, oiled 
shores become reservoirs for stranded oil 
and intertidal ecosystems are among those 
severely affected by spills. Consideration 
of shore protection and cleanup are an 
important part of spill response planning. 
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Table B-9. Descriptions of ecosections using exemplary locations within the Very Wet, Hypermaritime, 
Coastal Western Hemlock (CWHvh) biophysical ecoregion of Haida Gwaii. 
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Codes Ecosections Descriptions 

CF Cedar Forest upland slopes and hummocks with homogeneous forests of yellow-cedar {Chamaecyparis 
(poor forest) nootkatensis) and western redcedar {Thuja plicata); occasionally present are western 

hemlock (Tstiga heterophylla), Sitka spruce (Picea sitcheusis) and shore pine (Pinus conforta 
var. conforta); salai (Gaultlicria shallon) often occurs as a sprawling tangled thicket; Sitka 
alder (Alttus viridis ssp. simtata) may be present at the beach/upland interface; common 
herbs include deer fern (Blcchnum spicant) and false-lily-of-the-valley (Maianthemum 
dilatation) (this is a combination of BA Barry Inlet and MA Matheson Inlet) 

DB De la Beche occurs on near vertical cliffs throughout the wetter part of Gwaii Haanas; exposed rock 
(cliff rock) is common and soil material is confined to small pockets of colluvium and accumulated 

organic material; vegetation is highly variable in response to specific site conditions; 
trees occur as scattered, stunted individuals of western redcedar, yellow-cedar and Sitka 
spruce; characteristic shrubs are salmonberry (Rubus spectabilis), salal and black 
twinberry (Loniccra involucrata); false lily-of-the-valley is the only common species in a 
diverse herb layer 

EH Echo Harbour characterizes estuarine map units that occur on creek deltas and along beach margins; 
(estuary) sites are subject to regular periodic tidal inundation and creek deltas may occasionally be 

flooded with storm runoff; materials are gravelly and soils lack any discernible 
development; vegetation, composed of grasses and herbs, is homogeneous with tufted 
hairgrass (Deschampsia cespitosa), meadow barley (Hordeum brachyantherum), springbank 
clover (Trifoliiun wonnskioldii), red fescue (Festuca rubra) and seabeach sandwort 
{Honckcnya peploides) commonly occurring 

HY Hoya Passage found on gravelly fans adjacent to creeks, with soils that exhibit little horizon 
(hemlock development; periodic deposition may occur with annual storm events; in areas that 

foamflower - have been recently disturbed, red alder {Aluns rubra) often forms continuous cover; 
productive mature stands are dominated by western hemlock with occasional Sitka spruce; western 

forest) hemlock and red huckleberry (Vaccinium parvifolium) are common shrubs; typical herbs 
are deer fern and spiny wood fern {Dryopteris expansa) 

IS Rock Islet small rocky, offshore islets often with minimal vegetation present; occasional small, 
(rock islet) stunted Sitka spruce, with patches of salal, and salmonberry (not described within the 

terrestrial classification) 

PF Puffin Cove is common along the outer west coast of Gwaii Haanas, occurring on exposed rocky 
(scrub headlands; the effect of wind and salt spray are evident in the presence of stunted, 

headland) windblown scrub trees and a narrow diversity of shrubs and herbs; most sites are rocky 
with accumulated, semi-decayed organic matter acting as a growing medium; Sitka 
spruce is usually present as a stunted tree or shrubs, and salal is characteristic; typical 
herbs are Pacific reedgrass {Calainagrostis nutkaensis), deer fern and western rattlesnake-
root {Prcnanthcs alata) 

SL Slim Inlet occurs as a linear landscape unit adjacent to creeks; most sites are narrow and limited in 
(spruce-grass- extent, with sandy, gravelly soils; Sitka spruce is common as a dominant tree and as a 

floodplain) shrub; western hemlock is occasionally present; herbs which may be locally abundant 
include Pacific reedgrass, sedge, common rush Quncus effusus), and bog bluegrass {Poa 
Icptocoiua) 

VVF Woodruff Bay typical of beaches and exposed cliffs on the exposed, west side of Gwaii Haanas; materials 
(spruce-reed vary from wind-deposited sand, raised beaches and steep ocean cliffs; characteristic on all 

grass) sites is the predominance of a robust, thick cover of Pacific reedgrass; windswept Sitka 
spruce is usually present in a tree and shrub form ; on some steep cliffs, tree and shrub cover 
is completely lacking; small-flowered woodrush {Luzula parviflora) is a common herb 

WF1 -wind-deposited sand, backshore dunes with scattered Sitka spruce and reed grass 
WF4 - steep outer coast areas with scattered Sitka spruce and continuous reed grass 

1 wind-stunted trees are termed "krummholz " 



Tab le B-10. Desc r ip t ions of ecosec t ions u s i n g e x e m p l a r y loca t ions w i t h i n t he Wet , H y p e r m a r i t i m e , Coas ta l 

W e s t e r n H e m l o c k ( C W H w h ) Biophysical Ecoreg ion of H a i d a Gwa i i . 

