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ABSTRACT

N\

The vegetation and soils of an involuted hill, a massive

éround—ice landform on the Pleistocene Mack%nzie Delta, were descr
quantitativély and qualitatively.' The vegetation from 34 stands was
classified into 5 community types (ct's) within 3 tundra groups, using
minimum varfqnce clusfer analysis, principal components ahalysis.and
field observations. The Upland Tundra Group occurs on the outer
ridges of the hill, on midslope positions and on the large ice-wedges
of fhe hill's central plateau. There are 2 ct's in_this group, the

Salix glauca-Lupinus arcticus ct and the Betula glandu]osa-Vaccinium

vitis-idaea ct. Orthic Turbic Cryosols are the dominant soils in this

group.

The Depressiona] Wetland Tundra Group occurs in wet, 1ow-1ying,'

sites in which the ground water is stagnant. This group is composed

of 2 ct's. The Moss-Eriophorum vaginatum ct occurs in the large
depressions between the outer ridges of the hilt and in smaller
ice-wedge bo]ygon depressions; G]eysolic/Static éryoso]s are the

dominant soil tybe. The Lichen-Ledum palustre ct occurs on

_well-developed, high-center polygons and in snowpack sites; Mesic or

-

Humic Organic Cryosols are the most common soils in this ct.

.The Lotic Wetland Tundra Group is found only along drainage

channels that dissect the outer ridges of the hill. The Salix

pulchra-Alnus crispa ct makes up this group.



A1l the ct's found on the involuted hill hav; been reporfed ‘from
other iow arctic sites in North America. However, while the
Depressional Wetland Tundra Group appears to be common a]ong>the
argtic coastal plain, the Upland Tundra Gfoup is more characteristic
of the Foothills province of Alaska. It appears that the upland sites

on involuted hills act as disjunct foothill elements.

|
Sails in depressional sites are water-logged. Plants that are

able to translocate oxygen to their roots (e.g., Eriophorum vaginatum)

or which root above the anaerobic portion of the solum (e.g., most
ericads) dominate in the depressions. ‘The drier, more aerated, soils
of the Upland Tundra Group do not produce the gas exchange and
toxicity problems encountereq 1n:the depressional sites. Therefore,
in the upland sites, plants are able to freely root through-the\

surface organic horizons.

Nutrient availability is a major factor which determfnes the
location of.the ct's on the involuted hill. A literature survey
revealed that in tundra sites, deciduoﬁs shrubs have the highest
nutrient demands, followed by graminoids, with evergreen shrubs bejng
among the least nutrient-demanding of vascular plants. The Salix

glauca-Lupinus arcticus ct is restricted to the sites of highest

nutrient availability. Betula glandulosa is also most common in

nutrient-rich stands.

AN

Depressional stands are dominated by species adapted to nut}ient—

-poor conditions. These species have low nutrient requirements and/or

Ty



are efficient in retaining nutrients they accumulate (e.g., Ledum

palustre, lichens and mosses). .
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1.0 INTRODUCTION

Previous synecological research in low arctic regions has
attempted to establish the relationship between topography and
vegetation patterns. Webber (1978), working in Barrow, Alaska,

egarded microrelief, through its effects on drainage, as the
principal control on the plant environment. Janz (1974) investigated
soil and topographic relationships on the Pleistocene Mackenzie Delta
and attempted to relate environmgnta] patterns to the plant communi-
ties in the region as described by Corns (1974). Periglacia1
geomorphic features appear to be the major topographic elements along
the arctgé\coastal plain; the distribution of plant communities 1is

often re]afed to the patterns of relief created by these features.

In the mid#1970'svthere was 1néreasing resou;ce exploration and
anticipation of‘industria1 development within the Mackenzie Delta (
region. Hence phenomena such as massive bodies of subsurface ice .
became of concern to engineers, geologists and ecologists, due to'the
high susceptibility to thermokarst erosion shown by these features.

In response to fhis concern the Geological Survey of Canada initiated
a number of studies to determine the nature and extent of massive

ground ice features in the Mackenzie Delta region (e.g., Rampton and
Mackay 1971, Rampton and Bouchard 1975). Geological investigations

were conducted on two involuted hills 1h an attempt to determine the

origin of these massive .ground ice :atures. The Geological Survey

also wanted baseline data on the plant communities which occur on the

hills.



Thé'general purpose of this thesis is to provide plant ecological
information about an involuted hill which was studied by the
Geological Survey. The principal objectives of this study are to:
(1) provide an ecologically meaningful c]aséification of the vascular

plant community types (ct's) which occur on the involuted hill, (2)

relate the ct's on the involuted hill to ct's found in other low
arctic regions, and (3) attempt to provide some insight into edaphic

factors affecting the distributioﬁ of the ct's on the involuted hill.



2.0 STUDY AREA

The jnvoluted hills are concentrated in an approximately 560 sq km
area which starts about 15 km east of the hamlet of Tuktoyaktuk. = The
involuted hill investigated in this project lies within the Geo]ogica1
Reserve created by the Geological Survey of Canada (Scott pefs. comm,
1979) and is located at approximately 69°30'N Lat. and 132030'N Long.

(Figure 1).

Geological History

Involuted hills are large (1 x 2 km diameter and 30 m high)
ice-cored mounds,‘in which both the ice‘wedge polygons and massive
ground ice, which form the hills, have differenfially melted out and
partially slumped (Mackay 1963). A series of involutions on the hiTIs
has been created by the meltiné and slumping. On air photos, the
1n§o]uted hills -resemble "the wrinkled skin of a well-dried prune"
(Mackay 1963) (Plate-1). The involutions “are curviné to branching
ridges, rénging up- to several hundred yérds in length, sévera]‘scorg
yards in width, and 20 feet in height" (Mackay 1963). Involuted hi]is‘
along with pingos are important landform and ecological feétures on
ﬁhe Pleistocene Mackenzie Delta as fhey are ﬁhe main e]ement§ of
reljef in the otherwise relatively. flat, poor\y drained, tundra

terrain. '

\

The area in which the involuted hills occur is underlain by the

stratified sands and gravels of an ancient Pleistocene delta. These



Figure 1: Involuted hilis on the Pleistocene Mackenzie Delta,
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Plate 1

\

_Air photo mosaic of the involuted hill

study area. Dark tones are ridges or
large ice wedges and are occupied by
stands of the Upland Tundra Group.
Lighter tones are stands of the
Depressional Wetiand “undra Group.



deposits are found at a depth of approximate]y 35 m under the hills
and 15 m under the surrounding area (Rampton and Mackay 1971} Rampton
and Bouchard 1975, Scott, pers. comm. 1979). A 15-m thick layer of
clayey diamicton lies over the sandy sediments. The diamicton appears
to be a.ti11 but its surface has experienced s]umping and is, there-
fore, colluvial in origin (Rampton and Bouchard 1975). Under the
1nvo]uted'hi1ls, between the sand and gravel sediments and the
diamicton, there is a zone of highly convoluted maséive ground 1ce.‘
These ground -ice masses are responsib]elfor the relief of the
involuted hills; if they were to melt out the hills would collapse to
the level of the surrounding terrain.

The basal sand and gravel.deposits appear to be of glacio-fluvial
origin from a proglacial delta that prograded into a marine
environment (Rampton and Bouchérd 1975). The overlying till is
believed to be from an early Wisconsin advance of the Laurentide
1cefsheet, An early- or pre-Wisconsin date is; therefore, ascribed to
the sandy sediments. Radiocarbon dates from the area are beyond the

o

range of C14, thg;gpxiindicating that.the till deposits are greater
‘than 40,000 years old (Mackay et al. 1972): Rampton (1982) calls thié
early-Wisconsin advance the Buckland Glaciation. This glaciation

covered the Mackenzie Delta area to the Richardson Mountains in the

west and reached its northern limit along a 1ine from Kugmallit Bay

across tHe Tuktoyaktuk Peninsula to Liverpool Bay (Forbes 1980). The
late-Wisconsin glaciation apparently did not cover the Tuktoyaktuk'

Peninsula area; hence the area has probably been unglaciated for at

least 40,000 yrs (Forbes 1980, Rampton 1982).



