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ABSTRACT

The purposes of this investigation were to describe the
flora and major types of plant communities present in
Auyuittug National Park Reserve, Baffin Island, and to
evaluate factors influencing the distribution of the local
vegetation. Six major types of plant communities were
recognized based on detailed descriptions of the physical
environment, flora, and ground cover of shrubs, herbs,
bryophytes, and lichens at 100 sites. Three highly
interrelated variables (elevation, soil moisture, and texture
of surficial deposits) seemed to be important in determining
the distribution and abundance of plant communities.
Continuous vegetation developed mainly at low elevations on
mesic to wet, fine-textured deposits.

Wet tundra, characterized by abundant cover of shrubs,
grasses, sedges, and forbs, occurred most frequently on wet,
fine-~textured marine and fluvial sediments. Dwarf
shrub—graminoid communities were comprised of abundant
shrubs, grasses, sedges and forbs and were found most
frequently below elevations of 400 m on mesic till or
colluvial deposits. Dwarf shrub communities were
characterized by abundant dwarf shrub and lichen cover. They
developed at similar elevations and on similar types of
surficial deposits as dwarf-shrub graminoid communities. On
average, the soil texture appeared to be somewhat coarser and
the moisture conditions drier than in the dwarf
shrub-graminoid communities.

High elevation barrens prevailed under a broad range of
moisture regimes and on a variety of surficial deposits at
elevations 600 m or more above sea level. Lichens were
dominant at high elevations whereas the cover of vascular
plants was sparse and relatively low in diversity. Early
successional communities (which, if left undisturbed, would
eventually support wet tundra, dwarf shrub-graminoid, or
dwarf shrub communities) had a sparse cover of herbaceous
plants and little shrub, moss, or lichen cover. Seashore
communities featured a sparse cover of salt-tolerant herbs.

Lists of the 93 species of vascular plants, 61
bryophytes, and 70 lichens collected in the Park are
provided. The list of vascular species is annotated with
regard to the relative abundance, environmental preferences,
and geographic distribution of each species., The general
distribution of continuous plant cover and local variations
in the diversity of vascular plants are discussed.
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INTRODUCTION

This report summarizes botanical investigations
undertaken aé‘part of a natural resource inventory of
Auyuittug National Park Reserve, Baffin Island, in 1986 and
1987. It is intended to pravidé background information that
can be used in interpretive programs and the conservation and
management of plant communities and wildlife habitat in the
Park. Major objectives are to describe the plant communities
present, analyze the effects of various environmental factors
oﬁ the distribution and abundance of vegetation, and provide
an annotated listing of the vascular flora. 1In addition,
checklists of bryophyte and lichen floras are provided and

some areas of possible botanical significance are identified.
Previous Studies

The history of botanical collecting in the Canadian
Arctic Archipelago has been summarized by Polunin (1940),
Baird and Robinson (1945), Porsild (1957), Porsild and Cody
(1980), Soper and Powell (1985), and others. Cumberland
Peninsula, on which Auyuittug National Park Reserve is
located, has been the site of several previous botanical
studies of varying intensity and thoroughness. From 1934 to
1936, N.A. Polunin (1940, 1947, 1948) accompanied the

Canadian Eastern Arctic patrol ship and described the flora
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and vegetation in the vicinity of several settlements,
including Pangnirtung (located abouﬁ 25 km south of the
present Park). In 1953, the Penny Highlands of Cumberland
Peninsula were the focus of the second Baird Expedition,
organized by the Arctic Institute, to collect information in
a variety of scientific @isciplines. Accompanying the
expedition was F.H. Schwarzenbach, a Swiss botanist from the
University of Zurich. His undated report, translated into
English in 1975, provides a wealth of information on the
vascular plants of the area and the effects of environmental
factors, such as elevation, on plant distribution.

