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INTRODUCTION 

A marine resource inventory in Pacific Rim National Park was 
contracted on behalf of Parks Canada, Western Region, by Fisheries and Marine 
Service (Nanaimo), Department of the Environment. The goal of this inventory 
is to provide information on marine organisms and their associated habitats 
for Park planning, interpretation, and management. The project area encompasses 
the three sections of the Park - Long Beach, Broken Group Islands, and West 
Coast Trail. The study boundaries extend from the high tide line to a depth 
of Go feet (10 fathoms) as shown on hydrographic charts of the area. 

This inventory commenced with an up-dating of the "Marine Biblio­
graphical and Review Study of Pacific Rim National Park", Fisheries Research 
Board of Canada Manuscript Report Series No. 1276, which was prepared under 
contract to Parks Canada in 1973. Species habitat lists and references were 
corrected and extended from literature acquired after 1973. Work listed under 
"Current Research Projects" was revised, and additional projects and data 
collections were documented. These revisions are presented in Appendix 1. 

In 1975, a faunal survey was conducted in all three sections of the 
Park. This survey included studies of the distribution and relative abundance 
of fauna and flora in the intertidal zone. These data were used to broaden species 
lists and habitat types, to identify unique areas and areas of high recreational 
use for long term studies. 

A major emphasis was placed on the Long Beach Section because the 
rock, sand and mud habitats were most readily accessible and subject to heavy 
recreational pressures at the height of the tourist season. Fauna and flora 
of sixteen survey sites were observed periodically from April to December during 
the monthly lowest tide cycles. 

In the Broken Group Islands, the faunal survey was carried out on 
semi-exposed and protected sand, shell and gravel beaches and rocky shores. 
These habitats were given priority because of their potential for recreational 
use by boaters. This survey was conducted in June and August during each monthly 
series of low tides. Sixty-four sand, shell and gravel beaches and twenty-four 
rocky outcrops were sampled. 

The faunal survey along the West Coast Trail was conducted within a 
five-mile radius around Carmanah Point. This area contained several different 
habitats (sand, gravel and boulder beaches and sandstone benches) within a 
short distance, all readily accessible from Carmanah Point. Twelve survey sites 
were sampled during the first week of September. 

Recreational impact studies in 1975 were begun in the Long Beach 
Section to study organisms of particular interest to the public, either as 
food or for collection. The edible species studied were the razor clam 
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(Siliqua patula), littleneck clam (Protothaca staminea) and sea mussel (MWtilus 
californianus). The purple olive snail (Olivella biplicata) and purple starfish 
CPisaster ochraceus) were the principal organisms removed for "souvenir" purposes. 
Studies of these organisms included estimations of adult populations, seasonal 
fluctuations and recruitment. The sea mussel project studied the re-establishment 
rate of mussel beds after clearance. 

The terms of reference for this marine resource inventory are given 
in Appendix 2. 
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HABITAT TYPES 

An understanding of the diversity of habitats in the Park is 
essential for managing Park resources and presenting the ecology of the Park 
to the public. Such understanding in turn requires an inventory of the major 
kinds of habitats and a knowledge of their locations and relative frequency. 
Intertidal habitats in the Long Beach Section of the Park have been classified, 
identified and mapped by Robilliard (1971) and also by the Parks Interpretive 
Section in the Interpretive Resource Atlas of Long Beach. Such descriptions 
have not been completed in the Broken Group Islands and West Coast Trail 
Sections. In 1975, therefore, a survey was conducted to re-examine the major 
distinct intertidal habitat types in the Long Beach Section, and to identify 
and describe those in the Broken Group Islands and West Coast Trail Sections. 

Habitats of the Long Beach Section were examined by walking along 
the shore from Cox Point to wya Point and along the west shore of Grice Bay. 
The area between Cox Point and Radar Beaches was not hiked because there were 
many wide surge channels to cross and no low tide period was long enough to 
hike this area safely. Habitats were identified from April to September during 
the lowest low tide periods of each month. This work was done in conjunction 
with the faunal survey of intertidal fauna and flora. 

In the Broken Group Islands, a rubber boat was used for transportation. 
Habitats were observed by travelling among the islands and beaching the boat 
in semi-exposed or sheltered areas. Some areas of the Broken Group Islands 
were not studied because they were not easily accessible to boaters and stormy 
weather prevented further studies in the area in 1975. Four days in June and 
seven days in August were spent surveying in the Broken Group Islands. 

During the first week of September, habitats within a five mile radius 
of Carmanah Point were identified. Habitats were examined by hiking along the 
shore during the lowest low tide periods of this week. 

It must be recognized that "habitats" are rarely as distinct as the 
present classification might suggest. The degree of exposure to surf may change 
gradually along a shore, and boulder beaches may grade into gravel. In addition, 
what are called "habitats" here are really collections of microhabitats. From 
the perspective of the species on a shore, one boulder on a beach may contain 
several habitats with very different environments. The broad "habitats" 
discussed here may be justified by saying that the variation observed between 
habitat types is likely to be much greater than that seen among examples of the 
same habitat type. 

The criteria used to define habitats followed the definitions presented 
by Robilliard (1971) and Lee and Bourne (MS 1973). Habitats were defined on 
the basis of two environmental parameters: degree of wave exposure and substrate. 

Degree of exposure was estimated from the orientation of the shore, 
presence or absence of land masses offshore and the depth of water just offshore. 
Wind direction was also an important factor in determining the degree of 
exposure in a particular area because wind often modified the direction of 
the incoming oceanic waves. Orientation of the Park area to the open seas 
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was determined from nautical charts and wind vectors were superimposed over 
the chart. Areas unprotected from the full force of the surf, regardless of 
wind direction, were classified as exposed. Areas subject to some wave action 
from oceanic surf, depending on wind direction, but usually protected from 
direct wave shock by headlands and small bays were defined as semi-exposed. 
Areas continually protected from oceanic waves were classified as sheltered. 

Inclination of the shore was also carefully surveyed. This is an 
important factor in understanding habitats, especially those of exposed areas, 
because the slope modifies the force and effect of the surf. Therefore, field 
observations were made to check orientation to open ocean, inclination of the 
shore and wind direction. 

"Indicator" species (e.g. the sea palm, Postelsia pa1ma.eformis, occurs 
only on exposed rocky shores) were also used to determine degree of exposure. 
During the survey, "indicator" species were identified from examinations of 
habitats, and could then be used in later determinations of habitat types. 

Substrate was classified into the easily defined categories of mud, 
sand, gravel and rock. Beaches consisting of sand, shell and gravel were added 
to the substrate classification after field observations were made. Rock sub­
strate may include boulder beaches, horizontal benches, vertical cliffs and 
other large expanses of rock. 

Habitat types in the Park and their indicator species are discussed 
in the following section under the headings of exposed, semi-exposed and 
protected habitats. Habitat maps are not given in this report because habitat 
identification was not completed in the Broken Group Islands and West Coast 
Trail Sections. However, maps will be presented in a later report. In the 
discussion of wave action and indicator species reference is made to splash 
zone and upper, mid and low intertidal zones. These intertidal zones corre­
spond to Zones 1-4 given in Ricketts and Calvin (1968). The splash zone 
(Zone 1) in the upper reaches of the beach is wetted only by high spray and 
storm waves. The high intertidal zone (Zone 2) corresponds to the area above 
the mussel beds and is covered by water only during high tides. The mid inter­
tidal zone (Zone 3) is usually uncovered twice a day and corresponds to the 
area covered by mussel beds. The low intertidal zone (Zone 4) is uncovered 
during lowest low tides of each month and corresponds to the area below the 
mussel beds. 

Exposed Habitats 

Only rock and extensive sand or gravel beaches are found in 
exposed areas. The sand beaches slope very gently into the subtidal sandflats 
while the major gravel beaches are steep and drop off sharply. Exposed rocky 
shores can be further divided into gently sloping rocky shores, vertical cliffs, 
hortizontal benches and surge channels. 

Gently sloping rocky outcrops in exposed situations are found along 
the exposed headlands of the Long Beach and West Coast Trail Sections. Point 
Cox, Green Point, Quisitis and W,ya Points and Cape Beale, P.achena and Carmanah 
Points are the more prominent rocky expanses of these sections. The oceanic 
waves breaking on gently sloping rock habitats, rush up over the shore with a 
gradual reduction in force. In these areas, the zones of marine communities 
are displaced upward and the zones are both wider and higher than in sheltered 

• 
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areas. A narrow splash zone is observed in gently sloping rock habitats. 

The fauna and flora generally indicative of these exposed rocky 
outcrops tolerate the rigorous conditions of heavy surf. The brown algae 
Pelvetiopsis limitata is restricted to these exposed rocky regions and is 
found in the high intertidal zone. The sea mussel, Mytilus californianus, 
and the goose barnacle, Pollicipes polymerus, form an association in the mid 
intertidal area wherever a rocky shore is exposed to the open Pacific. Coralline 
red algae (Corallina spp., Calliarthron app. and Bossiella spp.) are found in 
the low intertidal zone and are most noticeable among the other organisms 
because of their bright pink coloration. 

Vertical cliffs or very steeply sloping rock outcrops are found along 
the exposed headlands of Long Beach but are more abundant along the West Coast 
Trail and on the southeastern side of the outer Broken Group Islands. The surf 
breaking on the vertical cliff face is carried up toward the top of the cliff 
before it retreats. In these areas, there is a very high splash zone. 

The association between ~· californianua and ~· polymerus is found 
again along exposed cliffs. Coralline red algae are also found in the low 
intertidal area along these cliffs. 

Where the rock forms a wide horizontal bench, oceanic waves break at 
the front edge and roll across the bench with a gradual reduction in force. 
Horizontal benches are found along exposed headlands and exposed sides of 
islands such as wya Point and Box Island in the Long Beach Section. However, 
the sandstone benches from Carmanah Point to Walbran Creek in the West Coast 
Trail Section are the most extensive benches in the Park area. The organisms 
at the edge of the bench are typical of exposed areas, but the species nearer 
the shore are usually similar to those found on semi-exposed or sheltered areas. 

Beds of Postelsia palmaeformis, the brown algal sea palm, are indicative 
of exposed fronts of horizontal benches. The sea urchin Strongylocentrotus 
purpuratus is often established in rows of holes scoured in depressions and 
tidepools along exposed horizontal benches and rocky outcrops. In this habitat, 
~· californianus and £• pol;ymerus are restricted to crevices and small depressions 
on the otherwise smooth sandstone benches. 

Surge channels running more or less perpendicular to the rocky shore 
may be found interrupting any of the exposed rocky habitats just discussed. 
The bottom of a surge channel is often sand or gravel which is continually 
churning under the force of incoming waves. The oceanic waves breaking on the 
shore surge up the channel before retreating. Progressing shoreward in longer 
channels, there is a gradation of species from those typical of exposed open 
coast to those found in protected areas. !1• californ:ianus and ~· polymerus 
situated here may be found at a higher level than those elsewhere because of 
the upward surge of incoming waves in the channel. 

Tidepools of exposed rocky shores are inhabited by the sculpin 
Oligocottus spp., the snail Calliostoma sp., coralline algae, nudibranchs and 
the shore crab Hemigrapsus nudus. The anemone Anthopleura xanthogra.mmica may 
be found in these pools but is more abundant in semi-exposed or sheltered 
situations. The limpet Acmaeamitra is located in these pools, especially those 
of the sandstone benches along the West Coast Trail. The sculpins and shore 
crabs are limited to these pools in exposed rock habitats. The other species 
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are low intertidal or subtidal forms that are indicative of exposed rock 
tidepools. 

The most extensive exposed sand beach in the Park is Long Beach. 
Under the constant force of oceanic waves, the surface contours and slopes of 
exposed sand beaches are continually changing. However, a limited number of 
species have adapted to living in the exposed sand habitat. The species most 
indicative of exposed sand beaches are Olivella biplicata, the purple olive snail, 
and Siliqua patula, the razor clam, which are both present at the low water level. 

Exposed gravel beaches are found along the West Coast Trail. The steep 
slope of these beaches is constantly moving with the pounding of oceanic waves. 
As the waves break on the beach, water is forced under the gravel and rolls the 
surface layer of gravel up the beach. When the waves retreat, the surface 
layer tumbles back down the slope of the beach. These beaches are barren of 
any conspicuous fauna or flora. 

Semi-exposed habitats 

Sand, shell or gravel beaches and rocky shores are found in semi­
exposed areas in the Park. 

All types of rocky shores observed in exposed situations are found 
here, and boulder beaches are also present. The northeastern side of Gowlland 
Rocks and Box Island of the Long Beach Section and shores of the outer Broken 
Group Islands are representative semi-exposed rocky shores. Semi-exposed rocky 
beaches are protected by points or islands along Qaisitis and wya Points in the 
Long Beach Section and along Cape Beale of West Coast Trail Section. As similar 
fauna and flora are found along semi-exposed rocky shores regardless of topo­
graphy, the indicative fauna and flora will be discussed for this habitat as a 
whole. 

Indicative species of brown algae are the rockweed, Fucus distichus, 
of the mid to upper intertidal zone and Leathesia difformis of the mid intertidal 
zone. The bay mussel, Mlftilus edulis, may be located in a thin band above the 
extensive beds of~· californianus. f· polymerus is not found associated with 
~· californianus on semi-exposed rocky shores. The sea anemone Anthopleura 
elegaptissima, present only in crevices on exposed rocky shores, is situated 
in the mid intertidal area on semi-exposed rocky shores where there are 
accumulations of sand and shell. 

In tidepools of the splash zone, the water is subject to extremes of 
temperature and salinity. Blooms of microscopic algae and diatoms in these 
tidepools indicates an absence of grazers such as snails. Tidepools in the 
mid to low intertidal area are inhabited by turban snails Tegu1a funebralis, 
hermit crabs Pagu.rus spp., sculpins Clinocottus spp. and Uligocottus spp. 
and the green anemone Anthopleura xanthogrammica. 

Semi-exposed beaches, made of sand, shell and gravel, are located on 
the shores of the inner Broken Group Islands. Those beaches with a gentle 
slope are inhabited by littleneck clams, Protothaca staminea and Venerupis 
~aponica, and butter clams, Saxidomus giganteus. The blue ghost shrimp, 

pogebia pugettensis, is also common on these beaches. The steeper sloping 
beaches are barren of any conspicuous fauna or flora because of the grinding 
action of the substrate caused by the surf breaking on the beach. 

.. 
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Semi-exposed sand beaches are located at the northwest and southeast 
ends of Long Beach and Florencia Bay. These beaches are sheltered from the 
full force of oceanic waves by Quisitis and W,ya Points and groups of small 
islands as well as Box Island at the northwest end of Long Beach. 

The species recorded as indicative of exposed sand habitats may also 
be found here. Two additional species found where there is some reduction in 
wave action are the lugworm Abarenicola sp. and the ghost shrimp Callianassa 
californiensis. These two species were most abundant in the mid to low inter­
tidal zone at the northwest end of Long Beach. 

Protected habitats 

Substrates ranging from rocky outcrops to mudflats are found in 
sheltered areas. 

Sheltered rocky shores may consist of gently sloping outcrops, cliffs 
or boulder beaches. Sheltered gently sloping rocky areas in the Long Beach 
Section are situated along the protected shores of Grice Bay. In the Broken 
Group Islands, sheltered rocky outcrops and cliffs are found on the northeastern 
shores of the inner islands, in bays such as Effingham Bay, and along the shores 
of clustered islands as illustrated by the Dodd, Willis and Turtle Islands 
grouping. 

The rockweed, Fucus distichus, forms a luxuriant growth in the mid 
to upper intertidal zone. Indicative fauna of these sheltered rocky areas are 
Thais lamellosa, the turban snail Tegu1a funebralis, and the dire whelk 
Searlesia ~· MOCtilus californianus of exposed rocky shores is replaced by 
the bay mussel, M. edulis, in sheltered rocky areas. At low tides, the wavy 
top snail, Astraea gibberosa, and the bat star, Patiria miniata, are often 
observed below the water's surface. Where there is seepage of fresh water onto 
rocky outcrops, the green alga Enteromorpha intestinalis is found at the higher 
levels of the intertidal zone. 

Boulder beaches are found in sheltered bays and in channels between 
islands in the Hroken Group Islands. Indicative fauna and flora of sheltered 
rocky outcrops may be found along these boulder beaches but there are also 
several species that live primarily under rocks. The shore crab Hemigrapsus 
nudus and porcelain crabs, Petrolithes cinctipes and ~· eriomerus, are found 
when the rocks are turned over. Another shore crab .!!• oregonensis is common 
in areas where there is some sand or gravel among the boulders as on Effingham 
Island. On the lower edges of boulders, the limpet Notoacmea persona is 
abundant. This species is also indicative of shady rocky slopes. A species 
that is not usually common, the carnivorous chiton, Placiphorella velata, is 
found in the extreme low intertidal zone, among the boulders on Gilbert Island. 

Few sheltered distinctly sand or gravel beaches occur in the Park. 
However, mixtures of sand, shell and gravel are·common in "pocket" beaches and 
along sheltered shores of the Broken Group Islands. Where there is more sand 
than gravel, the moon snail, Polinices lewisi, is commonly found. These beaches 
are inhabited by several bivalves - butter clams, Saxidomus giganteus, littleneck 
clams, Protothaca staminea and Venerupis japonica, and horse clams, 1resus spp •• 
However, these bivalves may not all be found together on one beach. The starfish 
Pisaster brevispinus is associated with this habitat and at low tide is found 
just below the water's surface. 
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A few sheltered mud habitats are found in the Park. The gray-brown 
mudflats of Grice Bay, Long Beach Section, are the most extensive. Two smaller 
mudflats are found in the Broken Group Islands. One is located behind the 
natural breakwater on the south side of Wouwer Island; the other is situated 
in the bay formed by Jarvis and Jacques Islands. The substrate of the Wouwer 
Island mudflat is a mixture of sulphur-smelling mud and fine sand while that 
of Jarvis and Jacques Islands is a fine brown incohesive mud. 

Beds of eelgrass, Zostera marina, are found in all three locations. 
Zostera is observed only in sheltered mud habitats and is not the same as the 
surfgrass, Phyllospadix scouleri, which is found on semi-exposed or sheltered 
rocky shores. The ghost shrimp Callianassa californiensis (only the blue mud 
shrimp, Upogebia pugettensis, is found at Wouwer Island) and several clams, 
primarily l:1Y! arenaria, Macoma nasuta and Clinocardium nutalli are indicative 
fauna of these sheltered mudflats. 
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FAUNAL SURVEY 

A survey of distribution and relative abundance of intertidal fauna 
and flora was conducted in the three sections of the Bark. The survey provided 
a basis for compiling descriptions of habitat types and identifying unique areas 
and areas with high recreational use for further studies. 

The survey in the Long Beach Section \tas conducted on exposed to 
sheltered rocky outcrops, exposed sandy beaches and sheltered mudflats. In the 
Broken Group Islands, the faunal survey was carried out in those semi-exposed 
and sheltered areas having potential recreational value to boaters. Fauna and 
flora were observed on sand, shell and gravel beaches, mudflats and rocky shores 
in these areas. The survey along the West Coast Trail was located within a five­
mile radius of Carmanah Point. Organisms from exposed sand, gravel and boulder 
beaches and sandstone benches were observed. 

Relative abundance of macroscopic organisms from subjective impressions 
and counts was recorded as few, common, and very common. Subjective impressions 
of abundance were based on the number of a species in a particular area compared 
to the abundance of that species in similar areas within the Park. Size of the 
species as well as numbers was important in this type of estimation. For instance, 
the sea mussel, Mytilus californianus, may grow to 4o mm wide and 100 mm long and 
would be considered very common if found grouped in extensive beds, as it is on 
exposed rocky shores. However, the blood worm, Euzonus mucronata, a small organism 
(2 mm wide and 4o mm long) of exposed sandy beaches, would be considered common 
if found at a density of 10 times that of Mytilus. Because Euzonus is much smaller 
than Mytilus, it takes many more of them to have the same visual impact on the 
observer as the same number of Mytilus. In other cases, Euzonus could be 10 times 
as dense as in the above example, and would be considered very common; if Euzonus 
were 10 times less dense, its abundance would be recorded as "few". Abundance 
would also be recorded as few if there were only two or three individuals of a 
particular species present in a sample area. If a species was not recorded in a 
particular habitat, it may have been absent but might also have been overlooked 
if it was present outside the sample area. 

LONG BEACH SECTION 

The intertidal fauna and flora of Long Beach were surveyed from Cox 
Point to Wya Point and in Grice Bay. Sample locations and habitat descriptions 
are given in Table 1 and Figure 1. The survey was conducted throughout the summer 
during the monthly series of lowest tides, when tidal height at low tide ranged 
from 0.1 m to 0.5 m. 

Sand samples were dug in Schooner Cove (Locations 1 and 2), in Long 
2 Beach (Locations 3- 8), and in Florencia Bay (Location 9). One sample, 0.36 m 

and 25 em deep, was taken at the driftwood line, another half-way down the beach, 
and a third at the low-water line in each location. Three similar samples were 
taken in Grice Bay (Location 16). The sand and mud samples were washed through 
a 2.0 mm mesh screen. (This size mesh was chosen because sand particles plugged 
the holes of smaller mesh screen.) Subjective estimates of abundance and 
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distribution of organisms remaining in the screen are given in Table 2. 

~ro transects were also established in the exposed sand beach to 
estimate abundance and distribution of marine organisms in this habitat. The 
locations of these transects correspond to Location 5, north of Shawd Rock, 
and Location 8, north of Quisitis Point, shown in Figure 1. (The beach from 
Shawd Rock to the Schooner Cove Cable at the north end of Long Beach was open to 
camping and motor vehicles in 1975. The remainder of the beach, south of Shawd 
Rock to Quisitis Point, was closed to traffic and was designated a day-use area 
only.) These transects ranged in length from 150m to 275m depending on location 
and tide height. A sand sample, 0.36 m2 x 25 em deep, was taken every 25 m from 
the driftwood line to the low-water line along each transect in Hay, August and 
December. These samples were washed through a 2.0 mm mesh screen. Numbers of 
organisms collected in the screen are shown in Table 3. 

Exposed intertidal sand habitat supported relatively few species, 
although some species are found in large numbers. The indicator species referred 
in the habitat descriptions of exposed sand beaches (Habitat Types Section) were 
abundant and widely distributed throughout the Long Beach samples. 

The most abundant polychaete found in the Long Beach samples was the 
bloodworm, Euzonus mucronata. The presence of these worms is indicated by a 
band of small, close-set holes at the sand surface in the mid-tide region. The 
position of Euzonus may change somewhat with season, as shown in Table 3. In May, 
the Euzonus band, north of Shawd Rock, was observed between 100 and 150 m levels 
of the transect. The sand at the 50 - 75 m level was packed hard from beach 
traffic during the May 24 holiday weekend. In August the beach traffic was much 
reduced because of summer storms and the Euzonus band was observed at the 50 - 75 m 
level, where it remained in December. The Euzonus band north of Quisitis Point 
remained fairly constant at the 25 - 50 m level where there was no beach traffic. 

other polychaetes, Abarenicola pacifica and Nepthys californiensis, 
were commonly found in the low intertidal zone of the beach. The presence of the 
lugworm, !• pacifica, was indicated by fecal sand castings on the sand surface. 
The lugworm was most abundant at the northern end of Long Beach (Location 4). 
Table 3 shows that these polychaetes were not restricted to any one level of the 
low intertidal zone. 

Beach hoppers, Orchestia traskania and Orchestiodea californiana, were 
abundant in the high intertidal zone from Schooner Cove to Florencia Bay, as shown 
in Table 2. These amphipods were not observed in large numbers in the transect 
samples because they quickly jump out of the sample area when disturbed. However, 
0. traskania was observed around decaying seaweed that had been washed up onto 
the beach, and 0. californiana was observed in greatest numbers at night or on 
cloudy days in the high intertidal zone. 

other common arthropods such as myBids, isopods and some decapods 
were observed from the driftwood line to the low-water line during low tide periods. 
They were often found just below the surface of moist sand but were also observed 
swimming in water-filled depressions in the sand. Numbers of isopods, amphipods 
and mysids given in Table 3 show that these organisms vary in abundance along the 
beach and are not confined to any one level. 

Of the decapods recorded for Long Beach, the red ghost shrimp, 
Callianassa californiensis, was the most unexpected, as it is more commonly 
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associated with mud or sand beaches of sheltered areas (Smith and Carlton, 1975). 
Callianassa was found burrowing in the sand of the mid-intertidal region at the 
northern end of the beach (Location 4). 

The olive snail, Olivella biplicata, was common in the mid to low 
intertidal zone from Schooner Cove to Florencia Bay. A few 0. baetica were 
observed north of Quisitis Point (Location 8). 

