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ABSTRACT

Seismic lines and winter roads., surficial disturbances
related to oil exploration, were sampled where they passed
through three plant communities in the Mackenzie Delta and
the major tundra plant communities in the Tuktoyaktuk
Peninsula region, N.W,.T. Winter disturbances have been less
detrimental than summer disturbances for all communities
examined. Winter roads through upland areas remove most of
the vegetation but the peat layer usually remains intact,.
Wetland sedge meadows are most susceptible to summer activity
and least affected by winter operations. Winter disturbed
Delta communities recover much faster initially than
similarly disturbed upland dwarf shrub-heath communities.

If exposure of mineral soil, as with 1965 summer
seismic lines, results in wet conditions, the grass Arctophila

fulva and the sedge Carex aquatilis are the most successful

colonizers. If dry conditions are created, the grasses

Arctagrostis latifolia, Calamagrostis canadensis and Poa

lanata and the rush Luzula confusa are the most successful

pioneers. 8Six years after exposure of mineral soil, plant
cover was usually 30 to 50%. Once established, the above
listed species slowly expand rhizomatously. Eriophorum

vaginatum and Carex bigelowii appear to be stimulated by

disturbances which are not severe enough to eliminate them.
Eriophorum often flowers much more abundantly on a disturbed
area than in the native tundra.

Thaw is increased 80 to 100% if mineral soil is exposed;



30 to 50% if the peat remains intact, and 1 to 10% if plant
cover is virtually unchanged. Subsurface ice has occasionally
been exposed resulting in thermokarst subsidence. However,
water erosion has nof occurred to any great extent, probably

because of the low precipitation in the region.
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INTRODUCTION

One of the most imporiant physical characteristics
which differentiates arctic regions from temperate is the
presence of permafrost. In summer, usually less than the
top 50 cm thaws, drainage is impeded and the soil remains
cold. Vegetation and accumulated peat are greatly affected
by permafrost and they provide an insulating cover which
reduce:s; thaw depth. Surficial disturbance which disrupts
this protective layer can lead to increased thaw as well as
exposure and melting of subsurface ice. Removal of the
thawed layer exposes underlying peat or mineral soil and
creates conditions leading to secondary plant succession.

With the discovery of oil and gas at Prudhoe Bay:.
Alaska in 1968, exploration was further stimulated in the
geologically related sedimentary basins of the Canadian
Arctic. One of the regions of intense activity has been
the Tuktoyaktuk Peninsula-eastern Mackenzie Delta region,
N.W.T. As in other regions, surficial disturbance has
occurred. Because of the lack of quantitative information
of the effects of such disturbances, a study was conducted
in 1970 and 1971 in the vicinity of 5 major locales in the
Tuktoyaktuk Peninsula region (Fig. 1). The major aims were
to assess quanéitatively the impact of surficial soil and |
plant disturbances on plant cover and depth of thaw as well
as to evaluate the natural plant recolonization of exposed

soil.
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DESCRIPTION OF STUDY AREA

Geology and Physiography

Surficial geology consists of Pleistocene fluvial,
lacustrine and marine sediments, except for the much older
Inuvik and Caribou Hills areas where Tertiary gravels occur
in the north and shales in the south (Rampton 1971, 1972).
The deposits and landforms result from at least two glacia-
tions (Fyles, 1966). The most recent Wisconsin advance did
not cover the arctic coastal half of the Tuktoyaktuk
Peninsula (Fyles, 1967; Prest, 1969). Rampton's (1971)
divisions of the region into 13 areas of characteristic
surficial deposits and near surface unconsolidated sediments
‘agrees closely with the physiographic regions of Mackay
(1963).

Elevation in the Tuktoyaktuk Peninsula is usually less
than 50 m above mean sea level, with local relief rarely
more than 20 m except for the occasional pingo. This
rolling terrain gradually flattens into the Arctic Coastal
plain. Lakes, predominantly of thermokarst origin or modi-
fied by thermokarst processes, cover 30 to 50% of the
surface (Mackay, 1963). With the exception of deep lakes.

continuous permafrost underlies the entire region.

Climate
The entire study area lies well above the Arctic
Circle and, as such, receives continuous insolation in

summer and none in winter for varying lengths of time,



depending on the latitude. There is always a low sun angle.
Hare (1970) presents data that net radiation in the Arctic
ic positive. But Thompson (1967) states that more heat is
lost to space than comes in over one year, the deficit being
replaced by upper atmosphere circulation.

A high pressure area usually sits over the Mackenzie
basin from December to April with the prevailing wind from
the northwest (Thompson, 1967). By mid June the ice has
melted in most lakes and broken up in the Mackenzie Delta.
Tuktoyaktuk Harbour is usually ice free in the latter third
of June (Mackay., 1963). The summer airmass of July and
August is warmer and more unstable. September to November
are the stormiest as low pressure areas move through before
the reestablishment of winter high pressure conditions
(Thompson, 1967).

The limited climatic data of four locations in the
study region are summarized‘in Table 1. The seven winter
months of somewhat continental climate when the ocean is
frozen are ameliorated by the large mass of relatively warm
water below the ice (Thompson, 1967). This effect is least
at Inuvik, the furthest from the coast., where the coldest
month, January. is colder than that elsewhere. The maritime
influence is gfeatest in summer along the coast where
temperatures are lowered by the colder ocean and offshore
ice. Coastal fogs are common. Inuvik, again, is least

affected.

The low absolute humidity of the cold winter air results
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in low snowfall, except for Inuvik. Rainfall throughout the
area is 9 to 1l cm annually. Most falls during the two

warmest months, July and August, when plant growth is the

most active.

Soils have generally developed on surficial grey sands
and till or till-like material (Rampton, 1970). Under the
Canadian system of classification, the soils of the region
are generally as follows: (a) wet sedge meadow soils are
Organic; (b) depending on the moisture, those under dwarf
shrub-heath communities are Gleyscls, Gleyed Brunisols or
Brunisols (the half-bog, tundra and arctic brown soils
respectively of Tedrow et al.. 1958) ; and (c) those in the
Delta proper are Regosols (Janz, 1972). Haag (1972) gives
a detailed description of a typical Orthic Gleysol developed

under a dwarf shrub-heath community near Tuktoyaktuk.

Vegetation

The study region contains three major vegetation types:
the northern extension of the boreal forest of the Mackenzie
Delta; the tall willows of the Delta and other watercourses;
and the tundra.communities of the Caribou Hills, Richards
Island uplands and the Tuktoyaktuk Peninsula. Most previous
studies have been taxonomic or phytogeographic (e.g. Porsild,
1964; Cody. 1965, 1971; porsild and Cody. 1968; Hultén,
1968) . Phytosociological investigations for comparable

regions in Alaska are those of Hanson (1953) . Churchill



(1955) » Bliss and cantlon (1957) and Johnson et al. (1966) .
Gill (1971) classified the successional relations of the
plant communities on the alluvial materials of the Mackenzie
Delta. Corns (1972) is currently classifying the various

upland tundra communities of the study region.

Permafrost Characteristics

A characteristic of the region and one of the major
sources for concern about the effects of disturbance, is the
presence of massive subsurface ice bodies (ice lenses).

Their ice content (weight of ice to dry soil) is generally
100 to 1000%, usually in the upper range (Mackay 1966, 1971).
Shumskii (1964) believes most massive ice to originate from
water injected under pressure into the freezing plane in
areas where resistance is weak. Mackay (1966, 1971) . how-
ever, feels that water is expelled from the freezing of
sands by high pore water pressures below an aggrading
impermeable permafrost layer. This water is then "drawn-up"
to the freezing plane. Massive jce is most common in fine
érained material (Tsytovich et al., 1964; Mackay. 1966).

Although much less massive, the other common type of
soil ice is wedge or vein ice. Its origin and annual growth
is described by Shumskii (1964) . Found in patterned poly- -
gonal ground, it, too. predominates in fine grained sedimenfs
(Ferrians et al., 1969).

Once the insulating vegetative cover is disturbed, thaQ

is deeper (Brown et al.. 1969; Mackay, 1970; and many others).



Subsurface ice may melt and thermokarst subsidence occur
where ice contents are high. Tyrtikov (1964) summarizes
the well known general interactions of permafrost and
vegetation. Pruitt (1970) mentions these and other perma-
frost-tundra biotic community interrelationships.

- Rampton and Mackay (1971) and Bouchard and Ramptén
(1972) provide detailed information on the surficial geology.,
distribution of massive ice and ice content of soils in the

Tuktoyaktuk region.



METHODS

Preliminary aerial and ground surveys in mid-June 1970
allowed identification of the principal plant communities
present and the visual impact of various disturbances in the
study region. Since the disturbances are long. straight,

r. atively narrow paths (7 to 10 m) through the forest and
tundra, stands were selected for their homogeneous appearance
and sufficient length to contain at least one pair of 30 m
transects. The data were obtained by laying out two parallel
transects, one a control in the undisturbed area several
metres removed from the disturbance and the other down the
centre of the disturbance. In more extensive homogeneous
areas, 2 or 3 such pairs, several tens of metres apart, were
sampled.

Sampling trials to determine the efficiency of quadrat
size and shape combined with the time required for sampling
were inconclusive. Thus, at first, the largest quadrat which
could most easily be sampled was chosen: 0.5 m? in low, flat
sedge meadows; 1 m2 in shrub tundra and 2 m x 2 m in the
forest. This was modified in 1971 to a 1 m x 1 m quadrat
for all tundra communities,

In 1970, quadrats spaced every 3 m (ll in total) were
used for cover estimates of each vascular species, mosses,
lichens., litter and bare ground. At every metre, depth of
thaw was determined to the nearest centimetre. The sampling

method was modified in 1971 to 16 restricted randomly
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located quadrats per transect for the cover estimates.' Two
thaw depth measurements were made in each quadrat.

Notes were made of the type, appearance and size of the
disturbance. The amount of any slumping or erosion present
was estimated. Slope and exposure were determined with a
compass-clinometer. Hand texturing gave an estimate of
drainage characteristics and, in a few stands, shallow soil
profiles were examined. In wooded stands, the average height
of each tree species was estimated, DBH determined and sample

trees either sectioned for age (Salix Spp.. Alnus crispa

subsp. crispa) or an increment bore taken (Picea glauca).

Voucher specimens are deposited in the Herbarium of the
University of Alberta and of the University of Toronto.
Nomenclature follows Hultéh (1968) unless otherwise stated,

In the initial data analysis, cover was compared on an
individual species basis for control and disturbed transects
with a t-test. An F-test compared the homogeneity of control
and disturbed variances. 1If they differed, the degrees of
freedom for the t-test were halved (Snedecor, 1956) .