The massive ground ice under the till formed subsequent to
‘glaciation for it is not composed pf glacial icer(Rampton 1973).
It has been proposed that the water which formed the massive ground
ice came from the melting continental glacier, flowing through the
sandy sedimenté under the till driven by a hydraulic gradient created
by the weight of the retreating glacier (Rampton 1973). Massive
segregation ice between the till and sandy sediments formed unQer the
inf]uencé”of/the pgrig]acia] climates which developed subsequent to
glaciation. The involuted hills have probably been in existence since
the retreat of the 1ate~QQaternary continental glacier (40,000 yrs).
Rampton (1973) states that the Tuktbyaktuk Peninsula was fairly stable

geologica]ly for the remainder of the Quaternary.

During a postglacial period from about 11,500 to 3,600 B.P. the
climate improved and at about 8,000‘B.P. was warmer than present
conditions (Ritchie and Hare 1971, Ritchie 1972). During this period
there was extensive thermokarst activity and the hills probably took
on their present involuted appearance through slumping caused by
| melting of ice wedges and Aifferential exposure of massive ground ice.
Thermokarst activity appears to have slowed when climatic conditions
started to deteriorate at 5,000 yr B.P; (Rampton 1973). Thus it seems
that the invo]uted hills Have beeﬁ in existence for about 40,000 yrs -

and have attained their present form within the past 5,000-10,000 yrs.

2.2 Climate

The study area has a maritime tundra climate (Burns 1973). The



nearby hamlet of Tuktoyaktuk has a short frost free period (56 days)
and low annual precipitation (138.mm) (Figure 2). However; this frost
free period is about 3 weeks longer than that at Barrow and |
Tuktoyaktuk rece19e§ 30% more precipitation over fhe year (webbér
{978). Tuktoyéktuk and Barrow have 6ean annual temperatures of -10.9
and —12.500, respectively, and a mea;‘dai]y maximum temperature of the
warmest month of 15.2 and 7.29C respectively (Webber 1978, Canada

Climate Program 1982). The warmer, wetter climate of Tuktoyaktuk is -

probably due to the moderating influence of the Mackenzie River. The

river brings in warm water from southern areas causing a relatively

early breakup and more moderate temperatures along the coast (Gill,

pers. comm. 1977).
2.3 Soils

The most prominent features of the soils on the Tuktoyaktuk
PéninsulaAare the presence of permafrést near the surface combined
with intense cryostatic activity.A Permafrost inhibits draingge
through the soil profile and subsequently seasonal waterlogging is
common in the lower part of the active layer (Zoltai and Tarnocai
1974). This inhibition of drainage creates anaerobic cpnditfons and,
subsequently, gleyed horizons in the mineral part of the solum are

common.

Earth. hummocks, which are created by frost activity, are the
dominant micfo—topographic features in the region. Soils which

develop under these hummocks are extremely cryoturbated with the upper
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Climatic diagram for Tuktoyaktuk, N.W.T.(after Walter 1972)
on the basis of data from the Canadian Climate Program

(}983). Abscissa: months (Jan.-Dec.):; ordinate: 1 division
=10 C or 20 mm precipitation. a,station name; b,elevation;

'c,duration of observation (yrs); d,highest recorded temper-

ature C; e,mean daily maximum temperature of the warmest
month; f,mean daily minimum temperature of the coldest month:
g,lowest recorded temperature; h,curve of mean monthly temp-
erature; i,mean annual temperature; j,mean annual precipita-
tion; k,curve of mean monthly precipitation; 1,months with
mean daily temperature below 0 C; m,months with absolute
minimum temperature below 0 C; n,mean duration of frost

free period in days.
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horizons commonly being broken by frost action and parent'material'
being forced to the surface (Zoltai and Tarnocai 1974). Pfofile

development is weak in these soils,

Zoltai and Tarnocai (1974) report that Turbic Cryosols dominate in
‘the Pleistocene Mackenzie Delta Region while Clayton et -al. (1972)
report the dominant soils are Cryic Gleysols with subdominant Cryic
Regosols. The Canadian System of Soil Classificaticn as devised Qy
the Canada Soil Survey Committee (1978) resolves these fwo pofﬁts of
view. Under this system the ﬁominan§ soils of the region would now be
c]assified &s Gleysolic Turbic Cryosols with Regosolic or Orthic

Turbic Cryosols being subdominant. The Gleysolics will tend to be

more common in depressional posit16ns while the Rerso]its and Orthic .

Turbics will be more common in the $omewhat bettér‘drained upland
sites. Clayton et al. (1972) also report significant’incTusions of
fibriso]S on the Tuktoyaktuk Peninsula. Under the Canadian System of
SA1 Classification (1978) these soils would now be contained within
the Organic Cryosol Great Group. These Organic soils are common in

drained lake basins and in other locations which have well developed

<

high-center polygons.

10



3.0 METHODS
3.1 Field Research .

In thfs thesis 'stand' refers to a pqrticuiar example of
vegetation which was sampled. 'Commuhity type' refers to a grouping
of similar stands. Representative stands for vegétation sampling were
chosen. from low-altitude, orthopisto haps of the involuted hill
(Geological Survey of Canada 1977). Stands to be saipled were chosen
on the basis of differences in tone and texture pP the orthophoto map
and on qifferences.in tdpdgraphic‘bosition. Trangects 50 m in length
were located in the field from the'orthophotg‘map‘. The tran;ect was
placed in the center of the'stand as close to parallel to the long
axis of the stand as possible. /%WO lt_.m2 quédrats were samb]ed within
each 10 m section of the transect. The location of the quadrats
within tﬁe 10 m section were chosen from a three-digit random numbers
table. The first digit determined whether the first quédrqt was on
the right side (eveh number) or left side (ddd number) of the
transect. The second qﬁadrat was always on the oppositg side 6f the

transect fraﬁ the first quadrat. The second digit indicated»t“e
position of thé first_quadrat,'in meters, from the start of each 10 m
section. The third digit indicated the position of: tﬁé second quadrat
from‘tpg,start of thé section. This procedure wds/repéated for all
five iO m séctjons‘in the tranéect, yié]ding ten r;ndom]ylstratified,
1 m2 quadrats %or'each'of the stands. Quadrats were piaced 1 m from
'thé t(ansect Tiqe iﬁ ofder to avoid samp]ing vegetation which had been

crushed during establishment of the line. Betﬁegn June 22 ‘and July

H | L |
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31, 1980, a total of 35 stands were sampled. One transect was
eliminated from the data-set as it included both high- and low-center

polygon community types and therefore was distinctly heterogeneous.