C o d e s Ecosect ions Desc r ip t ions 
HS Hemlock - scrubby forests of Sitka spruce (Picea sitchensis), western redcedar (Tluija plicata) and western hemlock 

Spruce Forest ÇTsuga heteropln/lla), with scattered yellow-cedar (Clmmaecyparis nootkateiisis) and shore pine (Pinus 
(poor forest) amtorta var. contorta); the poorly developed shrub layer is characterized by salal (Gaultheria shallon), 

red huckleberry (Vaccinium paroifolium) and small conifers.; common herbs include deer fern 
(Bkchnum spicant) and heart-leaved twavblade (Listeria cordata); a robust continuous moss layer is 
always present (this is a combination of SB Swan Bay and BF Beresford Inlet) 

HU Huston Inlet occurs as estuarine plant communities in three distinct environmental settings: (1) creek deltas, (2) 
(estuary) beach fringes, (3) inland estuarine meadow; sites are characterized by periodic tidal inundation, poorly 

drained soils and the dominance of herbaceous vegetation; common plants include tufted hairgrass 
(Dcschaiupsia cespitosa), meadow barley (Hordeum brachyantherum), red fescue (Fcstuca rubra), 
springbank clover (Trifolium leormskioldii), and sea-milkwort (Glaux maritima) 

IC Ikeda Cove representative of steep, nearly-vertical cliffs usually adjacent to marine waters; trees are absent and 
(cliff rock) shrubs are sprawling and stunted ; Sitka spruce, as a shrub, Pacific crab apple (Mains fused) and black 

gooseberry (Ribes lacustre) are characteristic shrubs; common herbs include red fescue, dune wildrye 
(Lei/mus mollis), thistle (Cirsium spp.), yarrow (Achillea millefolium), yellow monkey-flower (Mimulus 
guttatus) and purple-leaved willowherb (Epilobium ciliatum) 

MU Murchison dry, rocky headlands in exposed marine environments; the landscape is controlled by bedrock and 
Island (scrub portions of exposed rock are often prominent; stunted Sitka spruce and western redcedar are 

headland) common; low conifers and salal dominate the shrub layer; herbs are uncommon and often are nearly 
absent 

KA Ramsay Island occurs as thin linear, floodplain units associated with creeks; soil materials are usually sands and 
(spruce-grass- gravels, with active deposition occurring periodically; red alder (Aluns rubra) dominates on disturbed 

floodplain) sites; a mixture of Sitka spruce and western hemlock is characteristic of older stands; the limited extent 
of this unit is a function of the small catchment area of most creeks; red huckleberry, and salmonberry 
(Rubus spectabilis), are characteristic shrubs; small-flowered woodrush (Luzula paroiflora) is a common 
herb 

SF Spruce Forest productive forest sites occurring on beach terraces and fluvial fans, with sandy, gravelly soils; Sitka 
(productive spruce and western hemlock dominate the tree layer, with red alder common on disturbed sites; red 

forest) huckleberry is a commonly occurring shrub; common herbs include deer fern and spiny wood fern 
(Drgopteris expansa) (this is a combination of HI Hotspring Island and GO Gogit Passage) 

SG Slug Islet characterized as small offshore rocky islands that have shrubs and herbs as the dominant vegetation; 
(rock islet) these units are typically isolated from the main island and the distance is such that most sites have not 

been browsed by the introduced Sitka black-tailed deer (Odocoileus hemionus columbianus); low Sitka 
spruce, salal, and salmonberry arc common shrubs; red fescue, false lily-of-the-valley (Maiautliemum 
dilatation) and yarrow are common herbs 

SP Scudder Point rare in occurrence, being found infrequently along portions of the shoreline that are fully exposed to 
(spruce-reed- southeasterly winds; Sitka spruce and salal are dominant, above a patchy cover of dune wildrye and 

grass) Pacific reedgrass (Calamagrostis initkaensis); vegetation is usually adjacent to or part of the beach log-
line, occasionally developed on rocky cliffs 

1 wind-stunted trees are termed "kritiinnhalz " 

OIL RESIDENCE INDEX 

As reviewed in the Effects of Oil on Shores 
section, shore type is critical to likely 
residence times of oil. Accordingly, inclusion 
of the oil residence index in the ShoreZone 
dataset provides an index of coastal sensitivity 
to spills by estimating the relative time that 
oil might remain on the shore should it 
become beached. The Oil Residence Index 