A total of 41 stands (91 paired transects) were sampled,
5 of these being examined in both years. Data were gathered
in one general site before sampling another to minimize the
effect that chénges in plant phenology could have on cover
estimates. Comparison of stands within a site by composition
and species abundance is thus more reliable than between site

comparisons.

Community comparisons were based on calculating Presence
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Value (P,V. = mean cover x\/% frequency) for each vascular
species to determine the dissimilarity between all transects;
Dissimilarity (1 - similarity) was based on a modified
Sgrensen (1948) similarity coefficient which considers the
quantitative co-occurrence and abundance of the species in
the areas being compared. Carmichael and Sneath's (1969) .
clustering subroutine of their Taxmap programme was used to

cluster:

a) the vascular P.V. data for the control (undisturbed)

vegetation,
b) the vascular P.V, data for the vegetation growing
on the disturbed sites,

c) all of the data.

An association table was constructed from this information

and the natural communities were classified.
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RESULTS AND DISCUSSION

Introduction and Literature Review

Palmer and Rouée (1945) simulated the effects of rein-
deer grazing in several Alaskan tundra communities similar
to those sampled during the present study. Their treatments
included spading, hand picking of lichens, removal of plant
cover and different intensities of clipping of single plots.
Recovery usually involved changes in relative species
abundance rather than changes in species composition. This
is the usual pattern of secondary succession in arctic
regions (Muller, 1952; Churchill and Hanson, 1958). Pegau
(1970) reconfirmed this when he revisited two of Palmer and
Rouses's sites. Stimulation of the 'browse' species (Ledum,

Salix, Empetrum, Betula, Vaccinium) by clipping reduced

lichen recovery up to 38 years after the initial treatment.
Recovery studies of alpine tundra with a floristic
similarity to arctic tundra are being conducted in Scotland
(Watson et al., 1970). Permafrost is absent but comparable
conditions of a thawed surface layer over a rigid frozen
mass often occur. Natural recolonization is generally slow
with moister hollows recovering faster than dry sites.
Published reports of the effects and extent of vehicular
disturbance in the Arctic have largely been photographic and
occasionally descriptive. Klein (1970) presents a photoessay
on the impact of recent oil exploration on Alaska's North

Slope and of the effects of the winter haul road used in
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1968-69 along the northern half of the proposed Trans Alaska
Pipeline route.

Hok (1969) documented various vehicle trails with photo-
graphs and some description of their history and effects
through several areas in or near the Naval Petroleum Reserve
No. 4 in Alaska. Summer trails tended to be more damaging
than winter trails. At one summer drill site, trails were
quite prominent but they were absent from a winter drill site.
Wet areas were most affected in summer., Several 16 to 25
year old trails through sedge meadows consisted solely of
wet peat. Moist bladed areas had partial to complete sedge
meadow cover. Dry areas were usually well vegetated. A 7 to
10 year old portion of a trail which traversed an ice rich
slope was still actively eroding in 1969. The prominent
colonizer of the silty mud outwashes at the base of eroding

slopes, Senecio congestus, was absent from the adjacent

tundra. Several pictures of old bladed lines clearly show
abundant clumps of grass. These, however. were not mentioned
in the text. At one site, tussocks, presumably Eriophorum
vaginatum, were described as more "youthful" than those of
adjacent undisturbed areas.

Babb (1972) investigated the effects of several tyﬁes
of disturbance including those related to oil exploration
activity in the Canadian Arctic Archipelago. Melting of
subsurface ice is not a major factor and plant cover is
sparse in many areas. Lush sedge meadows. apparently a

major food base for large herbivores. are very susceptible
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to damage by summer vehicle traffic. Their recovery is very
slow.

Bellamy et al. (1971) conducted tests with various
tracked vehicles over several plant communities near Tununuk
Point and Tuktoyaktuk, N,W.T, during the summer of 1970.

Dry upland communities were least affected and wet lowland
types most disturbed. Some rhizomatous regeneration had
occurred in the vehicle ruts by the end of the summer.

Bliss and Wein (1972) presented some of the early data
from current studies (including this one) of various types
of disturbance in arctic regions. They, along with Rempel
(1970) , review the history and evolution of seismic oil
exploration and technology from the initial summer operations
to the current winter seismic surveys.

Various disturbed sites were located, aged and sampled
with the aid of maps of seismic lines provided by Imperial
Oil Ltd. Calculations showed that 0.56% of the land area of
an intensively surveyed 2100 km? of the Tuktoyaktuk Peninsula
has been disturbed by seismic operations from July 1965 to

April 1970. Summer operations that were discontinued in 1965

covered 1.8 kmz.

Site Locations -

Details of the geographic location, and other character-
istics of each site presented in the text are given according
to region and table number in which each appears in Appendix A.
All sites are indicated on maps. For those that have been

permanently marked with stakes, sketches of the transect
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locations are given,

Plant Community Classification

Corns (1972) is classifying the major tundra plant
communities of the study region. Since his system is detailed
and did not include some of the communities sampled during
the present study, it was modified to arrive at the following
classification (also see Appendix B). Three major types and
several subtypes were recogniied:

a) the Picea glauca-Alnus crispa subsp. crispa-Salix

arbusculoides forest type of the Delta

b) the Salix spp.-Alnus crispa subsp. crispa tall shrub

type of the watercourses, with two subtypes depending

on the willow species, Salix arbusculoides or S. alaxensis

subsp. alaxensis,

c) various tundra subtypes including:
i) the complex of various dwarf shrub-heath
subtypes,
ii) the cottongrass (Eriophorum vaginatum) tussock
tundra subtype.
iii) the various sedge meadow subtypes.
iv) the lake edge graminoid subtypes. -

The most common tundra plant communities in the study
area comprise the complex of dwarf shrub-heath subtypes.
These cover 75% of the land surface. Tussock tundra covers
14%; sedge meadows 6% and lake edge communities 3% (adapted

from Corns, 1972).



l6.

Inuvik Region

The Picea glauca-Alnus crispa subsp. crispa-Salix

arbusculoides forest 3.5 km north of Inuvik was disturbed

by a 1969-70 winter seismic line. It was sampled during
both summers of the study, 1970 and 1971 (Table 2).
In July 1970 (Fig. 2, top). plant cover was 1.4% and

consisted predominantly of patches of Arctostaphylos rubra.

By the second summer (Fig. 2, bottom), cover had increased
to 21%. Willow had a mean cover of 1.4% and alder 0.6%.

Most willow cover was made up of regeneration from rootstocks
rather than seedlings. One live spruce twig was seen. Most

of the plant cover was mosses (6.4%) and Arctostaphylos rubra

(7.8%) . Also present were some Vaccinium uliginosum and

Ledum groenlandicum Oeder. A few isolated grass culms of

Arctagrostis latifolia and Calamagrostis canadensis were

present on the line. Since these were not seen in the forest,
grew singly and did not have extensive root systems, it
appeared that they established from seed.

The silty soils thawed 60% deeper in the disturbed area
than in the control during both years. Localized areas of
subsidence, 3 to 4 m? in area and depressed 40 cm, were
commonly scattered at 7 to 10 m intervals in the second

year. These wetter areas had some Potentilla palustris.

The undisturbed 2.5 to 4.0 m tall willows and the 3.0
to 4.5 m alders ranged in age from 20 to 35 years. The 13
to 16 m tall spruce were 225 to 305 years of age. Gill

(1971), in studying the hydrarch successional sequence in
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Figure 2.

A 1969-70 winter seismic line in the two
summers immediately following its being

surveyed through the Picea glauca-Alnus

crispa subsp. crispa-Salix arbusculoides

forest near Inuvik, N W.T. Note increase
in plant cover, most obviously from
regenerating Salix rootstocks but also

from Arctostaphylos rubra by the second

year (bottom).

Top - July 4., 1970 Bottom - July 2, 1971
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the Delta, gives 20 to 50 years as being required for the

Salix-Equisetum stage, 50 to 200 years for the Salix-Alnus

stage and greater than 200 years for the Picea stage. 1In
view of the regenerating rootstocks of willow and alder,

recovery to the Salix-Alnus stage appears relatively rapid.

Recovery of the spruce forest to its former state, while it

will take a long time, should not take as long as the implied
400 years. The initial wet stages of the hydrarch succession
will not have to occur to provide a suitable habitat for the
establishment of spruce. This is now available, or soon will

be, with the re-establishment of the Salix-Alnus community

on the seismic line.
The other common Delta community sampled was a Salix

alaxensis subsp. alaxensis-Alnus crispa subsp. crispa tall

shrub community, A trail had been created through it,
probably in the winter of 1969-70 (Table 3). Earlier
sampling in 1971 gave lower control cover values. Ground
cover of the mosses increased on the trail since much of
the litter of the natural community was removed. The compo-
sition of the disturbed area was similar in both years. the
major difference being the increase in cover of the tall

shrub species. Hedysarum alpinum, a common species in

natural clearings, increased in the disturbed area. Patches
of bare soil were quite small and infrequent. No signs of
thermokarst were seen in either year. Since much of the
vegetation remained in situ and alive after the disturbance,

recovery to the mature 20 to 30 year old willow-alder thicket
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should occur rapidly.

Tununuk Point Region

Near Tununuk Point, a Salix arbusculoides-Alnus crispa

subsp. crispa tall shrub thicket, was sampled during both
summers. Data from a 1969-70 winter seismic line are given
in Table 4. The line was 4 m wide and depressed 15 to 20
cm on the central portion. There were 1.5 m wide shoulders

with some plant cover.

Arctostaphylos rubra comprised a greater cover on the

shoulder than on the control. Pyrola grandiflora. however,

was almost eliminated. This differing response to distur-

bance is not unexpected. Pyrola has weakly developed

rhizomes while Arctostaphylos rubra has a more extensive

root and rhizome system. Part remains intact in the soil

and can thus regenerate.

Alnus crispa subsp. crispa showed little recovery even

by the second year. Some 20 willow seedlings per transect
were seen on the centre of the disturbed area but most of
the Salix cover throughout the disturbance resulted from

rootstocks.

Salix and Arctostaphylos, with their intact roots or

rhizomes, quickly revegetate the relatively lightly disturbed
Delta communities. This is in marked contrast to a nearby
bare silt airstrip, also in a Delta willow community., that
was used for one year and abandoned in late 1969. The only
cover was a few 5 to 10 cm tall willow seedlings (22 per 10

m2). Salix shoots were sprouting from rootstocks at the
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edge of the river channel where Hedysarum alpinum and Aster

sibiricus were also present.

The remainder 6f the stands sampled at Tununuk Point,
as well as at the remaining areas, were of exclusively
tundra communities.