Wi*hin each quadrat Tive vascular plant cover was estimated by
species and assigned a cover class value (Table 1). Covers of both
lichens and mosses were estimated for their entirg taxonomic compjex,
i.e., they were not separated into species. The height of the tallest
plant spec1es in each quadrat was also recorded. Surface conditions
were descr1bed in each quadrat including the area] extent of hummocks,
interhummock depressions (hollows), and tussocks. Specimens of all
vascular plant species that were found on the invo]uted“hi11 were
collected. Voucher specimens were deposited in the Northern Forest

Research Centre Herbarir— (NFRC) in Edmonton,

During a dry period from the 17th to the 31st of July soi]s were
sampled in 18‘pf the 35 vegetation stands. The soil sample sites were
.chosen.on the bésis of drainage regime and végetation. Five pits 5 m
apart were dug in eacﬁ of the sampled stands. At 3 of the pits, the
following data were recorded: 1) Qoi1j£emperature, 2) frost depth,
3),thickness of organic‘and clay ho%izons, 4) geomorphic features, and
5) dominant vegetation. At the other 2 pits the above data were
collected and, additionally, each hbrizon was identified and its
thickness, texture, structure, co]dr'and lower boundary form were
noted. Depth to ffost was measured by inserting a steel probe into
the ground until it contacted the frost table, withdrawing the probé

and then‘measuring the depth of penetration along the probe. Field
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Table 1. Midpoints assigned to cover class values; based
on % of ground covered by a species in each

quadrat.
Cover Class Value % Cover Range Midpoint |

+ rare .1
1 <1 .5
2 1-5 3
3 6 - 10 8
4 11 - 25 18

) 26 - 50 | 38
6 51 - 75 63
7 76 - 90 83

9 96 - 100 98
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descriptions of the soil profiles fgllowed Dumanski (1978). Sample-
fpr éoi] moisture,\texture and n;trients were taken from each of the
major horizons (< 5 cm) in each of the soil pi?s and placed into heavy
gauge p]astfc bags which were then heat—sealéd. This collecting
method %%11owed Zoltai (1980). 1In transit to Edmonton, soils from 3
of the stands were lost and, therefore, moisture, texture and

nutrients were determined for 15 stands.

3.2 Laboratory Procedures

The cover-class values assigned to each species were converted to
midpoints (Table 1), Avéraging of the midpoints for each species iﬁ
the 10 quadrats géve 'a mean cover for that species in the stand.
Similarity coefficients for the n{n-1)/2 = 561 stand pairs (distance
matrix in Appendix I) were computed as squared euclidian distance
(Wishart 1978). Wards method of minimuh—var}ance cluster analysis
(Wishart 1978) was used to classify the stands into community types
using Wishart's CLUSTAN 1-. -ogram-set. Since lichens.and mosses had
several species in each stand but were recorded as single taxonomic
units, they were ﬁééked from the final analysis. waever,»;omparison
between runs in which lichens and mosses were masked and un-masked

showed no important difference in stand classification.

A principal components analysis (PCA) was done in conjunction with
the above technique in order to help synthesize the cover value data
from the stands so that they could be grouped into community types. \\/)

PCA is a useful classification technique when the underlying
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environmental factors controlling the distributions of species is not
known. Mathematicé] details for the calculation of PCA can be found
in Orloci (1975) and Pielou (1977). Simple summaries of the
principles of PCA are given‘by Gauch (1977, 1982).

A single PCA was run using untransformed cover data from the 34
stands. The analysis was carried out using the CLUSTAN 1-C program
package of Wishart (1978). Since the numbef of species and stands
were relatively smé]] there were no problems encountered inuprogram
restrictions and therefore cover values for all species were included
in the analysis. A single two-dimensional ordination of all the
stands on the hill was constfucted using the first and second

»

principal components as the x and y axis resﬁective1y.

Species names follow Huitén (1968). Data sheets for thé plant
community survey, based on Corns (1974), were drawn up before ‘the new
flora for theAregion (Porsild and Cody 1980) was published.
Differences in the classification of certain species groups between
the two nomenclatural aﬁthoritiés make translation to the new system

difficult.

Soils were collected in heavy plastic bags and heat-sea]ed‘(see
3.1); this method yields good results for physical properties and
nutrient analysis (Zoltai 1980). However, due‘to organic matter
decompositibn in the sealed environment, the pH values of the samples
may have decreased towards the aci&ic side of the scale. The pH

values' cited in this text are, therefore, probably lower than those of



fresh soil samples. Also, though the bags were heat-sealed, there may
have been moisture loss from some of the samples. The samples were
stored in a very dry laboratory; the vapour pressure of the air in the
bags would have been higher tﬁan that of the surrounding air.
Diffusion of air from some of the bags is evidenced by the bags being
drawn tight around the soil sample. Some moisture from the soil was
probably lost during diffusion from the bag. Since there is no
measure of the moisture loss frqm the bags, loss was assumed to be
uniform between the samples. Reported moisture contents are,
therefore, minimum values; field moisture was probably higher. Due to
initially inadequate storage and processing facilities, partial
decomposition of the samples could not be prevented. Therefore, the
available nutrient values are meaningful only in relation to other
samples from this study and shbu]d”nof be uncritically compared to

data from other research.

Since bulk density was not determfned in the fie]d; nutrient
analysis was initially calculated on a per unit weight rather than
volume basis. Because the orcanic soil samples are very light in
comparison to the mineral soil samples, however, this method produces
results which make the organic sampies appear to be much more
nutrient-rich than the minera1'§amp1es. In order to compgnsate for
this problem équa] weights of dried samples from the organic and
mineral port{on of each pit were weighed and then their volumes
measured under equal compaction pressure. A conversion factor based
onvvolume was determined for each sample in order to express fhe

nutrient value of all soils-on a unit-volume basis. Evep with this

16
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conversion nutrient values of the organic samples appear to be too
high. The higher values may be due to breakage of the organic matter
in processing, thus yielding higher weight per volume than would have

occurred in untreated fresh samples.

Field soil moisture content was determined by weighing a sample of
the soil, dfying it at 105°C for 24 hourg, ahd then re-weighing it
(Eilers 1976). Laboratory analysis on the 2 mm fraction iﬁc]uded:
pressure p]a;e extraction to determige moisturé retention at -1/3 and
-15 bars (Eilers 1976); particle-size analysis by the pipette method
(Green 1976); pH by calcium chloride (Osborne 1976); and Séganic
matter by the wet oxidation method of Walkley and Black (1934)."
Exchangeab]e‘tations were determined by extraction with.ammonium
acetate and by atomic absorption spectrophotometry (Chapman 1965).
Total phosphorus was determined by sodium carbonate fusioﬁ (Atkinson
et al. 1958) and‘total nitrogen by a semi-::cra Kjeldahl method

(Bremef 1965). Statistical analysis of soils data were conducted by a

Students t-test at 95%.



4.0 RESULTS
4.1 Vegetation

4.1.1 Cluster Analysis

A cluster analysis dendrogram was used to classify the plant
community types (ct's) on the involuted hill (Figure 3; see methods,
.3:2). The classification ié quantitative as it is based on the cover
of plant species and the plant commﬁnity ﬁypes are thus distinguished

in terms of both species composition and species structure. The
~dendrogram contains 3 primary clusters which efféctive]y separate the
community types into upland sites on the left and lotic and
depressional sites on the right. These 3 clusters are fused at a
'coefficient Qf 150.911. Five secondary clusters, corresponding to
community types, areldistinguished at a coefficient of 56.306. The
prihary upland cluster consists of 2 secondary clusters which include

(1.) stands dominated by Salix glauca (1,8,10,12,16,18,25) and (2.)

Betula glandulosa (2,4,6,13,14,17,20,21,27,32,35). The primary

depression cluster consists of 2 secondary clusters. The first

. cluster (3.) is aominated by.ﬁoss species, predominantly Sphagnum;
shrubs have notably low cover values (stands 3,5,9,11,15,19,28,29,32).
The second cluster (4.) (stands‘7,22,23,24,30) is dominated by lichens
and is quite heterogeneous ih terms of composition, Ordination
reveals that stands 22 and 24 are also closely related to the

preceding cluster (see.below). Stands of the finai;ulotic, cluster

(5.) are dominated bj Salix pulchra (26,33).