(ORI) is based on substrate type and wave 
exposure level (Harper et al. 1992). Permeable 
substrates, such as boulder and cobble, 
can entrap persistent oil. Impermeable 
substrates, such as bedrock, typically have 
shorter oil residence periods. Wave action is 
also important in controlling oil persistence. 
Shores with high wave exposures typically 
have shorter periods of oil residence due to 
the rapid physical dispersal of oil. Shores with 
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low wave exposure have longer oil persistence 
levels because there is less physical energy 
to remove oil. These two attributes, which 
are mapped for the 7,937 shore units 
of Haida Gwaii, are used to estimate 
potential oil persistence with the OR1. 

The ORI represents an important spill-
planning tool because areas of likely 
persistence can be identified and considered 
for specific dispersant applications, 
protection strategies and cleanup priorities. 
For example, the identification of large 
stretches of coast with lengthy persistence 
(as occur in eastern Gwaii Haanas) may 
be important in evaluating a dispersant 
application strategy. Similarly, if an oil slick 
was approaching the shore, locations of 
high ORI could receive a higher priority for 
booming than shorelines with low ORI values. 

OIL SPILL LOGISTICS 

Another important aspect of oil spill response 
planning is the logistics of shore access 
in event of a spill (Harper et al. 1992). We 
used the aerial videography to evaluate 
the potential access of the entire Haida 
Gwaii coast. This includes potential for 
access by land (foot and road), by air (float 
planes and helicopters) and by water (small 
vessels and barges). The imagery provides 
sufficient resolution to define access and 
logistics constraints of each shore unit. 

Table B-'ll provides descriptions of the 
access attributes, linked to the ShoreZone 
database, that georeferences response 
planning information. The data attributes are 
included for each of the 7,937 mapped units. 

NEARSHORE HABITAT MODEL 

The nearshore is the shallow subtidal 
area immediate seaward of the intertidal 
zone and, for the purposes of this 
project, extends to 20 m depth. 

WHY A NEARSHORE HABITAT MODEL? 

Nearshore areas are of significant interest 
biologically, archaeologically and in 
terms of human uses. As well, they can be 
sensitive to a variety of human effects. The 
nearshore has highly productive fixed plant 
communities (e.g., subtidal seagrass meadows 
and kelp forests). Seaward of the 20m 
isobath, fixed plant life rapidly disappears 
with depth due to decreasing light levels. 
The vegetated nearshore is an extremely 
important nursery area for juvenile fishes and 
invertebrates within its plant canopy, whose 
attributes are described in the Thematic 
Summaries and Coastal Habitats sections. 

The biophysical environment of the 
nearshore of Haida Gwaii is not well 
documented. Natural and technological 

Table B-ll . Oil spill logistical planning information recorded for each shore unit. 
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Attributes Descriptions 

Foot access whether unit can be accessed by foot 

Road Access whether unit can be accessed by road 

Sea Access whether unit can be safely accessed from the sea (e.g., high energy shorelines generally 
cannot be accessed) and the maximum size of vessel that might access the unit 

Helicopter Access whether there is a suitable landing site above the high water line, or below it in the 
intertidal, of the unit 

Float Plane Access whether the unit could be approached from offshore by a float plane 

Boat Ramp is there a boat or loading ramp (or comparable structure) within the unit useful as a 
staging location 

Storage Area is there potential for storage within the unit, above the high water line for equipment, 
debris bags, or drums 



factors create challenges for its systematic 
characterization. Algal and seagrass species 
zonation is highly light (and depth) sensitive. 
Accordingly, there are strong gradients in 
species zonation as water depths increases 
going to seaward (Morris 1996). In addition, 
there are strong gradients in wave energy 
levels in the nearshore that decrease 
with water depth and lead to changes in 
substrate. Mowing seaward from the shore, 
there are usually more fine sediments and 
it is not unusual to change from a totally 
rock-dominated substrate in the shallower 
nearshore to a totally sediment-dominated 
substrate in the deeper nearshore. All of 
these factors contribute to a considerable 
complexity of habitat in the nearshore. 