A cottongrass-sedge-heath tussock tundra community loca-
ted 3.1 km north of Tununuk Point on Richards Island had a
1962 summer seismic line passing through it (Table 5). The

thawed layer appeared not to have been bulldozed aside.

Betula nana subsp. exilis has shown almost no recovery. Five

Alnus crispa subsp. crispa seedlings. although not on the

transects themselves, were seen at the edge of the line.

Vaccinium uliginosum was the only heath to have an appreciable
cover on the line (2.4 vs 11;7% on control). 1In the moister.
disturbed area, lichens had not recovered and mosses were
half of their natural abundance.

The most striking difference between control and dis-

turbed areas was the three-fold increase in Eriophorum

vaginatum on the line. The tussocks were green, vigorous and
flowering abundantly as compared to the controls (Fig. 3).
They produced some 50 times more flowering heads (61.7 + 5.7*
/m2 vs 1.07 + 0.07"/m?). This same phenomenon was seen in a
similar community near Tuktoyaktuk through which passed a

vehicle trail of unknown age. Eriophorum cover increased

* Data are given as mean + standard error
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Table 5. Changes in cover and thaw depth in a cottongrass-
sedge-heath community near Tununuk Point, N, W.T..,

resulting from a 1962 summer seismic line.
Data given as means +

standard error.

Cover

(%) and Thaw Depth (cm)

July 10,
Species Control Disturbed
Alnus crispa 0.8+0.6 0
Betula nana 5.0+1.0 0.4+0.2
Eriophorum vaginatum 9.0+1.0 32.6+3.0
Carex bigelowii 5.6+1.2 12.2+2.0
Empetrum nigrum 1.140.4 0
Vaccinium uliginosum 11.7+0.6 2.6+0.3
Vaccinium vitis-idaea 4.1+0.6 +2
Arctostaphylos rubra 6.4+0.9 0.440.3
Ledum palustre decumbens 3.8+0.7 0
Pyrola grandiflora 0.5+0.3 0
Mosses (Live and Dead) 47.7+2.1 22.9+1.3
Lichens 9.6+0.8 0
Total Plant Cover 105.5+3.0 70.9+3.4
Bare Soil 0 30.9+2.7
Thaw Depth 12.6+0.3 34.4+0.3

a Cover less than 0.05%



Figure

3.

A 1962 summer seismic line through an

Eriophorum vaginatum-heath tussock tundra

community near Tununuk Point, N.W,T..
July 10, 1970. Note greatly increased

flowering on the seismic line.

26.
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Eriophorum vaginatum-heath tussock tundra

community near Tununuk Point, N,W.T..
July 10, 1970. Note greatly increased

flowering on the seismic line,
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from 14 to 52% and the number of flowering heads from 7.40 +
0.17/m2 to 98.0 + l4.l/m2. Wein and Bliss (1972) acknowledgé
that competition may have been reduced as a result of the
disturbance. However, they give evidence that this effect
may be predominantly due to increased mineral nutrition

resulting from greater thaw depth and thus nutrient availa-

bility.

A dwarf shrub-heath community was also subjected to the

same 1962 summer seismic line (Table 6). Salix glauca had

the same cover on control and disturbed areas but Betula nana

was greatly reduced. Vaccinium uliginosum and Arctostaphylos

rubra are the only heaths with appreciable cover, approximately
one~-third of control. The major difference between control

and disturbed areas is the presence of the grasses Arctagrostis

latifolia and Poa lanata and the forbs Stellaria monantha and '

Cardamine pratensis on the line. These species are rarely

seen in undisturbed communities. Bare soil was common but
signs of thermokarst were minimal with two 50x70x15 cm

depressions being the largest recorded.

Atkinson Point Region

A wet sedge meadow consisting of Carex aquatilis subsp.

stans and C. rariflora through which passed a 1969-70 winter
seismic line was sampled near Atkinson Point, in August 1970
(Table 7). The effects of the line were most readily noticed
on very low ridges flanking the meadow. The depth of thaw

was only slightly increased and, on the average., 5% of the
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Table 6. Changes in cover and thaw depth in a dwarf shrub -
heath community near Tununuk Point N.W.T., resulting
from a 1962 summer seismic line.

Data are given as means + standard error.

Cover (%) and Thaw Depth (cm)
July 7, 1971

Species Control Disturbed
Salix glauca 3.8+1.2 3.9+1.2
Betula nana 5.9+1.3 0.9+0.4
Arctagrostis latifolia 0.1+0.1 6.2+0.9
Poa lanata 0 5.6+1.5
Carex bigelowii 8.2+1.0 11.7+1.6
Carex capillaris 0 0.9+0.4
Luzula confusa 0 0.7+0.2
Stellaria monantha +2 5.3+0.6
Cardamine pratensis +2 1.9+0.3
Dryas integrifolia 6.11+0.7 5.2+1.0
Lupinus arcticus 2.2+0.8 1.2+0.3
Empetrum nigrum 3.84+0.6 0.1+0.1
Vaccinium uliginosum 14.2+0.9 4.140.8
Vaccinium vitis-idaea 2.0+0.7 0.2+0.2
Arctostaphylos rubra 5.9+1.0 1.8+0.9
Ledum palustre decumbens 1.34+0.7 0.2+0.2
Rhododendron lapponicum 0.5+0.3 0

Pyrola grandiflora 4.340.4 0.6+0.3
Pedicularis capitata 0.6+0.2 0.2+0.1
Pedicularis kanei 0.7+0.1 0.1+0.1
Saussurea angustifolia 0.8+0.2 1.840.3
Petasites frigidus 0.3+0.1 1.1+0.4
Moss 28.9+1,2 18.2+1.4
Lichens 10.0+0.9 0

Total Plant Cover 99.6+2.0 71.9+43.0
Bare Soil 0 27.1+3.0
Thaw Depth 19.6+0.5 44.5+1.5

a Cover less than 0.05%
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cover was bare peat. The combination of flat topography and
winter exploration when the ground was frozen has minimized

plant community damage.

Table 7. Changes in cover and thaw depth in a sedge
meadow at Atkinson Point., N.W.T. resulting
from a 1969-70 winter seismic line. Data
are given as means + standard error.

cover (%) and Thaw Depth (cm)
August 8, 1970

Species Control Disturbed
Carex spp.2 65.6+3.1 56.7+1.8
Moss ' 35.2+3.0 38.4+1.4
Total Plant Cover 100.8+1.1 93.1+1.7
Bare Peat 0 5.0+1.2
Thaw Depth 34,7+1.1 35.1+0.7

a Carex agquatilis subsp. stans and C. rariflora

An area of raised centre polygons with a dwarf shrub-
heath community was intersected by two 1969-70 winter seismic
lines (Table 8). The passage of the seismic vehicles exposed
mineral soil by shearing off the tops of many of the 1 to 2 m
tall 8x5 m polygons. This was the sole mesic tundra community

sampled in which grasses (mostly Arctagrostis latifolia but

also Poa lanata) were an appreciable part of the natural

plant cover (6%). Of the dwarf shrubs, Betula nana subsp.
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Table 8. Changes in cover and thaw depth in a dwarf shrub -
heath raised centre polygon community at Atkinson
Point, N.W.T., resulting from a winter 1969-70

seismic line.
error.

Data are given as means + standard

Cover (%) and Thaw Depth (cm)

August 8, 1970

Species Control Disturbed
Salix glauca 7.5+1.4 4.5+1.0
Betula nana 14.9+2.3 2.4+0.8
Arctagrostis latifolia 5.8+1.0 2.5+0.6
Carex bigelowii 5.9+0.9 4.2+0.8
Luzula confusa 1.1+0.3 0.7+0.4
Stellaria monantha 2.4+0.4 1.1+0.4
Dryas integrifolia 1.6+0.4 1.4+0.7
Empetrum nigrum 2.3+1.0 0.1+0.1
Vaccinium vitis-idaea 5.8+1.6 2.1+0.8
Ledum palustre decumbens 3.8+1.0 1.1+0.6
Cassiope tetragona 0.6+0.3 0.6+0.4
Saussurea angustifolia 0.2+0.2 0.1+0.1
Lichens 6.2+1.2 1.8+0.6
Litter? 45.8+2.1 43.0+3.1
Total Plant Cover 103.9+0.8 65.6+6.5
Bare Soil | o 36.7+8.0
Thaw Depth 34.8+0.6 35.7+0.7

a Consists predominantly of dead moss.

considered bare peat.

Could almost be
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exilis was proportionately more reduced since it grew most
commonly near the tops of the polygons. No thermokarst was

seen and thaw depths were not significantly different.

A large expanse of sedge meadows occurs at Atkinson
Point. An airstrip was constructed through it in the mid
1950's by depositing 1 to 2 m of sand, the parent material
of the region, onto the vegetation. The species growing in
the sedge meadow and on the sides of the runway are markedly

different (Table 9).

Table 9. Changes in cover and thaw depth in a sedge meadow
at Atkinson Point N.W.T. resulting from construction
of a sand airstrip in the mid 1950's and maintained
since then. Data are given as mean + standard error.

Cover (%) and Thaw Depth (cm)
August 9, 1970

Species Control Disturbed
Salix pseudopolaris 3.3+1.3 0

Carex aquatilis stans 76.0+2.7 . 1.0+0.7
Er iophorum angustifolium 4.,0+1.0 0

Elymus arenarius 0 19.7+43.7
Poa arctica 0 6.0+1.9
Cochlearia officinalis 0] 1.0+0.5
Tripleurospermum phaecocephalum 0 0.7+0.4
Moss 17.4+1.6 0

Total Plant Cover 100.7+0.4 28.4+5.0
Bare Sand | 0 72.2+5.0

Thaw Depth 38.340.5 82.2+1.3
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Carex aquatilis subsp. stans was 76% of the natural plant

community cover but the grasses Elymus arenarius and Poa

arctica contributed most of the sparse cover on the edge of
the airstrip. This community growing at the edge of the
runway was similar to that on the sandy ocean beach. Thaw
depth in the coarse exposed dry sand of the airstrip was
much greater than in the moist peat and vegetation covered

sand of the sedge meadow.

Reindeer Station Region

Three kilometres north of Reindeer Station the slope
of the 150 to 200 m high Caribou Hills is predominantly

covered by Eriophorum vaginatum-Betula nana subsp. exilis-

heath tussock tundra communities. The plateau is dominated
by dwarf shrub-heath communities. Data for a 1969-70 winter
seismic line through the latter are given in Table 10. Only
11% was bare mineral soil, usually the sheared off tops of
hummocks, but most species were reduced 30 to 50% in cover.
Signs of thermokarst were not seen.