18 -
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Quantitatively-based cluster dendrogram showing classi®i-
cation hierarchy of stands found on the involuted hill.

Bracketed numbers indicate community types recognized at
the 56.306 coefficient.
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4.1.2 Ordination

Species/ﬁover data were uséd to construct an indirect ordination
of the invoiuted hill stands (Figure 4;hsee 3.2). . Generally, the
results of. the ordination supported the community classification of
the cluster analysis, but there was some deviation. Again, upland and
Adepressiona] sites were clearly separated with upland stands groﬁped.
to the left of the vertical axis and depressional stands grouped to
the right. Also, with the exception of stands 2,6,13,17 and 21,
sﬁrub-dominated stands lie above the horizontal axis while

non-vascular-dominated stands lie below this axis.

Stands of the ct dominated by Salix glauca (1.) tend to lie to the
extreme left of ordination. However, stand§ 1 and 10 of this ct lie

within the Betula glandulosa ct sector of the ordination, which lies

slightly to the right of the Salix glauca sector. This minor overlap

of stands shows the compositﬁonal similarity of the two community
types, but since the Betula stands form a tight group with no

intrusion into the main Salix glauca sector the cluster analysis was

. not changed. Also, the Betula group may separate from Salix #1 and 10

on a third axis.

Stands of the moss ct lie in the lower right portion of the
ordination diagram. Stands from the lichen ct which have developed on
high-center'pofygons form a separate group slight]y'to the left o; the
moss ct. However, stands 22 and 24 of the lichen ct are found within

the moss cluster; both of these stands are in snowbank sites and have

20 -
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Figure 4. Principal components analysis ordination of the 34 stands,

5 tundra community types,
involuted hill study area.

and 3 tundra groups of the
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high covers of bgyh lidhens and mosses, the dominants in the two

/ Ay
community types. Since spowbanks and high-center polygons both have

severe en{jfonmental conditions, it was decided to leave stands 22 and

TN

7 ~ .
. 24 within the T¥then ct rather than linking them to the Moss-E.

’

Qgginétum ct.:

The Salix pulchra ct (5.) occupies the upper right portion of the'

ordination. The wide spacing between the stands in the ordination
diagram combined with the re]ati&e]y“high coefficient at which they
link in the cluster analysis iﬁdicates that there is much

compositional variation between‘these 2 stands. Linkage of these 2

stands appears to be basedAprimarily on having in common species that

are absent in all other stands (e.g. Alnus crispa), and having high

covers of species rare in other stands (e.g. Salix pulchra). Because

‘only two lotic sites were sampled the stands were grouped into a
single ct. Had more sites been sampled it is 1ike1y that more than

one 1oticvct would have been distinguished.

4,1.3 Classification

By use of cluster analysis, supported by field observation, thé
vegetation of the involuted hill can be classified into 2 major
topographic groups and 5 community types (Table 2). The ct's were
given binomial names using two dominant character species. The first
name was always the dohinant species of the ct. The second name was
chosen on the basis of that species having a high cover value but it

also had to have its maximum concentration in the community type.

22



Table 2. Classification of the plant community groups and types (ct's)

on the involuted hill, Tuktoyaktuk Peninsula, N.W.T.

I1.

ITI.

Upland Tundra Group
1. Salix glauca-Lupinus arcticus ct (1,8,10,12,16,18,25)*

2. Betula g]andulosé—Vaccinium vitis-idaea ct (2,4,6,13,

14,17,20,21,27,31,34)

Depressional Wetland Tundra Group

3. Moss-Eriophorum vaginatum. ct (3,5,9,11‘15,19,28,29,32)

4, Lichen-Ledum palustre ct (7,22,23,24,30)

Lotic Wetland Tundra Group -

5. Salix pulchra-Alnus crispa ct (26,33) o

* Stand numbers

23
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This generally follows one system of nomenclature outlined by
Mueller-Dombois and E]]ehberg (1974) and closely follows Kuchar
' : \

(1975), Hrapko and LaRoi (1978), and Mortimer (1978).

4.1.4  Community Descriptions

4.1.4.1 Up]and Tundra Group

1. Salix gTaUca—Lupinus arcticus community type (stgnds

1,8,10,12,16,18,25) (Table 3, Plate 2)

The Salix glauca-Lupinus arcticus ct occupies the large outer

ridgés of the jnvo]uted hifi, midslope positidns—and also the rims of
large, minera]-based, ice-wedges wh;ch occur on fhe central.plateau.

Tﬁis ct is founq'1.5-5.0 m above local depression$~and is moderately

‘well drained to soméwhat poorly drained. The péFénnjai]y dry nature

of tﬁese stands is indicated by abundant ground squirrel. burrows.’

s

Salix glauca (43% cover) and Betula glandulosa (32%) are the \ﬁ;

dominant species in this ct. However, while S. glauca is at its
maximum cover in these stands, B. glandulosa is slightly below its

mean overall cover on the hill. Empetrum nigrum is at its highest

cover (25%) in this ct and preferentially occupies the abundant earth

hummocks. The herbs Lupinus arcticus, Pyrola grandifﬂbra and Senecio

lugens are also most abundant in this ct. By contrast, mosses are at
their lowest cover (14%) on the hill, beng found principally in

hollows around earth hummocks. Lichens (11%) are also well below
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TJble 3. Species cover values for the Salix glauca-Lupinus arcticus
ct on the involuted htll.

ro
[}

Stand no. 1 8 10 12 16 18 25
X cover % '
vascular 123.1 157.0 181.7 158.6 167.3 204.5 162.i
moss 4.3 6.0 9.5 10.5 15.5 40.5 11.0
lichen 3.7 15.0 9.5 9.0 11.0 16.0 11.0
No. Vascular : .
species 13 22 22 23 21 21 22
Cover Vascular
species _
Salix glauca ”8.7 41.5% 31.5 43.5 53,0 54.5 46,5
Salix

hylicifolia 6.3 - - - - - -
Beguii :

Tandulosa 16.6 43,5 40,0 42,5 33.0 32.0 13.8
Dryas integrifolia -- -- -- 0.02 -- -- -
Eugefrum nigruu 24.4 244 ‘44,0 9.8 11,9 3.6 27.0

edum palustre 4.4 1.7 6.7 7.0 15.1 14,2 17.7

Cassiope tetragona -- -- -- -- - 0.62 --
Irc{osgagﬁzlos ) :
-- -- 1.8 0.8 0.06 -- 0.3

alpina
Arctostaphylos .
rubra - 4.4 0.6 0.01 -- 1.8 0.3

vaccinium
vitis-idaea 9.8 16.2 26,0 21.5 25.5 21.5 21.0

3 Ul
1.8

uliginosom -- 5.4 1.1 - -
Stellaria spp. 0.05 0.5 0.1 0.1 0,2 0.8

1
PulsatiTTa patens -- - -- -- -- - 0.

Lardamine

hyperborea - 0.5 0.3 -- -- 0.7 -
Draﬁa cinerea -- e -- 0.05 -- 0.05
Potentilla .

ookeriana -- -- -- - 0.05 -- -

LupTnu®
arcticus 7.0 1.7 9.7 17.0 21.0 9.8 - 20.2

ConfoseTinum
cnidifolium -- 0.4 -- 0.1 0.2 - 0.01
Pyrola '
andiflora 13é9 ;, 9 9.9 4.4 23.5 8.2

r . .
Pyrola secunda 1. T 3.2 0.60 3.9 - 2.4
Castiliela :

elegans 0.01 -- -- -- 0.01 -- 0.9

PedTcuTaris

lagggnica - - - 0,01 -- -- --
PedTcuTaris . :

labradorica -- - 0.9 00 00 0.05 0.3
Pedicularis S

langsdorfii -- -- 0.6 - -- - -
PedTcuTarTs ) _
"~ capitata -- 1.4 1.1 0.9 - 1.2 0.6
pedieu] '

arts :
kane{ -- 0.01 0.6 0.3 -- 0.01 --

i
PeTi3TES

fr1?1dus ) -- 0.6 2.5 0.4

atropurpueus 0.02 1.1 .0.8 0.1

Senecio Tugens - 0.3 - 1.0
al

0
0
Rierochice alptna --  -- o4 002 o
0
0

lrcfagrosfls

0

1 0.3 0.
latifolfa -- 0.3 1.8 0.03 0
. - 0

01
05 0.01

!