Siligua patula, the razor clam, was observed in the low intertidal 
zone from Schooner Cove to Quisitis Point. Razor clams were most abundant from 
the northern end of Long Beach to Shawd Rock (Locations 4 and 5). other bivalves 
observed in the sand habitat of Long Beach were a few Tellina bodegensis and 
1• carpenteri that were found at Location 2. Protothaca staminea, Mya arenaria 
and Clinocardium nuttalli were found in the sand and gravel habitat at the northern 
end of Florencia Bay (Location 9). 

A few sand dollars, Dendraster excentricus, were found in the mid to 
low intertidal zone around Sandhill Creek (Location 7) and Quisitis Point 
(Location 8). 

In the protected mudflats of Grice Bay (Location 16) the most abundant 
organisos found were the red ghost shrimp, Callianassa californiensis, and the 
bivalves Mya arenariaanij Tellina carpenteri. A few polychaete worms, shore crabs 
and other bivalves were also found. Beds of eelgrass, Zostera marina, observed 
in the deeper \ofaters of Grice Bay, did not extend into this sample area. 

The intertidal fauna and flora of rocky shores were observed at 
Locations 10- 15b (Table 1 and Figure 1). At each sample site, a transect was 
established from the top of the rocky outcrop to the low water mark. Relative 
abundance of macroscopic organisms was observed in one meter areas on either side 
of the transect line. Subjective estimates of abundance and distribution of 
rocky shore fauna and flora in the Long Beach Section are given in Table 4. 

In the spray zone of rocky shores in the Long Beach Section, the 
periwinkles, Littorina scutulata and b· sitkana, were commonly grouped in 
depressions and crevices. A small red copepod, Tigriopus californicus, was common 
in tidepools in this zone at Cox, Quisitis and Wya Points (Locations 10, 14b and 
i5b). The isopod Ligia pallasi was only found under a rock ledge in the spray 
zone at Quisitis Point (Location 14a). 

In the high intertidal zone, the rockweed, Fucus distichus, was the 
most common alga. In exposed situations at Box Island (Location 12a) and Quisitis 
and Wya Points (Locations 14a & b, 15b) a brown alga Pelvetiopsis limitata was 
common in the high intertidal area. The most abundant fauna in this zone were 
the barnacles Chthamalus dalli and Balanus glandula, and the limpets Collisella 
digitalis and Notoacmea persona• Notoacmea .persona~ was most abundant in 
shaded areas. 

In mid intertidal zone, the sea mussel, Mlftilus californianus, was 
the most abundant organism in exposed and semi-exposed areas. In these areas 
a narrow band (30 - 50 em) of bay mussels, M. edulis, was observed above the 
sea mussels. M. californianus was replaced by M. edulis on the protected rocky 
shores of Gric; Bay (Location 11). In exposed areas, the goose barnacle, 
Pollicipes polymerus, was abundant among the sea mussels. Narrow vertical 
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colonies of Pollicipes \;rere found interrupting the otherwise continuous beds of 
sea mussels. Acorn barnacles (Balanus glandula, ~· cariosus and Chthamalus dalli) 
were found among the mussels of this zone. The chiton Katharina tunicata was 
common and most often found in this zone. The purple starfish, Pisaster ochraceus, 
was the most abundant starfish on rocky shores. \if:here there were boulders in 
the mid intertidal area (e.g. Grice Bay) shore crabs, Hemigrapsus spp., were 
common. These crabs were also observed in tidepools where there was some gravel 
or algae for shelter. The anemone Anthopleura elegantissima was most abundant 
along the rocky outcrop in Half Moon Bay (Location 14a) where there were accumu­
lations of sand among the rocks. The snails (Tegula funebralis, Thais ernarginata 
and !· lamellosa) were common in the mid intertidal zone. !• emarginata was most 
abundant along Cox Point (Location 10) and !· larnellosa was most abundant along 
the shores of Grice Bay (Location 11) and along the semi-exposed side of Box 
Island (Location 12b). 

Several species of algae were observed in the mid intertidal area. 
Fucus was found in this area but was not as abundant as in the high intertidal 
zone. The brown algae Hedophyllum sessile and Leathesia difformis were common 
along Quisitis and Wya Points. The red alga Halosaccion glandiforme was common 
along all rocky shores but was most abundant at Grice Bay (Location 11) and the 
semi-exposed side of Box Island (Location 12a). 

In the low intertidal zone, the encrusting sponges Haliclona permollis 
and Ophlitaspongia pennata were common in exposed and semi-exposed locations. The 
green anemone Anthopleura xanthogrammica was common along all rocky shores and was 
most abundant in mid to low intertidal tidepools. A few red anemones Telia 
lofotensis were observed along Cox Point (Location 10) and Box Island (Location 12b). 
Tube-dwelling polychaetes were observed in small crevices along the rocky shores 
and in more sheltered areas. Serpula vermicularis and Spirorbis sp. (species with 
calcareous tubes) were common along exposed and semi-exposed areas while only a 
few isolated clumps of Eudistyla vancouveri (species with "leathery" tubes) were 
observed in semi-exposed areas (Locations 12b and 14b). The chitons Mopalia sp. 
and Tonicella lineata were observed along exposed and semi-exposed areas, but 
Tonicella was not common. The sunflower starfish, cno odia helianthoides, was 
most common along the semi-exposed side of Box Island Location 12b). Sea urchins 
Strongylocentrotus purpuratus were common in tidepools in the mid and lower inter­
tidal areas. 

Surfgrass, Phyllospadix scouleri, is common in the low intertidal zone 
along exposed and semi-exposed areas. Phyllospadix was often found in pools or 
crevices along exposed rocky outcrops. Eelgrass, Zostera marina, which can easily 
be confused with Phyllospadix, was found only in Grice Bay (Location 11) and formed 
extensive beds on the mudflats of Grice Bay. In the spring and summer months, the 
red alga Smithora naiadum was found attached to surfgrass. 

The flora observed in the low intertidal zone were predominantly brown 
and red algae. Brown algae (Laminaria spp., Alaria spp., Egregia menziesii) were 
common along exposed and semi-exposed areas while Postelsia palmaeformis was 
restricted to exposed rocky shores. Macrocystis and Nereocystis beds were observed 
just offshore along Cox, Quisitis and Wya Points. 

The coralline red algae (Bossiella spp., Corallina spp., and Calliarthron 
spp.) were abundant along exposed rocky shores. These species were also observed 
in tidepools and crevices in the mid intertidal zone along exposed areas. 
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Red algae (Gigartina spp., Iridea spp., Odonthalia floccosa and 
Rhodomela larix) were common along exposed and semi-exposed areas. 

BROKEN GROUP ISLANDS SECTION 

In the Broken Group Islands, areas of potential recreational use to 
boaters were selected for the 1975 faunal survey. Sixty-four semi-exposed and 
sheltered areas were sampled in June and August. Sample locations and habitat 
descriptions are given in Table 5 and Figure 2. 

Three samples, each 1 m2 x 60 em deep, were dug in each of the sand, 
shell and gravel beaches. Subjective estimates of abundance and distribution of 
intertidal bivalves and other macroscopic organisms are given in Table 6. 
Bivalves were recorded as very common when density was greater than about 20/m2 ; 
common when density was about 10 - 20/m2; few when density was less than about 
10/m2. 

}~croscopic fauna and flora on the rocky shores adjacent to several 
of the above study sites were also observed. At each sample site, a transect 
was established from the top of the rocky outcrop to the low water mark. Organisms 
were observed in one meter areas on either side of the transect line. Subjective 
estimates of abundance and distribution are given in Table 7. 

Locations of kelp beds, consisting of the giant kelp, Macrocystis 
integrifolia, and the bull kelp, Nereocystis luetkeana, are given in Figure 3. 

The organisms observed in the semi-exposed and sheltered beaches were 
predominantly bivalves. Bivalve populations were found in 66% of the sample 
locations. 

The beaches that supported the most abundant combined populations of 
littleneck, Manila and butter clams were at the bar between Trickett and Turret 
Islands (Locations 16 - 19), Prideaux Island (Location 20), Nettle Island (Loca­
tion 21), Hand Island (Locations 25- 28), Clarke Island (Locations 35- 36), 
Effingham Island (Location 45), Cooper Island (Locations 49- 51), Cambiain 
Island (Location 52) and Wouwer Island (Locations 57 & 58). Abundant littleneck 
clam populations were found on Chalk Island (Locations 37, 40 & 41), Gilbert 
Island (Location 47) and Wouwer Island (Locations 55 & 56). Effingham Island 
(Locations 44 & 46a) and Cambiain Island (Location 52) supported very dense 
populations of horse clams. 

Seven bivalve species were found in the samples. Not all species were 
found in one sample area and the densities of one species varied from few in one 
area to abundant in another. Least common bivalves were the cockles, Clinocardium 
nuttalli, and the Pacific oyster, Crassostrea gigas. Cockles were found, in low 
numbers (about 'i0/m2), in only 8% of the sample areas. A few Crassostrea (less 
than 10/m2) were found in the lower reaches of rocky outcrops or adhering to 
larger rocks on the sand and gravel beaches in 1~~ of the sample locations. The 
most common bivalves were littleneck clams, Protothaca staminea, found in 52% of 
the beaches sampled. Density ranged from less than 10/m2 to greater than 20/m2. 
Butter clams, Saxidomus giganteus, were observed in 25% of the sample locations 
with densities greater than 10/m2. Manila clams, Venerupis japonica, and horse 
clams, Tresus sp., were both found in 2~~ of the sample areas. Their densities 
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ranged from less than '10/m2 to greater than 20/m2. Hud or soft-shell clams, 
rtra arenaria, were observed in 200~ of the beaches sampled and were found in 
densities ranging from less than ·;ojm2 to greater than 20/m2. 

Other organisms found here were Euzonus mucronata, Upogebia pugettensis 
and Polinices lewisi. A few bands of bloodworms, Euzonus mucronata, were found in 
G% of the beaches sampled. Upogebia pugettensis, the blue ghost shrimp, was 
abundant in 300~ of the sample locations. In areas where this ghost shrimp was 
present, their burrows riddled the beach and the substrate was incohesive. A few 
Polinices lewisi were found in 2o% of the sandy beaches and their egg-containing 
sand 11collars" were often seen below the water's surface. 

Species of algae on semi-exposed and protected rocky shores in the 
Broken Group Islands were analogous to those found in similar areas in the Long 
Beach Section. The distribution of algae in the Broken Group Islands is shown in 
Table 7. 

The fauna in these areas was also comparable to that observed in the 
Long Beach Section (Table 7). However, several species were found in the Broken 
Group Islands that were not observed in the Long Beach Section. These species 
were observed in the low intertidal zone unless otherwise stated. A few white­
plumed anemones. Metridium senile, were observed on Gilbert Island (Location 47) 
and Dicebox Island (Location 53). The cup coral Balanophyllia ele~s was found 
on the underside of ledges and was most abundant on Gilbert Island~cation 47). 
The carnivorous chiton, Placiphorella velata, was common only in the extreme low 
intertidal zone, among the boulders on Gilbert Island (Location 47). The snail 
Searlesia dira was observed in the mid intertidal zone among or under rocks and 
was most common on Effingham Island (Locations 43 & 46), Gilbert Island (Location 
47) and Dicebox Island (Location 53). The snail Bittium eschrichtii was not 
common in this area but a few were found among or under rocks on Band Island 
(Location 26) and Gilbert Island (Location 47). The red turban snail, Astraea 
gibberosa, was observed below the low tide line on rock benches and was abundant 
on Chalk Island (Location 4o) and Gilbert Island (Location 47). The Pacific oyster, 
Crassostrea ~' \'las found throug.,.out the area and was common on Turret Island 
(Location 12) and Hand Island (Location 26). The porcelain crabs, Petrolisthes 
spp., were common on boulder and gravel beaches on Effingham Island (Locations 
43 & 46) and Gilbert Island (Location 47). Petrolisthes cinctipes was found in 
the high and mid intertidal zones while Petrolisthes eriomerus was usually found 
in the low intertidal zone. The bat starfish, Patiria miniata, was common in the 
low intertidal zone and below the low water mark. Patiria was most abundant on 
Prideaux Island (Location 20), Chalk Island (Location 40) and Gilbert Island 
(Location 47). A few Pisaster brevispinus were observed below the low water line. 
The red sea urchin, Strongylocentrotus franciscanus, was common below the low 
water mark where there was a current as on Turret Island (Locations 15 & 16), 
Nettle Island (Location 22), Hand Island (Location 26) and Dicebox Island (Location 
53). 

Locations of Nereocystis and Macrocystis beds were observed because 
these beds form an important part of the marine community. These beds provide 
shelter for fish, numerous small gastropods, crustaceans and other marine organisms. 
The beds also provide food for several herbivores especially the red sea urchin, 
Strongylocentrotus franciscanus, and the abalone Haliotus kamtschatkana. 

Nereocystis beds \oJere found in areas \oJhere there vras some exposure to 
surf. The most extensive beds were seen around the southeastern islands that are 
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exposed to the full force of oceanic waves. Nereocystis and ~~crocystis were 
occasionally found together, but l~crocystis was found closer to the shore. 
Hacrocystis v.ras abundant in semi-exposed or sheltered areas and \'las widely dis­
tributed throughout the Broken Group Islands. 

1;JEST COAST TRAIL SEX:TION 

In the West Coast Trail Section, the faunal survey was conducted 
during the first week of September, 1975. Exposed sand, gravel, boulder beaches 
and sandstone benches were sampled within a 5-mile radius around Carmanah Point 
(Figure 1~). Sample locations and habitat descriptions are given in Table 8 and 
Figure 5. 

Three samples, each 1 m2 x Go em deep, were dug in each of the sand 
and gravel beaches (Locations 1, 6 & 10). n1ese steeply sloping beaches were 
continually shifting and grinding under the force of oceanic waves. No conspicuous 
organisms \'/ere found on these beaches. 

Macroscopic fauna and flora on boulder beaches and sandstone benches 
were observed. At each sample site, a transect was established from the high 
tide line to the low water ~ark. OrganismS were observed in one meter areas on 
either side of the transect line. Subjective estimates of abundance and distribution 
are given in Table 9. 

The fauna and flora of these areas were similar to those observed in 
exposed and semi-exposed areas in the Long Beach Section. Several species of 
limpets were observed that were not found in the Long Beach Section. Acmaea 
mitra was common in the low intertidal zone and in tidepools along the sandstone 
benches (Locations 2 - l~). The white shell of Acmaea mitra was usually covered 
\rlth a coralline red algae. Notoacmea fenestrata was common in the low intertidal 
zone on the semi-exposed boulder beach (Location 5). Collisella pelta, found in 
the mid intertidal zone, was common in all rock sample sites. 

On the sandstone benches, sea mussels and barnacles were observed 
clumped in hollows and crevices on the otherwise smooth surface. Sea mussels 
were not found in extensive beds as they were in the Long Beach Section. The 
purple sea urchin, Strongylocentrotus purpuratus, was abundant in the low inter­
tidal area in rows of holes scoured in depressions and tidepools. 

Intertidal faunal surveys will be continued in all three sections of 
the Park. Subtidal faunal surveys \rill be started in the Long Beach and Broken 
Group Islands in 1976. 



16 

REX:::REATIONAL IMPACT STUDIES 

Recreational impact studies \'lere begun in the Long Beach Section for 
·;975, in order to study those organisms that might be collected for food or 
souvenirs by the public. The edible species studied were the razor clam (Siligua 
patula), littleneck clam (Protothaca staminea) and sea mussel (Hytilus californianus). 
At present, the Park is included in those areas closed to the taking of shellfish 
because of paralytic shellfish poisoninG (PSP). The active toxic agent is found 
in phytoplankton blooms commonly referred to as 11red tide", and the toxin is 
concentrated by all bivalve species. The bivalve species in the Long Beach Section 
are not exploited (except surreptitiously) at present, but might be subject to 
heavy exploitation in the future, if levels of toxin decrease to within safe 
limits for human consumption. 

There v1as a moderate exploitation of razor clams in the past at Long 
Beach. Should the present closure be lifted, they may be subject to even heavier 
exploitation because more people are interested in digging razor clams than in the 
past. The intertidal razor clam studies were therefore begun in 1975, when there 
was little disturbance to the population from clam diggers. 

The littleneck clam population at the north end of Florencia Bay was 
thought to be fairly large. After a transient group of people had settled in this 
area during the summer of 1971, it was thought that the clam population was much 
smaller. However, Robilliard (197·1) found this population to be limited to a few 
individuals in the protected channels between islands. A re-assessment of the 
size of this population was begun in '1975. 

Sea mussels are becoming more popular as an edible bivalve. A study 
was started to determine the recovery rate of a denuded mussel bed. 

The main organisms removed by souvenir hunters were the purple olive 
snail (Olivella biplicata) and the purple starfish (Pisaster ochraceus). The olive 
snail was abundant in the low intertidal zone of exposed sandy beaches during the 
summer months and was collected in moderate numbers by tourists, despite the 
Park-wide ban on collecting of animals for souvenirs. A study of the intertidal 
migration of this species was begun. Starfish collected by tourists were mostly 
Pisaster ochraceus, but a few other starfish species (Pycnopodia helianthoides 
and Dermasterias imbricata) were also taken. A study site was established on a 
semi-exposed vertical wall of Box Island where the starfish population could be 
easily monitored. 

RAZOR CLAH (Siliqua patula) STUDIES 

In the Park, razor clam populations are restricted to the exposed sand 
beaches of the Long Beach Section and Pachena Bay beach in the West Coast Trail 
Section. Razor clams are occasionally dug for crab bait at Long Beach. Before 
the shellfish closure in '1972, there was moderate exploitation of the Long Beach 
population by recreational diggers (Bourne and Quayle, r-1S 1970). 

In 1975, the intertidal distribution and density of the adult razor 
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clam population at Long Beach was measured. Studies were undertaken to measure 
growth rates, determine the time of spa~ming, and measure the density of the in­
coming year class. Results of this study were similar to those reported by 
Bourne and Quayle (MS 1970). 

Density of adults 

The fine sand habitat at Long Beach was divided into five areas for 
adult and juvenile razor clam sampling (Figure 6). 

In the lm-1 intertidal area (0.3 m tide height or lower), adult razor 
clams were dug individually. This is referred to as "point digging". When razor 
clams are disturbed, they produce a "show" or dimple on the sand surface. The 
number of shows produced at any one time depends on tide height and weather 
(Quayle and Bourne, 1972). On cold wet days there are fewer shows than on warm 
dry days. In April and December, a layer of fresh water covered the sand surface 
and few clam shows were observed. The clams were disturbed by the diggers stamping 
their feet and pounding the sand with the shovel handle, in order to produce shows. 

To determine the intertidal distribution of the adult razor clam 
population at Long Beach 14 representative sample areas, each 25 x 5 m, were 
selected, parallel to the shore in the intertidal zone below 0.3 m. The locations 
and substrate descriptions of sample areas are given in Table 10 and Figure 6. 
For the first sampling period in April, razor clams were collected by point 
digging and the shells retained for growth rate analysis. In order to obtain an 
estimate of population density, shows were counted in Hay, June and September. 
This method may underestimate density of the clam population because not all clams 
present will produce shows on a given day (Bourne, MS 1969). 

The greatest density of adult razor clams was consistently found from 
the northwest end of Long Beach to the south side of Shawd Rock (Table 11). Low 
densities of adult razor clams were observed along Combers and Wickaninnish beaches 
during the summer. In :Hay and June, a small clam population was observed in 
Schooner Cove. This population could not be sampled in April and September. 

The mean density of adult razor clams at the northwest end of Long 
Beach was 0.104/m2 (Locations 3- 6). At this density, the intertidal population 
can be estimated to be 7,000 razor clams per linear km of beach. 

The density of the intertidal razor clam population may be affected by 
changes in substrate, slope, compaction and water retention. The greatest density 
of razor clams was found in areas where the fine sand \'las firm but wet (e.g. at 
the northwest end of the beach). In this area, where the full force of the surf 
\!ras minimized by small islets, the gentle slope of the beach was interrupted by 
only a few low sandbars in the summer. From the south side of Green Point to the 
southeast end of Long Beach, where the razor clam density v~s low, the sand was 
coarser, more hard-packed and drier. This section of the beach was subject to 
the full force of the surf as \'/ell as to rip currents. These combined factors 
caused extensive sandbars separated by channels from the rest of the beach. The 
sand here v1as occasionally transported away, leaving a gravel layer during the 
summer. 1~e continually changing profile and dry hard-packed sand may limit the 
razor clam population along the southern portion of Long Beach. 



18 

A mark-recapture census \'lill be carried out in '1976 to further estimate 
population density in the intertidal zone. This technique was used in estimating 
the ~hsset razor clam population and proved to be a more accurate technique than 
counting shows or repeated digging (Bourne, HS 1969). 

Subtidal razor clam studies will be started in 1976. Razor clam 
siphons were occasionally observed below the 0.3 m low tide line, and crab fisher­
men have reported razor clams in their traps as deep as 108 m. However, no 
accurate measure of this population has been made at Long Beach or at Masset. 

Growth 

Honthly beach screenings and samples of 25 adult razor clams were taken 
in April through October and in December. 

Beach screenings (Figures 11 and 12) were carried out to determine the 
time of setting, density and growth rate of the zero year class. Screening sample 
areas correspond to Locations 5, 6 and 9 - 14 given in Table 10 and Figure 6. 
Five samples were taken in each sample area at intervals of 100 m. Samples were 
taken alternately at the low water line (0.3 m tide height) and in the mid inter­
tidal area (50- 100 m above the low water line). Each sample, 0.2 m square and 
25 em deep, was washed through a 2.0 mm mesh screen. 

Samples of adult razor clams were taken to determine the growth rate 
and age composition of the intertidal adult population. The April sample was 
collected at sites along the full length of Long Beach; remaining samples were 
taken at the low water line (0.3 m tidal height) between Incinerator and Shawd Rocks 
(Figure 6; Location 5). 

Total shell length and distances between annual winter checks were 
measured to the nearest millimeter. Total length measurements were grouped in 
5 mm size classes to produce a length frequency spectrum. Measurements of the 
distance to each winter check were used to ascertain growth rates and age composi­
tion. The annual winter checks of the Long Beach razor clams are not as pronounced 
as those from ~hsset (Bourne and Quayle, MS 1970), but were sufficiently distinct 
to permit this estimate of growth rate (Figure 7). 

The length frequency spectrum (Figure 8) shows that 98~6 of the inter­
tidal razor clams sampled were above the commercial size limit of 90 mm. (No size 
limit is placed on razor clams for recreational digging.) The mean length was 
132.7 mm. 

Only 2% of the clams sampled were less than 90 mm. This figure is low 
because small clams were seldom sampled by point digging and no juvenile or zero 
year class clams were found in the intertidal beach screening samples. After 
stormy weather in September, a 1-2 meter wide band of shows was observed parallel 
to the shore, 50 m above the lower intertidal populations. Small clams (less than 
90 mm) were dug in this area, but were difficult to remove from the sand intact 
because their shells were even more fragile than those of older clams. In October, 
several small clams were observed in the lower intertidal population but no dis­
tinct band of shows was observed. 

Bourne and Quayle (MS '1970) reported that few zero year class clams 
were found in beach screening at Long Beach in 1966 - 67 and indicated that inter­
tidal settlement was sparse and sporadic. Recruitment may be mainly subtidal in 
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this population and the juvenile clams observed in the intertidal zone may result 
from migration into the intertidal zone. During stormy weather, the small clams 
may be dislodged from the subtidal area and washed into the intertidal zone, where 
they apparently resettle until they are dislodged and moved again. These smaller 
clams would be more easily uncovered because they are not as deep in the sand as 
the older clams. Small clams wer~ observed just below the sand surface to a 
depth of 30 em while older clams were observed to dig vertically in the sand to 
60 em. . 

Growth rate of razor clams is summarized in Table 12 and Figure 9. The 
mean lengths recorded for each winter check indicate that the legal size of 90 mm 
is reached by 1~ years. This growth rate was also observed by Bourne and Quayle 
015 1970). 

The first winter ring delineates growth of a juvenile clam from its 
spring or summer settlement to its first winter, a period of 6 - 9 months. Clams 
from a spring settlement have a longer growing period than those from a summer 
settlement of the same year. Variation in settlement time and variation in food 
abundance influence growth rates during the first year. These two factors probably 
explain the wide range in lengths recorded at each winter check. The variability 
found in growth decreases with age, because growth in length decreases. 

Age frequency distribution is shown in Table 13 and Figure 10. The 
numbers of each year class in each sample were fairly constant during the sampling 
period. Only a few clams were found in the 0 - 1 year classes and these clams 
were found only in the September and October samples. The dominant year classes, 
found by digging, in the intertidal population were the 3 and 4 year olds. Whether 
this indicates a higher recruitment or survival in 1970 and 1971 than in subsequent 
years or sporadic migration from the subtidal population could not be determined. 

Growth and age analysis will be continued to determine the magnitude 
of yearly fluctuations in the intertidal razor clam population. Intertidal beach 
screening will be continued in the coming year to measure the intertidal settlement 
of the zero year class. Subtidal samples will also be taken to ascertain where 
there is any subtidal settlement of razor clams. 