Development of appropriate survey 
techniques for actually mapping the 
biophysical attributes of the nearshore has 
been equally challenging. New survey 
techniques using multibeam sonar technology 
are typically limited to depths >20 m because 
survey in shallower water is inefficient; and 
there are few high-resolution surveys in the 
nearshore. Some technologies have pushed 
the landward-limit of multibeam mapping to 
10 m depths, although requiring greater effort. 
Side-scan sonar technology is more efficient 
in shallow water but no depth information is 
provided, only surface texture or roughness 
is determined (Harper and Bornhold 2004). 
The analog nature of the side-scan imagery 
typically requires an additional interpretation 
step to map seabed character and the sonar 
image can be affected by algae or seagrasses, 
complicating the interpretation. Some 
videographic techniques have been used in 
nearshore inventories (Harper et al. 1998, 
1999; Harper and Bornhold 2004) but these 
have been very limited in spatial extent. Diver 
inventories have been used for decades, but 
there have surprisingly few recent advances 
in these methods and most rely on divers' 
observations along transects or within 
quadrats - a slow and tedious procedure. 

NEARSHORE HABITAT MODEL RATIONALE 

As part of this largely intertidal project, and 
given the future need to link the intertidal 
to the nearshore, we developed a conceptual 
model of the nearshore biophysical habitat. 
That is, it would be helpful to make reliable 
generalizations on what the seabed substrate 
and associated biotic community of the 
nearshore might look like, based on observed 
characteristics of the intertidal zone from 
the ShoreZone dataset. As well, there is 
some ShoreZone information on nearshore 
resources including eelgrass (Zostcra marina), 
bull kelp (Nereoci/stis luctkeana), and giant kelp 
(Macrocystis integrifolia), which have visible 
canopies, and red sea urchin (Strongylocentrotus 
franciscanus) barrens, which are also obvious 
on the aerial imagery. Using expert knowledge 
and the known mapped information 
from the ShoreZone data, it is possible to 
infer as to the likely nearshore biota. 

APPLICATIONS OF A NEARSHORE MODEL 

This model provides a potentially useful 
information tool for management of 
nearshore human activities. It could identify 
rare habitats, habitats that are especially 
sensitive to human activities, and be useful 
in identifying ecological value of nearshore 
habitat. The model could also help provide 
a conceptual picture of the nearshore. 
This is particularly helpful for explaining 
the spatial complexity of resources and in 
developing public awareness of features 
normally obscured from the general public. 

The model will provide a useful starting point 
for an inventory program and should help 
frame questions about inventories, such as: 

• How should sampling sites be selected? 

• What type of physical and biological 
data should be collected? 

• Should there be both a winter and 
summer inventory program to refine 
our knowledge of seasonal variation? 

• How can the inventory information 
from specific sampling or monitoring 
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sites be extrapolated to larger 
portions of the islands? 

predicted. These predicted habitats include 
substrate, flora and fauna descriptions. 

MODEL ATTRIBUTES 

This model is based on known information 
about the adjacent shore from the ShoreZone 
dataset and expert knowledge judgment 
to infer nearshore habitat. The ShoreZone 
dataset is available for every shore unit on 
Haida Gwaii. Specific ShoreZone attributes 
used as input for the Nearshore Habitat 
model are summarized in Table B-12. 

For our purposes, three attributes were 
considered the most important in controlling 
the nearshore habitat biota: the shore's 
substrate type, its exposure and the depth 
(split 0 to 10 m and 10 to 20 m). These 
attributes are identified as determinants, 
indicating that as a first approximation, they 
are considered most important as the physical 
constraints of the habitat. Using various 
combinations of those attributes, a limited 
number of conceptual nearshore habitats are 

Other attributes are termed modifiers and 
for the purpose of this model are likely to 
shift the determinant habitat into a slightly 
different habitat class. For example, if there is 
a large watershed in close proximity to Unit 
X, we would expect that the nearshore of Unit 
X, especially the 10 to 20 m zone, would be 
finer and more likely dominated by a soft-
sediment seabed community as a result of 
fine sediment contributed from land runoff. 

The exposure, substrate and depth criteria 
used in predicting the 18 Nearshore Habitat 
types are listed in Table B-13. These nearshore 
habitat classes are based on combinations of 
the three primary determinants; exposure 
(3 classes), substrate (3 classes), depth (2 
classes). Confidence in this "extrapolation" is 
higher for the shallow nearshore (0 to 10 m 
depths) than the deeper nearshore (10 to 20 m 
depths). Exposure and substrate are from the 

Table B-12. S h o r e Z o n e d a t a u s e d as i n p u t for N e a r s h o r e Hab i t a t M o d e l for H a i d a Gwai i . 
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Levels of 
Da tase t s A t t r i b u t e s I m p l e m e n t a t i o n for M o d e l Significance 

ShoreZone coastal shore type reduce the 34 ShoreZone classes to hard, Determinant 
(B.C. Coastal Class) course, or soft 

wave exposure reduce ShoreZone six-level classification to Determinant 

high, medium, or low 

eelgrass (Zostera marina) presence present or absent in unit Modifier 

bull kelp (Nereocystis luetkeana) presence present or absent in unit Modifier 

giant kelp (Macrocystis integrifolia) presence present or absent in unit Modifier 
sea urchin (Strongylocentrotusfranciscanus) present or absent in unit Modifier 
barren presence 