To our knowledge, little or no botanical research was
conducted on Cumberland Peninsula in the 1960s, but with the
designation of Auyuittug as a national park reserve in 1972,
natural resource studies in the area received a new impetus.
Elliott (1973) conducted a reconnaissance-level survey of the
new park, and provided a very general description of the
plant communities present and useful information on the
distribution of vegetation. Lafarge-England (1975)
investigated the botany of the Maktak Fiord-Broughton Island
area in an attempt to test the hypothesis that a refugium,
where plants survived the Wisconsin glaciation, existed
locally. Her work contributed detailed information on the
distribution of bryophytes as well as more general
information on the vascular and lichen floras of the area. As

part of a biophysical inventory of Pangnirtung Pass, Blouin
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et al. (1975) provided phytosociological descriptions of
plant communities and detailed species lists. Later, Paradis
ét al. (1986) made a small reference collection of vascuiar
plants, bryophytes, and lichens while conducting an
ecological land classification of the entire park.

The preceding information indicates that data on
floristicsk(i.e., species ;ists) are good for vascular plants
although somewhat limited by the geographic coverage of most
studies. In contrast, the lichen and moss floras and the
plant communities of the park are less well known. Previous
classifications of plant communities in or near Auyuittug
have limited practical application because they are:

(1) unsynthesized, recognizing too many community types to be
of practical value (i.e., Blouin et al. 1975); (2) too
general and overly simplistic, providing little detail about
the vegetation in a certain area (i.e., Elliott 1973);

(3) applicable only to a limited geographical area (i.e.,
Schwarzenbach, no date); and (4) based on limited field work
and hithy synthetic classes containing groups of
ecologically unrelated species (Paradis et al. 1986). Thus,
there remains a need for a useful description and
classification of plant communities of the park. 1In this
report, we attempt to classify the vegetation of the park in
a simple manner using characteristics that can be readily

recognized by users. The classification is intended for
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application in future ecological, wildlife management, and

remote sensing studies of the park.
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THE STUDY AREA: AUYUITTUQ NATIONAL PARK RESERVE

Auyuittug National Park Reserve is located on the
Cumberland Peninsula of Baffin Island (Figure 1). It lies
mainly above the Arctic Circle and is characterized by a
harsh arctic climate, a rugged mountainous landscape, long
stéep—walled valleys and fiords, and extensive icefields.
The area has been heavily glaciated and the terrain has been
shaped by continental ice sheets, local ice caps, and valley
glacier complexes. Bordered on the northeast by Davis
Strait, the park includes within its boundaries 800 km of
coastal shoreline and 1,157 kn? of salt water (Welch 1984).
The massive Penny Ice Cap and numerous smaller ice caps and

glaciers cover about 40% of the 21,470 K>

park. This
preponderance of ice has given rise to the Inuit name for the
area - Auyuittuqg - which literally means "the land that does
not melt".

Because it contains significant geological features and
is representative of the Davis Natural Region, part of
Cumberland Peninsula was set aside for a national park on 22
February 1972 through an Order-in-Council (P.C. 1972-299).
The area was originally designated "Baffin Island National
Park" but was given the name Auyuittuqg in 1974, after
consultation with the local communities of Pangnirtung and

Broughton Island. Auyuittug is managed according to the

National Parks Act, although its official designation is a
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Figure 1. The location of Auyuittuq National Park Reserve.
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"national park reserve". It will remain a national park
reserxrve until Inuit land claims have been settled (Welch

1984) .
Climate

The climate of Cumberland Pehinsula is relatively harsh

"and unpredictable (Yorke 1972, Masterton and Findlay 197s,
Seidel 1987) and is typified by: (lj a high incidence of
cyclone or low-pressure activity; (2) the highest rates of
precipitation for the arctic islands; (3) the formation of
new ice cover on the ocean during most years; and