Time of spa\oming 

Monthly samples of razor clams discussed above were subjected to gonad 
analysis. A gonad sample, 1 em thick, was taken from each clam and preserved in 
Davidson's solution. The stage of gonadal development was determined from exam­
inations of cross sections stained with haematoxylon-easin. The categories used 
for classifying gonadal development were those of Bourne and Smith (1972), 
Machell and Martini (-1971) and Ropes and Stickney (1965). Results are given in 
Table 14. No gonads were observed in the inactive phase. By the end of April, 
both male and female gonads were maturing. The sexes were easily distinguished 
because the reproductive tissues were partially filled with gametes, but the 
central portion remained empty. In May and June, the gonads continued to mature 
and some were completely filled and ready to spawn. By July 22, all gonads were 
ripe and one male and female had partially spawned. The gonads were classified 
as partially spent when more than 1/3 of the reproductive cells was found in the 
centre of the tissue. Two weeks later, on August 7, more than 68% of the gonads 
were partially or completely spent. By the middle of September, 82% of the clams 
had completely spawned out and only one ripe male was observed. In completely 
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spawned or spent clams, the gonad tissue is greatly reduced with only a few 
residual reproductive cells remaining in the tissue. The gonad samples continued 
to show partial or complete spawning through until December 5. 

This study thus shows that spawning started in late July and continued 
through September. There was no indication of a spring spawning. Whether active 
spawning continued on into December, or whether some dlams remained in the partially 
spent condition after partial spawning in September, could not be determined from 
this study. 

Studies on spawning times will be continued to determine yearly 
variations. 

The density of the intertidal razor clam population at Long Beach is 
lower than at }~sset (Bourne and Quayle, 1970). However, should the closure for 
paralytic shellfish poisoning be lifted, the population at Long Beach could 
support moderate exploitation by sports diggers, providing the bag limit of 6 
razor clams set by the Fisheries Service is enforced. 

If there is migration from the subtidal population, the size and age 
of the clams in the intertidal population may change from year to year. Therefore, 
if a size limit is placed on these clams as exploitation increases, these fluc­
tuations should be taken into account. 

LITTLENECK CLAM (Protothaca staminea) STUDY 

The littleneck clam is common on protected gravel beaches. In the Long 
Beach Section, the only substantial littleneck clam population is located behind 
a group of small islets at the northwest end of Florencia Bay. The substrate is 
coarse gravel mixed with shell and sand. 

Before 1971, this population was thought to be fairly large and was 
moderately exploited (personal communication, Parks staff). In 1971, a transient 
group of people resided in the area for the summer. It was thought that the 
littleneck clams were used as a substantial portion of their diet. When these 
people left the area, the Park staff thought this clam population to be severely 
depleted. A study was begin in 1975 to determine the size and density of the 
present population. 

In May, the area of the clam bed was determined by digging sample 
quadrats, each 60 cm2 x 15 em deep, in a pattern across the suitable substrate. 
The estimated extent of the clam bed, outlined in Figure 13, was 10 x 25 m. 
The number of clams and cockles dug from each quadrat is given in Table 15. 
Clam density was 313/m2 within the bed. At this density, the population size 
was estimated to be 78,000 littleneck clams within the 250 m2 bed. 

In August, a sample of 51 littleneck clams was collected from a 3 x 5 m 
area situated between quadrats# 5 and 7 (Figure 13). Total shell length and the 
distance between annual winter rings were measured to the nearest mm to determine 
growth rate, age structure and size distribution in the population. 
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Growth rate, shown in Table 'i6 and Figure 1L~, indicates a slower 
growing population than is observed on the east side of Vancouver Island (Quayle 
and Bourne, 1972). The legal size of 4o mm for commercial diggers is not reached 
until after six years. There is no size limit placed on littleneck clams for 
recreational digging. 

Age structure of the clam sample is shown in Figure 15. In this sample, 
63% of the clams were 5 - 7 years old. No one or three year old clams were found. 
'14% of the clams were 2 and 4 years old. The 8 - 11 year old clams made up 24% 
of the sample. This age structure may indicate that recruitment is generally 
sporadic but there may be years when recruitment or survival is higher. 

Length measurements were grouped into 5 mm size classes to produce a 
length frequency spectrum. The length frequencies, given in Figure 16, show two 
modes: at 4o.O - 44.9 mm and 50.0 - 54.9 mm. However, with such a small sample 
size, these peaks may be due to sampling error rather than recruitment. 

From this study, the clam population was found in a small 250 m2 plot. 
The area inhabited by littleneck clams was thought to be larger before a transient 
group of people resided here in 1971, using these clams as a substantial portion 
of their diet (personal communication, Parks staff). If this clam population did 
in fact occupy a larger area and the clam density was similar to that found in 
1975, the population is much reduced. However, the present clam population is 
relatively large for a 250 m2 plot. 

Although this clam population is relatively large, the clams are slow 
growing and a size limit in addition to the bag limit set by the Fisheries Service 
would be advisable, should the shellfish closure for paralytic shellfish poisoning 
be lifted. If a size limit were set at 40 mm, 65% of the population would be 
available to the sports digger. This would leave 35% of the clams as a "recruiting" 
population. 

This population is not exploited now but the bag limit of 24 littleneck 
clams set by the Fisheries Service would be adequate because the effort required 
to dig these clams in the coarse gravel is high (it took one hour to dig 51 clams 
for growth studies). This may act as a natural deterrent to recreational d~ggers 
exploiting this population. 

This population will be studied in 1976 to determine yearly variation 
in population size and recruitment rate. 

SEA MUSSELS (Mytilus californianus) STUDY 

Sea mussels are found in the intertidal zone on exposed rocky shores 
in all three sections of the Park. Areas of mussel beds are periodically denuded 
during storms, when logs pound against the rocks. The recovery time of a denuded 
mussel area to its former state is not known. A study was begun in 1975 to de­
termine the re-establishment pattern and recovery time of a denuded mussel bed area. 

In July, a one m2 plot in a mussel bed (Figure 17) was cleared on the 
semi-exposed north side of Cox Point. The tidal level of this plot was 1.5 m. 
The plot was divided into 25 sections each 20 x 20 ern. The organisms in each 
section were removed and taken to the laboratory to be identified and counted. 
(The sections were used as small units for transporting the organisms to the 
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laboratory and had no bearing on the actual counts.) Table 17 shO\ofS the total 
number of organisms observed in th~ plot. 

Sand and bits of shell were found among the mussels. The dominant 
species were Hytilus californianus, !:'!· edulis, Protothaca staminea and Balanus 
glandula. .!:!· californianus and 1:!• edulis v1ere grouped together because the species 
of the small mussels (less than 1 em) could not be determined. Other organisms 
were found either on the surface of the mussel bed (e.g. Collisella digitalis, 
Notoacmea persona, Thais emarginata and Pollicites polymerus) or among the 
mussels, byssal threads and shell accumulations. e.g. Cucumaria pseudocurata, 
Hemigrapsus spp., Petrolisthes eriomerus, Anthropleura elegantissima and several 
species of flatworms). Polychaetes and nemerteans were observed in the accumu­
lations of sand. 

Organisms re-colonizing the cleared plot were counted in September, 
October and December. Results are given in Table 18. In September, Collisella 
digitalis, Littorina scutulata and Thais emarginata were observed in the m2 plot. 
The size of these species indicated that they were not recently recruited, but 
had probably moved in from adjacent areas. In October and December, the number 
of Thais emarginata and Littorina scutulata decreased while number of limpets, 
both Collisella digitalis and Notoacmea persona, increased. Anthopleura elegan­
tissima, Pollicipes polymerus and !:'!· californianus were observed along the periphery 
of the square. 

The re-establishment pattern and recovery time of this area will be 
observed through 1976. 

PURPLE OLIVE SNAIL (Olivella biplicata) STUDY 

The purple olive snail is commonly found on the exposed sandy beaches 
of Long Beach during the summer. A smaller species, £• baetica, is also encount­
ered but is not common at Long Beach. These snails leave trails in the sand as 
they move just below the sand surface (Figure 18a), or create a small hump when 
they are stationary (Figure 18b). 

During the period of monthly low tides (0.5 m tide height or lower) 
from May to August, Olivella were observed in the low intertidal zone. No Olivella 
were found in the intertidal area in April or in September to December. £· biplicata 
were counted in 3 x 3 m quadrats. Ten quadrat samples were taken in each of the 
following locations: north of Quisitis Point (Location 2), north of Sandhill 
Creek (Location 3), and north of Shawd Rock (Location 4). Location 1 was estab­
lished at the north end of Florencia Bay. The sand at this site was eroded to a 
gravel layer and no Olivella were observed during the sampling period. These 
locations, shown in Figure i9, were chosen as representative areas to determine 
the density of Olivella along Long Beach. 

Quadrats were located at 10 m intervals parallel to the shore, 4 m 
above the low water mark (0.5 m tide height). The outline of each quadrat was 
drawn in the sand and was not permanently marked. In each sample location, a 
vertical line was drawn from the first quadrat to the driftwood line. Behind 
the driftwood line, an identification post was marked to establish the position 
of the first quadrat. Quadrats were re-marked for each sampling period by using 
the identification posts to relocate the site of the first quadrat, and the 
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remaining quadrats were measured from the first. 

The numbers of Olivella observed in the monthly quadrat samples are 
given in Table 19. In May, the density \'las 1/m2 or less. Density increased 
steadily during the summer and peaked in July with 5/m2 at Sandhill Creek and 
3/m2 at Quisitis Point. Density decreased slightly in August, then in September 
to December, no Olivella were observed. The slight decrease in Olivella density 
in August may represent mortality, because windrows of Olivella shells were observed 
at the high tide line in July and August. Density in the windrows was 25 shells/m2. 
No such windrows were seen after August. 

The lowest densities were observed north of Shawd Rock where minor 
increases were noted during the summer. Density stabilized at 1/m2 in July and 
August. Whether this low density was caused by the higher recreational use of 
the area could not be determined. No windrows of Olivella shells were found at 
this location and no Olivella were observed after August. 

Edwards (i969) and Stohler (i959, 1960) state that Olivella populations 
are primarily subtidal along the open coast of Oregon and California, and that 
individuals found intertidally may be migrants from the subtidal population. From 
studies of intertidal density, Edwards (1969) observed that Olivella moved from 
the intertidal zone to the line of low tide during winter and spring storms when 
beach contours were continually changing and heavy rains often flooded the beach 
with fresh water. 

The disappearance of Olivella from the intertidal area of Long Beach 
coincided with a series of storms at the end of August. The beach contours changed 
and fresh water flooded the beach during the heavy rains. As no windrows of 
Olivella shells were observed between storms to indicate continued mortalities and 
no live Olivella were observed at the low tide marks, Olivella may have moved down 
into the subtidal area. Winter storms continued to change the beach contours and 
flood the beach with fresh water from September to December. No Olivella were 
observed in the intertidal zone after their disappearance in September. 

Olivella density peaked during the height of the tourist season, and 
these snails were collected in large numbers by the public. The reasons for the 
possible vertical migration of Olivella are not known, but people should be made 
aware that they might be disturbing an important part of Olivella's life cycle. 

The Olivella study will be continued to determine yearly variations in 
this population. Transects will be established along Long Beach to determine the 
extent of intertidal migration. Subtidal samples will be taken to ascertain the 
size of the subtidal population. 

PURPLE OR OCHRE STARFISH (Pisaster ochraceus) STUDY 

Pisaster ochraceus is a common starfish in the lower margin of the 
intertidal zone on rocky shores and in tidepools along the Pacific coast. 

A study site, 2.5 x 7.0 m, was established along a semi-exposed vertical 
wall on the east side of Box Island (Figure 1, Location 12a). The study area 
extended from top of the FUcus zone to the base of the wall where large boulders 
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were scattered over a sand substrate (Figure 20). The study site could be 
reached only at 0.2 m tide level or lower. Starfish were.counted in July, August, 
September and December. Number and density of Pisaster are given in Table 20. 
Number of sunflower starfish (Pycnopodia helianthoides) from among the boulders 
at the base of the wall are also given. 

Numbers of both species of starfish steadily decreased throughout the 
summer. This decrease could not be attributed to actual removal of starfish, 
because no collecting was reported in this area. Pisaster showed a marked increase 
in December. The observed decline may have resulted from migration into deeper 
water during sunny calm weather. The increase in December may reflect winter 
migration into the intertidal area during cooler, overcast weather. No sunflower 
starfish \·Tere observed in December where sand had covered the boulders at the 
base of the wall. 

From this study, the effects of starfish removal in an area could not 
be determined. Ho~tTever, Paine (1966; 1969) and Dayton (1971) have shown that 
Pisaster predation limits population density of many species and prevents any 
species from becoming dominant. In areas where Pisaster was continually removed, 
mussels in the lower intertidal zone successfully out-competed other species of 
plants and animals, and species diversity became reduced. 

To prevent such ecological changes from occurring, the public should 
be encouraged to create a minimun of disturbance. The ideal solution is a "look 
but do not remove" policy which has been presented to the public by the Interpretive 
Program in the Park through posters (Figure 21) and intertidal beach walks. The 
policy must be intensified in the future as utilization of the Park increases. 

Intertidal counts of Pisaster at low tide will continue in 1976. 
Additional sample sites will be established and subtidal counts will be taken to 
determine seasonal changes in density at various tide heights. 
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Table 1. Location and habitat description 

of intertidal faunal survey sites, 

Long Beach Section (·;975). 
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Table 1 

Sample 
Habitat 

No. Location Longitude Latitude Substrate Exposure 

1. North of first 125°48•06 11 49°04'00 11 fine sand semi-exposed 
small island in 
Schooner Cove 

2. 100m. northwest of 125°47'30" 49°03'48" fine sand exposed 
Box Island 

3. Halfway between 125°47'00" 49°03'5411 fine sand semi-exposed 
Box Island and 
Schooner Cove Cable 

4. Beach east of IR3 125°46'42" 49°04 1 1211 fine sand semi-exposed 

5- Halfway between 125°45'36'' 49°04' 1211 fine sand exposed 
Incinerator and 
Shawd Rocks 

6. 100m. west of 125°43'3011 49°03'06" fine sand exposed 
Green Point 

7. 0.8 km. north of 125°42 10011 49°02' 1811 coarse sand exposed 
Sandhill Creek 

8. 0.8 km. north of 125°40'3611 49°00'48" coarse sand exposed 
Quisitis Point 

9. Beach at north- 125°39'2411 49°00'00" sand, gravel semi-exposed 
west end of 
Florencia Bay 

10. North side of Cox 125°52'36" 49°05'48" rock exposed 
Point 

11. North end of gravel 125°47'54" 49°06'57" rock sheltered 
extension for Grice 
Bay Road 

12a. West side of Box 125°47'06" 49°03'36" rock exposed 
Island 

12b. East side of Box 125°47'0611 49°03'42" rock sheltered to 
Island semi-exposed 

13. West side of Green 125°43'15" 49°03'06 11 rock exposed 
Point 

14a. North side of 125°40'36" 49°00'36" rock semi-exposed 
Quisitis Point; 
adjacent to 
Wickaninnish Inn 
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Table 1 cont'd 

Sample Habitat 

No. Location Longitude Latitude Substrate Exposure 

'14b. !South side of 125°39'30" 48°59'48 11 rock exposed 
Quisitis Point from 
Florencia Bay 

15a. Outcrop north of 125°36'42" 48°58'54" rock semi-exposed 
Half Moon Bay 

15b. West side of Wya 125°37'00" 48°58'36" rock exposed 
Point 

16. East side of culvert 125°47'00" 49°06'26" mud sheltered 
on Grice Bay Road 
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Table 2. Distribution and relative abundance of 

intertidal organisms from sand and mud 

samples, Long Beach Section (1975). 

Sample numbers correspond to those 

from Table 1. Abundance is recorded as­

few = f; common = c; very common = vc. 
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Table 2 
Sample Sites 

Species 1 2 3 4 5 6 7 8 9 16 

PHYLUM Annelida 
Class Polychaeta 

Abarenicola pacifica c - f vc c f f f - -
(lugworm) 

Euzonus mucronata c c - vc vc vc f vc - -
(bloodworm) 

Nepthys californiensis f f f c c c c c c f 

PHYLUM Arthropoda 
Class Malacostraca 
Order Mysidacea 

Archaeorn;y:sis 
grebnitzkii f - f c c c c c f -

(opossum shrimp) 

Order Arnphipoda 

Orchestia traskiana vc vc vc VC vc vc vc VC vc -
(beach hopper) 

Orchestoidea 
californiana vc vc vc vc vc vc vc vc vc -

Order Isopoda 

Alloniscus perconvexus c c c c c c c c c -
Cirolana kincaidi - - - c c c c c f -
Order Decapoda 
Suborder Natantia 

I 
Crangon munitella - - c c c c f f - I -
Suborder Reptantia I 

Section Hacrura 

Callianassa 
californiensis - - - c - - - - - vc 

(red ghost shrimp) 

Section Brachyura 

Hemigrapsus 
oregonensis - - - - - - - - - f 
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Table 2 cont'd 
Sample Sites 

Species 1 2 3 4 5 6 7 8 9 16 

PHYLUH Hollusca 
Class Gastropoda 
Subclass Prosobranchia 

Olivella baetica - - - - - - - f - -
o. biplicata c c vc c c f c c f -
Tpurple olive snail) 

Class Bivalvia 

Clinocardium nuttalli - - - - - - - - f -
(cockles) 

Ma.coma. nasuta - - - - - - - - - f 

Mya arenaria - - - - - - - - f vc 

Protothaca staminea - - - - - - - - c -
(littleneck clam) 

Siliqua patula c f f vc vc c f f - -
(razor clam) 

Tellina bodegensis - 1 - ... .. - - .. - -
!· oarpenteri - f - - - - - - - vc 

PHYLUM Echinodermata 
Class Echinoidea 

Dendraster excentricus - - - - - - f f - -
(sand dollar) 

I 
I 

I 
I 



1able 3. Abundance of intertidal organisms 

observed in vertical transects at 

25 m intervals, Long Beach Section (1975). 
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Table 4: Distribution and relative abundance 

of intertidal organisms from rocky 

shore samples, Long Beach Section (1975). 

Sample numbers correspond to those from 

Table 1. Abundance is recorded as 

few =f; common = c; very common = vc. 



Table L. 
Sample Sites 

Species 10 11 12a 12b 13 14a 14b 15a 15b 

PHYLUM Porifera 
(sponges) 

Haliclona permollis c - c - c c c - c 

QehlitasEonsia Eennata c - c - c c c - c 

unidentified species c - c - c c c - c 

PHYLUM Cni daria 
Class Anthozoa 
Order Actiniaria 

AnthoEleura 
eleentissima f - - f - c c vc f 

A. xanthogrammica vc c c f VC c c c c 
{green anemone) 

Tealia lofotensis f - - f - - - - -

PHYLUM Annelida 
Class Polychaeta 

SerEula vermicularis c - c - - c c - c 

SEirorbis sp. c - c - - c c - c 

Eudistyla vancouveri - - - f - - f - -

PHYLUM Mollusca 
Class Amphineura 

Katharina tunicata c - - c - c c - c 

MoEalia sp. f - - c c f f f f 

Tonicella lineata f - - f - - - - -

Class Gastropoda 
Subclass Opistobranchia 

Aeolidida EaEillosa - - - - - f - - -
Archidoris 

montereyensis - - - - - f - - -

Subclass Prosobranchia 

Ceratostoma foliata f - - - - f f f f 
(leafy hornmouth) 
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T ble 4 cont'd a 
Sample sites 

Species 10 11 12a 12b 13 14a 14b 15a 15b 

Subclass Prosobranchia 
cont'd 

Collisella digitalis 
(fingered limpet) 

vc vc c c c c c c c 

Diodora aspera f - - - - - f f -
(rough keyhole limpet) 

Littorina scutulata vc vc f c c c c c c 
(checkered periwinkle) 

L. sitkana c c c c c c c c c 
Tsitka periwinkle) 

Notoacmea persona f c - c c c f c c 

!i• scutum f - - - - - - - -
Tegula funebralis - - - - - c c - c 
(black top shell) 

Thais emargina ta vc c c c c c c c c 
(short-spired purple) 

T. lamellosa - vc - VC f c f - -
Twrinkled purple) 

Class Bivalvia 

Mvtilus californianus vc - vc c VC vc vc vc VC 

(sea mussel) 

M. edulis c c - f c c c c c 
T bay mussel) 

PHYLUM Arthropoda 
Class Crustacea 
Subclass Cirripedia 

Balanus cariosus c - c c c c c c c 

~- glandula vc vc vc vc vc vc vc vc vc 

Chthamalus dalli C· - f f f c f f f 

Pollicipes polymerus vc - vc - vc VC vc - vc 

Subclass Copepoda 

Tigriopus californicus c - - - - - c - c 
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Table 4 cont'd 
Sample Sites 

Species ~10 11 l2a i2b 13 14a 14b 1.5a 15b 

Subclass Malacostrata 

Cancer magister - - f - - - - - -
(Dungeness crab) 

Hemigrapsus nudus f c f c f f c f f 

(purple shore crab) 

H. oregonensis c c f c f f f f f 

Pa~rus sp. c c f c c c c f f 

Pugettia ~acilis - f - f - - - - -
(kelp crab 

Order Isopoda 

Ligia pallasi - - - - - c - - -

PHYLUM Bryozoa 
(Ectoprocta) 

Dendrobaenia 
lichenoides - - - c - - - - -

Flustrellidra 
corniculata - - - c - - - - -

PHYLUM Echinodermata 
Class Asteroidea 

Dermasterias imbricata - - - c - f - - -
(leather star) 

Evasterias troschelii - - - f - f - - -
(mottled star) 

LeEtasterias hexactis - - - f - f - - -
(six-rayed starfish) 

Pisaster ochraceus vc c vc vc vc vc vc vc vc 
(purple star) 

~cno;eodia 
helianthoides - - - c f f f - -

(sunflower star) 

Solaster dawsoni - - - - f - f - -
(morning sun starfish) 

s. stimEsoni - - - - - - f - -
Tsun starfish) 



Table :+ cont 'd 
Sample Sites 

Species 10 11 12a 12b 13 14a 14b 15a 15b 

Class Echinoidea 

Stron~locentrotus 
drobachiensis - - - f - - - - -

(green urchin) 

S. ;eur;eura tus f - c f - c c c c 
"[purple urchin) 

Class Holothuroidea 

Cucumaria miniata - c - f - f - - -
PHYLUM Chordata 
Subphylum Urochordata 
Class Ascidiacea 

Clavelina huntsmani - - - f - f f - -
Styela montereyensis - - f - - f f - -

PHYLUM (DIVISION) 
Spermatophyta 

PhlllosE!dix scouleri c - c c - c c c c 
(surf grass) 

Zostera marina - vc - - - - - - -
(eel grass) 

PHYLUM (DIVISION) 
Chorophyta 
(green algae) 

Codium fragile - - - - - c f - -
Enteromor;eha 

intestinalis f f c c c f c c c 

Prasiola meridionalis - - - - - c c - c 

S;eonsomor;eha sp. f - c - - - c - c 

~ sp. f c - c - f f f f 
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Table l: cont 1 d 
Sample Sites 

Species 10 11 12a 12b '13 '14a 14b ·15a 15b 

PHYLUM (DIVISION) 
Phaeophyta 
(brown algae) 

Alaria marsinata - - c - - - c - c 

Egregia menziesii c - vc c - c c - c 

l1'ucus distichus vc vc c vc vc c c c c 

Hedophyllum sessile - - - - - c c - c 

Laminaria sroenlandica - - c - - c c c c 

L. setchellii - - vc - - c c c c 

Leathesia difformis - - - c - c c c c 

Macroc;:Lstis 
inteSEifolia - - - f - c c c c 

Nereocystis luetkeana c - c - - - c - c 

PelvetioEsis limitata - - c - - c c - c 

Postelsia Ealmaeformis c - vc - - - c - vc 

Sargassum muticum c - c c - c c c c 

PHYLUM (DIVISION) 
Rhodophyta 
(red algae) 

Bossi ella sp. c - vc - - c vc - vc 

Corallina sp. c - vc - - c vc - vc 

Calliarthron sp. c - vc - - c vc - vc 

Gigartina exasEerata - - c - - - c - c 

Halosaccion 
slandiforme c vc c vc - c c c c 

Iridea sp. - - c f - c c - c 

Odonthalia floccosa c - - - - c c - c 

Oountiella californica - - f - - - - - -
Rhodomela larix c - - - - c c c c 

Smithora naiadum c - c c - c c c c 
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T.able 5. Location and habitat description 

of intertidal faunal survey sites, 

Broken Group Islands Section (1975). 