CHS 0 to 10m depth zone digitize from chart and link to each shore unit Determinant 

slope of 0 to 10m depth zone compute average slope; slope classes: flat Modifier 

(<5°) or steep (>20°) 

10 to 20m depth zone digitize from chart and link to each shore unit Determinant 

slope of 10 to 20m depth zone compute average slope; slope classes: flat Modifier 
(<5°) and steep (>20°) 

Watershed proximity of stream to nearshore unit proximity classed as within (stream empties Modifier 
Atlas into unit), near (<lkm) or far (>lkm) 

size of watershed classed as large (>5 km") or small (<5 km") Modifier 

Tidal high current locations based on local high (>1 knot) Modifier 
Currents knowledge 



Table B-13 Predicted nearshore habitat classes 
applicable to Haida Gvvaii. 

Exposure 
Classes 

High 

Moderate 

Low 

Substrate 
Classes 

rock 

coarse 

fine 

rock 

coarse 

fine 

rock 

coarse 

fine 

Depth 
Classes (m) 

OtolO 
10 to 20 
OtolO 
10 to 20 
OtolO 
10 to 20 
0 to 10 
10 to 20 
OtolO 
10 to 20 
OtolO 
10 to 20 
OtolO 
10 to 20 
OtolO 
10 to 20 
OtolO 
10 to 20 

Nearshore 
Habitat 
Classes 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

ShoreZone dataset and the depth classes are 
determined from digitization of CHS charts. 

Table B-14 lists the specific ShoreZone 
attributes used for nearshore habitat 
prediction. Ultimately, nearshore 
polygons may be used to delineate the 0 
to 10 m depths ranges and the 10 to 20 m 
depth range. However, as a simplifying 

approximation, it is assumed that each of 
these depth zones is attached to each unit. 
The predicted nearshore habitat class is 
determined using a query of the Shore Zone 
Exposure and ShoreZone Coastal Class 
data (this is the same as a look-up table). 

The expert knowledge portion includes 
predictions of the substrate and a first 
approximation of the major biotic components 
of the nearshore habitat. The descriptions 
of the criteria of nearshore habitat classes 
are listed in Table B-15. These descriptions 
provide a general picture of the nearshore 
habitats and currently are unverified. 
However, as dive data are systematically 
collected, the descriptions can be improved 
to define indicator species or assemblages 
as well as biotic community associates. The 
model provides some structure for recording 
dive observations, where accurate location of 
the dive site can link the site to mapped shore 
information. Eventually a clustering program 
could be used to create a quantified, relation 
between subtidal species assemblages and the 
observed ShoreZone and watershed attributes. 

The model was initially applied to the 
shoreline of Juan Perez Sound to test its 
applicability. Some qualitative verification 
of the results is possible by comparison 
of the model results to the dive survey 
data from Searing and English (1983). 

Table B-14. Specific ShoreZone attributes used for nearshore habitat prediction in Haida Gvvaii. 

Exposure / Substrate ShoreZone Classes 

Wave Exposure 
High 
Moderate 
Low 

Substrate 
Rock 
Coarse sediment 
Fine sediment 

ShoreZone Exposure Class 
Very Exposed, Exposed 
Semi-Exposed 
Semi-Protected, Protected, Very Protected 

ShoreZone Coastal Class 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10,11, 12, 13, 14,15,16,17, 18,19, 20, 32, 33 
21, 22,23 
24, 25, 26, 27, 28, 29, 30, 31 
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Tabic B-15. Descriptions of Predicted Nearshore (shallow stibtidal) Habitats, based on Expert Knowledge for Haida Gwaii. 

-k-
o 

Nearshore Type Locality 
Habitat Expo- Sub- Depth [Gwaii Haanas Nearshore Nearshore Nearshore 

Class sure strate (m) Station No.] Substrate Flora" Fauna" 

1 H rock 0-10 Bowles Point [23], rock, possibly with a few large bull kelp (Nereocystis luetkeana purple sea uixfhin (S. purpuratus (upper)) 
Wells Cove [35], boulders (lower)), Lessouiopsis litlomlis (upper), encrusting sponges, bryozoans, ascidians, California 
Cape St. James [30] coralline red algae, Laminaria sctchellii mussel (Mytilus cnliforniaiuis (upper)), limpets (Acmaea 

coralline red algae (if sea urchins spp.-near coralline reds), chitons (Touicclla spp.) on 
noted) coralline red algae 

sea urchins dominant if noted 

2 H rock 10 - 20 rock, possibly with a few large boulders; bull kelp (upper), L. setcheUii tubicolous polychaetes (Serpula spp.), hydroids, 
some sand- pebble patches in crevices /L.bongardiaua (upper), filamentous bryozoans, encrusting sponges, spiny pink scallop 

and foliose red algae, coralline red (CWarrrys hastata), snails (Tcgiiln, Astrea, Calliostoma 
algae spp.) 