(4) variable weather patterns. The local weather is greatly
influenced by the mountainous nature of the local terrain,
which scatters storm systems, causes cloud formation and
precipitation, and channels and intensifies existing winds.
The existence of nearby ice fields causes temperature
inversions and strengthens down-~slope, valley, and fiord
winds. The ocean acts as "a heat sink" and has a cooling
effect on nearby areas ip summer and a warming influence
during winter. Formation of clouds and fog is frequent in
coastal areas during summer. Great variations in temperature
occur seasonally and locally. Seidel (1987) reviewed data for
5 weather stations in the vicinity of Auyuittug and reported
that the mean daily temperature for these stations averaged

above freezing only during June (0.5° C), July (5.30), and
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August (4.5°) (Figure 2). The growing éeason, defined as the
period between the last 5 consecutive days in spring with
mean daily temperatures less than 5% and the first five such
days in autumn (Masterton and Findlay 1976:13), is short
averaging only zb’days at Broughﬁon Island (located 20 km
from the park) and 46 days at Dewar Lakes (about 150 km
northwest). Temperatures average -21.6° ¢ for the November
~April period and are generally lowest in January, February,
and March. |

About 3/4 of the annual precipitation (ca. 30 cm)
occurs as snowfall, although this varies greatly depending on
elevation‘and geographic location (Seidel 1987). Snow may
fall during any month, with October and November having
particularly high snowfall (Figure 3). Peak rainfall occurs
‘in July and August. Because of the local diversity in
topography, exposure, and proximity to modifying influencesl

such as the Penny Ice Cap and the ocean, the climate varies

with location.

Physiography and Geology

Auyuittug National Park Reserve is part of the Davis
Region of the Canadian shield (Bostock 1970). Two
physiographic divisions exist within the Davis Regicn; the
Davis Highlands and the Baffin Upland. The Davis Highlands,

which cover much of the park, are an "elevated belt of deeply
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‘dissected crystalline rocks" (Bostock 1970:14). The Baffin
Upland is lower in elevation and relief than the Davis
Highlands. It occupies only a small part of the park west of
the Penny Ice Cap. Elevations within the park boundary range
from sea level to about 2100 m on the Penny Ice Cap.
Permanent ice forms above 1200 m near the ice cap, but at
somewhat lower elevations near the coast (Andrews and Miller
1972). Our measurements of biophysical maps indicate that
approximately 4% of the park occurs between sea level and 250
m elevation, 15% between 250 and 500 m, 15% between 500 aﬁd
750 m, 25% between 750 and 1000 m, and 40% above 1000 m.
Thus, much of the total park area is at high elevation where
climatic conditions are not suitable for plant growth.

The complex geological history of the Cumberland
Peninsula has been discussed in detail by Andrews and Dyke
(1974), Miller and Bradley (1976), Dyke et al. (1982), and
others (see Andrews and Andrews [1980] for other pertinent
references). The present day landscape is largely the product
of erosional and depositional prdcesses involving continental
ice sheets, local ice caps, and alpine glacier complexes
(Dyke et al. 1982). Based on the distribution of major types
of glacial~erosional landforms (broad summits, horns, aretes,
glacierized and non-glacierized cirques, and U-shaped troughs
and fiords), Dyke et al. (1982) recognized 5 major
physiographic elements in the area which reflect a gradual

erosion of previously existing surfaces. Four of
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these elements - plateau, dissected plateau, scalloped
dissected plateau, and fretted mountains - are found in the
park.

Plateau refers to a gently rolling area of relatively
low relief lacking large distinct summits. In the park,
plateau underlies much of the Penny Ice Cap and predominates
southwest of the ice cap. Plateau areas consisting of broad,
rounded summits separated by large U-shaped troughs and
fiords are termed dissected plateau. This physiographic unit
is characteristic of the coastal areas. Small ice caps are
found on several summits in this area. The term scalloped
dissected plateau applies to areas of dissected plateau which
have been further eroded by cirque glaciers. Despite the
erosion by cirque glaciers, the mountain tops still take on
the form of rounded domes. The land underlying the eastern
portion of the Penny Ice Cap and much of the area north and
northeast of the ice cap is scalloped dissected plateau.
Fretted mountains have been so eroded by cirque glaciers that
cols (sharp-edged gaps), horns (pyramidal peaks), and arretes
(sharpened crests) are formed. The rugged mountains
surrounding the southerh half of Pangnirtung Pass are typical
fretted mountains (Dyke et al. 1982). ‘