1~4 -
Table 5 

Habitat 
Sample Location Longitude Latitude Substrate Exposure 

1. West end of Walsh 125°19'22" 48°55'06" sand, shell, sheltered 
Island gravel 

2. Between small islam: 125°19'11 11 48°55'0011 sand, shell, sheltered 
& south side of gravel 
Walsh Island 

3. Southeast point of 125°19'46" 48°55'03" shell, gravel sheltered 
Dodd Island 

4. North end of Willis 125°20'32" 48°55'06" sand, shell, semi-exposed 
Island gravel 

5- Inlet on southwest 125°20' 17" 48°55' 14" shell sheltered 
side of Dodd Island 

6. Gravel bar at north 125°20'34" 48°55'07" sand, shell, semi-exposed 
end of Willis Islanc gravel 

7. Gravel bar at north 125°20'36" 48°55'09" sand, shell, semi-exposed 
end of Willis Islanc gravel 

8. Gravel bar at north 125°20'42" 48°55'06" sand, shell, semi-exposed 
end of Willis Islanc gravel 

9. Adjacent to small 125°15'16" 48°55'06" fine gravel sheltered 
rock outcrop on to boulder 
north side of 
Gibraltar Island 

10. Bay between Jarvis 125°16'30" 48°55'14" mud sheltered 
& Jacques Islands 

11. North side of 125°17'23" 48°55'2411 sand, gravel semi-exposed 
southwest arm of 
Jarvis Island 

12. Pocket beach east 125°19'48" 48°53' 18" sand, gravel sheltered 
side of Turret 
Island 

13. North side of small '125°19'46" 48°53'5311 sand, shell semi-exposed 
reef on east side 
of Turret Island 

14. South side of small 125°19'42" 48°53'51" sand, shell semi-exposed 
reef on east side 
of Turret Island 
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Table 5 cont'd 

Habitat 
Sample Location Longitude Latitude Substrate Exposure 

15. North side of the 125°20'54" 48°54'23" sand semi-exposed 
west end of Turret 
Island 

16. North side of the 125°20'57" 48°54'25" gravel, rock semi-exposed 
west end of Turret 
Island 

17. East side of bar 125°20'59" 48°54'27" gravel semi-exposed 
between Trickett & 
Turret Islands 

18. West side of bar 125°21'02" 48°54'28" gravel semi-exposed 
between Trickett 
& Turret Islands 

19. West side of bar 125°21'0011 48°54'2911 gravel semi-exposed 
between Trickett 
& Turret Islands 

20. Pocket beach on 125°16'01 11 48°56' •J5" shell, gravel sheltered 
east side of 
Prideaux Island 

21. Pocket beach on 125°15'35" 48°56' 13" gravel sheltered 
west end of Nettle 
Island 

22. Northwest side of 125°15'00" 48°56'11" sand, gravel semi-exposed 
rock outcrop on 
northeast side of 
Nettle Island 

23. Northwest side of 125°14'50" 48°56'07" sand, gravel semi-exposed 
rock outcrop on 
northeast side of 
Nettle Island 

24. Northwest side of 125°14'36" 48°55'58" sand, gravel semi-exposed 
rock outcrop on 
northeast side of 
Nettle Island 

25. East side of Hand 125°'18 '36" 48°57'01" sand, gravel semi-exposed 
Island 

26. East side of small 125°18'32 11 48°57'03" sand, gravel semi-exposed 
island adjacent to 
Hand Island 



Table 5 cont 1 d 

Sample 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34a. 

34b. 

35a· 

35b. 

36. 

Location Longitude Latidude 

Bay on north side 125°18 14011 48°57'0411 

of Hand Island 

Adjacent to rock 125°19'0'1" 48°57 1 1011 

outcrop on north 
side of Hand Island 

Northwest side of 125°18 1 35" 48°56 1 25" 
Mence Island 

North side of bar 125°18 1 20" 48°56 124" 
at east end of 
Mence Island 

Southwest side of 125°18 1 20" 48°56 1 22" 
bar at east end of 
Mence Island 

Pocket beach on 125°18 13011 48°56'11 11 

east side of 
largest island in 
Brabant Islands 
group 

North side of 
Benson Island 
between rocky 
outcrops 

North end of beach 
on east side of 
Benson Island 

South end of beach 
on east side of 
Benson Island 

North side of bar '125°22 1 35" 4t$0 53 1 35" 
at northwest end of 
Clarke Island 

South side of bar '125°22 1 3t$" 48°53 1 32" 
at northwest end of 
Clarke Island 

Beach on west side 125°22 142" 4t$0 53 12t$" 
of Clarke Island 

Habitat 
Substrate Exposure 

sand, gravel, sheltered 
mud 

shell semi-exposed 

sand, gravel sheltered 

shell, gravel sheltered 

sand, shell, sheltered 
gravel 

sand, gravel sheltered 

sand, gravel 

gravel 

gravel 

sand, shell, 
gravel 

sand, shell, 
gravel 

sand, shell, 
gravel 

semi-exposed 

semi-exposed 

semi-exposed 

sheltered 

sheltered 

sheltered 
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'l'able 5 cont'd 

Habitat 
~ample Location Longitude Latitude Substrate Exposure 

37. 

38. 

39. 

40. 

41. 

42. 

South side of bar 
between Chalk 
Island and small 
unnamed island 
(west side of Chalk 
Island) 

125°18'5~" ~055'13" sand, shell, 
gravel 

sheltered 

North side of bar 125°19'00" 48°55'15" sand, shell sheltered 
between Chalk gravel 
Island and small 
unnamed island 
(west side of Chalk 
Island) 

North end of Chalk 125°'18 '57" 48°55' 22" 
Island 

shell, gravel semi-exposed 

Beach on north side 
of rock outcrop on 
west side of Chalk 
Island 

West side of bar at 
north end of Chalk 
Island 

East side of bar at 
north end of Chalk 
Island 

Largest beach on 
east side of 
Effingham Bay 

125°18'55" 48°55' 11 II gravel sheltered 

125°18'48" 48°55'05" shell, gravel sheltered 

125°18'50" 48°55'05" sand, shell 

125°18'05" 48°52'28" sand, shell, 
gravel 

sheltered 

sheltered 

44. Small beach on 125°18'28" 48°52'29" sand, mud sheltered 
south side of 
Effingham Bay 

45. Small pocket beach 125°18'1211 48°52'36" sand, gravel sheltered 
north of Sample 43 

46. Beach on northwest 125°18'43" 48°52'28" boulder sheltered 
side of Effingham 
Bay 

46a. Bar between small 125°1~'37" 48°52'30" sand sheltered 
island & Effingham 
Island (south side 
of Effingham Bay) 
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Table 5 cont'd 

Habitat 
Sample Location Longitude Latitude Substrate Exposure 

47. Fast end of Gilbert 125°19'10" 48°52'3311 sand, gravel sheltered 
Island 

48. Pocket beach on 125°19 116" 48°52'26" mud, sand, sheltered 
south side of gravel 
Gilbert Island 

49. Northeast end of 125°20108" 48°52'33" sand, shell, sheltered 
Cooper Island gravel 

50. North side of 125°20'25" 48°52'39" sand, shell, sheltered 
Cooper Island gravel 

51. West side of 125°20'48" 48°52'3511 sand, gravel sheltered 
Cooper Island 

52. East side of bar 125°20'55" 48°52 141 11 shell, gravel sheltered 
between north side 
of Camblain Island 
and small island 

53. Northeast side of 125°19'55" 48°51 141" gravel semi-exposed 
Dicebox Island 

54. Southwest side of 125°19'58" 48°51 '4o" boulder semi-exposed 
Dicebox Island 

55. South side of 125°21'17" 48°51 143" mud sheltered 
Wouwer Island 

56. South side of 125°21 '1311 48°51'44" mud sheltered 
Wouwer Island 

57. East side of most 125°21'0911 48°51'53" sand, gravel sheltered 
eastern rock out-
crop on north side 
Wouwer Island 

58. West side of most 125°21 '13" 48°51'53" sand, gravel sheltered 
eastern rock out-
crop on north side 
of Wouwer Island 

59- Eastern pocket 125°21 130" 48°51'51" sand, gravel semi-exposed 
beach on north side 
of Wouwer Island 

60. Middle pocket 125°21 132" 48°51'48" sand, shell, semi-exposed 
beach on north gravel 
side of Wouwer 
Island 
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Table 5 cont'd 

Sample 

61. 

Habitat 
Location Longitude Latitude Substrate Exposure 

~estern pocket beach 125°21'37" 48°51'49" sand, shell 
pn north side of 
~ouwer !~and 

semi-exposed 
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Table 6. Distribution and relative abundance 

of intertidal fauna from sand, shell 

and gravel beaches in Broken Group 

Islands (1975). 

Sample numbers correspond to those 

given in Table 5. 

Abundance is recorded as - few = f; 

common = c; very common = vc. 



Table 6 

.s 
·~ 

CIS 

J ~ 
co ·.-I •.-I Q) 

~ •.-I co r-1 s:: 
~ •.-I 

~~ -~ 0 :. 
Island S.. Q) Q) CIS 

0 ... 1"'"1 CIS •.-I ... 
• ~ ... •.-I E Q) 

~ 
CIS CO • 

~ 

·~~ 
co '0 S.. 0 

J 
1:1. 

Q) 

~ ... 1! ~ co co 0 co Q) 
Q) E .oP. •.-I 0 0 ~ ... 0 

Jl 
1"'"1 Q) s:: 8 co 0 '0 
§' 0 •.-I ~ ... •.-I 

N 0 1"'"1 ·.-I 

~ 
0 ~ CIS ~ ~ 1"'"1 S.. ~ UJ :::> 0 0 UJ 

Walsh 1 - vc - - - vc - - - -
2 - vc - - - - - - - -

Dodd 3 - vc - - - - f - f -
5 - - - - - - - - - -

Willis 4 - - - - - - - - - -
6 - - - ·- - - - - - -
7 - - - - - - - - - -
8 - - - - - - - - - -

Gibraltar 9 - - - - f - f - - -
Jacques/ Jarvis 10 - - - - - - - - - -
Jarvis 11 f c - - - f vc - f -
Turret 12 - c f - - - c c - c 

13 - - - - - - - - - -
14 - - - - - - - - - -
15 - - - - - - - - - -
16 - - f - - f vc c - c 

17 - - - - - c vc - vc -
18 - - - - - c vc - vc -
19 - - - - - c vc - vc -

.Prideaux 20 - c - c - vc vc vc vc -
Nettle 2'1 - c f c - vc vc vc vc -

22 - - f - - - - - - -
23 - - - - - - - - - -
24 - - - - - - - - - -

Hand 25 - - - f - f vc vc c -
26 - - - - - f vc - vc -
27 - - - - - c c vc c c 

28 - - - - f - c - - -
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Table 6 cont'd 

l1j 

.m 
l1j 

I :~ ~ Ul ·.-4 •.-4 Q) 

as ·.-4 Ul r-i s:l 
s:l Ul ·.-4 al •.-4 

Island 0 s:: ): ~ s-. Q) Q) =~ (1j 
0 ~ r-i ::s ~ l1j •.-4 ~ 

• ~ ~ ·.-4 s Q) 

~ 
as Ul • 

0 
(1j ~ Ul '0 s-. 0 

~ 
Ul Pi 

z Q) 
~ ~ ~ ·g Ul 

Ul :8 5 0 Ul Q) 

Jl 
Q) s •.-4 0 0 ~ ~ 0 ::s 
r-i ~ s:: 0 Ul 0 '0 s-. 
Pi 0 •.-4 s:: Ul 

~ 
~ ·.-4 Q) 

s ~ ~ r-i ·.-4 as 0 ~ s:: 
t~ &{ & H r~ ~ 

Q) 

::5 tQ > 

Hence 29 - c - - f - VC - - -
30 - - f - - - - - - -
31 - - f - - - vc ·- c -

Brabant 32 - - f - - - - - - -
Benson 33 - - - - - - - - - -

34a - - - - - - - - - -
34b - - - - - - - - - -

Clarke 35a - - c - - f vc vc - c 

35b - - c - - - c c c c 

36 - - c f - f vc c c c 

Chalk 37 - vc - - f - vc - - -
38 - vc - - f - - - - -
39 - - - - - - - - - -
40 - vc - - f - c - - -
41 - vc - - - - c - - -
42 - vc - - - - - - - -

~ffingham 43 - - - - - - - - - -
44 c vc - f f - vc c - VC 

45 - c f - - - vc c - -
46 - - - - - - - - - -
46a - - - - - - - - - vc 

Gilbert 47 - - - - - - vc - c -
48 - c - - - - - - - -

Cooper 49 - - - - - - c c - f 

50 - - f - - - VC - - c 

51 - - - - - - c c - c 
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Table 7. Distribution and relative abundance 

of intertidal organisms from rocky 

shores, Broken Group Islands (1975). 

Sample numbers correspond to those 

from Table 5. Abundance is recorded 

as - few = f; common = c; very common = vc. 



Table 7 

Species Sample Sites 

1 2 3 9 12 13 14 15 '16 20 21 

PHYLUH Porifera 
(Sponges) 

Cliona cela ta - - - - - f f - - - -
Haliclona permollis - - - c - c c c c - -
QEhlitas;eonsia 

;eennata - - - - - c c - - - -
I 

PHYLUM Cnidaria 
Class Anthozoa 
Order Actiniaria 

Antho;eleura 
elesantissima f f c - c c c c c - f 

A. xantho£ammica - - - - - f f - - - -
T green anemone) 

Metridium senile - - - - - - - - - - -
Tealia lofotensis - - - - - - - - - - -

Order Scleractinia 

Ballano;eh;y:llia 
eleens - - - f - c c f f - -

22 26 32 38 4o 43 45 

- f - - - - -
c c - - - - -

- c - - - - -

f f f - - - -
f f f - - c -

- - - - - - -
f - - - - c -

- f - - - - -

46 47 48 

- f -
- c c 

- f f 

- f -
- vc f 

- f -
- f f 

- vc -

49 50 

- -
c c 

- -

c c 

c c 

- -
- -

- -

53 

-
c 

c 

-
c 

f 

f 

c 

\.JJ 
\.JJ 



Table 7 cont'd 

Species Sample Sites 

1 2 3 9 12 13 14 15 16 20 21 

PHYLUM Annelida 
Class Polychaeta 

SerEula vermicularis - - - - c - c c c - -
SEirorbis sp. - - - - c - f - f - -

PHYLUM Mollusca 
Class Amphineura I 
Katharina tunicata - - - - f - f - - - -
Mo;palia sp. f f f f f f f f f - -
PlaciEhorella velata - - - - - - - - - - -
Tonicella lineata - - - - - - f - - - -
Class Gastropoda 
Subclass 

Opisthobranchia 

Aeolidida EaEillosa - - - - - - - f f - -
Arc hi dons 

montereyensis - - - - - - - - f - -
Subclass 

Prosobranchia 

Astrae~ ~ibberosa f f c - - - - - - - -
(red turban) 

Bittium eschrichtii - - - - - - - - - - -
{threaded bittium) 

22 26 32 38 40 43 45 

c c - - - c -
c c - - - - -

c c - f f c -
f f f - f - f 

- - - - - - -
f - - - - - -

- f - f - - -

- f - - - - -

- - - - vc - c 

- f - - - - -

46 47 48 

- c c 

- c -

- c f 

f f f 

- c -
- c -

- f f 

- f f 

- vc -

- f -

49 50 

- -
- -

- -
f f 

- -
- f 

- -

- -

- -

- -

53 

c 

c 

c 

f 

-
-

f 

-

-

-

V1 
0\ 



'l'able 7 cont' d 

Species Sample Sites 

1 2 3 9 "12 13 14 15 16 20 21 

Subclass 
Prosobranchia cont'c 

Ceratostoma foliata - - f - - - - - f - f 

(leafy hornmouth) 

Collisella digitalis 
(fingered limpet) 

vc vc vc vc vc vc vc vc vc VC vc 

Crepidula sp. - - - - - f f - - - -
Diodora aspera - f - - - - - - - - f 

(rough keyhole 
limpet) 

Littorina scutulata vc c c vc c vc vc vc vc VC vc 
(checkered 

periwinkle) 

L. sitkana vc c vc vc vc c vc vc vc c VC 

Tsitka periwinkle) 

Notoacmea persona f f f f - f f - - f f 

!• scutum - - - - - f f f f - -
Searlesia dira - - - - f f f - - - -
(dire whel~ 

~ funebralis c c c - c vc vc c c - -
top shell) 

Thais emarginata c f c c c c c c c f f 

(short- spired 
purple) 

T. lamellosa f f f - - c c - - f f 

(wrinkled purple) 

22 26 32 38 40 43 

f f - f f -
vc vc VC vc c vc 

- - - - - -
- f - - - -

c vc c vc c c 

c vc c c c vc 

- f - f - f 

- f - - - -
- - - - - c 

- - - c c c 

c c c c c c 

f f f f f f 

45 46 47 48 

- - f -
c c vc c 

- - c -
- f f f 

c c c c 

c c vc c 

f - f f 

- - c -
- c vc -
c - VC -
f f c f 

- - c c 

49 50 

- -
c c 

- -
f f 

c c 

c c 

- -
f f 

- -

- -
c f 

f f 

53 

-
c 

-
f 

vc 

vc 

-
f 

vc 

c 

c 

f 

\J1 
-....) 



'l'able 7 cont'd 

Species Sample Sites 

1 2 3 9 12 13 14 15 16 20 21 

Class Bivalvia 

Crassostrea gig~ f f f f c - f - - - f 
(Pacific oyster 

f.1ytilus 
californianus f f f - - - - f f - f 

(se~ mussel) 

M. edulis c c c c VC c c c c c c 
r bay mussel) I 
Pododesmus 

macroschisma - - - - - - - - - - -
(jingle shell) 

PHYLUM Arthropoda 
Class Crustacea 
Subclass Cirripedia 

Balanus cariosus - - - - c f f c c - f 

,!! • glandula vc vc vc vc vc vc VC vc vc vc VC 

Subclass 
Malacostraca 

Cancer magister - - - - - - - - - - -
(Dungeness crab) 

HemiSEaEsus nudus c c c - f - - c c - c 
(purple shore crab) 

.!!• oregonensis c c f - f f f f f - f 

LoEhOE!:nOJ2eUs 
bell us - - - - - - - - - - -

22 26 32 38 4o 43 45 

- c f f f - -

f c f f - f f 

c c c c f f c 

- - - - - - f 

c c f f - c -
vc vc vc vc c vc vc 

- f - - - - -
- c f f c c c 

- c f - - c c 

- - - - - - -

46 47 48 

- f -

- f f 

f - c 

- f -

- c c 

c vc vc 

- f -

VC c c 

VC f c 

- f -

49 

-

f" 

c 

-

c 

vc 

-
f 

f 

-

50 

-

f 

c 

-

c 

vc 

-

f 

f 

-

53 

-

f 

c 

-

c 

vc 

-

f 

f 

-

\J1 
():) 



Table 7 cont'd 

Species Sample Sites 

~ 2 3 9 12 13 14 15 16 20 2'1 I 

Subclass 
Malacostraca 

cont'd 

Pagurus sp. c c c c c f f c c f f 

Petrolisthes 
cinctipes - - - - - - - - - - -

P. eriomerus - - - - - - - - - - -
Pugettia g)acilis - - - - - - - fl f f f 
(kelp crab 

PHYLUM Bryozoa 

Dendrobaenia 
lichenoides - - - - - - - c c - -

unidentified species - - - - - c c c c - -

PHYLUM Echinodermata 
Class Asteroidea 

Dermasterias 
imbricata f f c - - c c - - - f 

(leather starfish) 

Evasterias troschelii - - - - f - - - - - -
(mottled starfish) 

LeEtasterias hexactie - - - - - - - - - - -
(six-rayed starfish) 

22 26 32 38 4o 43 45 

f c f c f c c 

- - - - - c -
- - - - - c -
- c - f - - f 

- c - - - - -
- - - - - - -

f f - f f f -

- f - f f - -
- f - f f - -

46 47 48 

c c c 

vc c -
VC c -

f f f 

- c -
f c f 

- c f 

- f -

- f -

49 50 

c c 

- -
- -
f c 

c c 

f -

f f 

f -
- -

53 

c 

-
-
f 

c 

-

vc 

-
-

\J1 
'-0 



Table 7 cont'd 

Species Sample Sites 

1 2 3 9 12 l3 14 15 16 20 21 

Class Asteroidea 
cont'd 

Patiria miniata - - - - c f f c c vc f 
(bat starfish) 

Pisaster brevisEinus - - - - f - - - - f f 
(pink short-spined 
starfish) 

P. ochraceus c c c f f c c cl c c c 
(purple starfish) 

Pycnopodia 
helianthoides - - - - - - - f f f -

(sunflower starfish) 

Solaster dawsoni - - - - - - - - - - -
(morning sun 
starfish) 

§_. stimEsoni - - - - - - - - - - -
(sun starfish) 

Class Echinoidea 

Stron~locentrotus 
drobachiensis - - - - - f f f f - -

(green urchin) 

s. franciscanus - - - - - - - c c - -
Tred urchin) 

Class Holothuroidea 

Cucumaria miniata - - f - - f f f f - -

22 26 32 3{) 4o 43 45 

f f c c vc c -
f f f - - f f 

c c c c f f c 

- f - f f - -
f - - - - - -

f - - - - - -

- c - - - - -
c c - - - - -

f c f f - - c 

46 47 4{) 

- vc -

- f -

f f c 

- c -
- f -

- f -

- - f 

- - -

f c f 

49 50 

- c 

- -

c f 

- -
- -

- -

- -

- -

f f 

53 

-

-

c 

-

-

-

c 

c 

c 

G~ 
0 



Table 7 cont'd 

.Species Sample Sites 

Class Holothuroidea 
1 2 3 9 :2 13 '14 15 16 20 21 22 26 32 38 4o 43 45 46 47 48 49 50 53 

cont'd 

Parasticho:eus 
californicus - - - - f - - - - - - - f - f f - - - f - - - -

(giant cucumber) 

PHYLUM Chordata 
Subphylum Urochordata 
Class Ascidiacea 

Clavelina huntsmani - - - - - f f - - - - - c - - - - - - f - - - - 0'\ 
-> 

Styela gibbsi - - - - - - - - - - - - c - - - - - - c - - - -
~- montereyensis - - - - - - - - - - - - c - - - - - - c - - f -

PHYLUM (DIVISION) 
Spermatophyta 

Ph;y:llos;Eadix 
scouleri - - - - - c c - - - - - - - - - - - - - c vc - -

(surf grass) 

Zostera marina - - - - - - - - - VC vc - vc - - - c c - - - - c -
{eel grass) 

PHYLUM (DIVIS ION) 
Chlorophyta 
t green algae) 

Codium fragile - - - - - - - - - - - - - - f - - - - c - c - c 

Enterom~rpha 

J.ntestinalJ.s f ' f . c . f f . f . f f f. f c f'f'f'f'f'f 



Table 7 cont'd 

Species Sample Sites 

1 2 3 9 12 13 14 '15 16 20 2i 
PHYLUM (DIVISION) 

Chlorophyta 
(green algae) 

cont 'c 

SEonsomorEha sp. - - - - - - - - - - -
~sp. - - c c c c c c c c c 

PHYLUH (DIVISION) 
Phaeophyta 
(brown algae 

Alaria marsinata - - - c - c c c c - -
Cymathere triElicata - - - - - - - - - - -
Egresia menziesii - - - c - vc VC c c - -
Fucus distichus c c c vc vc vc vc vc vc vc VC 

HedoEh~llum sessile - - - c - c c c c - -
Laminaria 

S!:oenlandica - - - c - c c c c - -
L. setchellii - - - f - c c f f - -
Leathesia difformis f f f c - f c c c c c 

Ma.croc~stis 
inte5!:ifolia c c c c - vc vc - - - -

Nereoc~stis 
luetkeana - - - f vc c f - - - -

Sargassum muticum f f f c - c c c c - -

22 26 32 38 4o 43 45 

- f - - - - -
c c c c - c c 

c c - - - - -
- - - - - - -
c c - - - - -

vc c c vc c c c 

c - - - - - -
c c - - - - -
f c - - - - c 

c - c - - c c 

vc f c vc vc - -

- f - - - - -
c c - - - f c 

46 47 48 

- - f 

c c -

- - c 

- - -
- c c 

vc vc c 

- - -

c vc c 

c - c 

c c -
c vc vc 

- - -
f f c 

49 50 

- -
c c 

c c 

- -
c -

vc vc 

- -
c c 

c c 

c c 

c vc 

- -
c -

53 

c 

c 

c 

f 

c 

vc 

c 

c 

f 

c 

vc 

vc 

-

a' 
[\) 



'rable 7 cont 1 d 

Species Sample Sites 

1 2 3 9 12 13 14 15 '16 20 21 

PHYLUH (DIVISION) 
Rhodophyta 
(red algae) 