The tussock tundra communities of the slope were greatly
affected by the passage of the vehicle train containing the
seismic crew in the winter of 1969-70. Ordinarily., it follows
the path of the seismic line during winter operations but
here it meandered up the slope near the seismic line. This
area was one of the few to show definite signs of erosion.

A trickle of water was present in various portions of the

rutted trail and small areas of sediment deposition were
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Table 10. Changes in cover and thaw depth in a dwarf shrub-
' heath community at the top of the Caribou Hills
north of Reindeer Station N.W.T. resulting from
a winter 1969-70 seismic line., Data are given as
means + standard error.

Cover (%) and Thaw Depth (cm)
July 31, 1970

Species Control Disturbed
Betula nana 5.6+1.3 2.4+0.8
Salix glauca 4.7+1.7 3.5+1.1
Salix arctica 0.2+0.2 0.1+0.1
Carex bigelowii 3.4+0.7 1.6+0.5
Lupinus arcticus 1.6+0.6 0.4+0.3
Empetrum nigrum 8.5+1.5 3.0+0.8
Vaccinium uliginosum 8.2+1.6 4.6+1.0
Vaccinium vitis-idaea 4.8+1.2 1.7+0.7
Arctostaphylos rubra 6.2+1.2 5.4+1.2
Ledum palustre decumbens 5.2+1.7 1.3+0.4
Pyrola grandiflora 0.7+0.5 0.1+0.1
Petasites frigidus 0.940.6 0.3+0.2
Saussurea angustifolia 0.2+0.2 0.1+0.1
Mosses (Live and Dead) 38.3+1.9 56.5+2.0
Lichens 10.4+1.5 6.4+1.5
Other Species? 0.2+0.1 0.1+0.1
Total Plant Cover 99.1+1.0 87.4+2.0
Bare Soil 0 11.4+1.0
Thaw Depth 47.8+1.0 58.9+1.2

a Castilleja raupii and Pedicularis kanei were both present

in Control and Disturbed
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found near the bottom of the hill. Two massive slumps,
30x3x0.8 m, occurred near the top.

Three combinations of the vehicle trail and seismic
line disturbances were sampled. Data for both near the top
of the hill are in Table 1ll. The plant cover was similar

in both disturbances. Carex bigelowii increased in cover

but Eriophorum vaginatum was almost eliminated. Eriophorum

flowering in the control was 10.8 + 2.7/m?; on the line
0.06 + 0.06/m> and on the trail 0.2 + 0.2/m?. Lichens,

mosses and Alnus crispa subsp. crispa were absent. The

greater amount of bare soil on the trail was compensated
for by the presence of litter and dead tussock material on
the seismic line. One of the slumps was in the portion of
the trail sampled and thaw was much deeper in it than in the
seismic line. Both disturbances thawed more than the control.
A part of the trail consisted of two 20 cm deep tracks
with some standing water. One‘track and the 1.5 m wide
vegetated portion between them were sampled (Table 12). The

track consisted of 3.9% Carex bigelowii, 4.7% mosses, 44.1%

bare peat and 46.8% standing water. Masses of filamentous
green algae were scattered throughout the water. Cover in
the region between the tracks was markedly reduced. Ledum
palustre subsp. decumbens and lichens were absent. None of
the other species was significantly increased in cover but

several (Empetrum nigrum, Vaccinium vitis-idaea, the dwarf

shrubs and mosses) were markedly reduced. Flowering of

Eriophorum vaginatum was almost non-existent in both control

(0.83 + 0.53/m?) and disturbed (0.38 + 0.25/m2) sites.
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Chaﬁges in cover and thaw depth in an Eriophorum

vaginatum - heath tussock tundra community on the

slope of the Caribou Hills noxrth of Reindeer Station

N.W.T., resulting from both a seismic line and
associated vehicle trail in the winter of 1969-70.

Data are given as means + standard error.

Cover (%) and Thaw Depth (cm)
July 5,

Species

Control

1971

Disturbed

Seismic Line Vehicle Trail

Alnus crispa

Betula nana

Eriophorum vaginatum

Carex bigelowii

Empetrum nigrum

Vaccinium uliginosum

Vaceinium vitis-idaea

Arctostaphylos rubra

Ledum palustre decumbens

Andromeda polifolia

Moss

Lichens

Litter@

Total Plant Cover
Bare Soil

Thaw Depth

2.3+0.9
12.4+2.1
19.5+4.0
0.6+0.2
3.8+0.7
3.1+0.9
12.9+1.3
6.4+1.7
16.1+1.5
0.7+0.3
9.8+1.6
31.1+3.6
0
118.7+4.0
0
28.1+1.0

3.0+0.7
0.5+0.4
4.3+1.3
0.2+0.1
5.3+1.1
0.1+0.1
1.240.4
1.4+0.4
1.0+0.7

0

0
16.3+2.6
33.3+3.7
69.6+3.4
49.2+1.8

2.9+1.1
0.3+0.3
7.1+1.1
0.1+0.1
3.4+0.9
0.2+0.2
0.9+0.2
1.0+0.3

0.6+0.2
0
0
16.5+1.9
83.8+4.2
62.7+1.4

a Predominantly dead tussock material
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Table 12. Changes in cover and thaw depth in an Eriophorum
vaginatum-heath tussock tundra community on the
slope of the Caribou Hills north of Reindeer
Station, N.W.T. resulting from a vehicle trail
in the winter of 1969-70. Data are given as
means + standard error.

Cover (%) and Thaw Depth (cm)
July 5, 1971
Control Vehicle Trail

Species ‘Between Tracks Within Track

Picea glauca 0.3+0.2 0 0

Alnus crispa 2.3+0.8 0.3+0.3 0

Betula nana 3.1+1.3 0.5+0.5 0

Eriophorum vaginatum 6.8+1.7 8.5+2.0 0

Carex bigelowii 0.5+0.5 0.9+0.5 3.9+1.0

Rubus chamaemorus 19.5+1.3 13.1+1.9 0

Empetrum nigrum 11.7+1.2 1.4+0.5 0

Vaccinium uliginosum 3.5+¢1.0 6.4+1.3 0

Vaccinium vitis-idaea 12.7+1.6 3.3+0.7 o

Arctostaphylos rubra 4.5+1.0 4.6+1.5 0

Ledum palustre decumbens 11.4+1.4 0 0

Andromeda polifolia 1.0+0.3 5.0+2.1 0

Moss 43,6+3.5 6.1+2.3 4.7+2.6

Lichens 3.3+1.4 0 0

Total Plant Cover 124.2+3.6 50.1+7.6 8.6+3.3

Bare Peat 0 51.8+6.3 44.1+4.1

Standing Water® 0 ] 46.8+4.8

Thaw Depth 21.7+0.4 43.6+0.4 47.4+0.8

a Had collected in track created by vehicle tread. Contained

masses of filamentous green algae scattered throughout.
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In the third stand of tussock tundra sampled in the
Caribou Hills (Table 13) vehicle tread marks were visible

but the peat layer remained intact.

Table 13. Changes in cover and thaw depth in an Er iophorum
vaginatum - heath tussock tundra community on the
side of the Caribou Hills north of Reindeer Station
N.W.T., resulting from a vehicle trail in the winter

of 1969-70. Data are given as mean

error.

s + standard

cover (%) and Thaw Depth (cm)

July 5, 1971

Species ~Control Disturbed
Alnus crispa 5.0+1.8 +

Betula nana 6.1+0.9 1,7+0.3
Eriophorum vaginatum 32.7+2.7 17.2+1.7
carex bigelowii 1.6+0.8 1.7+41.2
Rubus chamaemorus 5.9+0.7 8.1+0.9
Empetrum nigrum 5.3+1.5 0.6+0.2
Vaccinium uliginosum 7.0+1.1 3.840.4
Vaccinium vitis-idaea 13.6+0.9 4,2+0.7
Arctostaphylos rubra 2.0+0.6 0.2+0.2
Ledum palustre decumbens 11.2+0.9 3.0+0.8
Andromeda polifolia 0.1+0.1 0

Moss 7.5+1.8 8.8+2.5
Lichens 6.6+1.5 +2

Total Plant Cover 104.6+1.3 49.3+2.7
Bare Peat 0 50.8+3.5
Thaw Depth 22.3+0.7 54.4+0.8

a Cover less than 0.05%
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Alder and lichens were all but absent. Rubus chamaemorus

increased in cover but Carex bigelowii and mosses were un-

changed. All other species were significantly reduced.

Eriophorum vaginatum flowered much less than on the undis-

curbed site (2.3 + 0.5/m2 vs 9.7 * 1.7/m?).

The differing severity of the disturbances described
above may be explained as a function of steepness of slope.
Vehicles are more likely to churn up vegetation and frozen
ground while climbing a slope than when on level ground.

The first area described was at the steepest part of the
slope (12°to 1§)). Subsurface ice appears to have been
present and exposed. Ice thaw as well as any spring runoff
which occurred probably drained along the depression caused
by the vehicle tracks. The absence of further or massive
erosion is most likely a result of the low rainfall prevalent
throughout the study region (see Table 1). The lower slopes

are less steep (at most 4?to‘5°) and thus less subject to

severe damage.

Tuktoyaktuk Region

Most of this study was conducted in the general vicinity
of Tuktoyaktuk., N.W.T. (see Fig. 1). Various communities.
ranging from lake edge graminoid subtypes through sedge
meadows, tussock tundra and the complex of dwarf shrub-heath,
were sampled. The effects of two major classes of disturbance,
winter roads and seismic lines. were examined in as many

communities as possible.
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Winter Road

A compacted snow and ice road passing over both lake
edge and upland dwarf shrub-heath communities is used to
supply and move drilling rigs northeast of Tuktoyaktuk.

Much of the same path has been used during the winters of
1969-70 and 1970-71. A raised centre polygon community and

a dwarf shrub-heath community through which the winter road
passed were sampled (Tables 14 and 15 respectively). The
effects of the road on both were very noticeable. The 4 to 5
m wide centre portion of the road was 96 to 100% bare peat
because of heavy traffic. The less travelled 2 to 3 m wide
edges had 14 to 20% plant cover., This pattern was typical
of the winter road through dry upland areas.

The composition of the two natural commﬁnities differs
but the response of the species common to both is usually
similar. Winter breakage of above ground plant parts is
likely, not only because of continually being passed over by
vehicles but also because of the brittleness of the vegetation

due to low temperatures. Vaccinium vitis-idaea subsp. minus

and Empetrum nigrum subsp. hermaphroditum, with their ever-

green leaves and single rooted stems, are greatly reduced in

cover. But Carex bigelowii, with its thin leaves which die

back every yeaf and many underground interconnected rhizomes,
is not as susceptible to being eliminated if the leaves are
broken off. The dwarf shrubs with their shallow and protru-
ding rootstocks appear to be susceptible to being uprooted

by continual vehicular passage over them.
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Table 14. Changes in cover and thaw depth in a raised centre
polygon community near Tuktoyaktuk N.W,T. resulting
from a winter road used in 1969-70. Data are given
as means + standard error.