Excluding ice, which covers about 40% of the park,
Paradis et al. (1986) recognized 8 major types of surficial
deposits that could potentially support plant growth:

bedrock, colluvium, bedrock-colluvium, till, fluvium,
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lacustrine, marine, and eolian deposits. These deposits,
which represent potentially different environments for plant
growth, are described in greater detail below. Maps showing
the general distribution of surficial deposits are presented
by Dyke et al. (1982). |

Precambrian bedrock is comprised of granitic gneiss and
is frequently covered by a thin layer of weathered bedrock or
till. Thus, included in this category by Paradis et al.
(1986) were deposits recognized as residuum by Dyke et al.
(1982) because of the accuﬁulation of rock debris. Bedrock,
which covers about 18% of the park area, mainly occurskat
higher elevations. Because of its coarse texture, bedrock
usually discourages plant growth.

Colluvium or scree is material loosened by frost action
and transported downhill by gravity. Such deposits are
concentrated in areas of steep slope and generally extend 50
to 100 m up the walls of most fiords and valleys (Dyke et al.
1982). Colluvium consists of large boulders with a matrix of
smaller fragments and sand. In many parts of Pangnirtung
Pass and other areas close to a good source of fluvial
deposits, much fine-textured sand has been wind-depdsited
amongst the scree. In areas where fine~textured materials are
abundant and moisture conditions are adequate, a favourable
environment for plant growth develops.

Bedrock-colluvium is a complex of steep bedrock cliffs

and scree which is difficult to map separately as bedrock or




14
colluvium. It covers only a smal; part of the park (1%),
mostly along fiords and major valleys. Because of its coarse
texture, bedrock-colluvium is a relatively hostile
environment for plant growth.

Till, material deposited directly by glaciers, consists
of rock fragments of a variety of siies. The finer textured
materials (matrix) are mainly sands and gravels and, to a
lesser degree, clays (Dyke et al. 1982). Till sheets
probably average about 1 or 2 m in thickness and their form
is determined by the underlying rock. Thicker accumulations
of till are termed moraines. 1In the park, moraines are
usually sharp crested and less than 30 m in height (Dyke et
al. 1982). ,Genérally, till deposits consist of locally
derived materials although occasional glacial erratics occur.
Measurement of biophysical maps indicates that about 20% of
the park is covered by till. Till supports a variety of ﬁlant
communities with most abundant vegetation occurring under
mesic to moist conditions at low elevation.

Fluvial deposits are sands and gravels transported and
deposited by running water. Typically they occur in valleys
receiving outwash from glaciers and near rivers draining
glacial meltwaters. Although the area covered by fluvial
deposits is small (about l%(of the park), such deposits are
relatively low-lying, level, and located in wide valleys with
good moisture conditions; Therefore, fluvium frequently

supports continuous plant cover.
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In Auyuittug, lacustrine sediments were deposited in
ice-dammed lakes, usually at higher elevations. With the
subsequent melting of the ice, the water levels receded and
the deposits‘were exposed. Lake sediments are fine~textured
and form a thin layer on existing deposits. Lacustrine
deposits cover only a small area of the park (<1%) and,
because they are found mainly at high elevation, do not
support a rich or varied flora.

On Cumberland Peninsula, marine deposits have been
exposed where the earth's surface has risen above sea level.
In areas where the oéean's currents were slow, fine-textured
deposits were laid down. Coarser materials were deposited
along shores subject to wave action. The most extensive
marine deposits in the park occur on the Kivitoo Peninsula
and smaller areas of marine deposits are associated with the
mouths of some of the northern fiords. Marine deposits cover
only 1% of the park, but these deposits are relatively level,
fine-textured, and moist - a good environment for plant
growth.