Gigartina sp. - - - c f c c c c - -
Halosaccion 

filandiforme - - - c c f f c c c c 

Iridea sp. - - - f f f f f f - -
Odonthalia floccosa - - - - - - - _I - - -
Porphyra perforata - - - c c c c - - - -
Rho_9.~m-~~ larix - - - f c - - - - - -

22 26 32 38 40 43 45 

c c - - - f -
f - c - - c c 

f c - - - - -
- - - - - - -
c - - - - - -
- - - - - - -

46 47 48 

f c c 

- c -
- - c 

- - -
- c c 

- - -

49 50 

c c 

- -
f c 

- -
- c 

- c 

53 

c 

c 

f 

f 

-
-

C'\ 
\_N 
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Table 8. Location and habitat description 

of intertidal faunal survey sites, 

West Coast Trail Section (1975). 
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Table 8 

Sample Habitat 
No. Location Longitude Latitude Substrate Exposure 

1. Beach area adjacent 124°46• 1411 48°37'52" sand exposed 
to natural break-
water 2 miles north-
west of Carmanah 
Point 

2. 1 mile northwest of . 124°45'48" 48°37'06" sandstone exposed 
Carmanah Point bench 

3. Northwest side of 124°45'12 11 48°36'46" sandstone exposed 
Carmanah Point bench 

4. Northeast side of 124°44'58" 48°36'46" sandstone exposed 
Carmanah Point bench 

5. Northeast side of 124°44'38" 48°36'50" boulders semi-exposed 
Carmanah Point 

6. ~ mile southeast of 124°44 1 1011 48°36'30" gravel exposed 
Carmanah Point 

7. Northwest side of 124°43'00" 48°35'42" sandstone exposed 
Bonilla Point bench 

8. Northeast side of 124°42 12411 48°35'36" sandstone exposed 
Bonilla Point bench 

9. West side of 124°41'38" 48°35'28" sandstone exposed 
Kulah t Creek bench 

10. 1 mile southeast of 124°41 10411 48°35 1 1811 gravel exposed 
Kulaht Creek 

11. 2 miles southeast 124°40'2011 48°34'58" sandstone exposed 
of Kulaht Creek bench 

'12. West side of 124°39'30" 48°34'48" sandstone exposed 
Wal bran Creek bench 
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Table 9. Distribution and relative abundance 

of intertidal organisms from rocky 

shore samples, West Coast Trail Section 

(1975) 

Sample numbers correspond to those 

from Table 8. Abundance is recorded 

as - few = f; common = c; very common = vc. 
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Table 9 
Sample Sites 

Species 2 3 4 5 7 8 9 11 12 

PHYLUM Porifera 
(sponges) 

Haliclona permollis - c c - c c - c -
Qphlitaspongia pennata - c c - c c - c -
PHYLUM Cnidaria 
Class Anthozoa 
Order Actinaria 

Anthopleura 
eleS!ntissima c c c c c c c c c 

A. xanthoS!ammica c c c - c c c c c 
tgreen anemone) 

PHYLUM Mollusca 
Class Amphineura 

Katharina tunicata f f f - f f f f f 

Hopalia sp. c c c c c c c c c 

Class Gastropoda 
Subclass Prosobranchia 

Acmaea mitra c c c - - - - - -
Astraea gibberosa f f - - - - - - -
(red turban) 

Ceratostorna foliata f f - - - f - - -
(leafy hornmouth) 

Collisella digitalis VC vc vc VC vc vc vc vc vc 
(fingered limpet) 

.£• pelta c c c c c c c c c 

Diodora aspera f f - f - f f f -
(rough keyhole limpet) 

Littorina scutulata c c c vc c c c c c 
(checkered periwinkle) 

L. sitkana vc VC vc c vc vc vc vc vc 
Tsitka periwinkle) 

Notoacmea fenestrata - - - c - - - - -
N. persona f c f c c c f f f 

N. scutum f f f f f f f f f 
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Table a cont'd / 

Sample Sites 

Species 2 3 4 5 7 8 9 11 12 

Subclass Prosobranchia 
cont'd 

Searlesia dira c f - - - - - - -
(dire whelrr-

Thais lamellosa - - - f - - - - -
(wrinkled purple) 

T. emarginata c c c c c c c c c 
(short-spired purple) 

Class Bivalvia 

~tilus californianus VC vc vc c vc vc VC vc vc 
sea mussel) 

PHYLUM Arthropoda 
Class Crustacea 
Subclass Cirripedia 

Balanus cariosus VC vc vc vc VC vc vc vc vc 

B. glandula f f f - f - f f f 

Pollicipes polymerus VC vc vc - vc vc vc vc VC 

Subclass Malacostraca 

Hemigrapsus nudus - - f c - f f - -
(purple shore crab) 

H. ores;onensis - - - c - - - - -
Pagurus sp. - - - f - - - - -

PHYLUM Echinodermata 
Class Asteroidea I 
Pisaster ochraceus c c VC f c vc c c c 
(purple star) 

Class Echinoidea 

Stron~locentrotus 

:2ur:2uratus vc vc vc - VC c vc vc vc 
(purple urchin) 

s. drobachiensis - - f - f - - f -
(green urchin) 



Table 9 cont'd 
Samj>le Sites 

Species 2 3 4 5 7 8 9 11 12 

PHYLUM (DIVISION) 
Spermatophyta 

Ph;y}los;eadix scouleri c c vc - c c vc c c 
(surf grass) 

PHYLUM (DIVISION) 
Chlorophyta 
(green algae) 

Enteromor;eha 
intestinal is - c. - c - c c c c 

.!!!..!!. sp. c c c c c c c c c 

PHYLUM (DIVISION) 
Pb.aeophyta 
(brown algae) 

Alaria IDarfiinata c c c - c c c c c 

Costaria costata c c f - c c f c c 

Egregia menziesii c c c - c c c c c 

Fucus distichus c c c c c c c c c 

Lamaria groenlandica c c c - c c c c c 

f.· setchellii c c c - c c c c c 

Leathesia difformis c c c - c c c c c 

Nereocystis luetkeana c c c - c c c c c 

Postelsia ;ealmaeformis c c c - c c c c c 

Sargassum muticum c c c - c c c c c 

PHYLUM (DIVISION) 
Rhodophyta 
(red algae) 

Bossi ella sp. c c c - c c c c c 

Corallina sp. c c c - c c c c c 

Caliarthron sp. c c c - c c c c c 

Gisartina sp. c c c - c c c c c 

Halosaccion I 
glandiforme c c c - c c c c c 

Rhodomela larix c c c - c c c c c 



Table 'iJ. Location and substrate description of sample areas for intertidal distribution of adult razor clar:J 
population, Lonz; Beach Section ( '975). 

Area 

Schooner Cove 
(Area 1) 

Long Beach 
(Area 2) 

Combers Beach 
(Areas 3 & 4) 

Wickaninnish 
Beach (Area 5) 

Sample 

1 

2 

3 

l+ 

5 
,-
0 

7 

n 
~) 

9 

10 

11 

12 

13 

14 

No. Location 

Northwest side of second small island in 
Sc;looner Cove 

BetHeen two small islands in Schooner Cove 

North end of Long Beach adjacent to IR 3 

North. side of Incinerator Rock 

Between Incinerator and Shawd Hocks 

South side of Shawd Rock 

One mile north of Green Point 

North side of Green Point 

;? mile north of Sandhill Creek (beacon towers 
behind beach area) 

}~ mile north of Sandhill Creek delta area 

South side of Sandhill Creek delta area 

)i, mile south of Sandhill Creek 

}{. mile north of iv'ickaninnish Inn 

Adjacent to access road by h'ickaninnish Inn 

Substrate 

fine sand fire and wet; steep slope 

fine sand firm and wet; steep slope 

fine sand firm and wet; gentle slope 

fine sand firm and ·,.,ret; gentle slope 

fine sand firm and wet; gentle slope 

fine sand firr:1 and \'let; gentle slope 

fine sand hard-packed and dry; gentle 
slope 

fine sand hard-packed and dry; gentle 
slope 

coarse sand hard-packed and dry; slope 
interrupted by sandbars 

coarse sand hard-packed and dry; slope 
interrupted by sandbars 

coarse sand hard-packed and dry; slope 
interrupted by sandbars 

coarse sand hard-packed and dry; slope 
interrupted by sandbars 

coarse sand hard-packed and dry; slope 
interrupted by sandbars 

coarse sand hard-packed and dry; gentle 
slope 

---.) 
0 
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Table 11. Intertidal distribUtion of adult razor clams, Long Beach Section ( -:975). 

The number of clams or clams and shows counted in 125 m
2 

sampling areas 

described in Table 10. 

Numbers of adult razor clams 

Area Sample April 26 - 27 Nay 24,26 - 2? June 10 - 12 jsept. 16 - 18 

1 1 - 9 11 -
2 - 5 7 .. 

2 3 10 9 :1 12 

4 19 13 16 '14 

5 
,,__, 
I I 14 12 17 

6 14 16 '11 11 

7 0 3 2 0 

8 1 3 5 6 

3 9 0 3 i 3 

iO 0 5 4 1 

4 '11 0 2 2 2 

12 0 3 3 0 

5 '13 0 0 0 1 

14 0 0 'I I 

s = Lt-.04 2.94 2.38 2.65 

s = 2.78 
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Table 12. Hean shell length at winter checks of razor clams collected at 
Long Beach (1975). 

\·linter checks 1 2 3 4 5 

Nean length (mm) 33.6 90.7 115.5 125.2 130.3 133.9 
Standard deviation (mm). 10.5 10.3 6.5 6.3 5.8 5.4 

6 

Range (mm) 13.3 - 53.9 - 90.9 - i05.3 - 1.15.8 - 122.2 -
6'1.8 113.2 '131.2 143.0 143.0 14'1.2 

Number of clams :86.0 183.0 
measured 

181.0 154.0 96.0 38.0 

Table :3. Age frequency distribution of razor clams from Long Beach (1975) 

A 

0 

1 

2 

3 
4 

5 

Month 

ge (yrs.) 

T otal No. 

April 

¢ 

¢ 

3 
6 

15 
1 

25 

!-'lay 

1 
1 

8 

10 

3 
'l 

I 

2lt 

June July 

¢ ¢ 

¢ ¢ 

3 5 
G 9 

8 r 
0 

9 4 

26 24 

Aug. Sept. Oct. Dec. Total No. 

¢ 1 2 ¢ 4 
¢ ¢ ¢ 1 2 
3 3 ¢ 2 27 
7 10 I' 4 58 0 

7 4 6 9 58 
5 L~ 6 8 38 

22 22 20 24 187 



Table 14. Stage of gonadal development of razor clams collected at Long Beach (1975). 

Date 

April 26 - 27 

May 6 

June 10 

July 22 

Aug. 7 

Sept. 18 

Oct. 7 

Dec. 4 - 5 

I 

Inactive 
Phase 

I 

Active 
Phase 

&:r 

3d" 

12d" 

17<? I 
6Cj? 

12Cj? 

Ripe 
Phase 

9d" 

14d" 

5d" 

ld" 

I 
7Cj? 

2Cj? 

9Cj? 

3Cj? 

Partially 
Spent Phase 

ld" lCj? 

5d" 8Cj? 

2d" 2Cj? 

2d" 

9d" 2Cj? 

I 

Spent 
Phase 

ld" 

5d" 

12d" 

3d" 

I 

3Cj? 

19Cj? 

15Cj? 

14Cj? 

Total No. 
of Clams 

25 

25 

26 

25 

25 

29 

29 

28 

-,J 

"" 
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Table :5. Number of clarns and cockles observed in ten quadrats, each 60 cm2 x 
15 em deep, in littleneck clam bed, Florencia Bay (l"ay 25, ~975). 

Sample No. 

1 

2 

3 

~~ 

5 

( 

7 

8 

9 

;o 

Total 

He an 

Standard 
deviation 

Protothaca staminea 
(littlenecks) 

0 

0 

4 

3 

2 

i 

2 

1.27 

Clinocardium 
(cockles) 

0 

0 

0 

0 

0 

3 

'] 

0 

0 

0 

4 

.40 

-97 

nuttalli 



Table ·t6. Mean shell length at· winter checks of littleneck clams collected at Florencia Bay ( ·i975). 

Win ter checks 

M 

s 

Ran 

Nu 
m 

n length (nun) 

ndard 
aviation (mm) 

ge (mm) 

ber of clams 
sured 

i 

9.3 

1.8 

14.2 -
13.2 

51 

2 3 1+ 

17.1 25.1 32.2 

3.8 4.9 5-3 

1"1.8 - 16.9 - 22.0 -
26.5 39.6 46.3 

51 50 50 

5 6 7 8 9 10 

37-S 43.1 47.9 50.4 52.0 52.5 

6.LJ 5.6 4.4 3-5 2.7 3.6 

26.5 - 32.5 - 39.2 - 45.4 - 47.5 - L~8 .2 -
51 • .::: 54.8 57.1 58.5 54.9 56.3 

41~ 33 22 12 9 5 

11 

53· 

5· 

50.2 -
57· 

2 

--.:1 
\Jl 

8 I 

1 

4 



Table !7. Total number of organisms observed in m2 plot of mussel bed, 
Cox Point (:975). 

Species 

PHYLUH Cnidaria 
Class Anthozoa 
Order Actiniaria 

Anthopleura elegantissima 

PHYLUN Annelida 
Class Polychaeta 

Polychaetes 
Noreis vexillosa 

PHYLUM Nemertea 

Nemerteans 

PHYLU!'1 Platyhelminthes 
Class Turbellaria 

Fla tworm..s 

PHYLUH Sipuncula 
Family Phascolosomatidae 

Phascolosoma aoassizii 

PHYLUH Echinodermata 
Class Holothuroidea 

Cucumaria pseudocurata 

Number 

91 

!::!341 
5 

~ 286 

3 

4833 



Table 17 cont'd 

Species 

PHYLUM Arthropoda 
Class Crustacea 
Subclass Cirripedia 

Balanus cariosus 

~· glandula 

Ch thamal us dalli 

Pollicipes polymerus 

Subclass Na.lacostraca 
Division Eucarida 
Order Decapoda 
Suborder Reptantia 
Section Brachyura 

Heoigra.psus nudus 

H. oregonensis 

Section Anomura 

Pagurus sp. 

Petrolisthes eriomerus 

Division Peracarida 
Order Amphipoda 

Amphipods 

Order Isopoda 

Isopods 

PHYLUM l'-1ollusca 
Class Amphineura 

Cyanoplax dentiens & 

Tonicella sp. 

77 

Number 

1021 

14,345 
2676 

35 

30 
62 

2 

849 

33 

12 

168 



Table "1 7 cont'd 

Species 

Class Gastropoda 
Subclass Prosobranchia 

Collisella digitalis 

C. pelta 

C. strigatella 

Lacuna marmorata 

Littorina scutulata 

L. sitkana 

Notoacmea persona 

£:!. scutum 

Tet-'1.lla brunnea 

78 

Thais canaliculata & T. emarginata 

T. lamellosa 

Class Gastropoda 
Subclass Opistobranchia 

Onchidella borealis 

Class Bivalvia 

Hiatella arctica 

H;ytilus californianus & N. edulis 

2:. 1 .0 em 

< --:.0 em 

Petricola sp. 

Protothaca staminea 

,2.i.O em 

<-:.o em 

Number 

450 

94 
11 

2 

5 
42 

578 
7 

327 
1 

1 

4,578 
94,380 

2 

62,082 
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'l'able -:8. 2 Number of organisms re-colonizing cleared one m plot of mussel bed, 
Cox Point (1975). 

Species 

PHYLUM Cnidaria 
Class Anthozoa 
Order Actiniaria 

Anthopleura elegantissima 

PHYLUN Arthropoda 
Class Crustacea 
Subclass Cirripedia 

Pollicipes polymerus 

PHYLUN Eollusca 
Class Gastropoda 
Subclass Prosobranchia 

Collisella digitalis 

Littorina scutulata 

Notoacmea person a 

Thais emarginata 

Class Bivalvia 

iiytilus californianus & N. edulis 

:;:. 1.0 em 

Sept. 

3 

223 

2W 

279 

Number 

Oct. Dec. 

3 3 

2 

252 447 

53 21 

27 230 

4 

28 21 



Table :9. Numbers of Olivella biplicata observed in 10 quadrats, each 3 x 3m (1975). 

Location North of Shawd Rock North of Sandhill Creek North of Quisitis Point 

• 
Date Hay June July Aug. Nay June July Aug. Nay June July 

Sample No. 

1 7 3 8 '12 -:o 23 23 33 '12 2'1 50 

2 1 6 7 9 9 27 33 44 11 30 '14 

3 3 9 11 4 11 36 73 37 9 26 36 

1;. 4 8 4 10 14 25 75 24 14 24 23 

5 6 4 9 7 8 4o 47 56 10 21 21 
/' 1 9 5 '14 12 32 lt8 23 11 36 39 0 

7 1 7 11 6 10 29 36 22 7 23 16 

8 3 6 7 8 13 36 21 45 13 27 27 

9 2 4 6 7 '11 47 62 36 10 34 31 

10 3 5 11 4 9 3_'1 71 42 9 25 35 

Total 3' I 6'1 79 81 107 326 489 362 'i06 267 292 

He an 3.'i 6.1 7-9 8.1 10.7 32.6 48.9 36.2 '10.6 26.7 29.2 

No./rr. 2 0.3Lr 0.67 0.87 0.90 1.18 3.62 5-43 4.02 i .17 2.96 3.24 

• Six Olivella baetica noted in area, but not in quadrats 

Ill I I I I I 

Aug. 

23 

15 

19 

31 

25 

20 

11 

16 

35 

17 

2'12 

21.2 

2.35 

(X) 
0 
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Table 20. Number of starfish recorded on the east side of Box Island (1975). 

Date 

July 25 

August 6 

September 17 

December 4 

Pisaster 

Total No. 2 No./m 

5.0 

2.9 

1.9 

6.2 

Pycnopodia 

Total No. 

6 

5 

4 

0 
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Figure 2. Locations of intertidal faunal survey sites (1975). 
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Figure 3. Locations of kelp beds (1975). 
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Figure 7. Razor clam shell showing winter checks. 
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Figure 8. Length frequency distribution of razor clams, Long Beach (1975) 
(Total number of clams is 187.) 
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Figure 9. Annual grovth rate of razor clams at Long Be.'lch, 1975. (Vertical 
bars indicate two standard deviations about the mean.) 
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Figure 10. Age frequency dir:tribution of razor clams from Long Beach, 197~. 
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Figure 11. Beach buggy used in beach screening. 
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Figure 12. Screening for small razor clams. a) Digging sam.ple ; b) Washing sand 
through screen; c) Sorting through organisms and gravel 

for small cl:tms left in screen. 
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2 
Figure 17 . One m plot in a mussel bPd that was cleared on the semi- exposed 

side of Cox Point . 
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Figure 18. a) Olivella biplica ta leaving tra il in sand; b) Humps crea ted by 
Q. bipl icata when they are sta tionary. 
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Figure 20. Pisaster study area, along the ser.1i- exposed vertical wall on the east side of Box Island , 
extended from the extreme left hand side to the right hanc side of the photograph . 
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Figure 21. 

'125 

won •t cry 

w; /J die if you ~ake it. 

Poster of Pisaster "look but do not remove" policy taken 
from Interpretive Program 1974 pamphlet. 

(Re-drawn by Barbara Adkins). 
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APPENDIX 1 

Up-dating of Fisheries Research Board of 

Canada Manuscript Report Series No. 1276. 
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RESEARCH PROJEXJTS 

Many marine biological research programs are being undertaken in the 
Northeast Pacific region but few are confined within the boundaries of the 
Pacific Rim National Park. Regardless of location, many of these Northeast 
Pacific studies are pertinent and important in understanding the ecology of 
marine communities within the Park. 

This section lists previous, current and proposed research projects. 
These projects, carried out entirely or in part within the boundaries of the 
Park, are not necessarily the entire research of the individual or institution. 
Research projects done adjacent to the Park boundaries have been included since 
they may be undertaken partly within the Park and in any case will supplement 
the ecological knowledge of marine life in the Park. 

Previous research projects have been undertaken by some individuals 
and institutions within the Park boundaries. At present, some faunal collections 
of these studies are being reviewed and the material compiled for publication. 
Although these projects may not be considered active research, they are included 
here since the publications will be of interest. 

In addition to research projects, there are monitoring programs within 
or adjacent to the Park. These are important in understanding the forces in­
fluencing marine communities within the Park and this information is frequently 
incorporated into research projects. 

Barnfield l<iarine Station, Barnfield, B. c. 

The Barnfield Marine Station is operated by a consortium of western 
Canadian universities as a teaching facility, a research laboratory and graduate 
studies laboratory. Much of the research at this institute is carried out near 
Barnfield, but studies are also conducted in adjacent areas of Barkley Sound. 
In the following section, research undertaken within the Park area is listed by 
the supervisors. A list of university summer courses is given for 1975 and 1976. 

Dr. W. c. Austin 
Port Washington 
Pender Island, B. c. 

Research included studies of marine invertebrates and habitat types 
from an area encompassing the three sections of the Park. 

Dr. L. Druehl 
Department of Biological Sciences 
Simon Fraser University 
Burnaby, B. c. 

Current research involves both Dr. Druehl and a graduate student, 
Chris Lobban. This research includes a study of the fauna and flora and other 
ecological aspects of kelp beds in Barkley Sound, both inside and outside the 
Broken Group Islands. 



Dr. D. v. Ellis 
Department of Biology 
University of Victoria 
Victoria, B. c. 
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Future research project will include a study of the sediment infaunal 
benthos in Barkley Sound. 

Dr. D. Ross 
University of Alberta 
Edmonton, Alberta 

A dredging survey in the Bamfield area including the Broken Group 
Islands was organized by Dr. Ross and was attended by researchers from universities 
in Alberta, British Columbia and Washington, the British Columbia Provincial 
Museum and Pender Island Laboratories. Lists of sample sites and species 
identified to date are available. 

Hr. c. Smecher 
University of Alberta 
Edmonton, Alberta 

Research includes an investigation of the sponges in the Broken Group 
Islands. 

Dr. T. Widdowson 
Department of Biology 
Long Beach State College 
California, U. S. A. 

This research program included a taxonomic and ecological study of 
the algae along the west coast of Vancouver Island, and included some work inside 
the boundaries of all three sections of the Park. 

Dr. N. J. Wilimovsky 
Department of Animal Resource Ecology 
University of British Columbia 
Vancouver, B. c. 

Current research involves both Dr. Wilimovsky and students, and 
includes: 

(1} a taxonomic survey of fishes along the west coast of Vancouver 
Island; 

(2) ecological and developmental studies of some fishes in Barkley 
Sound. 

Study includes work both inside and outside the boundaries of the Park. 

Summer Courses 

In the summer of 1975 Barnfield Marine Station offered courses dealing 
with marine invertebrates, phycology and ecology, biological oceanography and 
the biology of fishes. For 1976 the courses include the biology of coelenterates, 
marine mammals and fishes, marine invertebrates and phycology, invertebrate 
embryology, ecology of marine birds and a study of marine pollution and its 
assessment. Many of these courses include field trips and studies in the 
Broken Group Islands. 
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British Columbia Provincial Museum, Victoria, B. c. 

Dr. J. F. L. Hart 

Present work involves the compiling of information on the taxonomy 
and distribution of reptant Decapoda in the Northeast Pacific for a British 
Columbia Provincial Museum Handbook. ~his work will include information on 
specimens collected in the Park area. 

Dr. A. E. Peden 
Curator of Marine Biology 

The research program of 1973 included a qualitative survey of the 
intertidal and subtidal invertebrates and fishes within the Broken Group Islands 
with emphasis on rocky habitats and lagoons. A list of species and sample sites 
is now available. 

Department of the Environment 

Pacific Biological Station 
Fisheries and Marine Service 
Nanaimo, B. c. 

Investigators at the Pacific Biological Station have carried out 
research projects within the Park boundaries in the past and some continue to 
have projects which encompass this area. Most of the studies involve stock 
identification and assessment with some ecological and taxonomic work. A list 
of the projects is given by investigation at the Station; the name of the person 
in charge of the investigation is given. 

Pacific. 

Benthic Ecology: Dr. F. R. Bernard 

Current research includes a study of benthic organisms of the Eastern 

(1) systematics and morphology of bivalves and brachiopods; 
(2) trophic relationships between benthic organisms. 

Crab and Shrimp Investigation: Mr. T. H. Butler 

Current research includes preparation of a handbook on the shrimps 
of the Pacific coast of Canada. other research work specifically related to 
the Park includes: 

(1) estimation of shrimp populations off the west coast of Vancouver 
Island which includes the area within the 12-mile limit off the northern part 
of Long Beach; 

(2) a completed study on the condition of the crabs in the Long Beach 
area to determine the necessity for a soft-shelled closure of the crab fishery. 