3 H coarse 0-10 Gordon Islands [26] rock, boulders and cobble forming a similar species as found on rock similar species as found on rock substrate 
continuous, stable cover substrate sea urchins dominant if noted 

coralline red algae (if sea urchins 
noted) 

4 H coarse 10-20 rock, boulders and cobble forming a similar species as found on rock similar species as found on rock substrate 
continuous, stable cover; some sand- substrate 
pebble patches 

5 H fine 0-10 Gilbert Bay [28], sand; maybe by some sediment-scoured no macro algae razor clam (Siliqua paiula) 
Bowles Point [24], rock or boulder-cobble patches 
Kwoon Cove [76] 

6 H fine 10-20 sand; maybe by some sediment-scoured no macro algae geoduck (Panope abrupto), crther clams (Tellina,Gari, 
rock or boulder-cobble patches Lyonsia spp.), worms (Euphroeine sp.) 

7 H rock 0-10 Werner Point [65] Rock, some boulder cobble veneer and Alalia spp. (upper), Hcdophylhim sessile red sea urchin (Strongylacentrotusfranciscanus), 
possibly a few pebble patches and sand (upper), surfgrasses (Phyltospaclix spp. northern abalone (Haliotis kamrschatkana), tubeworms 
patches in crevices or on flat surfaces (upper)), Pleurophycus gardneri (upper), (Serpula spp.), hydroids, bryozoans, spiny pink 

Pten/gophora californica, L. setcheUii/L. scallop, snails (Tegula, Astrea, Calliostoma spp.), limpets 
bongardiana, filamentous and foliose (Diadora, Collisella spp. on Tegula or below kelp beds), 
red algae , coralline red algae, gumboot chiton (Cryptochiton stelleri), barnacle 
Cymatliere triplicata, Costaria costata, (Balauus nubilus) on rocks and hard-shelled 
Desmarestia spp., bull kelp, giant kelp organisms, anemones (Antliopleura spp.), sea 
(Macrocystis integrifolia) (in lower cucumber (Cucunmria miniata), sunflower star 
energy microhabitat) (Pi/aiopodia heliauthoides), ochre star (Pisaster ochraceus) 

Steep cliffs: anemones (Urticina sp.), cup coral 
coralline red algae (if sea urchins (Balanophyllia elegans), ascidians encrusting/erect 
noted) sponges 

sea urchins dominant if noted 



o 
Nearshore Type Locality 

Habitat Expo- Sub- Depth [Gwaii Haanas Nearshore Nearshore Nearshore 
Class sure strate (m) Station No.] Substrate Flora" Fauna" 

8 H rock 10 - 20 rock, some boulder cobble veneer, a few bull kelp (upper), giant kelp (upper), red sea urchin, encrusting/ tube worms (Serpula, 
pebble patches and extensive sand and L. bongardianaj L. saccharma (upper), Dodceaceria, Saivllaria spp.), hydroids, bryozoans, 
mud cover in crevices or on flat surfaces C. triplicata (upper), filamentous and spiny pink scallop, snails (Astrea, Calliostoma, 

foliose red algae, Desmarestia spp. Margarites, Amphissa below kelp forests), sunflower 
star (Pycuopodia helianthoides), cup coral, 
encrusting/erect sponges 

9 M coarse 0-10 mouth, Matheson rock, boulder and cobble forming a similar species as found on rock similar species as found on rock substrate 
Inlet [63] near continuous cover; some pebbles substrate sea urchins dominant if noted 

and sand in crevices and on flat surfaces 

10 M coarse 10 - 20 near continuous sand cover similar species as found on rock and combination of rock and finer substrate species 
finer substrate 

11 M fine 0 -10 Woodruff Bay [31], sandy mud sediments; maybe be some filamentous red algae (e.g., Almfeltia snail (Amphissa spp.), spiny pink sea star (Pisaster 
Huxley Island [56] sediment scoured rock or boulder- spp.), giant kelp (upper), (macroalgae brevispinus), polychaete worm (Phyllochaetopterus sp.) 

cobble patches only on occasional cobbles or mats, shelled opisthobranch snail (Rktaxis 
boulders) punctocaelatus), geoduck, horse clams (Tresus spp.), 

cockle (Clinocardium nullallii), butter clam (Saxidomus 
gigantea), sand dollar (Dcndraster excentricus) 