Larex rupestr
Carex
arex

osuroides - 0.3 - - - - -
Carex sc!rggldea - 0.3 . - -- - - -

32
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Plate 2

- —— B

COLOURED PICTURES - .
Images en couleur )

A Salix glauca-Lupinus arcticus stand on
a well-drained outer ridge of the
involuted hill. Stands of this ct »re
easily identified in the field by the
abundance of the colorful Luginus

arcticus. Range pole segments are 20 cm.
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their mean cover value for the hii].

2. Betula glandulosa-Vaccinijum vitis-idaea community type

. (stands 2,4,13,14,17,20,21,27) (Table 4, Plate 3)

'
!

The Betula glandulosa-Vaccinium vitis-idaea ct has the same

habitat characteristics as the S. glauca-L. arcticus ct. It also has

the same relief (1.5-5.0 m) above local depressions. However, it Has
significantly sandier soils and therefore may have somewha% better

drainage. Ground squirrel burrows are again abundant.

Betula glandulosa (48%) reaches its highest cover value in this ct

and is the dominant species. Salix glauca (28%) also has a high cover

vafde. The dominant heath on the involuted hill, Vaccinium
vitis-idaea is at its maximum coverage (28%) in this ct. Like the
“other upland ct this one has a low cover of mosses (14%) but lichens
have increased to 17%, equal to_their mean value for the hill.
4.1.4.2 Depressional Wetland Tundra Groups

A1l 1ow-f§1ng'ct's on the involuted hill are“characterized by a

much lower cover of Salix g]ahéa, a moderately lower cover of Empetrum

nigrum and a significantly higher cover of mosses, cf. the upland cts.



Table 4. Species cover values for the Betula glandulosa-Vaccinium vitis-idaea ct
involuted hill,

on the

Stand no. 2 4 6 13 14 17 - 21 27
. X cover

7 145.8 172.3 192.4 192
§ 18.5 20.0 51.0 8
0 245 16.0 34.0 19

vascular 182 188.6 158,
moss 5 .
1ichen 13 12.0 1

No. Yascular
species 13 15 15 15 22 17 24 21 22

Cover VYascular

species
"Salix glauca 36.2 25,0 29.2 30.5 25.0 16.4 20.2 13.9 38.0

alix pulchra - - 0.8 -- 0.0 -- 1.8 .- -
Betula glandilosa 54.2 39.1 6.2 43.0 5.5 46.8 44.0 435  42.2
Empetrum nigrum  19.7 13.2 23.2 24.7 26.7 1.9 26.0 24.2 25.5

Ledum palustre 23.2 1.9 31.0 20.0 16.2 16.6 19.2 38.5 22.0
lrcfosgagﬁulos ’

alpina
Arctostaphulos
rubra -- -- 0.3 -- -- -- 2.6 -- 0.01
Yaccintum
v vitis-idaea 33.5 20.0 28,0 24.0 33.0 4.2 21.0 37.0 30.0
accIn

uliginosum -- -- -- -- 1.8 -- -- 14,3 00
PoTygonum

bistorta - 0.01 0.01
Stellaria spp. “0.4 0.4
Anemohe -
richardsonii -- -- -- -- -- -- - - -
PuTsatiTTa patens -- 0.3 -- -- - - - — -

Cardomine

hyperborea -- -- - -- -- -- 0.6 1.0 --
DraEa cinerea -- -- .- -- -- —- - - 0.05
Rubus chamaemorus 0.05 0.01 -- 0.6 0.3 -- -- ~- 0.3
Potentiila

hookeriana -- 0.05 -- -- -- -- -- - --

Lupinus arcticus 6.2 14.7 6.2 10.0 4.2 8.2 6.9 2.7 9.5
ConJoselTnum -
cnidifolium - 0.07 -~ - 0.02 0.05 -- 0.05 -- --

Pzrola
randifliora 1.5 4.1 5.0
Pyrola secunda 1.2 -- 1.8
Cast?lle]a
eleqgans. - -- -- -- -- 0.3 00 00 00

Pedicularis
lapponica -- -- -— -- -
pedicularis .
labradorica -- 0.05 -- -- -- -- - 0.3 -
Pedicularis
A 0.4 1.4

cagitata -- -- -- --
P ulalrvs

0
kaneii -- -- 0.05 -- 0.0
Petasites frigidus -- -- 1.2 1.0 3.2
0.3
0.2

- 11 - - 0.8 -- - 0.8 1.

0.3 0.3 0.2 0.4 0.9 2.2 0.1

-- -- 0.01 --

0.01 0.01

Senecio

atropurpureus 0.01 -- - --

Seneclo lugens - - - -

Hierochioe a|g1na - -- 0.3 0.3 - 2.4
3

lrcfagros{i
latifolia - -- -- 1.2~ 0.1 2.9 1.5 2.1 1.8

Trisetum

spicatum -- -- - -- -- 0.01 -~
Poa spp. -- -- -- 0.4 0.05 -~ 0.01 0.1 0.4

riophorum
vaginatum - -- - - - -
- Carex rupestris -- -- - - - 0.3
Tarex Ff&l'oT!T -- 1.0 0.1  -- 1.1 0.0l
LuzuTd confusa -- - .- -- - - -
nggntra {isheri -- - .- - -

1
8

5 3.8 00
3 -

7 1.2

-- 0.05

31

169.0

14.0

21

35.5
48.0

< 11.2

5.0
0.01

0.01
0.01

34

169.7
14.7
13.2

21

35.0
45.0
18.5
145

0.01
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COLOURED PICTURES
Images en coulecur
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Plate. 3

A Betula glandulosa-Vaccinium vitis-idaea
stand on a 1ar9e ice wedge of the
involuted hill's central plateau. The
stand is bounded on both sides by Moss-
Eriophorum vaginatum stands. Pingos and

a second involuted hill are in the
background. :
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3. Moss-Eriophorum vaginatum community type (stands 3,5,9,

11,15,19,28,29,33) (Table 5, plate 4)

The Moss-Eriophorum vaginatum ct occurs in the depressions between

the outer ridges of the hill and in'the smaller 5ce—wedge polygon
depressions. Its low-lying topographic position results in its having
poor drainage and relatively wet conditions. .In these stands mosses
(38%), notably peatmosses, predominate. These mosses grow in the
flat, low-lying, ground between E. vaginatum tussocks and scattered

earth hummocks. Eriophorum vaginatum is the dominant vascular plant .

in this ct with a cover of 26%; it has a cover of less than 2% in the

other ct's. Another prominent sedge is Carex bigelowii. It is found

mostly on the stattered earth hummocks but still attains a cover of

10%, its second highest on the hill. Betula glandulosa (16%) is at

its lowest cover on the hill and Salix glauca (2%) is rare. The herbs

common in up]andAstands, principally Lupinus arcticus and Pyrola

grandiflora, are very rare (< 0.5%) in the Moss-E. vaginatum ct.

Lichens at 16% are near their mean cover for the hill.

4. Lichen-Ledum palustre community type (stands 7,22,23,24)

!