Groundfish Investigation: Mr. S. J. Westrheim 

Current research includes a study of the distribution, abundance and 
biology of the groundfish of commercial importance in the northeastern Pacific 
Ocean. This study is concerned with the entire continental shelf and slope. 
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Herring Investigation: Dr. A. s. Hourston 

Current research includes a study of the abundance and distribUtion 
of the four life-history stages of Pacific herring in the northeast Pacific 
and a study of the algal vegetation in herring spawning areas. Barts of this 
study were conducted in Barkley Sound and include the area encompassed by the 
Broken Group Islands. 

Ocean. 

Marine Climatology: Mr. W. P. Wickett 

Research program includes studies conducted in the sub-Arctic Pacific 

(1) general patterns of water circulation; 
(2) seasonal temperature changes; 
(3) factors that affect catches of albacore and coho salmon. 

Marine Invertebrates: Dr. N. Bourne, Dr. D. B. Quayle, Dr. P. A. Breen 

Dr. N. Bourne: Current research includes a study of the ecology of 
clams in British Columbia. 

(1) previous study of the life history and population structure of 
razor clams at Long Beach; 

(2) growth, mortality and population dynamics of hardshell clam 
populations in Barkley Sound. 

Dr. D. B. Quayle: Current research includes a study of the ecology 
of marine invertebrates in British Columbia and the potential of mussel culture 
in Barkley Sound. 

Dr. P. A. Breen: Current research includes a study of the population 
dynamics of sea urchins, abalone and sea cucumbers within the Broken Group 
Islands. 

Marine Mammals: Dr. M. Bigg 

Current research includes: 
(1) census work on California and Steller's sea lions and minke whales; 
(2) migration of sea o'tters in Barkley Sound from transplant "studies"; 
(3) migration and feeding habits of fur seals and gray whales; 
(4) behaviour studies of killer whales. 
Parts of these studies include the area off Long Beach and in 

Barkley Sound. 

Dr. M. N. Arai 
Pacific Biological Station and 
Department of Zoology 
University of Calgary 
Calgary, Alberta 

Current research includes systematics and behaviour of British 
Columbia hydromedusae, of which some were collected in the Barkley Sound area. 



Pacific Environment Institute 
Fisheries and Marine Service 
Research and Development Branch 
West Vancouver, B. c. 
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Investigations at this Institute are concerned with research on 
environmental parameters in British Columbia; two projects have limited 
connection with the Pacific Rim Park. 

Dr. J. Davis: Previous research included sampling shellfish in 
Barkley Sound to determine levels of zinc in the environment. Sampling stations 
were outside the Park. 

Mr. A. Lamb: Samples of marine life were collected in the Ucluelet­
Tofino-Bamfield area and comprehensive species and locality data has been kept. 

Dr. C. D. Levings: Previous research included a short survey of 
biota at Toquart Bay, adjacent to the Park, and the effect of mine tailings on 
marine communities there. 

Dr. J. A. J. Thompson: Previous research included taking bottom 
samples in Barkley Sound to measure levels of mercury in the environment. 

In addition to these research projects under the Department of the 
Environment, the following monitoring programs are maintained within or adjacent 
to the Park and should be mentioned since results are frequently used in research. 

Fisheries Operations Branch 
Fisheries and Marine Service 
1090 West Pender St. 
Vancouver, B. C. 

The Fisheries Operations Branch enforces fisheries regulations, records 
catch statistics and samples for paralytic shellfish poisoning within the bound­
aries of the Park. 

Yarine Sciences Directorate 
Fisheries and Marine Service 
Ottawa, Canada 

The Marine Sciences Directorate operates recording "wave-rider'' buoy 
approximately three miles off Quisitis Point as a sea-state monitor. 

~~ine Sciences Directorate 
Fisheries and Marine Service 
Victoria, B. c. 

'l'he Marine Sciences Directorate monitors oceanographic conditions 
along the coast. For the Park area, this includes daily surface water temp­
erature and salinity measurements at Amphitrite Point, and tide gauges on a 
routine basis at Barnfield, Tofino and Port Renfrew. Short term research 
programmes have been carried out in the area and these will probably continue 
in the future. 



133 

National Museum, ottawa, Canada 

No current research projects are undertaken by National Museum 
personnel specifically within the borders of the ·Park. However, studies have 
been made of various species within the Park and th~s information is available. 
Two projects might also be mentioned. 

Dr. E. L. Bousfield: Current program is compiling taxonomic and 
distribution studies of amphipods, some of which will be pertinent to the Park. 
Future work may involve intermittent sampling. 

Dr. D. J. Faber: Previous research which is pertinent to the Park 
included a study of marine zooplankton. 

Oceanographic Institute, University of British Columbia, Vancouver, B. c. 

Current research projects do not include work within the Park 
boundaries; however, future work may entail intermittent sampling within the. 
area. 
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LIST OF SP~IES OF HARINE ORGANIS!'!S 

The species list, given.in Fisheries Research Board of Canada Manuscript 
Series No. 1276, has been corrected and extended from literature and faunal 
survey records acquired after 1973. 

The species list is presented in the form of a presence (+)/absence (-) 
table (Table A ). The headings refer to species of marine organisms; the 
three sections of the Park - Long Beach, Broken Group Islands, and West Coast 
Trail; the three main habitat categories of tidal position, exposure to surf, 
and substratum; and remarks pertinent to a given species. Information under 
these headings is recorded as in the literature except for the actual collecting 
stations which have been grouped by the three sections of the Park. 

Species are arranged by phyla with subcategories broken down to some level 
convenient for locating a given species. Under the appropriate phylo-genetic 
subcategories the genus and species are listed alphabetically. Specimens 
identified to genus followed by "sp." have not been identified to species in 
the literature. 
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Table A. List of species of marine organisms, by section and habitat, within 
boundaries of the Pacific Rim National Park. (+ = presence, - = absence) 

SPEC;tES ...... -.... 
Ill as Ill 
'0 ~ ~ a E-4 '0 Q) 

Q) '0 
~ ...... +" a: Ill ~ () Ill ~ 0 '0 

PHYLUM Porifera (Sponges) as .... '0 a: ~ Q) 
~ ! Q .... '0 ~ 

5:: t.) +" ~ Q) Q) Q) r-1 -Q) ~ Ill I +" Q) 

::f ..!>ol +" Q) 

~ i 
.... r-1 '0 ~ ..!>ol Remarks 0 Ill +" Ei Q) '§ :a () 

0 &1 Q) 5:: ~ Q) ..s= ~ 0 
~ ;J: 1-t Cll Cll a: Cll tt: 

Aldocia gellindra + + - + - + - - - - - -
Aphrocallistes sp. - + - - + - - - - - - + 
A;El;rsilla glacialis + + - + - + - - - - - + 
Choanites suberea - + - - + - - + - - + + rare 
Cliona celata + + - - + + + + - - + + 
Craniella Eullata + + - - + + + + - - + + 
Es;Eerio;Esis sp. + - - - + - - - - - - + 
Halichondria panicea + + - + - + + + - - + + 
Haliclona Eermollis + + + + - + + + - - - + 
Isodict~a sp. + - - - + + + +- - - + + 
Leucosolenia sp. + + - - + + + + - - + + 
Lissodendoryx sp. - + - - - + - - - - - + 
M;y:xilla incrustans - - + - - - - - - - - -
Ophlitas;Eongia pennata + + + + - + + + - - - + 
Podotuberculum hoffmanni - - + - - - - - - - - -
S;Eone;:ionella sp. + - - - + - - - + - - -
Syringella amphisEicula - + - - + - - - - + - -
Tedania sp. + + - - + + + + - - + + 



Table A cont'd 

SPECIES .... ..... -II) aS co 
'd M M a E-4 'd Q) 

Q) 'd 
.Q .... +" Ql II) 

~ (.) II) g( 0 'd 
PHYLUM Cnidaria aS 1-4 'd ~ ~ Q) £ ! 0 ..... 'd M 

(jellyfishes, corals, s;: (.) +" ~ Q) Q) Q) .... -Q) M co I +" Q) 

etc.) ~ .-'14 +" Q) 

~ ! 
..... .... 'd fd .!>I: Remarks 0 co +" e Q) -g fJ (.) 

0 ~ Q) s;: ~ Q) .Q l) 0 
~ ;J: 1-4 Cll Cll ell a: ell ~ 

Class Hydrozoa (hydroids and 
hydromedusae) 

Abietinaria sp. + - - - + + + + - - + + 
Aeguorea sp. + - - - + - - + - - - - planktonic 
AslaoEhenia sp. - - + - + + - - - - - + 
A. struthionides + - - + - + - - - - - + 
AlloEora sp. + + - + + + + + - - + + 
A. norvesicus + - + - + - - - - - - + 
!:. ,Eetros::a;eta - - + + + + - - - + + + 
Cal;y:cella sp. + - - - + - - - - - - -
Campanularia sp. + - - - + + - - - - - + 
Catablema vesicarium - - + - + - - + - - - - planktonic 
DiEleurosoma sp. - + - - + - - - - - - - planktonic 
§eeretmus t;z::Eus ·- + - - + - - - - - - - planktonic 
ErrinoEora Eourtalesia + + - - + + + - - - + + 
Eudendrium sp. + - - + + + - - - - - + 
E. californicum + - - + -- + - - - - - + 
Filellum sp. + - - - + + - - - - - + 
Gonionemus sp. + - + + + - - + + - - - planktonic 
Gonoth;y:raea + - - + + - - - - - - -
Grammaria sp. + - - + - - - - - - - -
Halecium sp. + - - + + - - - - - - + 
Halimedusa typus + - - - + - - - - - - - planktonic 
Halistaura cellularia + + - - + + + + - - - - planktonic 
H;y:dractinia sp. + - - + + - - + + - - + 
Hzdrallmania sp. + - - - - - - - - - - -
Lafoea sp. + - - - + + - - - - + + 
Lensia conoidea + - - - + - - - - - - -



Table A cont'd 

SPECIES 

PHYLUM Cnidaria cont'd 

Class Hydrozoa cont'd 

Obelia sp. 

Ophiodissa sp. 

Peri12nimus sp. 

Plumularia sp. 

Polzorchis sp. 

P. ;eenicilla tus 

Proboscidactzla 

~s 

s 
s 
~s 

arsia tubulosa 

ertularella sp. 

ertularia sp. 

lE;Cor;me sp. 

~uiaria sp. 

T. arsentea 

Tubularia sp. 

Velella velella 

flavicirrata 

Class Scyphozoa (Jelly 
fishes) 

Haliclystus auricula 

Kisshinos1:ea sp. 

Manania sp. 

Phacellophora camschatica 

~ 
i 
r-4 

~ CD ..... 
.! s= 

~ w .s ~ 

+ + 

+ -
+ -
+ + 

+ -
+ -
+ -
+ + 

+ -
+ -
+ -
+ + 

.+ + 

+ -
+ + 

+ + 

+ -
+ -
+ -

137 -

~ .... 
Clll 

l: 
~ ~ 

:1 ~ 'd 
Q .... 
u ~ ~ 

$.4 

~ ~ Cl) 

CD ~ • s= ~ ~ ..... 

- - + 

- - + 

- + + 

- - + 

+ - + 

- - + 

+ - + 

- - + 

- - + 

- + + 

- + -
- - + 

- - + 

+ + + 

- - + 

- + + 

- - + 

- - + 

- - + 

-
'd 

f: 
Q) 

Q) 'd 
CD ~ 
~ 

'd 
Q) ! 'd $.4 

Q) Q) Q) r-f 
CD I ¥ Q) 

i 
.... r-4 i ~ ..14 Remarks & Q) i () • ;] ~ 0 
til Ul ~ 

+ + + + + + + 

- - - - - - + 

+ - - - - - + 

+ + + - + + + 

+ + + - + - + planktonic 

+ - - - + + + 

- - + - -- . - - planktonic 

- - + - - - - planktonic 

+ - - - - - + 

+ - - - - - + 

- - - - - + + 

- - + - - - + 

- - + + - - + 

+ + + + + + + 

+ - - - + - - planktonic 

- - + + + - - grows on e elgrass 

- - - - - - + 

+ + + - - + + 

- - + + + - -
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Table A cont'd 

SPECIES .-4 
·0"4 -CD CIS Cll 

"d M M a E-4 "d Q) 

PHYLUM Cnidaria cont'd Q) "d 
.s:l .-4 ~ ...-4 CD '3 () CD gj CIS 

~ 
0 "d 

CIS 1-4 "d ~ Q) 
~ Q) 0 ·0"4 "d M 

~ s;: u ~ ~ Q) Q) Q) .-4 -Q) M Cll I ~ Q) 

~ .!14 ~ Q) l:b 0 ·0"4 .-4 "d ~ ..!14 Remarks 0 CD ~ B s Q) 

~ ~ () 
0 ~ Q) s;: ~ Q) .s:l M 0 
~ ;J: 1-4 en en Cll Cll 0 ~ 

Class Anthozoa (sea anemones 
and corals) 

Actinostola sp. - + - - + - - + + + + -
Antho;eleura artemisia + - - - + + + + - + + + 
A. elegantissima + + - + + + + + - - + + 
A. xanthoS!:ammica + + - + + + + + - + + + 
Balano;ehyllia elegans + + - + + + + + - + + + 
Cerianthus sp. + + - - + + + + + + + + 
Clavularia moresbii + - - - + + + - - - + + 

Diadumene sp. + + - - + - - - - + - + 

§Piactis ;erolifera + + - + + + + + - + + + 
§Pizoanthus scotinus - + - - + + - + - + + + 

Eu;elexaura sp. + - - - - - + - - - - + 
Gersemia rubiformis + - - - + + - -

I= 
- + + 

Metridium senile + + + + + + + + + + + 
Pach;y:cerianthus fimbriatus - + - - + - - - + + + + 
Ptilosarcus gurneyi + + + - + + + + + + + + 
Stom;ehia coccinea + - - - + - - - + - - -
Stylatula elongata + - - - + - - + + + - -
Tealia sp. + + - - + + + + - + + + 
T. columbiana + - - - + + + - - + + + 
T. coriacea + + - + + + + + + + + + 
T. crassicornis + - - + + + + + - - + + 
T. lofotensis + + - + + + + + - - + + rare inter 

tidally 
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Table A cont'd 

SPECIES r-4 .... -
PHY 

ID CIS ID 

1 ~ ~ 
E-4 'd Q) 

Q) 'd 
LUM Ctenophora ~ r-4 ~ 'a1 ID ~ 0 ID gJ 0 'd 

(comb jellies or sea CIS 1-4 'd ~ ~ Q) 12 ~ 0 .... 'd ~ 
walnuts) s:: 0 ~ ~ Q) Q) Q) r-4 -~ ~ ID I ~ Q) 

:f ~ Q) 

~ ! 
.... r-4 'd ~ ..!14 Remarks 0 ID ~ I Q) ] :J 0 

0 ~ Q) s:: ~ ~ 5 0 
~ ;J: 1-4 Cf) Cf) en :E en c:t: 

Class Tentaculata 

Mertensia sp. + - - ~ + - - - - - - - pelagic 

Pl.eurobrachia pileus + + - - + - - - - - - - pelagic 

Class Nuda 

Be roe cucumis - + - - + - - - - - - - pelagic 



Table A cont'd 

SPECIES .... 
·r-4 -CXI «< co 

i r.t r.t 
8 '!j Q) 

Q) '!j 

PHYLUM Platyhelminthes ~ .... +" 7J CXI ~ 0 CXI ~ ~ 
0 '!j 

«< 1-t '!j ~ Q) 
~ ( flatworms) Q) 0 ..... '!j r.t 

IXl s:: u +" ~ Q) Q) Q) .... -Q) r.t CXI I +" Q) 

!f ~ +" Q) 

~ 0 ·r-4 .... '!j ~ ~ Remarks 0 CXI +" l:lo Ei Q) -g ~ 0 
0 ~ Q) s:: ::s ~ Q) ~ 5 0 
~ ;;J: 1-t (/} (/} en :.:: (/} ~ 

Class Turbellaria 

Leptoplana acticola + + - + - + + + - - + + 
Notoplana timida - + - - + - - - - - - + 
Syndesmis franciscanus + - - - - - - - - - - - parasitic 

Class Trematoda 

Aporocotyle macfarlani - + - - - - - - - - - - parasitic 
Lecithodesmus sp. + + + - - - - - . - - - - parasitic 
Oeoester sp. + + + - - - - - - - - - parasitic 
Psettarium sebastodorum - + - - - - - - - - - - parasitic 

Class Cestoda 

Phyllobothrium sp. + + + - - - - - - - - - parasitic 



141 

Table A cont'd 

SPECIES r-4 .... -Ql as Ql 

1 ~ s.. 
'd Q) 

PHYLUM Nemer tea Q) 'd 
..c:a r-4 ~ r-4 Ql ~ (ribbon worms) (,) Ql :1 as 0 'd as ..... 'd 'R1 ~ Q) 

~ ~ Q .... 'd s.. 
~ c:..> ~ ~ Q) Q) Q) r-4 
Q) s.. Ql I +» Q) 

~ ~ ~ Q) 

~ 0 .... r-4 "d ~ .-'"1 Remarks Ql +» B e Q) i fJ (,) 
0 ~ Q) ~ ::s Q) ..c:a cS 0 
...:l l= ..... en en en Cf.l c:t: 

Amphiporus bimaculatus + + + + - + + + - + + + 

Cerebratulus herculeus - + - - + - - - + + - -
£.:. latus - + - - + - - - - + - -
:Emplectonema &:acile + + - + - - + + - - + + 

Paranemertes pere&:ina + + - + - - + + - + + + 

Tetrastemma nigrifrons - - + + - - - - - - - + 

Tubulanus sp. + - - - + + + + + - + + 

PHYLUM Entoprocta 

Barentsia robusta - - + - + - - - - - - + on Styela 

PHYLUM Rotifera 
(Wheel animalcules) 

Unidentified species; 
presume no. of spp. in region 

PHYLUM Gastrotricha 

presume sev. spp. in region 

PHYLUM Kinorhyncha 
(=Echinodera) 

presume sev. spp. in region 

PHYLUM Nematoda 
(roundworms) 

presume large no. of spp. 

in various environments 

I 
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Table A cont'd 

SPECIES ...... 
•.-4 -lXI «< lXI 

rc1 M M 

2 E-4 rc1 Q) 

PHYLUM Nematomorpha 
Q) rc1 

..c:1 ...... +> ...... lXI s (hairworms) 
() lXI gf aS 

~ 
0 "d 

aS H rc1 ~ Q) 
~ Q) 0 ·.-4 "d M 

~ 5::2 0 +> ~ Q) Q) Q) ...... ...._, 
Q) M lXI I +> Q) 

~ ~ +> Q) 

~ 0 ·.-4 ...... rc1 ~ ~ Remarks 0 lXI +> B e Q) 'd ~ 
() 

0 ~ Q) 5::2 :::s Q) ..c:1 :i ~ 0 
~ ;J: 1-t en en en en ll:: 

presume sev. spp. in region 

PHYLUM Acanthocephala 

presume sev. spp. in region -

endoparasitic 

' 



Table A cont'd 

SPECIES .-4 
·.-4 -~ aS al 
M M 

~ E-4 "d Q) 
Q) "d PHYLUM Annelida ~ r-4 ... ~ al ~ u al ~ 0 "d (segmented worms) aS ..... "d ~ ~ Q) 

~ ~ Q ..... "d M 
~ c.> ... ~ Q) Q) Q) r-4 
Q) M al I ... Q) 

tf ~ ... Q) 

~ 
0 ..... r-4 "d ~ ~ Remarks 0 al ... B Ei Q) i :J u .s ~ Q) ~ Q) ~ l; 0 

;I: ..... m til til til ~ 

Class Polychaeta 

Abarenicola pacifica + - - + + + + + + + - -
Am;eharete fiOesi - + - - + - - - - - - -
Amphicteis sca;ehobrartchiata - + - - + - - - - - - -
A;ehrodi ta sp. - + - - + - - - - - - -
Arabella iricolor + - - + + - - - - - - + 
Arctonoe frasilis + - + + + + - - - + + + 
A. vittata + - - + - - - - - - - - pn Diodora 
Aricidae sp. + - - + - + - - - + - -
Armandia brevis - + - - + - - - - - - -
Boccardia ;eroboscidea + - - - - - - - - - - -
Calli zona nasuta + + - - + - - - - - - . -
Chitinopoma groenlandica - + - - + - - - - - + + 
Chone ecuadata + - - + - + + - - + + + 
.£:.gracilis + - - + - + - - - - + + 
Demonax gracilis + - - + - + + - - - - -
D. medius + - - - - - - - - - - + 
Dodecaceria fewkesi + + + + + + + + - + + + 
Dorvillea moniloceras - + - + - - - - - - + + 
Eudistylia vancouveri + + - + + + "+ + - + + + 
.Eulalia viridis + - - + - - - - - - - + 
Euzonus mucronata + - - + - + + - - + 1- -
Fabrica minuta + - - + - + + - - - + + 
Gl;r;cera americana - + - - + - - - + 1- 1- -
£h ca;eitata - + - - + 1- 1- 1- - + I+ 1-

£h gigantea - + - ·- + - - "" - + + + 
Glycinde armisera - + - - + - - "" - - - -



Table A cont'd 

SPECIES 

YLUM Annelida 
(segmented worms)cont'd 

.;PH 

c lass Poly chaeta cont'd 

oniada brunnea G 

Hal 

H 

os;y:dna brevisetosa 

emi;eodus borealis 

danth;y:rus armatus .:I 

.:L umbrineris latreilli 

"1aselona sp. 

Myx 

N 

icola infundibulum 

e;eht;y:s caecoides 

N . californiensis 

N ere is vexillosa 

erine cirratulus N 

Od 

On 

p 

ontosyllis ;ehos;ehorea 

u;ehis ele5ens 

ectinaria bel5ica 
p . brevi coma 

;y:llochaeto;eterus Ph 

Pi 

p 

p 

sta elonsata 

• fasciata 

. moorei 

12rolifica 

Pr 
p 

otoca;eitella simplex 

s 
s 
s 
s 
s 

seudopotamilla reniformis 

abellaria cementarium 

er;eula vermicularis 

;eirorbis granulatus 

. racemosus 

. - s;eirillum 

.-4 
·.-4 

Ul aS 
't:l M a E-4 

..c:l .-4 ~ ...-I 
0 Ul gf aS 
aS H 't:l 
Q) Q ·.-4 
~ -=: u ~ 

CD M 

:f ~ ~ Q) 
Ul ~ 

0 ~ a> -=: 
~ ;J: H 

- + - -
+ - - + 

- + - -
- + - -
- + - -
- + - -
+ + - -
+ - - + 

+ - - + 

+ + - + 

+ - - + 

+ - - + 

+ - - + 

- + - -
- + - -
- + - -
- - + -
+ - - -
- + - -
+ - - + 

- + - -
+ - - -
+ + + + 

+ - - + 

- + - + 

+ - - + 

-Ul 
M 

't:l Q) 
Q) 't:l 
Ul ;:: 

~ 
0 't:l 

~ Q) ~ 't:l M 
~ a> Q) Q) .-4 -Ul I ~ Q) 

~ 0 ·.-4 .-4 'd ~ ~ Remarks s:lo E ~ 'C :a 0 
~ ~ Q) :i c9 0 

Cll Cll en Cll ~ 

+ - - - + - - -
- - - - - + + + 

+ - - - + - - -
+ - - - - - - + 

+ - - - + - - -
+ - - - + + + + 

+ + + + + + + + 

- + + - - + + + 

- + + - - + - + 

- + + + - + + + 

- - - - - + - -
- - - - - + + + 

- - - - - + - -
+ - - - + + - -
+ - - - + + - -
+ - + + + + + + 

+ - - - - - - + 

+ - - - + - - -
+ - - - - - - -
- - - - - - + + 

+ - - - + - - -
+ + - - - + + + 

+ + + + - + + + 

- + + - - - + + 

- + + - - + + + 

- + + - - - + + 
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'rable A cont 'd 

SPECIES 

PHY LUM Mollusca 

c lass Amphineura (Chi tons) 

c 
c 
haeto:eleura gemma 

ryptochiton stelleri 
(gumboot chiton) 

yanoplax hartwegii c 
I 

I 

Ka 

schnochiton mertensii 

. radians 

tharina tunicata 
(black Katy) 

Eidochiton flectens 

pidopleurus internexus 

o)?alia ciliata 

Le 

Le 

M 

M 

M 

M 

• hindsii 

• li~:mosa 

. muscosa 
(mossy chiton) 

Pl 

T 

aci:ehorella velata 

onicella insignis 
(red-lined chiton) 

T . lineata -
T . ruber 
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..... 
·.-4 

ID as 
'\:1 ~ a E-4 

.s:= ..... ~ ~ 0 ID ~ as .... '\:1 
Q) 0 ·.-4 
ll:l s;: u ~ 

Q) ~ 

~ ~ ~ Q) 
0 ID ~ 

0 ~ Q) s;: 
..:I l: .... 