Cover (%) and Thaw Depth (cm)
July 20, 1970

Control Disturbed :
Species Edge of Road Centre of Roa
Betula nana 25.2+3.5 0.8+0.6 0
Salix glauca 0.5+0.3 0.1+0.1 0
Carex bigelowii 0.7+0.5 1.5+1.0 0.2+0.2
Rubus chamaemorus 3.9+41.0 4.1+1.2 0
Empetrum nigrum | 7.8+2.3 ~ 0.440.3 0
Vaccinium uliginosum 0.5+0.5 1.2+0.8 0
Vaccinium vitis-idaea 10.8+1.2 1.4+0.9 0
Arctostaphylos rubra 0.5+0.5 1.1+0.7 0
Ledum palustre decumbens 7.7+1.2 0.5+0.3 0
Moss (Live and Dead) 32.6+2.7 0 0
Lichens 9.7+1.7 3.1+1.0 . 0
Total Plant Cover 99.9+1.0 14.2+2.3 © 0.240.2

| Bare Peat ' 0 85.5+2.5 99.9+40.2

Thaw Depth 26.7+0.5 28.0+0.5 33.8+1.0
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Table 15. Changes in cover and thaw depth in a dwarf shrub-

heath community near Tuktoyaktuk, N.w.T., resulting

from a winter road used in 1969-70 and 1970-71.

Data are given as means + standard error.

Cover (%) and Thaw Depth (cm)
August 5, 1971
Control - Disturbed- :

Species Edge of Road Centre of Road
Betula nana 11.9+1.2 2.940.5 0.1+0.1
Salix glauca 12.0+1.2 4.6+0.8 1.0+0.3
Arctagrostis latifolia 0.1+0.1 0.7+0.4 0.5+0.3
Calamagrostis canadensis 1.0+0.5 2.5+0.4 0.1+0.1
Poa lanata +2 0 0
Carex bigelowii 3.4+1.0 3.2+0.4 1.7+4+0.5
Dryas integrifolia 2.1+1.2 0.24+0.2 +2
Empetrum nigrum 8.0+1.1 1.0+0.6 0
Vaccinium uliginosum 2,.3+0.8 2.0+0.6 0.2+0.2
Vaccinium vitis-idaea 12.7+1.0 1.3+0.5 0.2+0.2
Arctostaphylos rubra 1.4+0.7 0 0
Ledum palustre decumbens 3.740.9 0.4+0.3 0
Pyrola grandiflora 1.4+0.8 0 0
Mosses 19.2+1.0 0 0
Lichens 19.5+1.0 0 0
Total Plant Cover 100.8+1.5 18.9+1.9 4.3+0.6
Bare Peat 0 80.4+2.0 96.0+1.0
Thaw Depth 44.440.7 53.4+1.0 64.0+1.5

@ Mean Cover less than

0.05%
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Mineral soil was rarely exposed although vegetation was
almost totally removed. Subsidence was in very small areas,
0.5 to 1.0 m2. In the centre of the road, the depth of thaw
was increased 28% for the polygon community and 44% for the
dwarf shrub-heath community. This was not as great as would
be expected had the peat been removed and mineral soil
exposed. Drying of the top few centimetres of the peat
appears to provide adequate insulation. Massive slumping
was only observed once on a winter road that had been used
for three successive winters, 1 km south of the Imperial Oil
base camp near Tuktoyaktuk. Constant passage over the crest
of a ridge wore down the 15 to 20 cm peat layer to the point
‘that a subsurface ice wedge was exposed and began to melt in
June 1971. This formed a depression 1.5 to 2.0 m deep by
August.

A common lake edge and meadow community of the region is

composed primarily of Carex aquatilis. Part of the winter

road passing through such a community and across a small bay
of a lake was sampled (Table 16). Much bare peat (»90%)
occurred on the road near the lake. But farther from it,

the road was not noticeable when looking across the meadow,
Close examination revealed 26% bare peat. There was no
significant chénge in thaw depth. The pattern observed may be
explained by the fact that, in winter, the rhizome-containing
peat laycr at the edge of the lake would be slightly raised
and probably unsaturated. Thus, it could be easily disturbed

because of the lack of ice cement. On the meadow:, however,



Table 16. Changes in cover and thaw depth in a Carex aquatilis
lake edge community northeast of Tuktoyaktuk., N.W.T,
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resulting from a winter road used in 1969-70 and

1970-71.

Data are given as means + standard error.

Cover (%) and Thaw Depth (cm)

July 30,
Species Transect®? Control Disturbed
Carex aquatilis 1 53.0+2.4 20.4+2.1
2 52.3%3.6 13.740.6
3 62.2+2.2 8.6+0.9
4 58.4+1.5 8.2+0.9
5 58.4+2.0 1.8+0.5
Other Species® 1 20.7+1.2 8.5+0.6
2 22.6+1.0 2.840.3
3 8.3+1.7 0
4 0 0
5 0 0
Moss 1 30.9+2.2 34.1+3.0
2 28.4+2.0 34.1+1.8
3 30.0+2.9 7.1+1.3
4C 0 0
5¢ 0 0
Total Plant Cover 1 104.6+1.5 74.6+4.8
2 103.7+1.4 59.3+2.5
3 100.5+0.5 15,9+1.8
4° 58.4%1.5 8.2+0.9
5€ 58.4+2.0 1.840.8
Bare Peat 1 0 26.7+4.1
2 0 40.3+2.2
3 0 83.4+1.6
4¢ 41.6+1.5 91.8+0.9
5¢ 41.6+2.0 97.8+0.4
Thaw Depth 1 39.6+0.4 41.6+0.3
2 40.4+0.4 39.2+0.3
3 41.4+0.4 44.0+0.2
4 42,6+0.2 43.040.2
5 42,610.2 43.4+0.2

a Transects are in order of increasing proximity to the lake:

1 is several hundred metres removed from it and 5 ends at

the water's edge.

b Other Species were: Salix pseudopolaris, Eriophorum russeolum,
Potentilla palustre, Caltha palustris and Pedicularis sudetica.

¢ Control vegetation of transects 4 and 5 was solely Carex

aquatilis. Live moss was absent. Peat and standing water
comprised the ground layer,.



44.

the water table was probably high enough that a layer of ice

protected both peat and rhizomes.

A second lake edge community, dominated by Arctophila

fulva was sampled along the winter road, east of Tuktoyaktuk
(Table 17) . Bare peat covered by standing water occurred on
several stretches of the road while other parts of the road
appeared undisturbed. The range of variation is reflected

in the three separate transects of Table 17. Ranunculus

gmelini was much more abundant on the open sections of the
road.

It appears that. in winter, wet graminoid communities
with their roots and rhizomes protected by the peat., are
much less susceptible to damage than upland communities.
This is the reverse of the situation in summer when wet
areas are very sensitive to even one pass of a vehicle as

shown by Bellamy et al. (1971) .

Seismic Lines
The most intensively sampled types of surficial distur-
bance in the Tuktoyaktuk region were seismic lines. All
types of tundra communities except lake edge were disturbed
by lines rangipg in age from the summer of 1965 to the winter
of 1970-71.

Two different Eriophorum vaginatum tussock tundra

communities, both subjected to 1968-69 winter seismic lines,
were sampled, one in 1970. the other in 1971 (Table 18) .

The former was visibly the drier of the two and this is
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Table 17. Changes in cover and thaw depth in an Arctophila
fulva lake edge community east of Tuktoyaktuk.,
N.W.T. resulting from a winter road used in

1969-70 and 1970-71.

standard error.

Data are given as means #+

Cover (%) and Thaw Depth (cm)

July 21,
Species Transect?® Control Disturbed
Arctophila fulva 1 89.0+2.6 22.6+3.0
2 77.9+3.8 28.4+3.1
3 77.3+4.7 48.4+4.5
Caltha palustris 1
2 3.6+1.1 1,24+0.6
3 3.7+1.6 1.6+0.5
Ranunculus gmelini 1 0.9+0.4 ' 0
2 8.6+1.0 12,3+1.4
3 8.9+1.9 27.3+3.3
Hippuris vulgaris 1 2.5+0.6 2.6+0.7
2 0.9+0.3 1.8+0.7
3 0.6+0.4 0.4+0.2
Senecio congestus 1 0.1+0.1 0
2 2.940.5 0.4+0.2
3 0.7+0.3 0.8+0.3
Total Plant Cover 1l 92,.5+2.5 . 25.2+3.1
2 93.9+2.0 44.1+4.2
3 91.2+2.2 78.5+2.1
Bare PeatP 1 8.4+2.5 74.4+3.1
2 8.8+2.0 56.3+4.2
3 8.4+2.2 20.6+2.1
Thaw Depth 1 73.3+0.9 96.9+0.4
2 65.2+0.4 88.4+0.5
3 65.8+0.4 85.6+0.9

a Data are for three separate transects parallel to the lake,

b In both Control and Disturbed this is covered by a few

centimetres of water.
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reflected by the differences in composition and abundance of
the species.
Many tussocks of the 1970 sampled line were overturned

and Eriophorum vaginatum cover was one-third that of the

undisturbed area. Live tussocks were not markedly different
in vigour or flowering from that of the controls. This line
was revisited in 1971 but not resampled. It appeared the

same with some 45 to 50% plant cover. l1ittle Eriophorum cover

and few flowering heads.

On the 1971 sampled community. Eriophorum cover was

reduced to two-thirds of the controls but the tussocks were
green and vigorous. Flowering was not significantly greater
on the line than the adjacent undisturbed area (25.9 % 3.8/m?
vs 20.2 + 3.2/m2). The number of seed heads on the control.,
however, except for one other site, was much more abundant
than that found in all control communities sampled at Reindeer
Station or Tununuk Point or presented by Wein and Bliss

(1972) . The other exception is presented later (page 55).

The most common plant community in the Tuktoyaktuk
Peninsula, the dwarf shrub-heath complex. was subjected to
a variety of seismic surveys which differed not only in time
of year but also in method. An examination of several dif-
ferent lines thus allows a comparison of the magnitude and
effects of these disturbances on the same type of plant
community. Data from four different seismic lines through
comparable examples of the same community are given in

Table 19. They were: (a) a 1965 summer line in which the
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thawed layer was bulldozed aside for geophone placement,

(b) 1967-68 winter and (c) 1968-69 winter lines in which the
bulldozer blade was used to level the surface, resulting in
sheared off hummock tops and (d) a 1970-71 winter line in
which the bulldozer was equipped with "mushroom shoes" to

maintain the blade above the hummocks.