(Table 6, Plates 5,6) /

Like the Moss-E. vaginatumct, the Lichen-Ledum palustre ct is
found only in depressional sites. Most commonly this ct is found on
well-developed, high-center polygons which have formed in the
depressions. The massive ice-wedges in these sites disrupt dfainage,

thereby creating the wettest conditions on the hill. This ct also



Table 5.

Species cover values for the Moss-Eriophorum vaginatum ct on the
involuted hill,

Stand no.
X cover

vascular
mOoSS
lichen

No. Vascular
species

Cover Vascular
species
Salix reticulata
alix Tuscescens
allx glauca
alix pulchra
etula glandulosa

e

Dryas 1nte?r1folia
trum nigrum

e

edum palustre
ndaromeda

polifolia
Arctostaphylos

alpina
Arctostaphylos

rubra
Vaccinium

vitis-idaea
vaccintum

uliginosum
Tofleidia pusilla

f

L

Rumex arcticus
Stellaria spp.
Cardomine

e folia
Cardomine

hyperborea
Rubus chamaemorus

.Lupinus arcticus
Pyrola grandiflora
secunda

Zyrola secunda
Pedicularis
lapponica
Pedicularis
labradorica
Pedicularis

tangsdorfii
PedTCuTary

capitata
pedicuTaris

kaneid

Pinguicula
villosa
Petasites

frigidus
Senecio

atropurpureus
HierocEloe alpina

Arctagrostis
lati7o|1a
Poa spp.
Erfophorum
e naton

Kobresia

osuroides
Carex bigeTowi i

Carex rarifiora

CuzuTa confusa

104 .9
35
20,5 °

17

3.3
0.1 |
18.7

15.0
15.0

0.2

0.7
12.6

104 .5
31.2
13.2

24

15.7

0.03
0.06
0.02

105.8
32.0
11.2

25

3.6
1.8
17.0
.0l
9.5
10.5

0.3
0.05
0.6

11

117.3
27.0
20.0

19

6.6
1.7
21.5
13.5
13.0

0.02
1.5

15

124.0
42.5
0.8

21

0.3

16.2
14.5

13.0

5.2

0.05
3.7

0.06

"39.0

8.2 .
0.07

19

125.5
47.0
14.0

24

3.0
22.0

17.5
14.5

15.%

28

130.0
50.5
14.5

18

0.4

0.3
11.7

12,5
18.0

3.2
1.8
17.0

29

111.8
36.0
31.5

21

0.01
0.6
16.5

8.4
21.0

0.01
0.3

0.7
1.0

0.4
34.0

3.5

0.9

32

95.5
9.5
14.0

16

7.6

10.5
15.5
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COLOURED PICTURES
lmages en couleur

A Moss-Eriophorum vaginatum stand in a
large depression between the outer ridges
of the involuted hill.
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Table 6. Species cover values for the Lichen-Ledum palustre ct on

the involuted hill.

33

Stand no.
X cover

vascular
moss
lichen

No. Vascular species’

Cover Vascular species
Salix fuscescens

Salix glauca

Salix pulchra

Betula glandulosa
Empetrum nigrum

Ledum palustre
Andromeda polifolia
ArctostaphyTos alpina
Arctostaphylos rubra
Vaccinium vitis-1daea
Vaccinium uliginosum
Stellaria spp.
Cardamine hyperborea
Rubus chamaemorus
Lupinus arcticus
Pyrola grandiflora
Pyrola secunda .
Pedicularis lapponica
Pedicularis Tabradorica

Pedicularis langsdorfii

Pedicularis kaneii
Petasites frigidus
Senecio atropurpureus
Hierochloe alpina
Arctagrostis latifolia
Poa spp.

Eriophorum vaginatum
Carex bigelow11i

Carex rariflora

Luzula confusa

99.1
8.5
34.5

14

0.6

0.05

32.0
9.2

24.5
0.01

0.3
25.0

Polygons

23 30
131.5 85.3
17.5 11.5
40.0 23.0
19 12
0.8 -
0.3 --
46.5 18.5
17.2 3.8
26.9 25.0
-- 4.9
-- 2.6
25.5. 18.5
0.01 --
0.6 --
0.1 --
9.7 9.8
0.1 -
0.05 -~
0.02 --
1.7 --
0.02 0.1
0.06 0.4
0.8 --
1.1 1.0
-- 0.3
0.02 0.4

~Snow banks

22 24

102.5 137.4

32.5 27.5
43.0 23.0
20 22

3.3 2.6
'14.0  29.5
13.0 11.5
26.0 28.0
6.6 9.8
18.0  22.0
0.1  --

-- 0.3
2.5 0.4
0.6 2.6
-- 2.4
- 0.1
0.05 0.4
0.06 -

1.1 0.6
0.05 0.07
3.9 ° 9.5
0.3  0.05
0.1  0.05
1.3 1.4
- 0.01
4.0 4.0
5.3  11.0
2 1.1

.
nNS
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Plate 5 Well developed high-center polygons
occupied by stands of the Lichen-Ledum
palustre ct. The site is typified by
poor drainage and organic soils. In the
background there is a stand of Salix
glauca-Lupinus arcticus which is on a
better-drained outer ridge.




Plate 6
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Images en coplcur
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Snowbank sites on the involuted hill are
usually occupied by stands of" the Lichen-
-Ledum palustre ct. The snowbank results
in shallow thawed layers and water-logged
soils in these stands.
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" includes stands in snowpack sites (# 22,24) where water from melting
snow is trapped in the depressions. Most of the stands of this ct are
located in the large depressions between the outer ridges of the hill

and beside the large ice-wedges which occur on top of the hill.

Lichens (33%) reach their greatest cover on the hill in this ct.
Moss cover is much lower (20%) than in the Moss-E. vaginatum ct.

Betula glandulosa is the dominant vascular plant but its cover (28%)

is lower than the mean for the hill and its vigour is poor in
comparison to that in the upland cts. In the Lichen-L. palustre ct,
B. glandulosa has a mean height of 7 cm while in the two upland ct's

it has a mean height of 25 cm. Salix g]quca at 1% is at its lowest

abundance on the hill. The heaths Ledum palustre (26%) and

Arctostaphylos alpina (4%) are at their highest cover values.

-

Several species, while not having high cover values, have a much

»

greater abundance in the Lichen - L. palustre ct than they do in other

community types on the hill. These are: Carex rariflofa, Luzula

confusa, Salix fuscescens, Rubus chamaemorus, Pedicularis langsdorfii,

and P. lapponica.

4.1.4.3 Lotic Wetland Tundra Group

5. Salix pulchra-Alnus crispa community type (stands 26,34)

(Table 7, Plate 7)

The Salix pulchra-Alnus crispa ct is found only along drainage
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Table 7. Species cover values for the Salix pulchra-Alnus
crispa ct on the involuted hill.
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Stand no. 26 33
X cover

vascular - 209.5 199.5

moss ' 21.7 49.5

lichen 1.1 " 2.1
No. Vascular species - 22 26
Cover Vascular species - '
Salix glauca 8.2 1.8
Salix pulchra 52.9 23.7
BetuTa glandulosa - 29.5 37.5
Alnus crispa 3.8 . 42.4
Empetrum nigrum ' 6.8 27.0
Ledum palustre s 2.4 - 15,0
Arctostaphylos alpina -- 0.8
Arctostaphylos rubra 2.6 0.3
Vaccinium vitis-idaea 3.6 10.2
Vaccinium uliginosum 13.0 ‘ 5.0
Equisetum arvense _ 2049 0.1
Stellaria spp. 0.05 0.5
Anemone richardsonii 1.1 --
Cardamine bellidifolia 0.5 T --
Cardamine hyperborea -- 1.5
Rubus chamaemorus | I Y | 2.9
Lupinus arcticus > "« ' 1.1 1.9
Pyrola grandiflora 8.2 3.3
Pyrola secunda 0.4 0.07
Pedicularis lapponica - 0.05
Pedicularis capitata 0.4 0.8
Petasites frigidss 17.2 6.1
Scnecio atropurpureus : - 0.3
h.erochloe alpina -— 1.8
Arctagrostis latifolia 10.9'.- 5.0
Poa spp. -- . ~ 0.05
Eriophorum vaginatum -- . 0.8
Carex bigelowii 19.8 10.6