- - + -
+ + + + 

- + - -
- + - -
- + - -
+ + + + 

- + - -
- + - -
+ + - + 

+ + - + 

+ + - + 

+ + + + 

- + + -
+ + - + 

+ + + + 

- + - + 

....... 
ID 
~ 

'l:l Q) 
Q) '\:1 
ID ~ 

~ 
0 'l:l 

~ Q) 0 
'\:1 ~ ll:l 

~ Q) Q) Q) ..... ....._, 
ID I ~ Q) 

~ 0 ·.-4 ..... '\:1 ~ ~ Remarks B e Q) 'd ~ 0 
~ Q) .s:= :i 5 0 en en Cll Cll tt: 

- - - - - - + + 

+ + + + - - + + 

+ - - + - - + + 

+ - - - - - - + 

+ - - - - + + + 

- + + + - - + + 

- - + + - - + + 

- - + + - - + + 

- + + - - - + + 

+ + + - - - + + 

- + + - - - + + 

+ - + + - - + + 

+ - ·+ + - + + + 

- + + + - - + + 

+ + ·+ + - + + + 

+ + - - - - + + 
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Table A cont'd 

SPECIES ~ 
•.-4 -ID CIS ID 

otj J.t J.t a E-4 otj Q) 
CD otj 

,Q ~ ~ ';t ID ~ PHYLUM Mollusca cont'd 0 ID gJ ~ 
otj 

CIS ..... otj ~ Q) ,B Q) Q ·.-4 otj J.t 
P:t s:= 0 ~ ~ Q) Q) Q) ~ -CD J.t ID I ~ Q) 

~ ~ ~ Q) 

~ ! ·.-4 ~ i ~ ~ Remarks ID ~ Iii Q) 

~ 
0 

0 ~ CD s:= Q) ..c:l l) 0 
..:3 ~ H Ol Cll Cll Cll tr: 

Class Cephalopoda 
(Octopus, Squid) 

Loliso opalescens + + - - + - - - - - - -
Octo:eus dofieini + + + - + - - - - - - + 
Rossica :eacifica - + - - + - - - - - - -

Class Scaphopoda 
(Tusk Shells) 

Dentalium sp. + - + - + - - - + - - -(money tusk, wampum) 



'l'able A cont' d 

SPECIES 

p HYLUM Mollusca cont'd 

c 
s 
lass Gastropoda 

ubclass Prosobranchia 

A 

A 

cmaea cassis 

. mitra 
(whitecap limpet) 

. rosacea 

cteocina culcitella 

A 

A 

A 

A 

Al 

A 

A 

A 

A 

An 

A 

A 

A 

As 

dmete couthou~i 

grobuccinum o~egonensis 

vania carpenteri 

• com!?!cta 

mphissa columbiana 

. reticulata 

• versicolor 

ti;elanes thalea 

. ;eerversa 

. vinosa 

• voyi 

traea gibberosa 
(red turban) 

leis micans Ba 

Bar 

B 

leeia sanjuanensis 

• subtenuis 

B erinsius eyerdami 

B ittium attenuatum 
(slender Bittium) 

B • bore ale 

eschrichtii 
(threaded Bittium) 
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..... 
·r4 

CQ CIS 
ot:f EP 2 

~ ..... ~ ..... 
0 CQ ~ CIS 
CIS H ot:f 
Q) Q ·r4 
~ 1:1 (.) ~ 

Q) f-4 

~ ~ ~ Q) 
0 CQ ~ 

0 ~ Q) 1:1 
..:I ;:J: H 

+ - - + 

+ + - + 

- - + + 

+ + - + 

+ - - -
- + - + 

+ + - + 

- + - -
+ + + + 

- + - + 

- + - + 

+ - + -
+ - + -
+ - - -
+ - - -
+ + - + 

- + - + 

- + - -
- + - -
+ - + -
- + - + 

- + - -
- + + + 

-CQ 

ot:f 
f-4 
Q) 

Q) ot:f 
CQ '3 0 ot:f 

~ ~ Q) 

~ ot:f f-4 

~ Q) Q) Q) ..... -CQ I ~ Q) 

~ 0 ·r4 ..... 
~ ~ ~ Remarks B e Q) '8 0 

~ Q) ~ ~ 0 en en til ~ til ~ 

- - - - - + + + 

+ + + + - + + + 

+ - + + - + + + 

+ - - - - - + + 

+ - - - - + + -
+ - - - - - + + 

+ - - -I - + + + 

+ - - - - + + + 

+ - + + + + + + 

+ - + + - + + -
+ - + + - + + + 

+ - - - - - - -
+ - -, -I + - + -
+ - - - - - + -
+ - - - - - + -
+ + + + - - + + 

+ - - + - + + -
+ + + - - + + + 

+ + + - - + + + 

+ - - - - + + -
+ - - - - - + + 

+ - - - - - + + 

- - - - + + + + 



Table A cont'd 

SPECIES 

PHY LUM Mollusca cont'd 

s ubclass Prosobranchiacont'd 

• munitum 

. vancouverense 

reotrophon macouni 

B 

B 

Bo 

B 

B 

B 

B 

B 

c 

• multicostata 

• P2cificus 

• tenuiscul;Etus 

uccinum ;Electrum 

• strisillatum 

alliostoma annulatum 

c 
c 
c 

(ringed top-shell) 

. caeruleum 

• canaliculatum 

• lisa tum 
(blue top-shell) 

• :elatinum 

• varie~tum 

c 
c 
c alrgtraea fosti~ta 

Chinese hat shell) 

c 

c 
c 

c 

c 

eratostoma foliata 
(leafy hornmouth) 

idarina cidaris 

ollisella disitalis 
(fingered limpet) 

• instabilis 
(unstable limpet) 

-• lelta 
shield limpet) 

c • strisatella 

....... .... 
~ aS 

~ a 
,Q ....... ~ a1 0 CD :1 aS 1-t "d 

~ 0 .... 
~ 0 ~ 
Q) ~ 

~ ~ ~ Q) 
CD ~ 

0 ~ Q) ~ 
..:I ::.: 1-t 

- + - -
- + - -
- + + -
- - + -
+ + + -
- + + -
+ - + -
+ - + -
- + + + 

- - + -
+ + - + 

+ + - + 

+ + - -
+ + - + 

- + - + 

+ + + + 

- - + -
+ + + + 

+ - + + 

+ + + + 

+ + - + 

-II 
~ 

"d Q) 
Q) "d 
CD ~ 

a1 ~ 
"d 
Q) 

~ "d ~ 

~ Q) Q) Q) ....... ..._,. 
CD I ~ Q) 

~ i 
.... ....... 

~ ~ ~ Remarks s Q) '8 0 

~ 
Q) ,Q 5 0 

CJl CJl :E: CJl 11:: 

+ - - - - + + -
+ - - - - + - + 

+ - - - + + - -
+ - - - + + - -
+ - - - + + - -
+ - - - + + - -
+ - - - - + + -
+ - - - - + + -
+ + - - - - + + uncommon 

intertidal ly 

+ + - - - - + + 

+ + - - - - + + 

+ + + + - - + + 

+ + - - - - + + 

+ + - - - - + + 

+ - - - - - + + 

+ + + + - + + + 

+ + - - + - + + 

- + + + - - + + 

+ - - + - + - + 

- + + + - - + + 

- + + + - + + + 



Table A cont'd 

SPECIES 

PHYLUM Mollusca cont'd 

Subclass Prosobranchia t'd con 
Colus sp. 

Cretidula adunca 
hooked slipper-shell) 

c. lin~lata 
(wrinkled slipper-shell) 

c. nummaria 
(white slipper-shell) 

c. orbiculata 

Cretipatella lingulata 
half slipper-shell) 

ypraeolina pyriformis 
(pear-shaped marginella) 

c -

iodora .n as:eera 
(rough keyhole limpet) 

Epitonium acrostephanus 

E. 

E 

E 

• 

• 
E. 

. 

caamanoi 

catalinae 

crebricostatum 

denisclathrata 
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~ 0 s:: u 
11) 

~ ..!>4 +> 
0 CQ 
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~ 3: 
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+ + -
- + -
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- + + 

+ + + 
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- + -
+ + -
- + -

181 
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'd ~ 
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- + - - - + + + -
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- + - - - - - - -
- + - - - - - - -
- + - - - - - - -
+ + - + + - - - + 

+ - + + - - - - + 

+ - + + + - - - + 

- + - - - - - - -
- + - - - + + + -
- + - - - - - - -
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SPECIES 

YLUM Chordata PH 

Su bphylum Craniata 

ass Osteichthyes 

cont'd 

cont'd Cl 

Ba. 

Ba. 

Bl 

Bo 

Br 

th:t:as:onus ni£iEinnus 

th:t:master sijEatus 

eEsias cirrhosus 

thrae;onus 

ach;y:istius 

eproctus Car 
s nail fish) 

swani 

frenatus 

melanurus 

itonotus Ch 

Cha 
(v 

Eusetensis 

uliodus macouni 
iperfish) 

Ch 

CJ. 
(s 

iroloEhis nusator 

"tharichth;zs sordidus 
anddab) 

. stigmaeus c 
Cl 

c 
Cl 
(P 

inocottus embr~m 

. e;lobiceEs 

UEea Eallasii 
acific herring) 

Co 
(r 

r;y:Ehaenoides 
attail) 

filifera 

r;zEhOEterus Co 

Cy 

re. 
Fm 
(s 

nicholsi 

matoe;aster agwegata 

En 
(n 

En 

s;y:cottus setis:er 

biotoca lateralis 
triped seaperch) 

graulis mordax 
orthern anchovy) 

OEhrys bison 
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..... ..... 
co aS 
'd M a 8 
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0 co gJ al 
aS H '0 
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~ ~ u +> 

Q) M 

~ ~ +> Q) 
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....:I ;:J: H 
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- + - -
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+ + - -

+ + - -
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-{Q 
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~ Po Q) 0 
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co I +> Q) 

~ 0 ..... ..... '0 ~ ~ Remarks Po E Q) '8 a 0 

~ &1 Q) ..Q M 0 en en :Iii: en t:J 0:: 

+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - - occur in k elp 

beds 

+ - - - - - - -
+ - - - - + - -
+ - - - - - - -
+ - - - - - - + 

+ - - - - - - -
+ - - - - + - -
+ - - - - - - -
+ - - - - - - + 

+ - - - + + + - spawned 
intertidal ly 

+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - -



Table A cont'd 

SPECIES rot 
·r-4 ....-... 

rD as rD 
't1 M M 

2 8 't1 Q) 
Q) 't1 

PHYLUM Chordata ..s::l rot +> rot rD rot 
0 m gJ as 0 't1 ;:j 
as H 't1 ~ ~ Q) 0 
Q) 0 ·r-4 't1 M ~ 

Subphylum Craniata cont'd ~ ~ (.) +> ~ Q) Q) Q) rot ........ 
Q) M rD I +> Q) 

::1' ...!o4 +> Q) 

~ 0 ·r-4 rot '0 ~ ~ Remarks 0 rD +> Po e Q) ] s:l 0 
0 kl Q) ~ ;:j ~ Q) ..s::l 11! M 0 
~ 3: H rn rn rn ~ rn t) ~ 

Class Osteichthyes cont'd 

Eo:esetta ,jordani + + - - + - - - + + + -
(petrale sole) 

E.)2ifieichth;:£S atro:eur;eureus - + - - + - - - - - - -
Gadus macroce;ehalus + + - - + - - - + + + -
( Paci fie cod) 

Gasterosteus aculeatus - + - - + - - - - - - -
Gibbonsia montereyensis + + - - + + - - - - - -
Gilbertidia sigalutes - + - - + - - - - - - -
Gl:.:etoce;ehalus zachirus + + - - + - - - - - - -
(Rex sole) 

Gobiesox maeandricus + + + + + + + + - - - + 

Hemile;eidotus hemile:eidotus - + - - + - - - - - - -
lb. s:einosus + + - - + - - - - - - -
Hexa&:ammos deca&:ammos - + - - + - - - - - - -
H. lasoce:ehalus - + - - + - - - - - - -
Hi;e:eoslossoides elassodon + + - - + - - - I - - - -
(flathead sole) 

Hi;e;eoslossus stenole:eis + + - - + - - - - + + -
(Pacific halibut) 

Hy:eer;eroso;eon elli;eticum + + - - + - - - - - - -
Hy:eomesus :eretiosus - + - - + - - - - - - -
H;:£;esafionus 9uadricornis - + - - + - - - - - - -
Icelinus borealis - + - - + .. - - - - - -
.1:. burchami - + - - + - - - - - - -
I. filamentosus - + - - + - - - - - - -
I. tenuis - + - - + - - - - - - -
Icosteus aenigmaticus + + - - + - - - - - - -
Cragfish) 

Iso:esetta isole:eis + + - - + - - - - - - -
(butter sole) 
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Table A cont'd 

SPECIES r-4 
·1"4 ...--.. 

r.o 111 r.o 
'd r.. r.. 
2 E-4 'd Q) 

PHYLUM 
Q) 'd Chordata ..Q r-4 ..... r-4 r.o r-4 

0 r.o ~ 111 0 'd ;j 

Subphylum Craniata cont'd 
111 H 'd ~ 

p. Q) 0 
Q) 0 ·1"4 'd >< r.. ~ 
~ s:: u ..... ~ Q) Q) Q) rl ........ 

Q) r.. r.o I ..... Q) 

~ ..!>4 ..... Q) 

~ 0 ·1"4 rl 'd ~ ..!>4 Remarks 0 r.o ..... p. e Q) 'g fa 0 
0 ~ Q) s:: ;j ~ Q) ..Q 5 0 
~ ;3:: H Cf.) Cf.) Cf.) :Iii: Cf.) p:: 

Class Osteichthyes cont'd 

P. decurrens + + - - + - - - - + + -
TCurlfin sole) 

Porichth;y:s notatus - + - - + - - - - - - -
Poroclinus rothrocki - + - - + - - - - - - -
Psettichth!s melanostictus + + - - + - - - - + + -
(sand sole 

Psychrolutes paradoxus - + - - + - - - - - - -
Radulinus asprellus - + - - + - - - - - - -
Reinhardtius hippo,lossoides + + - - + - - - - + + -
(greenland halibut 

Rhacochilus vacca + - - - + - - - - - - -
(pile perch) 

Rhamphocottus richardsoni + + - + + - - - - + - + 

Rimicola muscarum + + - - + - - - - - - -
Ronguilus ,jordani - + - - + - - - - - - -
Scorpaenichthys marmoratus - + - - + - - - - - - -
Scytalina cerdale - + - + - - - - - + + -
Sebastes aleutianus + + - - + - - - + + + -
(rockfishes) 

s. alutus + + - - + - - - + + + -
§.:. auriculatus + + - + + - - - - - - -
s. aurora + + - - + - - - - - - -
.2.:. babcocki + + + - + - - - - - - -
s. brevispinis + + + - + - - - - + + --
s. caenaema.ticus + + - - + - - - - - - -
s. caurinus + + - - + - - - - - - --
s. crameri + + - - + - - - + + + --
.2.:. diploproa + + - - + - - - + + + -
s. - elongatus + + - - + - - - - + + -



Table A cont'd 

SPECIES .-4 .... ........ 
112 «S 112 
'd M M 

PHYLUM Chordata fJ E-4 'd Q) 
Q) 'd 

~ .-4 +" .-4 r.o .-4 
0 112 :f «S 0 "0 ::1 

Subphylum Craniata cont'd «S H 'd ~ ~ Q) 0 
Q) 0 .... 'd M j:Q 
j:Q s:: u +" ~ Q) Q) Q) .-4 ......., 

Q) M 112 I +" Q) 

~ ..1.1 +" Q) 

~ 0 .... .-4 '0 ~ ..1.1 Remarks 0 112 +" B E Q) -g ~ 0 
0 ~ Q) s:: ::1 Q) ~ M 0 
~ ~ H en Cll Cll ::E: en t!) tl:: 

Class Osteichthyes cont'd 

s. entomelas + + - - + - - - - + + -
s. flavidue + + - - + - - - - - + -
s. helvomaculatue + + - - + - - - + + + --
s. - ,jordani + + - - + - - - - + + -
s. maliger + + - - + - - - - - - --
!:. melanoEs + + - - + - - - - - - -
.§.:. melanoetomue + + - - + - - - - - - -
.§.:. miniatus + + - - + - - - - - - -
.§.:. m~etinue + + - - + - - - - - - -
.§.:. nebuloeus + + - - + - - - - - - -
s. ni~ocinctue + + - - + - - - - - - -
.§.:. ;e!UCiS:Einis + + - - + - - - - + + -
s. Einniger + + - - + - - - - + + -
s. Eroriger + + - - + - - - - + + -
s. reedi + + - - + - - - - - - -
.§.:. ruberrimus + + - - + - - - - - + -
&:. eaxicola + + - - + - - - - - - -
s. wilsoni + + - - + - - - - - - -
s. zacentrus + + - - + - - - + + + -
Sebaetolobus alas can us + + - - + - - - + + + -
(rockfishes) 

&:. altivelis + + - - + - - - - - - -
SEirinchue thaleichth~e - + - - + - - - - - - -
S~nchirus gilli - + - - + - - - - - - -
S~ngnathus &;iseolineatus - + - - + - - - - - - -
'I'haleichth;IB ;pacificus + + - - + - - - - + + -
(eulachon) 

Thera~a chalco~ammus + + - - + - - - + + + -
(pollock) 
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SPECIES 

PHYLUM Chordata 

s ubphylum Craniata 

Class Osteichthyes 

Xeneretmus latifrons 

X 

~X 

• triacanthus 

erer.12es fucorum 

XiJ2hister mucosus 

Zaprora silenus 
(prowfish) 

blenny (Stichaeidae) 

eel pout (Zoarcidae) 

cont'd 

cont'd 

lanternfish (Myctophidae) 

1 

p 

s 

c 

iparids (Cyclopteridae) 

oacher (Agonidae) 

culpin (Cottidae) 

lass Mammalia 
Order Pinnipeda (sea lions, 

seals) 

Callorhinus ursinus 
(Northern fur seal) 

Eumeto.12ias jubatus 
(Steller sea lion) 

Hirounga angustirostris 
(Northern elephant seal) 

Phoca vitulina richardi 
(Pacific harbour seal) 

ZalOJ2hus californianus 
(California sea lion) 
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+ - - - - - - -
- - - - - - - + lives in masses 

of Fucus 

+ - - - - - - -
+ - - - - - - -
+ - - - + + + + 

+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - - - -
+ - - - - + + + 

+ - - - - - - - rare-
migrants 

+ - - - - - - -

+ - - - - - - - rare 

+ - - - - - - -
+ - - - .. - - -



Table A cont'd 

SPECIES ~ 
·.-4 ......... 

ID CIS ID 
'd $.I $.I a 8 'd Q) 

Q) 'd 
PHYLUM Chordata .Q ~ ~ ~ fQ 3 0 ID ~ CIS 0 'd 

CIS H 'd ~ ~ Q) 0 
Subphylum Craniata cont'd Q) 0 ·.-4 'd $.I >Q 

>Q ~ 0 ~ ~ Q) Q) Q) ~ ........, 
Q) M ID I ~ Q) 

~ .!14 ~ Q) 

~ ! ·.-4 ~ "d > .!14 Remarks 0 ID ~ E Q) 

~ @ CIS 0 
0 ~ Cl) ~ Q) .s:: $.I 0 
~ ;J:: H en en en :IE: en 0 ~ 

Order Cetacea (whales, 
dolphins, porpoises) 

Balaenoptera acutorostrata 
Cminke whale) 

- + - - + - - - - - - -
B. musculus + + + - + - - - - - - -
"Cblue whale) 

Eschrichtius 
(gray whale) 

gibbosus + - + - + - - - - - - -
Globicephala macrorh~ncha - + - - + - - - - - - -
(Pacific pilot whale 

Mesoplodon carlhubbsi + - - - + - - - - - - -
_!:h atejneseri + - - - + - - ·- - - - -
Phocoena phocoena 
(Pacific harbour porpoise) 

+ + + - + - - - - - - -
Phocoenoides dalli + - - - + - - - - - - -
Cdall porpoise) 

Physeter catadon + + + - + - - - - - - -
(sperm whale) 

Orcinus orca + + + - + - - - - - - -
(killer ;h'Bie) 
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Table A cont'd 

SPECIES ..... .... .......... 

~ al CD 
M M 

2 8 'd Q) 
Q) 'd 

PHYLUM Protozoa ~ ..... ~ ..... D) 3 0 CD gj al 0 'd 
(Phytoplankton - al H 'd h ~ Q) 0 

~ 0 ·r4 
~ 'd M ~ 

diatoms) s:: u ~ (I) (I) (I) ..... '-" 
Q) ~. ·r4 CD I ~ (I) 

~ ~ ~ (I) cq 0 ·r4 ..... 'd ~ ~ Remarks 0 CD ~ p. E Q) 

~ ~ 0 
0 ~ (I) s:: :,j &1 

Q) ..s::l M 0 
~ 3: H rn rn rn rn t!J ~ 

Achnanthes hauckiana + - - - - - - - - - - -
~- laevis + - - - - - - - - - - -
~- lonsiEes + - - - - - - - - - - -
~- EseudoSEoelandica + - - - - - - - - - - -
Actinoc;Iclus sp. - + - - - - - - - - - -
Am;Ehi;Erora sp. + - - - - - - - - - - -
AmEhora baccata + - - - - - - - - - - -
~- Eorteus + - - - - - - - - - - -
!· ;EUSiO + - - - - - - - - - - -
Asterionella formosa + - - - - - - - - - - -
Auliscus SCUl;EtUS + - - - - - - - - - - -
Ba.cteriastrum delicatulum - + - - - - - - - - - -
~- elonsatum + - - - - - - - - - - -
BiddulEhia aurita + + - - - - - - - - - -
Cal one is sp. + - - - - - - - - - - -
Cam;E;Iloneis S!evilleri + + - - - - - - - - - -
ClimacosEhenia sp. + - - - - - - - - - - -
Cocconeis angermannica + - - - - - - - - - - -
£. disculoides ... - - - - - - - - - - -
£. Elacentula + + - - - - - - - - - -
£. scutellum + + - - - - - - - - - -
£. SEeciosa + - - - - - - - - - - -
c. sublitoralle + - - - - - - - - - - -
Coscinodiscus excentricus - + - - - - - - - - - -
£. radiatus - + - - - - - - - - - -
C;z:ma.toEleura sp. + - - - - - - - - - - -
DimereS!:amma minor + - - - - - - - - - - -
DiEloneis did;z:ma. + - - - - - - - - - - -
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Table A cont'd 

SPECIES ~ 
·.-4 ...-.. 