The 1965 summer line was the most affected because of
the bulldozing aside of the vegetated layer. Mackay (1970)
and Rempel (1970) describe the appearance of such lines in
the four years following their formation. Figure 4 is of
one such line in July 1971.

Total plant cover was only 43% after six years. The
species growing on the control and disturbed areas were very

different. The grasses Arctagrostis latifolia, Calamagrostis

canadensis and Poa lanata were scattered in clumps throughout

the line. The clumps were 40 to 80 cm in diameter, 100 to
130 cm tall for the first two species and approximately one-
third to one-half of this for Poa. In the natural tundra,
however, these species usually occur as single culms and are
less than 1% of the plant cover (e.g. Appendix B, Table 19).

The dwarf shrubs Betula nana subsp. exilis and Salix glauca.,

as well as the heaths Vaccinium vitis-idaea subsp. minus,

Arctostaphylos rubra, Ledum palustre subsp. decumbens. Pyrola

grandiflora, Empetrum nigrum subsp. hermaphroditum, although

abundant in the natural community. were rarely found on the
line. Lichens were virtually absent. Cover of mosses was

greatly reduced and they usually grew in moist depressed areas.



Figure 4.

50.

A 1965 summer seismic line (left) and associated
vehicle trail (right) through an upland dwarf
shrub-heath community in the Tuktoyaktuk
Peninsula, N,W.T., July 17. 1971.

Note: Red erect plant in middle ground is

Rumex arcticus. Straw colour in mid and back-

ground is last year's dead culms of Arctagrostis

latifolia and Calamagrostis canadensis. White

dots in foreground of trail are flower heads of

Eriophorum vaginatum. Reddish green area in

mid-ground of line is Arctophila fulva.
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A 1965 summer seismic line (left) and associated
vehicle trail (right) through an upland dwarf
shrub-heath community in the Tuktoyaktuk
Peninsula, N.W.T., July 17, 1971.

Note: Red erect plant in middle ground is

Rumex arcticus. Straw colour in mid and back-

ground is last year's dead culms of Arctagrostis

latifolia and Calamagrostis canadensis. white

dots in foreground of trail are flower heads of

Eriophorum vaginatum. Reddish green area in

mid-ground of line is Arctophila fulva.
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]

Thaw was 102% deeper on the line. Slumped areas, ap-
proximately 2.5x1.0x0.5 m, were occasionally seen. Measure-
ments of the amount of material pushed aside and of the
volume of the line fevealed that some 2.0 m3 of material per
metre of length of the line were missing. At other sites
along this and other 1965 summer lines, values ranged from
1.5 to 3.0 m3 per metre of line. The missing volume, as
suggested by Mackay (1970), was due to thermokarst subsidence
and general subsurface melting of supersaturated soils and
loss of water by evaporation since no signs of erosion or
gullying were seen. One exposed ice wedge was seen on a 1965
summer seismic line. An 8 m long pool of water was present

in front of the actively melting wedge.

Disturbance was much less on the winter seismic lines
(Table 19). Plant cover on all three lines was from the
species present and abundant in the native community. The
difference in total cover between the control and disturbed
areas was due to a reduction in the abundance of most species.
Dwarf shrubs were shorter on the lines than on the controls,
25 to 45 cm vs 50 to 65 cm. Although the total cover was
greatest on the 1968-69 line, the visual impact was the least
on the 1970-71 line (Fig. 5). This is a result of the change
in survey methods.

Thaw, while deeper than in adjacent undisturbed sites,
did not result in the massive thermokarst subsidence of the

summer line, This is a result of the difference between
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Figure 5. A 1970-71 winter seismic line in the Tuktoyaktuk
Peninsula, N, W.T., July 27,1971. Note minimal

damage to the existing vegetation, in contrast

to Figure 4.
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A 1970-71 winter seismic line in the Tuktoyaktuk
Peninsula, N,W,T,, July 27.1971. Note minimal

damage to the existing vegetation, in contrast

to Figure 4.
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summer and winter exploration. Summer activity exposed the
clayey. till-like parent material of most of the Tuktoyaktuk
Peninsula for the entire extent of these lines. Winter
operations only exposed bare mineral soil on the tops of

the hummocks. This was commonly 5 to 20% of the total cover.,
usually in the lower end of the range. Thus the amount of
soil exposed and the resultant increase in depth of thaw was

not as great as on summer surveyed lines.

Recolonization of 1965 Summer Seismic Lines
The 1965 summer seismic lines provide an excellent op-
portunity to study the initial stages of succession on newly
exposed mineral soil in a Low Arctic region. Several dif-
ferent plant communities throughout the Tuktoyaktuk Peninsula

were traversed during that summer's operations.

Two sedge meadows, one east and one south of Tuktoyaktuk.,
were sampled (Table 20). They were similar in composition
and responded in a similar manner. The major par£ of the
26% plant cover on both lines consisted of mosses., Carex

agquatilis and C. membranacea which occurred in the natural

community, and Arctophila fulva which was not present in the

natural community. Other species found solely on the lines

were typical of wet communities. They included Ranunculus

gmelini, Hippuris vulgaris and Senecio congestus. The lines

were approximately 75% bare peat. Thaw was approximately 35%
deeper instead of 80 to 100%. as in the 1965 summer seismic

o
lines where mineral soil was exposed.



54.

_ ‘smopeaw y3joq Fo jusuodwod Jofew ay3z aq o3 paxeadde
stiijenbe °D ‘xonomog ‘AToaT3ejeoboa YSTNOUTISTP 03 ITNOTIITP o2I9M A9yl HutIsmoOTI

axsm sjuerd Moy 9ouTsS “jussaad aI9M ST[Ijenbe *D pue EBoOBURIQUOW XoIB) SMOpesw yjoq Ul e

L T¥Z°€S S°0+0°6€ 8°0+Z “8% §°0+Z " 9¢ yadeq meyy
T°b+S°€L 0 8°C+6°EL 0 jeag oxed
S Y+L"9Z 0" T+¥°TOT L°ZFT°92  €°0F€°00T I9A0D 3JueTd Te3IOL
L°TF0°S Z°v+0°61 S 1+2°6 €°T+I°vE (peag pue @ATTI) SSOW
Z2°0+p°0 ) Sn3sobuoD OToaUSS

T°0+1°0 0 €°0+7°0 0 stIebIna standdig
$°0+8°0 0 v T+p € 0 Tutlowb sninounueg
T°0+1°0 0 sTI3snTed mnuwmo
1°2+9°L S"p+0°18 S 1+8°€ S T+L"€9 g "dds ¥Xsxed
§°0+5°0 S 0+€°T §°0+S°0 €°0+¥° T umToSssSnI umIoydotad
T°E+T°€T 0 9°T+¥°8 0 eatng ertydojoay
0 S°0+T°T stxetodopnasd XT1es

peqxInistdg TOI3Uo0D paqanastq TOox3U0D soToads

TL6T '8T ATnr (q) TL6T ‘TE ATur (e)

(wo) yadag meyg pue (%) IS40D

*I0II9 pIepuRlS + SUBSW Se usATHh axe ejeq “°SoUTT
OTWSTOS JIsuumMS G96T IUSIDIITP WOIF HUTITNSSI I °M°N M3Ixelolyny FO yinos pue
JSea SaT3TUNUMOD mopeaw a9bpas ajexedss omy uTr yjdop meyl pue I2A0D UT sabueyd °0Z °Tqel




55.

An Eriophorum vaginatum tussock tundra community south

of Tuktoyaktuk was sampled where both the 1965 seismic line
and the accompanying vehicle trail passed through it (Table
21). The natural community and vehicle trail were moist but
the seismic line had standing water.

Arctophila fulva was the most abundant species on the

line. Also present were Carex aquatilis and Eriophorum

angustifolium. These three species are typical of many wet

sites in the tundra. Heaths were totally absent from the
line as were the birch and willow dwarf shrubs, Carex

bigelowii, Rubus chamaemorus and lichens. Some Eriophorum

vaginatum tussocks were present in the drier portion of the

line where Arctagrostis latifolia occurred. Wet clayey

mineral soil covered almost 50% of the line and thaw was
73% deeper.

The vehicle trail, although floristically intermediate
to the natural community and the line, was closer to the
former. Heaths, mosses and dwarf shrubs were reduced in

cover and lichens eliminated. Carex bigelowii and Eriophorum

vaginatum increased in cover with the latter doubling its
production of seed heads (50.1 _-i_-_6.9/m2 in the trail vs

24.4 i_3.4/m2 in the contgol). The increase was not as
dramatic as at Tununuk Point (page 24) because of the much
greater production of seed heads in the control than in those
sites (see also page 47). Thaw was 41% deeper and 21% bare

soil was exposed on the trail.
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Table 21. Changes in cover and thaw depth in an Exriophorum
vaginatum-dwarf birch-heath community south of
Tuktoyaktuk N.W.,T. resulting from a 1965 summer
seismic line and associated vehicle trail. Data
are given as means + standard error.

Cover (%) and Thaw Depth (cm)
July 17, 1971
Control Disturbed

Species Trail Line

Betula nana 9.3+1.0 1.2+0.5 0

Salix glauca 0.3+0.3 0.8+0.6 0

Arctagrostis latifolia 0.2+0.1 1.3+1.0 1.5+1.2

Arctophila fulva o 0.3+0.3 32.5+3.6

Eriophorum vaginatum 17.3+1.3 40.7+4.5 5.4+1.9

Eriophorum angustifolium 0 0 0.9+0.9

Carex bigelowii 3.7+0.9 7.9+2.5 0

Carex aquatilis 0 0 1.8+0.8

Luzula confusa 0 0.2+0.2 0

Rubus chamaemorus 8.0+0.9 3.1+1.1 0

Empetrum nigrum 2.6+0.6 0.5+0.3 0

Vaccinium vitis-idaea 9.6+0.9 5.0+0.8 0

Arctostaphylos rubra 0.9+0.5 0 0

Ledum palustre decumbens 8.6+0.7 2.1+0.4 0

Rumex arcticus 0 l1.6+1.1 0.6+0.6

Petasites frigidus 0 0.3+0.3 0

Moss 30.0+1.6 12.6+1.3 6.4+1.5

Lichens 7.3+1.6 0 0

Total Plant Cover 97.8+1.1 77.6+2.8 50.3+4.7

Bare Soil 0 ‘21.41}.8 49.7+4.17

Thaw Depth 27.3+0.5 38.6+0.8 47.0+1.3
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A depressed centre polygon community east of Tuktoyaktuk
was sampled in both 1970 and 1971 (Table 22). The vegetatioﬁ
growing on the line was different from the natural community.