1
|

Carex capillaris 0.05




- e e e - m———— -

COLOURED PICTURES -
Images en couleur i

o

Plate 7 A Salix pulchra-Alnus crispa stand in a
‘ "~ drainage channel which dissects an outer
ridge of the involuted hill. Deciduous
shrubs attain their maximum size and
vigor along these channels,
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channels that cut through:the outer ridges of the involuted hill.
Snow lies late into the summer in these channels and water was-
observed flowing through them all summer. Despite the late-lying
snow, these habitats support a vigorous shrub commhnfty. Salix

pulchra attains a cover of 38%, Betula g]andulosé 34% and Alnus crispa

23%. Shrubs also reach their maximum height in this ct with Salix

pulchra growing to 2.2 m and Betula glandulosa, Alnus crispa and Salix

-glauca being at 1.5 m. In-this ct Salix glauba has a cover‘of only

5%.

The only sites on the involuted hill that support Alnus crispa are

the lower reaches of these drainage channels. While water flows
' /
through them all summer, the snow does not linger as long as in the

._upper reaches. Other vascular plants found only in the S. pulchra-A.

crispa ct are Equisetum arvense, Ranunculus lapponicus and Saussurea

angustifolia. Additionally, Arctostaphylos rubra, Vaccinium

[N

u]iginoéum, Anemone richardsonii, Cardamine bellidifolia, C. hyper-

borea, Arctagrostis latifolia and Carex bigelowii'attain their highest

cover values in this ct. Ledum palustre, Vaccinium vitis-idaea and

lichens are at their lowest cove ilues.
4,2 Soils )

4.2.1 Classification " : e

A feature common to all soils on the involuted hill is the

presence of permafrost near the ground surface. Thaw depths are no
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greater than 60 cm in all ct's. Because the thaw depths extend to
less than 1 m, soils on the hill all belong to the Crybsolic order
(Canada Soil Survey Committee 1978).

C]assificatién of Cryosols to the great group level is determined
by the degree of cryoturbation apd the development of qrganic horizons ~
. (Canada Soil Survey Committee 1978).‘ Petiapiece (1975) points out
that the formafion of earth hummocks and the disruption of soil
horizons are the 2 major phenomena associated with cryoturbatidn in
the Low Arctic. Thus the presencé or absence of these 2 phenomena is
an effective indicator for separating Static and Turbic Cryosols.\The -
third great gr;up; Orgdnic Cryosol, 1is associéted with peat polygon
landforms. These soi]s are defined as having an organic surface
_ horizon of greater than 30% organic matter content which must be
greater than 40 cm thick or more than 10 cm thick over an ice 1ayér/

that is at least 30 cm thick (Canada Soil Survey Committee 1973;

Zoltai and Tarnocai 1974).

Earth hummocks and ice wedge polygons are common microrelief
featurés on the hill. Earth hummocks tend to be more prevalent in
upland ct's while ice-wedge polygons increase in importance in the

L
depress1onal communities. In the S. glauca-L. arcticus ct earth

hummocks cover from 30-70% of the land surface with most stands be1ng

in the 60-70% range. The B. glandulosa-V. vitis-idaea ct has an earth

hummock cover of 20-70% with the modal cover being 50-60%, slightly a

less than ‘the S. glauca-L. arcticus ct. In both'ct's inter-hummock

holMows occur in the remaining spaces. The earth hummocks range from
’)..



* 5-30 cm in height but most are between 10-15 cm,

Most soils in tii> upland stands have disrupted or discontinuous
horizons, especially at the mineraiForganic interface or between
M

mineral horizons. Buried, highly humified, organic horizons are

common. Based on the abundant earth hummocks and disrupted horizons

" it appears that the soils in the upland stands have been strongly

affected by cryoturbation. As the upland soils are both cryoturbated
and have surface organic horizons less than 40 cm thick they are

c]és§ified as belonging to the Turbic Cryosol great group.

Earth hummocks are much less common in depressional stands. In

the Moss-E. vaginatum ct earth hummocks occupy between 5-70% of the

'ground‘surface but in most stands only 20-30% of the ground is so-

‘covered. :Tussocks and hollows cover the remainfng ground surface.
The hUmmOéks are most1y 10-15 cm in height. Poorly developed
ice—wedgelpo1ygons are common in this ct. Oﬁ1y 3 s0il profiles in
this ct (1 in stand 11 and 2 in stand 19) show disrupted horizons;
other profiies show little or no breakage of the hofizon;. Buried
organic hofizons are not found in any of the profiles. It thus
appears that most soils within the Moss-E. vaginatum ct have not been
strongly affected by cryotufbation. Therefore, soils of this ct are
classed as being dominantly Static Cryosols with minor inclusions of

Turbic Cryosols in stands 11 and 19.

Earth hummocks are absent from the Lichen-L. palustre ct, except

in stands 22 and 24. High center polygons account for the microrelief
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in the stands. Stands 22 and 24 have a microrelief more similar to

R S .

upland ct's in that é@ﬁf i-hummock s coverw32 and 56% of their ground

surfaces respectively. .

Soils in the other 3 stands of the.Lichen-L, palustre ct have
deve]opéd on high center polygons. The soils from stand 23, the only
site sampled in this ct, all have surface organic horizons.with
greater than 78% organic matter content; the shallowest depth to an
jce-rich organic horizon was 19 cm. The thickness of this icy horizon
is not knowh as it was not possible to dig into it. The othér 2
polygonal stands also have well developed peét polygons of the same
size. Therefore, these soils belong to the Organic Cryosol Qreat

group.

No soil pits were dug in stands 22 and 24 so it is not possible to

classify the soils of these stands. However, the presence of earth

2

hummocks would seem to indicate'fhat these stands are underlain by

either Turbic or Static Cryosols.

No soil pits were dug in the S. pulchra-A. crispa ct, primarily

due to its small areal extent on the involuted hill. It is,
therefore, -not possible to (1-ssify thesé soi]shbeyond the.Cryosolic

order. N

Soils from 3 Turbic Cryosol sub_ ar. ound in the upland S.

glauca-L. arcticus ct: Brunisolic, Orthi d Gleysolic. The upland

B. glandulosa-V. vitis-idaea ct also contains soils of the Brunisolic

&



Turbic Cryosol and Orthic furbic Cryosol subgroups. With the
exéeption of the few Gleysolics, soils of the two upland ct's show a
distinct horizonation in the mineral part of the solum. The upper
mineral horizon is more finely structuréd and redder in hue than the
underlying horizon. These characterisitics define the upper horizon
as being a Bm (Cahada Soil Survey Committee 1978).- In most profiles
this horizon is less than 10 cm thick and therefore the soils are

" Orthic Turbic Cryosols. One.pit in stand'8 and 2 in stand 27 had Bm
horizons greater than 10 cm ihick and are classified as Brunisolic. A
gleyed mineral horizon of low chroma was located immediately above or
_near the frost table in all upland sites but even in the Gleysolic

. N .
sojts no mottling was evident.

A Brunisolic Static Cryosol and an Orthic Static Cryosol were

found in the Moss-E. vaginatum ct in stands 19 and 29 respectively.