ID CIS ID -o M M 

2 8 -o Q) 
Q) -o 

.s:1 ~ ~ ~ fll ~ 
0 ID ~ CIS 

~ 
0 -o ::s 

PHYLUM Protozoa 
CIS H -o ~ Q) 0 

~ 0 ·.-4 -o M ~ 

(Phytoplankton 
s::: Q ~ ~ Q) a> Q) ~ .._, - G) M ID I ~ Q) 

~ ,.!14 ~ Q) 

~ 0 ·.-4 ~ "0 ~ ,.!14 
diatoms) cont'd 0 ID ~ ~ E Q) ~ 2 0 Remarks 

0 ~ G) s::: ~ &1 Q) .s:1 5 0 ..:a ;J: H Cf.l en ~ en ~ 

Fra~ilaria sp. + - - - - - - - - - - -
Gom;ehonema sp. + - - - - - - - - - - -
Grammato;ehora marina + - - - - - - - - - - -
Hantzschia sp. + - - - - - - - - - - -
Licmo;ehora joersensii + - - - - - - - - - - -
Melosira juergensii + + - - - - - - - - - -
Navicula digito-radiata + - - - - - - - - - - -
!!· directa + + - - - - - - - - - -
N. ramosissima + - - - - - - - - - - --
Nitzschia angularis + - - - - - - - - - - -
N. lanceolata + - - - - - - - - - - --
N. litoralis + - - - - - - - - - - -
N. ;eunctata + - - - - - - - - - - --
N. thermal is + - - - - - - - - - - --
Nitzcgua bukibata + - - - - - -

~I 
- - - -

Q.Eeo;ehora ;eacifica + - - - - - - - - - -
Par alia sulcata + - - - - - - - - - - -
Pinnularia sp. + - - - - - - - - - - -
Plagiostamma sp. + - - - - - - - - - - -
Pseudoeunotia sp. + - - - - - - - - - - -
Rhabdonema. sp. + - - - - - - - - - - -
Rhoicos;:ehaenia curvata + + - - - - - - - - - -
Skeletonema costa tum + + - - - - - - - - - -
Surirella crumella + - - - - - - - - - - -
s. elegans + - - - - - - - - - - -
s. gemma + - - - - - - - - - - -
S;tnedra tabulata + - - - - - - - - - - -
s. undulata + - - - - - - - - - - -
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Table A cont'd 

SPECIES r-4 
·rf -~ aS ID 
~ ~ 

2 8 'd Q) 
Q) 'd 

~ r-4 .. r-4 co ~ 0 ID :f aS 0 'd 

PHYLUM Protozoa 
aS H 'd ~ ~ Q) 

~ ~ 0 ·rf 'd ~ 

(Phytoplankton -
s:: (.) .. ~ Q) Q) Q) r-4 ...._, 
Q) ~ ID I .. Q) 

~ ~ .. Q) 

~ 0 ·rf r-4 'd ~ ~ diatoms) cont'd 0 ID .. B e Q) 

~ ~ 0 Remarks 
0 ~ Q) s:: ~ Q) ~ l) 0 
..:I ;J: H en en en ~ 

Thalassionema nitzschioides - + - - - - - - - - - -
Thalassiosira decipiens - + - - - - - - - - - -
T. nordenskioldii + + - - - - - - - - - --
Thalassiothrix delicatula + - - - - - - - - - - -
T. frauenbeldii + - - - - - - - - - - -
.!· mediterranea + - - - - - - - - - - -
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Table A cont'd 

SPECIES ...... 
·.-4 -~ aS Ill 
M M 

2 E-4 '0 Q) 
Q) '0 

A ...... ~ ...... Ill 3 (.) Ill ~ aS 

~ 
0 '0 

Zooplankton (Protozoans, 
aS H '0 ~ 

Q) 0 
Q) 0 ·.-4 '0 M j:Q 

reproductive and planktonic 
j:Q r:: (.) ~ ~ Q) Q) Q) ...... ..._, 

Q) M Ill I ~ Q) 

forms of invertebrates) !f ~ ~ Q) 

~ 0 ·.-4 ...... '0 ~ ~ Remarks 0 Ill ~ B E Q) 

~ ~ (.) 
0 &:t 

Q) r:: Q) ..Q ~ 0 
~ ;:J: H Wl Cf.l Cf.l Cf.l 0:: 

PHYLUM Protozoa 

unidentified foraminferans + - - - - - - - - - - -
unidentified radiolarians + - - - - - - - - - - -
PHYLUM Cnidaria 
Class Hydrozoa 

DiJ2leurosoma sp. + + - - - - - - - - - -
Lensia sp. + - - - - - - - - - - -
Obelia sp. - + - - - - - - - - - -
Pol;I:orchis 12enicillatus + - - - - - - - - - - -
Proboscidact;I:la flavicirrata + - - - - - - - - - - -
Saria tubulosa + + - - - - - - - - - -
PHYLUM Ctenophora 
Class Tentaculata 

Mertensia sp. + - - - - - - - - - - -
Pleurobranchia pileus + - - - - - - - - - - -
Class Nuda 

Be roe cucumis - + - - - - - - - - - -
PHYLUM Nematoda 

unidentified specimens + - - - - - - - - - - -
PHYLUM Chaetognatha 

Eukronia hamata + + - - - - - - - - -- -
Sagitta elegans + + - . - - - - - - - .- -
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'l'able A cont'd 

SPECmS ..... ..... -ID CIS m 
'd M M 

2 8 'd Q) 
Q) 'd 

~ ..... ... ..... co ..... 
(,) m ~ CIS 

~ 
0 'd ~ 

Zooplankton cont'd It\ 1-4 'd ~ Q) 0 
Q) 0 ..... 'd >< M j:Q 

j:Q s:: u ... ~ Q) Q) Q) ..... ........ 
Q) M ID I ... Q) 

~ .!4 ..... Q) 

~ 
0 . .... ..... 'd > .!4 Remarks 0 m ..... ~ E Q) -g ~ It\ (,) 

0 ~ Q) s:: ~ Q) ..s:= ~ 0 
..:1 ;1: 1-4 a; (/) (/) :.;: (/) ~ 

PHYLUM Mollusca 
Class Gastropoda 

Lima.cina sp. - + - - - - - - - - - -
gastropod egg case + + - - - - - - - - - -
unidentified thecosome 

pteropod - + - - - - - - - - - -
Class Pelycepoda 

bivalve larva + - - - - - - - - - - -
PHYLUM Echinodermata 

asteriod larvae + - - - - - - - - - - -
ophiuroid larvae + - - - - - - - - - - -
PHYLUM Arthropoda 
Class Crustacea 
Subclass Brachiopoda 
S~border Cladocera 

Evadne sp. + - - - - - - - - - - -
Podon sp. + - - - - - - - - - - -
Subclass Copepoda 

Acartia longiremis + + - - - - - - - - - -
Amonardia sp. + - - - - - - - - - - -
Calanus fin.marchicus - + - - - - - - - - - -
c. ;elumchrus - + - - - - - - - - - -
Centropages abdominalis + - - - - - - - - - - -
Cor~caeus anglicus - + - - - - - - - - - -
Eucalanus bunsii bungii + + - - - - - - - - - -
Euchaeta ,ja;eonica - + - - - - - - - - - -
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Table A cont'd 

SPECIES r-4 
•.-4 -Ill aS Ill 

"d M M 
fj E-4 "d (1) 

cont'd 
(1) "d 

Zooplankton .s:l r-4 ~ r-4 IQ r-4 
(,) Ill :a aS 0 "d ;:j 
aS H "d ~ ~ (1) 0 
Q) 0 ·.-4 "d >< M j:Q 

j:Q s:: {,) ~ ~ Q) Q) Q) r-4 ...._, 
Q) M Ill I ~ Q) 

:f ..14 ~ Q) 

~ 8. ·.-4 r-4 "0 ~ ..14 Remarks 0 Ill ~ 6 Q) 'g ~ (,) 
0 kl Q) s:: ~ ~ Q) .s:l ~ 0 
~ ~ H C/) C/) :Iii: C/) 0:: 

Subclass Copepoda cont'd 

Har;E!cticus sp. + - - - - - - - - - - -
Metridia sp. + - - - - - - - - - - -
Oithona sp. + - - - - - - - - - - -
Pseudocalanus minutus + + - - - - - - - - - -
unidentified nauplii + - - - - - - - - - - -
Subclass Cirripedia 

barnacle nauplius + + - - - - - - - - - - .. 
barnacle cypris + - - - - - - - - - - -
Subclass Malacostraca 
Order Arnphipoda 

C;a2hocaris challenseri - + - - - - - - - - - -
Euprimno abyssalis - + - - - - - - - - - -
Parathemisto pacifica - + - - - - - - - - - -
Order Decapoda 

anomuran zoea - + - - - - - - - - - -
brachyuran zoea + + - - - - - - - - - -
caridean zoe a + + - - - - - - - - - -
macruran zoe a + - - - - - - - - - - -
macruran megalops + .... - - - - - - - - - -
penaeidean zoea + + - - - - - - - - - -
Order fuphausiacea 

~uphausia pacifica - + - - - - - - - - - -
Th~sanoessa longipes - + - - - - - - - - - -
T. spinifera - + - - - - - - - - - --
Call?topis larva + - - - - - - - - - - -
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Table .A cont'd 

SPECIES 

HYLUM .;.p (DIVISION) 
Chlorophyta 
(green algae) 

'ladophora hutchinsiae c.; 

c 
c 
c 
c 
.;.En 

E 

E 

E 

M 

. microcladioides 

. trichotoma 

odium fragile 

• setchellii 

teromorEha clathrata 

. intestinalis 
, linza • 
. tubulosa 

onostroma zostericola 

asiola meridionalis Pr 

Rh 

s 
s 
s 
s 
s 
u 
u 
u 
u 
u 

izoclonium implexum 

EonsomorEha arcta 

• coalita 

. mertensii 

. saxatilis 

• sEinescens 

lva expansa 

• fenestrata 

. lactuca 

. risida 

rospora mirabilis 

~ 
(.) 
CIS 
Q) 
~ 

:f 
0 
~ 

+ 

+ 

+ 

+ 

+ 

-
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-
+ 

+ 

-
+ 

+ 

+ 

+ 

r-1 .... 
Ill CIS 

'"d r,. 

~ 8 

r-1 ~ r-1 
Ill gJ CIS 

1-4 '"d ~ 0 .... 
s::: {..) ~ ~ Q) r,. 
~ ~ Q) 

~ 0 Ill ~ 

~ Q) s::: ;j 
3: 1-4 en 

- - + -
- - + -
+ - + -
+ - + + 

+ - + + 

+ - - + 

+ + + + 

- - + -
- - + + 

- - + -
+ - + -
- - + -
- - + -
- - + -
+ - + -
- - + -
+ - + -
+ - + + 

- - + + 

+ - + -
- - + -
- - + -

......... 
Ill 
r,. 

'"d Q) 
Q) '"d 
riJ r-1 
0 '"d ;j 

~ Q) 0 
'"d r,. ~ 
Q) Q) Q) r-1 -...J' 

Ill I ~ Q) 
0 .... r-1 '0 ~ ~ Remarks Po e Q) 

~ ~ (.) 

~ Q) ..Q r,. 0 
en en en t) ~ 

- - + - - - + 

+ - - - - - + 

+ - + - - - + 

+ + - - - - + 

+ - - - - - + 

- + - - - - + epiphytic 

+ + + - - - + 

+ - - - - - + 

- + + - - - + 

+ + - - - - + epiphytic on 
Zostera 

+ - - - - - + 

+ - - - - - + 

+ - - - - - + 

+ - - - - - + 

+ - - - - - + 

+ - - - - - + 

+ - - - - - + 

+ - + - - - + 

+ - - - - - + 

+ - + + - - + 

+ - - - - - + 

+ - - - - - + 
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Table A cont'd 

SPECIES ~ 
·.1 ........ 

~ aS m 
M M 

fJ E-4 'd C1l 
C1l 'd 

~ ~ ~ ~ Cl) ~ 

(DIVISION) Phaeophyta 
() m ~ aS 

~ 
0 'd ::s 

PHYLUM aS H 'd ~ Q) 

~ 
(brown algae) 

Q) 0 ·r-1 'd M ,::q r:: u ~ ~ C1l C1l C1l ~ ......... 
C1l M m I ~ Q) 

~ ..!4 ~ Q) 

~ 0 ·11 ~ 'd ~ ..!4 Remarks 0 m ~ Po e Q) 

~ & () 

0 ~ C1l r:: ::s t1 C1l ~ ~ 0 
~ :;J: H en en en en ~ 

Agarum fimbria tum - + - + + - + - - - - + 

Alaria marsinata + + - + + - + - - - - + 

A. .!!!E:! + + + + - + - - - - - + -
A. tenuifolia + + - + - - - + - - - + -
Anali;eus ja;eonicus - + - + + + + - - - - + 

Chordaria flaselliformis - + - - + - + - - - - + 

Col;eomenia ;eeree;rina - + - - + - + - - - - + 

c. sinuosa + - - + - + - - - - - + -
Com;esonema sp. - + - + - + - - - - - + epiphytic 

Costaria costata + + - + + + + - - - - + 

Desmarestia herbacea - + - + + - + - - - - + 

D. munda - + - + + - + - - - - + 

Egresia menziesii + + - + + + + + - - - + 

Elachistea fucicola - + - + - + - - - - - + 

Fucus distichus edentatus + + + + - + - + + - - + 

F distichus evanescens + + - + - + + + - - - + • 
Hedo;ehyllum sessile + + + + + + + + - - - + 

Heterochordaria abientina + - - + - + - - - - - + 

Laminaria e;roenlandica + + + + + - + - - - - + 

L. setchellii + + + + + + + - - - - + 

Leathesia difformis + + - + - + - - - - - + 

Lessonio;esis littoralis + + + + - + - - - - - + 

Ma.croc;y;stis intee;rifolia - + - + + + + + - - - + 

Helanosi;ehon intestinale - + - + - + - - - - - + 

Nereocystis luetkeana + + + - + + + - - - - + 

Pelvetio;esis limitata - + - + - + - - - - - + jepiphytic 

Petalonia fascia - + - + - + - - - - - + 

Phaeostro;ehion irregulare + - - + - + - - - - - + 
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Table A cont'd 

SPECIES M 
·~ ......... 

IQ as IQ 
't:1 M M 

~ E-4 't:1 Q) 
Q) 't:1 

.Q M +> M rn M 
0 IQ gJ as 0 'd ;j 

PHYLUM (DIVISION) 
as H 'd ~ ~ Q) 0 

Ph.aeophyta Q) 0 ·~ 'd M IJ:l 
IJ:l 1:: (.) +> ~ Q) (I) Q) M ......., 

(brown algae) cont'd Q) M IQ I +> Q) 

~ ~ +> Q) 

~ 0 ·~ M 'd ~ ~ 
0 IQ +> p, e (I) ] ~ 0 Remarks 

0 M Q) s;:: ;j ~ (I) ~ ~ 0 
~ ;J: H rn rn rn :.r= rn 0:: 

Pilayella littoralis + - - + - + - - - - - + 

PleuroEhlcus S!Edneri - + - + + - + - - - - + 

Postelsia Ealmaeformis + + + + + + - - - - - + 

PterygoEhora californica - + - - + + + - - - - + 

Punctaria hesperia - + - - + - + - - - - + epiphytic 

Ralfsia fun~iformis - + - - + - + - - - - + 

E· :pacifica + + - + - + - - - - - + 

Sargassum muticum + + - + + - - + - - - + 

Saundersella simElex + - - + - + - - - - - + 

Scytosiphon lomentaria + + - + - - - + - - - + 
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Table l\. cont'd 

SPECIES r-4 
·r-4 ........... 

rD eel rD 
'd M M ; ~ 'd Q) 

Q) 'd 
..::l r-4 +> r-4 I'll 3 (.) rD ~ eel 

~ 
0 'd 

eel H 'd A Q) ~ PHYLUH (DIVISION) Rhodophyta Q) 0 ·r-4 'd H M 
IQ s:: u +> ~ Q) Q) Q) r-4 ......... 

(red algae) Q) M rD I +> Q) 

:f ~ +> Q) 

~ 0 ·r-4 r-4 'd ~ ~ Remarks 0 rD +> A E Q) 

~ ~ (.) 

0 &1 Q) s:: ~ ~ Q) ..c= {) 0 
~ ;J:: H en en en en ~ 

Acrochaetium pacificum + + - + - + - - - - - + 

Agardhiella tenera - + - - + - + - - - - + 

Bossiella californica - + - + + - + - - - - + 

B. chiloensis - + - - + - + - - - - + -
B. dichotoma - + - + + + - - - - - + 

B. orbigniana - + - - + - + - - - - + 

B. :elwnosa - + - + + + - - - - - + 

Galliarthron re~enerens - + - - + - + - - - - + 

Callithamnion ;Eikeanum + + - + - + - - - - - + 

Callol!h;tllis flabellulata - + - - + - + - - - - + 

Ceramium californicum - + - + + - + - - - - + epiphytic 

£· codicola - + - + + + - - - - - + epiphytic 

c. :eacificum - + - + - + - - - - - + 

c. washingtoniensis - + - - + - + - - - - + -
Clathromorl!hum compactum - + - - + - + - - - - + 

Constantinea simplex - + - + + + - - - - - + 

Corallina officinalis - + - - + - + - - - - + 

c. vancouveriensis + + - + + + - - - - - + -
Cr;I:Eto:eleura lobulifera - + - + + + - - - - - + 

c. rul!rechtiana - + - + + - + - - - - + 

Cryptosi;Ehonia woodii + + - + - + - - - - - + 

Dilsea californica + - - + + + - - - - - + 

Endocladia muricata + + + + - + - - - - - + 

Er;rthro;Eh;tllum delesserioides + + - + + + - - - - - + 

Er;rthrotrichia carnea - + - + + + - - - - - + 

Farlowia compressa - + - + + + - - - + - + 

F. moll is + - - + - + - - - - - + 

Farlowia sp. + - - + - - - + - - - + 
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- + - + - - - - - + 

- - + - + - - - - + 
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- - + - + - - - - + 

- + - + - - - - - + epiphytic 

- + - + - + - - - + 

- + - + - - - - - + 

- + + - + - - - - + 

- + - + - - - - - + 
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PARKS CANADA - FISHERIES AND NARINE SERVICES 

TERHS OF REFERENCE 

HARINE RESOURCE INVENTORY - PACIFIC RIM NATIONAL PARK 

The following terms of reference were initially prepared by Miss Charlene 

Lee and Dr. N. Bourne, Fisheries and t,1a.rine Services (February, 1975) and 

subsequently modified by Nr. Zinkan, Assistant Resource Studies Manager, 

Parks Canada (l~ch, 1975) to satisfy Parks C~nada's format requirements. 

The terms of reference were again modified, as follows, on February 18, 

'!976, as a result of a review meeting held at the Park on February 11, 1976. 

1. Purpose 

The principal aim of this project is to undertake a biophysical resource 

inventory of the marine flora and fauna of the Pacific Rim National Park. 

The study vrill include: 

~:) a qualitative assessment of the marine flora and fauna within the 

Park borders; 

2) a quantitative assessment of these organisms; 

3) a description of their habitat types; 

4) an evaluation of the effect of recreational pressure and human 

encroachment. 

The study viill be conducted on behalf o-f Parks Canada by the Fisheries and 

}~rine Service, D.O.E., and will be under the direction of Dr. N. Bourne. 

Funding will be transferred from Parks Canada, Western Region to the Pacific 

Biological Station. 
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This information is required to ensure effective P.ark planning, interpretation 

and management and is an integral part of the Resource Inventory program for 

Pacific Rim National P.ark. 

2. Project Area 

Studies will be undertaken concurrently in all three phases of Pacific Rim 

National Park. In the initial year emphasis will be placed on the Long Beach 

Section because: 

1) easy access; 

2) acute recreation pressure; 

3) relatively few habitat types are present in this area. Studies will 

be initiated in all three phases of the P.ark during the first year and 

emphasis will increase in Phases 2 and 3 after the initial year. 

The boundaries of the study area will extend from the high-tide to a subtidal 

depth of 6o• (10 fathoms). 

3. Project Requirements 

Major emphasis in the studies will be on the invertebrate populations within 

the P.ark. However, attention will also be given to the fish populations. 

Because the lower limit of the photosynthetic zone and of most diving is 50', 

data requirements for depths greater than 50' will be extrapolated from 

sampling etc.done at shallower depths where possible. 

More specifically but without limiting the generality of the foregoing, the 

project requirements include: 
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3.1. Update of Fisheries Research Board of Canada Manuscript Report No. 1276; 

Marine Bibliographical and Review Study of Pacific Rim National Park. 

This report was undertaken under contract to Parks Canada in 1973. 

Specifically information concerning species habitat lists and references 

acquired after 1973 shall be gathered and the status of all work listed 

under "Current Research Projects" in MS Rept. No. 12a6 in addition to 
{ 

other recent projects and data collections shall be ascertained and 

documented. 

3.2. Studies will be undertru{en concurrently in all three phases of the Park 

under the following general schedule. 

3.2.1. Baseline Studies 

From systematic and distributional studies qualitative data will be 

gathered to: 

(i) Correct and broaden information on habitat types, zonation 

and species lists. 

(ii) Determine areas of uniqueness (e.g., habitat types and/or 

species populations). 

(iii) Establish control and recreational pressure study sites for 

each habitat type. 

3.2.2. Long-Term Studies 

Ecology and community structures will be continuously studied 

seasonally and yearly in intertidal and subtidal (where possible) 

areas using transect and random sampling procedures. Quantitative 

data obtained will be required to: 

(i) Determine populations of marine organisms and monitor flue-

tuations in these populations. 

(ii) Assess adult populations and recruitment of marine organisms 

particularly in areas where recreational pressure is greatest, 
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i.e., are populations in danger of being seriously depleted? 

(iii) Determine if any populations will require further protection. 

(iv) Identify potential locations for intertidal and subtidal 

trails where collection of specimens is permitted and \'!here 

collection is not permitted. 

(v) Determine recruitment and mortality rates and whether bag 

limits are needed for species which will be tal'\:en in the 

recreational fisheries: clams, fish, oysters, abalone, etc. 

3.3 Description of Habitat types 

The r.1arine ecological parameters and habitat types 'tri thin the project 

area ,.,ill be identified, mapped and described. The descriptive format 

shall allm1 easy comparison of one habitat type to another. 

All c:dteria used in habitat identification shall be defined. 

j.IJ- Sampling will be confined primarily to the period i·1arch to December. 

During the remainder of the time, samples \vill be identified, data 

anal~rzcd and reports prepared. A tentative sampling schedule is 

outlined for each year. 

1:.. Submission Requirements 

Yearly ::.~eports, similar to Nanuscript Report No. 1276, will be submitted. 

A final report at the end of the 5-year study 1:rhich will sumr.1arize all work 

i'lill also be prepared. 

The annual report 1:rill include all results of \oJork outlined in section 3. 

Future submission requirements will be based on review of the first annual 

report. The annual reports will be submitted in twenty-five (25) copies. 
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20.0 I 975-7G. 

6. Cor::pletion Schedule 

At present the project is planned to be conducted over a 5-year period, 

:975/7C-1979/80 inclusive. 

7. Hatcrial Supply 

TI1e contractor shall provide all material and equipment required for the 

completion of the study vli th the exception of: 

7.1 Chronaflcx base maps, transparencies, and/or paper prints of the 

area at a scale of 1:12,500, 1:25,000, and 1:50,000 for final mapping. 

7.2 ?ne contractor shall be allowed access to reports in the Research 

and Hecource Inventory collection \·lhich pertain to the project, and 

1:1here necessary, may be provided pertinent information from Branch 

files. Such material is located at Branch Headquarters, Regional 

Office, and Park Offices and shall be utilized at these places. 

7.3 For tl:e field season :976/77 to 1979/80 inclusive Parks Canada will 

r:1akc available 1 zodiac boat (Grandrapid III) with 20hp motor and a 

sr:iallcr 7hp backup motor. Parks Canada 1:1ill also at tempt to provide 

cabin facilities in the Broken Islands Group and will encourage staff 

acsistance in divine when staff th1e permits. 

rl. [3,Pecial Conditions 

8.1 The contractor agrees not to transfer the responsibility to a third 

party without the consent of the department. 

~,.2 The contract price includes all expenses which may be incurred by the 

contractor in connection with the work. 
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2.3 'l11e contractor shall supply all equipment and materials required for 

the study, except \'/here otherwise specifically noted in this contract, 

and shall provide all necessary assistance and pay all incidental 

c:~pcnses. 

S.ll. All reports shall be sent to: 

Director, 
'\'/estern Ilegion - Parks Canada, 
.Jcpart1:1ent of Indian & Northern Affairs, 
~34- 11th Avenue S.E., 
Ca.lr;ar;y, Alberta, 
'r2G OX5 

Attention: Resource Studies Hanager 

8.5 The final report \·Jill be professionally adequate in content, presen-

tation and terminology, and of a quality such that it could, at the 

discretion of the Director, Parlrn Canada, be published. 

The rc?orts paid for under this contract are the property of the 

Government of Canada. 

8.5.1 'l'he contractor or principal assistant with the approval of the con-

tractor may, subject to consultation with and approval of the Direc-

tor or his designated representative, publish the report in whole 

or in part under his own name as a thesis, scientific or profes-

sional paper or other form of publication which is acceptable to 

the Director. However, the foree;oing in no way limits the rights 

of the Government of Canada to publish the report. 

3.6 Collection of specimens will be strictly limited to those specified 

by the contract or to those which are made necessary by the terms of 

the contract. The contractor and his designated assistants shall 

comply with the following requirements when collecting specimens 

under the contract agreement: 

3.6.1 Carry the collecting permit supplied by the P.arks Canada Branch at 



all times when engaged in collecting activities or when in posses-

sian of specimens and present it upon request of National Parks staff 

or R.C.M.P. officers. 

8.6.2 Obtain any perr.~its that may be required by other agencies relating 

to collection of certain species or types of specimens. 

8. (,. 3 Comply with conditions specified on the permit. 

3.6.Lr Provide the Park Superintendent with a list of specimens collected, 

and, at his request, present the specimens for inspection prior to 

rer.:ovin,r:; them from the Park. 

3.7 The contract field supervisor shall be the Park Superintendent at 

Pacific Him National Park. 

8.8.1 The contractor shall inform the field supervisor in advance of his 

plans for field work in the Park and shall make arrangements so that 

the field supervisor is kept informed of progress. 

3.3.2 At the start of the field work in the Park each season, the con-

tractor or his authorized representative shall meet with the field 

supervisor and such Park staff as he designates to review his plans 

for the season. 

8.8.3 Prior to leaving the Park for the season, the contractor or his 

designated representative shall meet with the field supervisor to 

revie\v progress and inform him of any important results to date. 

3. S The c.on tractor shall maintain a close liaison \vi th the Resource 

Studies Hanager, 'v·Jestern .Regional Office, and shall arrange for 

the work to be reviewed at critical points in the project. 

3. I 0 Before leaving the Park, upon completion of the field season and 

upon presentation of the final report, the contractor should be 

prepared to give a seminar on his research to provide all interested 

Park personnel with a better understanding of the results, purpose, 

anc1 r;;cthodolowr of this study. 
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