Eolian deposits, primarily sands or silts, have been
carried and deposited by the wind. In Auyuittuq, eolian
deposits are derived mainly from sand outwash in the valleys
of some of the larger meltwater streams (most notably
Pangnirtung Pass and the head of Maktak Fiord). Strong
valley winds and the nature of the land surface play a

significant role in the deposition of the sands
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(McKenna-Neuman and Gilbert 1985, 1986). The map of Paradis
et al. (1986) indicates that eolian deposits cover an
exceedingly small percentage of the park (<0.01%) although
many of the areas mapped as till and colluvium have been
somewhat modified by wind-tranéported sediments. The amount
of véQetation on‘eolian landforms is frequently limited by
aridity and the abrasiveness of the drifting sands.

Soils

The Canada Soil Survey Committee (1978:19) defines soil
as "the naturally occurring, unconsoclidated mineral or
organic matter at least 10 cm thick that occurs at the
earth's surface and is capable of supporting plant growth."
Aithough the soils of the park are not well undefstood, it is
evident that according to this definition much of the park is
covered by non-soil. In general, arctic soils are shallow,
youthful, and frequently lacking distinct genetic horizons
(Bird 1967). They are strongly influenced by the présence of
permafrost which impedes drainage, and often show evidence of
cryoturbation ("frost-churning", which disrupts existing
horizons. Nutrient levels in the park soils are undoubtedly
poor, and the few pH measurements made by Bockheim (1575) and
Evans and Cameron (1579) suggest that the soils of the
Cumberland Peninsula vary from strongly acidic to neutral

(with acidic soils being prevalent).
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"The classification of Arctic soils is still in its
infancy" (Evans and Cameron 1979) and such soils do not fit
easily within many of the existing soil classification
schemes. Perhaps the most widely used system for classifying
Arctic soils is that of Tedrow (1977). According to this
work, Auyuittuq falls in the zone of subpolar desert soils
(Tedrow 1977:141) and based on descriptions of local soils by
Bockheim (1975) and Terasmae (1975), we believe that at least
5 of Tedrow's major soil types exist in the park including:
(1) polar desert soils characterizéd by gravelly pavement,
high draiﬁage, and sparse vegetation cover (mainl&llichens);
(2) arctic brown soils which form on well-drained till and
colluvium and are typically vegetated by shrubs and
herbaceous plants; (3) tundra soils which are wet, poorly
drained soils developing on permafrost and éupporting sedges

(Carex spp.), cotton-grasses (Exriophorum spp.), and other

moisture~loving plants; (4) soils of hummocky ground; and
(5) bog soils which develop in wet areas and are
characterized by an accumulation of peat.

According to the Canadian System of Soil
Classification, the local soils fall into the Cryosolic Order
because of the existence of permafrost within 1 m of the
earth's surface. Two types of cryocsols are present: static
cryosols which are not influenced by frost-churning
(cryoturbation), and turbic cryosols which are highly

frost-churned. Evans and Cameron (1979) recognized 3 types
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of soils developing on morainal deposits near the park. The
solls were termed Regosolic Static Cryosols, Orthic Static
Cryosols, and Brunisolic Static Cryosols according to the

Canadian System of classification.

Permafrost and Periglacial Phenomena

Auyuittug is located in the zone of continuoﬁs
permafrost that covers much of northern Canada. In this zone,
the earth's surface remains frozen year-round with the
exception of summer thawing of a thin "active layer". Under
such conditions, frost action can bring about the formation
of patterned ground (Bird 1967). Polygons, circles, and
frost-churned soils lacking distinct horizons are typical
products of frost action. In addition, evidence of
solifluction, a slow downhill movement of wet soil on the
permafrost, is frequently seen in places where the soil is

saturated with water from melting snow patches.
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METHODS

Field work was conducted from 10 July - 2 August 1986
and 18 - 24 July in 1987. It involved general reconnaissance
of the park by helicopter (totalling about 35 hours of flight
time spread over 10 days) and more intensive surveys on foot
of the most accessible region of the park, the Weasel River
Valley, over a 2~week period. Based on preliminary assessment
of vegetation distribution from maps, Landsat images, and
previous reports on the park, sites of potential botanical
interest were identified.