Rubus chamaemorus. Betula nana subsp. exilis, lichens and the

heaths were abundant on the controls but absent from the line,

Arctophila fulva was the most abundant vascular species on

the line in both years. Ranunculus gmelini and the mosses

increased their cover in 1971, Carex aquatilis and C.

membranacea, although present in 1970 were not in the quadrats,

nor were they as abundant. Bare moist peat was most of the

cover of the line in both years.

Most upland dwarf shrub-heath communities which have
been disturbed by a 1965 summer seismic line typically have

the grasses Arctagrostis latifolia, Calamagrostis canadensis

and Poa lanata in various combinations as their major

vegetative cover. On one occasion this was not the case.

Wet conditions had been created. Table 23 compares this site

to a more typical one. Arctophila fulva was the major compo-—

nent of the plant cover on the wet site while the dry site

was dominated by Carex bigelowii and the aforementioned
grasses., Heath species were absent from both sites. Clayey
mineral soil was exposed in both lines. Both thawed some

85% deeper than their respective controls.

A dwarf shrub-heath community south of Tuktoyaktuk,
subjected to both a 1965 summer seismic line and the associ-

ated vehicle trail, was sampled (Table 24).
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Table 24. Changes in cover and thaw depth in a dwarf shrub-
heath community south of Tuktoyaktuk, N.W.T,
resulting from a 1965 summer seismic line and
associated vehicle trail. Data are given as
means + standard error.

Cover (%) and Thaw Depth (cm)
August 6, 1971
Control Disturbed

Species Trail Line

Betula nana 9.4+1.7 4.4+0.8 1.3+0.7

Salix glauca 8.9+3.9 7.8+0.7 3.9+1.3

Arctagrostis latifolia 0 8.9+1.6 14.6+3.0

Calamagrostis canadensis 0.1+0.1 8.1+2.0 7.6+2.6

Poa lanata 0 1.6+0.6 2.0+0.6

Hierochloe alpina 0.9+0.2 1.4+40.6 0

Carex bigelowii 0.1+0.1 0 1.740.6

Luzula confusa 0.1+0.1 2.0+0.5 2,61+0.7

Stellaria monantha 0 0.8+0.3 0.6+0.4

Cardamine pratensis 0 1.4+0.4 0

Lupinus arcticus 2.740.9 0.8+0.4 0.2+0.1

Epilobium angustifolium 0 0 0.4+0.4

Empetrum nigrum 13.3+1.0 0.8+0.4 0

Vaccinium uliginosum 1.3+0.7 o) 0

Vaccinium vitis-idaea 3.2+40.7 3.4+0.6 0

Arctostaphylos rubra 0.2+0.2 0.61+0.6 0

Ledum palustre decumbens 5.8+0.9 1.0+0.3 0

Pyrola grandiflora 9.0+1.0 0.6+0.3 0.3+0.3

Pedicularis kanei 1.4+0.3 0 0

Petasites frigidus o] 5.6+1.7 1.0+0.8

Saussurea angqustifolia 0.2+0.2 0 0

Moss 20.3+1.0 8.9+1.8 1.9+0.7

Lichens 19.1+1.6 0 0

Total Plant Cover 96.0+2.5 58.1+2.8 38.3+4.6

Bare Soil 0 38.8+2.4 62.2+4.5

Thaw Depth 35.0+0.6 55.5+1.0 67.3+2.2
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The vehicle trail appeared intermediate floristically and in
species abundance to the seismic line and the natural commu-
nity. The grass complex of typical dry 1965 summer lines
was present in reduced abundance on the vehicle trail. And
the heaths, absent on the seismic line, were present but
less abundant than in the natural community. Bare soil and

thaw depth were greater on the line than on the trail.

A general picture of the recolonization and initial
stagés of succession in various tundra communities can be
obtained from their response to exposure of mineral soil by
removal of the vegetation. Both Bliss (1971) and Savile
(1972) review several aspects of arctic plant adaptations
including germination, seedling establishment and dispersal
mechanisms.

The major pioneer species (Table 25) of either wet or
dry areas are predominantly grasses or sedges: Arctophila

fulva and Carex aquatilis in wet areas; Arctagrostis

latifolia, Calamagrostis canadensis, Poa lanata, Carex

bigelowii, the less abundant but typically present rush

Luzula confusa, and occasionally Carex capillaris in dry

areas. Other pioneer vascular species include Epilobium

angustifolium, Senecio congestus, Stellaria monantha and

Cardamine pratensis in more moist microsites of the dry lines.

The heath species which form such an abundant and con-
spicuous portion of all but the wettest natural communities

appear totally incapable of becoming established on mineral
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soil. Bliss (1957) found that only Ledum palustre subsp.

decumbens of the common heaths showed any germination in his
studies of northern Alaskan species.

The autecology of successfully established species on
1965 summer lines near Tuktoyaktuk is presently being studied
(W.E. Younkin, personal communication). He found that

Arctagrostis latifolia and Calamagrostis canadensis produce

much viable seed. Late ripening (mid-August) ensures that
they will not germinate until the following spring when con-
ditions are most suitable for successful seedling establish-
ment. |
Rhizomatous connections between plants growing on the
dry disturbed areas and the adjacent natural community were
confined to the pushed up edges of the line. Such species

included Petasites frigidus and the dwarf shrubs. The grasses

of the dry sites, however, do have rhizomatous root systems
and can grow in clumps once they are established.
Thus, in view of the method of disturbance and since most
species growing on the lines, although rare or absent in the
| adjacent natural community, do have a very viable seed, it is
most likely that tﬁeir successful establishment has been from
seed. Once a few seeds are established, the gradual expansion

of the clone can cover a relatively extensive area.
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SUMMARY AND CONCLUSIONS

A comparison of summer and winter disturbed communities
throughout the study area reveals that summer disturbance is
much more detrimental to all plant communities sampled.
Sparsely vegetated gravelly areas such as eskers and moraines
which cover a minor portion of the study area are possibly
the only exceptions.

Summer seismic lines originally bladed to permafrost,
resulted in exposure of mineral soil for their entire length.
Recolonization of such areas has been slow, especially for

dry upland sites. The grasses Arctagrostis latifolia,

Calamagrostis canadensis and Poa lanata and the rush Luzula
confusa, species uncommon in adjacent undisturbed communities,
are the most common and typical pioneers of the drier sites.

The grass Arctophila fulva and the sedge Carex aquatilis are

the most common pioneers of wet areas. Once all these species
are established, growth is by gradual rhizomatous expansion.
Winter seismic lines result in limited exposﬁre of mineral
soil. Usually at least 50% of the natural community is un-
disturbed. Thus the compositidn of the plant community on
winter lines is similar to the natural community. The abun-
dance of the individual species is usually reduced. Roots
and rhizomes often remain intact in the peat layer.
Forested and tall shrub Delta communities suffer much
greater initial damage from winter seismic lines than do tundra
communities. But recovery of the vegetation is more rapid in

the Delta.
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Wet communities in the tundra are less damaged by winter
seismic lines and winter roads than dry upland communities.
This is the reverse of conditions in summer when wet com-
munities are very sensitive to even one pass of a vehicle.

Unless the peat is removed, winter disturbed wetland and
dry upland communities regenerate predominantly from undis-.
turbed roots and rhizomes.

Eriophorum vaginatum appears to be stimulated both

vegetatively and in production of seed heads by disturbance
which does not eliminate it. This appears to be due to an

ameliorated nutrient regime. Carex bigelowii was also

observed to increase significantly in cover on several
seismic lines.

Almost all disturbances result in a deeper thaw.
Exposure of mineral soil usually results in increases of 80
to 100%. If the peat layer remains intact, the increase is
usually 30 to 50%. And if the plant cover is little modified.
thaw depth usually increases only 1 to 10%.

Few signs of erosion were seen during this study. This

is probably due to the low precipitation in the region.
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Appendix A

Details on the location of each of the sites discussed
in the text are presented in this appendix. The sites are
referred to according to the region and the table number
in the text in which the data are given, Latitude and
longitude have been estimated to the nearest half minute
and all sites located on maps. Sketches of transect

locations for the permanently marked sites are also given.

Inuvik Region Sites (Fig. 6)

Table 2.
This site is a 1969-70 winter seismic line through a

Picea glauca-Alnus crispa subsp. crispa-Salix arbusculoides

(white spruce-alder-willow) forest community. It is 3.5 km

- northwest of Inuvik on the west bank of the East Channel of
the Mackenzie River Delta at latitude 68°23.0'N and longitude
133°46.5'W (Fig. 6).

The E-W line is approximately perpendicular to the East
Channel. The soil is a Regosol consisting of a 5 to 10 cm
litter and organic matter horizon overlaying the silty
parent material. This site was permanently marked (Fig. 7).
The transects sampled were approximately 275 m in from the

river.

Table 3.
This site is a vehicle trail created in the winter of

1969-70 through a Salix alaxensis subsp. alaxensis-Alnus
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Figure 6. Location of Inuvik Region sites sampled on N,T.S.
map 107 B/7 (1:50,000) with sites referred to by
their table number in the text.

(PN oiNUVIK
A o/

NSRANS c/_”o/ NORTHWEST TERRITORIES

s

\\'3\\)& ( N, TR

cl 1]
‘... - ':‘\\\;. ‘ ;2/
N “ S
NPy @l
AN ! ;\Uh\ o \ :

m(‘)’_
S e

[

7/

a.A

Sallt o

'''' 1969-70 winter seismic line ™~
= = 1969-70 winter vehicle trail

5 location of site

SCALE 1:50,000 ECHELLE .

Miles 1

e
<. Ya
. Anchorage ® )

Metres 1000 500
(oS,

Yards 1000 500 [+] i 0 ‘07 8/7 \
(g =l == e, s I = EDITION . N (\(




Figure 7.

75.

Location of the individual transects sampled for

the Inuvik Region site presented in Table 2 in

the text.
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crispa subsp. crispa (felt leaf willow-alder) tall shrub
community. It is 11 km northwest of Inuvik on the east

bank of the East Channel of the Mackenzie River Delta at
latitude 68° 27.0'N and longitude 133°49.0'W (Fig. 6).
Running NW-SE parallel to the river, it is approximately
perpendicular to a 1969-70 winter seismic line which crossed
the river. This site has been permanently marked (Fig. 8).
The soil is the typical Delta Regosol. The sites sampled

were approximately 300 m from the seismic line.

Tununuk Point Region Sites (Fig. 9)

Table 4.