12 M fine 10 - 20 sandy sediments; maybe be some L. saccharirm (upper), filamentous red Dungeness crab (Cancer magister), polychaete worm 
sediment scoured rock or boulder- algae, Agarum spp., (macroalgae only (Phyllochaetopterus sp.) tubes, spiny pink sea star 
cobble patches on occasional cobbles or shells) (Pisaster brevispinus), seapen (Ptilosarcus gumeyi), 

seawhips (Virgulariidae), geoduck, clam (Cryptomya 
californica), worms (Nephtys spp.), horse mussels 
(Modiolis spp.) 

13 M rock 0-10 de La Beche Inlet rock with sediment drapes in deeper filamentous and foliose red algae, L. Dungeness crab, red rock crab (Cancer productifs), 
water (>2m), especially in crevices and saccharirm, giant kelp, plumose anemones (Metridium spp.), rock scallop 
on flatter surfaces; may be shell hash bull kelp (indicator of current at this (Crassadona gigantea), blue mussel (Mytilus trossulus), 

exposure), Agarum spp. (lower) sunflower sea star (Pycuopodia helianthoides), jingle 
shell (Pododesmus machrochisma), mucous tube-worms 
(Myxicola), Nereids on seaweed fronds 

14 M rock 10-20 continuous sediment drapes of mud giant kelp (upper), L. sacclmrina Dungeness/red rock crabs, sea stars (Henrkia sp., 
on steep slopes, where bare rock may (upper), Agarum spp., filamentous Pvasterias trosclwlii), red sea cucumber (Parastkhopus 
be exposed and foliose red algae californiens), shrimps (Pandalus sp.), plumose 

anemones (Metridium sp.), sunflower sea star, 
nestling bivalve (Hiatella pholadis) I on steep cliffs: 
plumose anemones, Serpula tubeworms, ascidian-
bryozoan complex, cup coral (Balanophyllia elegans), 
feather duster worms (Eudistyiia, Sabella, Potamilla 

SPP-) 



1 exposure: L - low; M - medium; H - high 
2 Bold indicates that more specific information should be available in the ShoreZone dataset about species' occurrences 

4-

Nearshore Type. Locality 
Habitat Expo- Sub- Depth [Gwaii Haanas Nearshore Nearshore Nearshore 

Class sure strate (m) Station No.] Substrate Flora" Fauna" 

15 L coarse 0-10 Island Bay [40], boulder-cobble with sediment drapes giant kelps, eelgrass, bull kelp combination of rock and finer substrate species 
Slim Inlet [48], in deeper water (>2m), especially in (indicators of current at this exposure) 
Lyell Bay [91] crevices and on flatter surfaces; may filamentous red algae, L.sacliarina, 

be shell has in shallower (<2m) water Agarum spp. 

16 L coarse 10-20 continuous mud coverage except on Combination of rock and finer combination of rock and finer substrate species 
steepest slopes or in the presence of substrate species 
strong flood currents 

17 L fine 0-10 Island Bay [39], sand and pebbles near the low-water eelgrass (upper), foliose green algae, L. polychaete worm (Phyilochaetopterus sp.)mats, 
Matheson Inlet [62], line becoming finer to seaward until sacharina, Agarum spp. (lower), Dungeness - red rock crabs, brittle stars, spiny pink 
Anna Inlet [93]) continuous mud predominates in >2m filamentous and foliose red algae sea star (Pisaster breoispinus), moon snail (Poiinkes 

lewisii), bubble shell (Haminoea vcsicula), sand dollar, 
helmet crab (Telmessus ciiciragoiuis - in eelgrass), tube 
-dwelling anemone (Pacliycaianihusfimbriatus), 
geoduck, soft-shell clams (Myidae), macoma clams 
(Macoma spp.), butter clam 

18 L fine 10-20 mud predominates L. saccharina (upper), filamentous red Dungeness/red rock crabs, hermit crabs, brittle stars, 
algae, Agarum spp. (macroalgae only spiny pink sea star, tube-dwelling anemone, mud sea 
on occasional cobbles or shells) star (Luidiafoliolata), tanaid Crustacea (Lcptochdia spp.) 
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Parcs Canada, région de l'Atlantique, produira trois 
séries de rapports en sciences des écosystèmes afin de 
communiquer de nouvelles données scientifiques, de 
consigner des données scientifiques, et de résumer 
les connaissances existantes ou de formuler des 
recommandations d'ordre technique. La fonction 
principale et le public visé détermineront la série dans 
laquelle un rapport sera publié. Chaque série contiendra 
des informations scientifiques et techniques qui 
viendront enrichir les connaissances existantes, mais ne 
pourraient être publiées dans les revues professionnelles 
en raison de leur présentation. 