At 48 sites in 1986 and 52 sites in 1987, detailed
descriptions of the flora and environment were recorded. For
each site; the following information was entered onto
standardized forms: (1) location, (2) moisture regime,

(3) topographic position, (4) origin and texture of the
surficial deposits, (5) landform, (6) aspect, (7) estimated
slope, (8) elevation, (9) soil texture and depth, (10) ground
cover of 4 vegetation strata, (11) plant community type, and
(12) plant species present.

Moisture regime was subjectively ranked as dry,
dry-mesic, mesic, mesic-wet, wet, or very wet. Seven types
of surficial deposits were recognized after Paradis et al.
(1986): bedrock, colluvium, bedrock-colluvium, moraine,
fluvium, lacustrine, marine, and eclian. For analysis of the

effects of surficial deposits on vegetation abundance and
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diversity, the deposits weré ranked according to texture
(from fine [eolian] to coarse ([bedrock]). Elevation was
usually determined from 1:250,000 topographic maps, or in
some instances from the altimeter of the helicopter. Ground
cover for the entire site (which consisted of an area of
relatively homogeneous vegetation and environment) was
estimated to 1 of 7 classes (modified from Daubenmire
(1959)): 0-1%, 1-5%, 5-25%, 25-50%, 50-75%, 75-95%, and
95-100%. The cover of 4 different vegetation strata (shrubs,
herbs, bryophytes, and lichens) and combined cover of all
strata were recorded. At each site we attempted to identify
all vascular plants present and collected samples of
unidentified plants. Because it was difficult to collect and
transport large numbers of plants in the field, lichens and
bryophytes were collected‘at about half of the sites.

Vascular plants, lichens, and bryophytes were dried,
tentatively identified (in the case of vascular plants only),
and sent to the National Museum of Canada (Ottawa, Ontario)
for final identification. Most vascular plants were
identified by A. Dugal and S. Aiken. The willows were
identified by G. Argus, the lichens by P. Wong, and the
bryophytes by R. Ireland. Specimens of special botanical
interest were retained by the National Museum of Natural
Sciences but most piants will be incorporated into
collections of the NWT Departmenﬁ of Renewable Resources,

Yellowknife, and Environment Canada - Parks, Pangnirtung.
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Except where otherwise noted, scientific names of vascular
plants follow Porsild and Cody (1980) or, for species not
listed in the former reference, Porsild (1957). Nomenclature
of lichens follows Thompson (1984) and that of bryophytes
follows Ireland et al. (1980).

Our intent was to develop a simple classification of
vegetation which could have general application in
ecological, wildlife management, and remote sensing studies
of the park. Ideally, suchba classification should recognize
only a few major classes and be easily applied by Parks
Canada personnel with limited training in botany or only a
basic knowledge of the local flora. Habitat structure
(érowth form of plants), extent of groukd cover (abundance of
vegetation), and aspects of the physical environment are
major attributes used in selection of habitats by wildlife
(e.g., Hildén 1965). These features are easily recognized by
the non—botanist, and are types of factors most readily
identified through remote sensing. Therefore, these criteria
were used in developing the classification of plant
communities.

The general distribution of continuous vegetation was
mapped through visual.interpretation of imagery acquired by

multispectral scanner (MSS) sensors on Landsat satellites

(Harvie et al. 1982).
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RESULTS

Information on the locations, prevailing environmental
conditions, and vegetation of the 100 sample sites is |
detailed in Appendix 1. The general distribution of
continuous vegetation, as determined by visual interpretation

of Landsat MSS imagery is indicated in Figure 4.

General Factors Influencing the Distribution and Diversity of
Vegetation

A number of factors could potentially control the
distribution of arctic vegetation including climate,
moisture, and the nature of the surficial materials (Edlund
1982, 1983, 1986; Zoltail et al. 1983). To analyze the
general factors controlling the distribution of vegetation in
‘Auyuittug National Park