This site is a N-S 1969-70 winter seismic line through

a Salix arbusculoides-Alnus crispa subsp. crispa (green leaf

willow-alder) tall shrub community. It is 3.2 km northwest

of Tununuk Point on the south bank of the first channel on

the western side of the channel forming the west side of
Richards Island at latitude 69°01.5'N and longitude 134°44.5'W

(Fig. 9). The sites sampled were located some 400 m from

the channel's edge.

Table 5.

A 1962 summer seismic line passed thfough a cottongrass

(Eriophorum vaginatum) tussock tundra community, 3.1 km north

of Tununuk Point on the east side of Richards Island at
latitude 69°01.5'N and longitude l34°39.0'W (Fig. 9). The

N-S line is at the base of a ridge in a relatively flat
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Figure 8. Location of the individual transects sampled for
the Inuvik Region site presented in Table 3 in
the text.
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moist tussocky area which gently slopes (<1%) to the river.
The soil consists of a 15-20 cm litter and humus peat

horizon overlaying a clayey parent material containing

scattered gravel.

Table 6.

The same 1962 summer seismic line as in Table 5 also
passed through a dwarf shrub-heath community. This site is
2.9 km north of Tununuk Point on the east side of Richards
Island (latitude 69°01.SFN, longitude 134039.0'W - Fig. 9).
The NE-SW line is on a ridge (elevation approximately
100 ft) through a hummocky area. A thin 5 to 10 cm peat

horizon overlies the clayey parent material containing

scattered gravel.

Atkinson Point Region Sites (Fig. 10)

Table 7.
An E-W 1969-70 winter seismic line passed through a wet
sedge meadow approximately % km south of the airstrip at

Atkinson Point (latitude 69° 56.0'N, longitude 131° 25.5'W -
Fig. 10).

Table 8.

Two 1969-70 winter seismic lines intersect in an area
of raised centre polygons at latitude 69°56.0'N and longi-
tude 131°26.0'W, % km south of the airstrip at Atkinson
Point (Fig. 10). One line runs NW-SE; the other E-W. The

soil is poorly developed, the sandy parent material being
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Figure 10. Location of Atkinson Point Region sites sampled

on N.T.S. map 107 D/13 East (1:50,000) with sites
referred to by their table number in the text.
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soft and crumbling easily.

Table 9.
This site was adjacent to the airstrip at Atkinson
Point at latitude 69 56.0'N and longitude 131°25.0'W

(Fig. 10). A wet sedge meadow and peat horizon covers the

sand in the natural community.

Reindeer Station Region Sites (Fig. 11)

Table 10.

The Caribou Hills 3 km north of Reindeer Station are
covered predominantly by dwarf shrub-heath communities.
Microreiief is present due to 20 to 30 cm high hummocks
but topography is flat or gently rolling. The site sampled
was a NE-SW 1969-70 winter seismic line at latitude 68°44.0'N
and longitude 134°10.0'W (Fig. 11). The parent material of

the soil was clay with some sand.

Table 11.

A 1969-70 winter seismic line and vehicle trail near
‘thé top of the Cafibou Hills‘atvlatitude 68°44.0'N and
longitude 134’ 10.5'W (Fig. 11) lie NNE up the 15° slope

through a cottongrass tussock tundra community.

Table 12.

This site is along the same vehicle trail as Table 1l.
It is approximately 3/4 of the way up the hill where the
slope is 8°, (latitude 68°44.0'N and longitude 134°11.0'W -
Fig. 11). |
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Table 13.
This site is halfway up the hill along the same vehicle
trail as the previous sites (11 and 12). The slope is 4° at

latitude 68°43.5'N and longitude 134°11.0'W (Fig. 11).

Tuktoyaktuk Region Sites (Figs. 12, 13, 14 and 15)

Winter Road (Figs. 12 and 13)
Imperial Oil has a base camp ("Tuk Base") 4 km southeast
of and across the harbour from Tuktoyaktuk. A winter road

generally heading northeast from the base camp was sampled

at several sites.

Table 14.

A site 1.5 km along the road at latitude 69° 26.0'N and
longitude 132°54.5'w (Fig. 12) was sampled beside some
raised centre polygons. A surficial peaty humus horizon

was 25 to 30 cm thick on both disturbed and undisturbed

areas,

Table 15.

Two km northeast of "Tuk Base" the road descended from
a raised area to cross a creek (latitude 69°26.5'N, longitude
132055.0'W - Fig. 12). The upland area was sampled. The
humus horizdn under the vegetation was 10 to 15 cm thick

and the parent material clayey.

Table 16.
Some 12 km northeast of "Tuk Base", the winter road

crossed a large expanse of sedge meadow (Carex aquatilis)
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Figure 13. Location of the Tuktoyaktuk Region sites sampled
on the northern portion of N.T.S. map 107 C/8
West (1:50,000) with sites referred to by their
table number in the text.
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Figure 14. Location of the |
Tuktoyaktuk Region ( PORT) 9
sites sampled on :
N.T.S. map 107 C/7 ( BRABANT) - b
East (1:50,000) with 'rum'ovmf'rux N ¢ ;

sites referred to by
their table number
in the text.
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Figure 15. Location of the Tuktoyaktuk Region site sampled

on N.T.S. map 107 C/1 West (1:50,000) with site
referred to by its table number in the text.
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as well as the small bay of a lake (latitude 69° 29.5'N,
longitude 132040.5'W - Fig. 13). This site has been

permanently marked (Fig. 16). Peat extended throughout

the thawed layer (39 to 44 cm).

Table 17.

Five km northeast of "Tuk Base", the winter road skirted
the edge of a relatively large lake (latitude 69027.0'N:
longitude 132°50.0' to 132051.0'W - Fig. 12). It passed

through a flat grassy Arctophila fulva dominated community

adjacent to the water. This site is probably on the former
lake bottom. A gravelly beach ridge with much felt leaf

willow (Salix alaxensis) occurs some 30 to 50 m from the

present shoreline.

Seismic Lines (Figs. 12, 13, 14 and 15)

Table 18(a).

This site is an E-W 1968-69 winter seismic line through
a moist cottongrass tussock tundra 3 km south of "Tuk Base"
(latitude 69024.0'N; longitude 132057.0'W - Fig. 12). 1It is
situated in a low flat valley surrounded by 15 m high hills.

The parent material is clayey and contains some sand.

Table 18(b).

This site is a NE-SW 1968-69 winter seismic line through
a very moist cottongrass tussock tundra community, 9.5 km SW
of Tuktoyaktuk at latitude 69°23.0'N, and longitude 133°08.0'W
(Fig. 14).



Figure 16.
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Location of the individual transects sampled for
the Tuktoyaktuk Region site presented in Table 16
in the text.
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Table 19(a).

An E-W 1965 summer seismic line through dwarf shrub-
heath communities was sampled 10.5 km south of Tuktoyaktuk
(latitude 69022.0'N, longitude 133005.5'W - Fig. 14). Four
separate transects in three different topographic situations
were sampled (Fig. 17): south exposed slope (transects 1 & 2);

top of ridge (3); bottom of slope (4).

Table 19(b).

This site is 3 km south of "Tuk Base" on the same E-w
1968-69 sinter seismic line but 100-200 m east of site 18(a)
(latitude 69024.0'N. longitude 132056.5'W - Fig. 12). The
line passed through a dwarf shrub-heath community developed
on a raised area over the typical clayey till-like parent

material of the region.

Table 19(c).

Four km northeast of the Eskimo lakes and 26 km south
of Tuktoyaktuk is a NW-SE 1967-68 winter seismic line
(latitude 69°13.0'N, longitude 132°55.5'% - Fig. 15). The
site was at the top of a 20 m hill covered with a dwarf
shrub-heath community. The pPredominantly clayey soil

contained some gravel.

Table 19(d).

At latitude 69°21.5'N and longitude 132°58.0'W (Fig. 12)
@ NW-SE 1970-71 winter seismic line was sampled 8 km south
of "Tuk Base", This site through a dwarf shrub-heath

community was marked (Fig. 18).
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Figure 17. Location of the individual transects sampled for
the Tuktoyaktuk Region sites presented in
Table 19(a) and 21 in the text.
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Figure 18. Location of the individual transects sampled for
the Tuktoyaktuk Region sites presented in Table
19 (d) and 20 (b) in the text. The positions
given for site 20 (b) are approximate.
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Table 20(a).

An E-W 1965 summer seismic line descended from an upland,
passed through an area of dry and wet depressed centre poly-
gons and crossed the winter road in the vicinity of the site
in Table 16 (12 km along the winter road; latitude 69029.5'N,
longitude 132°41.5'W - Fig. 13). The wet polygons contained

sedge meadows of Carex aquatilis and C. membranacea. Peat

was some 40 cm thick and gravel was present at depths greater

than 50 cm.

Table 20(b).

This site is along a N-S 1965 summer seismic line and
is near site 19(d): 8 km south of "Tuk Base" at latitude 69°
21.5'N and longitude l32°58.5'W (Fig. 12). The line descended
from an upland and passed through a wet sedge meadow (Carex

aquatilis and C. membranacea) beside a small lake (Fig. 18).

Table 21.

Site 21 is along the same E-W 1965 summer seismic line
as site 19(a) between transects 3 and 4 (Fig. 17). It is
10.5 km south of Tuktoyaktuk at latitude 69022.O'N and
longitude 133°05'w (Fig. 14) in a low moist area of cotton-

grass (Eriophorum vaginatum) tussock tundra.

Table 22,

The same E-W 1965 summer seismic line as in Table 20(a)
passed through an area of slightly depressed centre to flat
relatively dry polygons: 12 km northeast of "Tuk Base";

o
latitude 69°29.5'N, longitude 132 41.5'W (Fig. 13).
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Table 23(a).

This site ig along a NW-SE 1965 Summer seismic line ,
9 km south of "pyk Base" and 1.5 km east of site 19(d) at
o
latitude 69 21.0'N and longitude 132°56.5'w (Fig. 12). fThe

site is on an upland ridge top with a dwarf shrub-heath

community,

Table 23(b).

An E-W 1965 summer seismic line passed through an
upland dwarf shrub-heath community 12 km northeast of "pyuk
Base" at latitude 69°29.5'N ang longitude 132°40.5'w (Fig. 13),
This site ig approximately % km east of sites 22 ang 20(a).
Yhen it was revisited in 1971, it was found to have been

disturbed once again. The bulldozed-aside material had been

pushed back into the line,

This site is 11 km south of Tuktoyaktuk and 2 kxm south-
east of sites 19(a) and 21 (latitude 69°21.0'N, longitude
133°02.5'W - Fig. 14)., 1t is along the same 1965 summer
seismic line which lies NW-SE at this point. The dwarf

shrub-heath community sampled was at the top of a 15 n high
hill,
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