• Les Rapports techniques en sciences des écosystèmes 
- Parcs Canada favoriseront la diffusion à grande 
échelle d'information scientifique et technique tirée 
des études spéciales effectuées par Parcs Canada. 
La matière traitée et la série reflètent l'intérêt et 
les politiques de Parcs Canada dans de nombreux 
aspects des sciences des écosystèmes. La série 
comprendra des inventaires d'écosystèmes, des 
inventaires de ressources, des études diverses, 
des relevées sur des espèces ou des guildes et 
des concepts innovateurs de gestion. 

• Les Rapports d'études en matière de sciences des 
écosystèmes - Parcs Canada permetteront la 
publication de comptes rendus, de bibliographies 
et d'études d'options en matière de gestion faites par 
Parcs Canada. Les descriptions et les analyses 
de ressources sont aussi publiées dans cette série, 
en entier ou en partie. 

• Les Rapports de surveillance et de données relatives 
aux écosystèmes - Parcs Canada offriront un moyen 
de présenter des compilations de données sans 
analyse détaillée. En général, ce genre de compilation 
sert à appuyer des publications scientifiques ou des 
rapports techniques en sciences des écosystèmes. 
Parcs Canada publiera dans cette série des données 
brutes qui ne sont pas inclues dans une banque de 
données nationale et qui méritent l'archivage. 

Rapports en sciences des écosystèmes sont publiés 
dans la langue officielle choisie par l'auteur en fonction 
du public visé, avec un résumé dans la deuxième 
language officielle. 

Objectifs 
Ces séries de rapports serviront à : 

• communiquer les résultats des recherches effectuées 
en sciences des écosystèmes aux scientifiques et aux 
gestionnaires, ainsi qu'aux membres du public que 
les activités enterprises par Parcs Canada en écologie 
et en conservation intéressent. 

• offrir des publications professionnelles, crédibles 
et précises qui seront soumises à l'évaluation par 
les pairs. 

• favoriser la diffusion de l'information, la créativité, 
l'efficacité et le travail d'équipe dans les projets de 
recherche. 

Évaluation par les pairs 
Le rédacteur nommera deux lecteurs choisis, dans la 
mesure du possible, parmi le personnel scientifique de 
Parcs Canada, qui seront chargés de faire une critique 
de chaque manuscrit. On fera appel à des lecteurs de 
l'extérieur en raison de l'expertise exigée, du temps 
disponible et de l'objectivité nécessaire. Les lecteurs 
renverront le manuscrit au rédacteur en y joignant 
leurs commentaires par écrit. Le rédacteur renverra le 
manuscrit à son ou à ses auteurs avec les commentaires 
des lecteurs. L'auteur prendra connaissance des 
commentaires et tiendra compte de ceux avec lesquels 
il est d'accord, puis il retournera le manuscrit révisé au 
rédacteur en lui expliquant par écrit pourquoi il n'a pas 
tenu compte de certains commentaires. Le rédacteur 
enverra ensuite le manuscrit au garde de parc en chef, ou, 
s'il s'agit d'employés du bureau régional, au superviseur 
immédiat de l'auteur, pour faire approuver la publication 
et l'impression du manuscrit. Dans le cas de publications 
de moindre importance, le rédacteur peut, à sa discrétion, 
décider de ne pas avoir recours à des lecteurs; lui-même 
et le superviseur immédiat de l'auteur serviront alors de 
lecteurs. En cas de désaccord entre l'auteur et le rédacteur 
au sujet du manuscrit, c'est le gestionnaire ministériel 
principal qui tranchera. 

Directives à l'intention des auteurs 
Ces séries de rapports seront consacrées à la publication 
de travaux effectués dans la région de l'Atlantique en 
science des écosystèmes et seront mises a la disposition 
de tous les employés de Parcs Canada, du ministère 
du Patrimoine canadien, de leurs collaborateurs ou 
de toute personne qui travaille pour le compte de 
Patrimoine canadien. 

Les auteurs soumettront au rédacteur régional une copie 
de leur manuscrit sur support en papier, une version 
sur disquette en WordPerfect Windows ou LX)S et le 
nom de trois lecteurs éventuels qui ne connaissent pas le 
manuscrit. 

Pour de plus amples renseignements, communiquez 
avec : 

Neil Munro 
Rédacteur des séries de Rapports 

Parcs Canada 
Historic Properties 
Halifax (Nouvelle-Ecosse) 
B3J i sa 

(902) 426-2797 
(FAX) 426-2728 
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