However, all other soils in this ct are either Gleysolic Turbic
Cryosols or Gleysolit Static nyoso]s. With the exception of the
Orthic and Brunisolic sites, soils of the depressional Moss-E.
vaginatum ct differ from the upland stands in 2 major respects.
Firstly, the mineral part of the solum consists of a single horizon.
The structure of this horizon is uniform throughout the profile but
ranges from fine to coarse granular depending on the location of the
stand. This horizon has a low chroma (grey), often witn red-brown
mottling, indicating active gleying processes. This horizon is either:
Bg or BCg. Secondly, in depressional ct's, earth hummocks are not
common, and disrupted, broken or buried horizons are rare; hence,

Static Cryosols are common.



Soils of the depressional Lichen-L. palustre ct that have
developed on high-centér polygons belong to either the Mesic Organic
Cryosol or Humic Organic Cryosol subgroups. Classification depends
upon - the degree of humification of the organic layer immediately above
the permafrost table. Since sampling of this ct was limited it is not

possible to judge the relative importance of these subgroups.

4.2.2 Soil Morphology

Salix glauca-Lupinus arcticus ct

-~

Frost-induced microrelief features are common in the stands of the-

S. glauca-L. arcticus ct. The degree of cryoturbation is outlined in

section 4.2.1.

While the mean thickness of organic matter in the holiows (11.3
cm) of this ct is not significantly different from that of the other
ct's, that on the earth hummocks (6.3 cm) is significantly Tess than

that found on earth hummocks of the B. gjéndu]osa-!, vitis-idaea ct or

that on the ridges o1 the Lichen-L. palustre ct (Table 8). Thaw .

S. glauca-L. arcticus ct extended to

depths under the hummocks in the

a mean of 42.3 cm, the thickest on the hill. However, the mean depth

~of thaw in depressions of this ct was only 25.3 cm, which is not

S ¥
p

“significantly deeper than that.oﬁfthe other pt's (Table 8).

A surface fibric organic horizon 5-14 cm thick occurred in all

soil profiles of this ct. Further, in 8 of the 15 profiles a well
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Table 8.
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Physical characteristics of the soils in the community types -
on the involuted hill.

Soil Characteristics

Organic matter (%

Organic

Mineral

Depth organic matter

-Hummocks

Hollows

Thaw depth (cm)

Hummocks

| Hollows

Sand (%)BC
Silt (%)

Clay (%)

o)

42.3(7.1)a

25.3(17.6)a

13 (9.5)a
38 (7.3)ab
49 (9.1)a

Community Types

Betula®

59(11.4)ab
6(2.7)a

13.6(8.6)b

13.0(5.6)a

34.2(9.9)b
22.6(9.0)a
20 (5.2)b
35 (2.7)a
45 (3.4)a

MossF

65(10.7)b
7(2.8)a

11.1(7.3)ab

16.8(4.8)a

‘32 4(13 l)b

21.8(4.6)a
12 (6.4)a
41 (3.6)b
47 (6.4)a "

Lichen

81(3.0)c

22.4(3.3)c

22.4(3.3)c

A. Any two means in a row not followed by the same letter are \

significantly d1fferent at 5%. Numbers in brackets are standard

deviations.

B. Hummocks and hollows are combined as they are not significantly
different at 5%.

From mineral horizon only.

C.
D. S. g]auca L. arcticus organic matter,

‘organic

organic matter,
E. B. g]andu]osa V. vitis-idaea organic matter, sand: silt:clay %

n=13 mineral
active layer depths

n=17 organic

n=13 mineral

organic matter,
F. Moss-E. vaginatum organic matter, sand:siit:clay %

n=15 mineral

organic matter,

G. Lichen-L.
organic,

active layer depths

active 1ayer depths
palustre organic matter %
active layer depths

n=5

sand:silt:clay %

n=11 hummocks

n=19 hummocks

n=16 hummocks
n=4

n=10

n=3 hollows

n=10 hollows
n=26 organic

n=18 hollows
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decomposed organic horizon 3-11 cm thick underlies the surface fibric
horizon. The average organic matter content of these 2 horizons in

the S. glaucé-L, arcticus ct was 57%, significantly less than that in

depressional ct's, but not significantly different from that in the

B. glandulosa-V. vitis-idaea ct.

The mineral portion of the solum in Orthic and Brunisolic Turbic
Cryosols consists of 2 horizons: a thin, red-brown, fine granular
hor 1zon underlain by a coarse granular grey horizon. The latter
horizon extends»down to the frost table. The G]eyso]ic\Turbic
Cryosols have only a single, coarse granular structured, grey mineral
horizon. A Qe]] humified organic horizon often separates this horizon
from the frost table. The average organic matter content of these

mineral horizons is 5%, not significantly different from that of the

B. glandulosa-V. vitis-idaea or Moss-E. vaginatum ct's.

The sand:silt:clay ratio of the mineral horizons is 13:38:49;
hence the texture is classified as.clay (Canada Soil Survey Committee
1978). This ratio is not gignificantly different from the Moss-E.
vaginatum ct (12:41:47) but it has significantly less sand and more
silt than is found in the mineral horizons of the B. 91aﬁdu1qsa-!,
vitis-idaea ct (21:34:45) (Table 8).

Under both hummocks and hollows roots of deciduous shrubs, heaths
and herbs ffequent]y extend through the organic horizons into the

upper part of the mineral horizon.
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Betula glandulosa-Vaccinium vitis-idaea ct

As in tq.lg. glauca-L. arcticus ct earth hummocks and disrupted

soil horizons are common features in this ct. The extent of

cryoturbation is outlined in section 4.2.1.

Mean organic matter thickness in hollows is 13.0 cm, not
signif%cantly different from the other ct's. Ca hummocks organic
matter averages 13.6 cm thick, which is not significantly different
"from the Moss-E. vaginatum ct but is significantly thinner than the
Lithen{L. palustre ct, and significantly thicker than the S. glauca-L.

arcticus ct (Table 8).

A1l soil profiles in this ct have a well deve]oped fibric organic
horizon at the ground surface. Under the hummogks this horizon ranges
from 1-12 cm thick (X = 6.8) while in the hollows it is from 2-17 cm
thick (x = 8.2). In all but 4 of the 30 soil pits a humic organic
hori}on underiies the fibric horizon. 1Its thickness ranges from 2-25
cm (X = 6.8) under the hummocks and 2-11 cm (x = 4.9) in the hollows.
Thefé is no significant difference in the depfhs of any of thesé
horizons. The average organic matter content of these horizons is
59%, significantly less than those,bf the‘Lighen;L, palustre or

Moss-E. vaginatum ct's (Table 8).

The mean thickness of the active layer in the hollows of this ct
is 22.6 cm, not significantly different from those of the other ct's

(Table 8). Under hummocks the thaw layer thickené to ‘a mean of
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34.2 cm, which is significantly thinner than that of the S. glauca-L.
arcticus ct, significantly thicker than that of the Lichen-L. palustre

ct, and not significantly different from that of the Moss-E. vaginatum

ct (Table 8).

The mineral part of the solum shows well developed horizonation.
The upper mineral horizon js 4-16 cm thick, with a fine granular’
structure and red-brown color. Its lower boundary is often markedly
disrupted. A coarse, granular structured mineral horizon of grey to
dark grey color uﬁder]ies the fine structured horizon and extends down
to the permafrost table. The éverage organic matter content of these
horizons is 6.5%, not significantly different froﬁ those of the other
ct's (Table 8). As stated in 4.1.2, these horizons Had significantly
more sand than dgd-thermineralrhorizons in other ct's. VHowever, the

texture of these soils is still classified as clay (Canada Soil Survey

" Committee, 1978).

The roots of deciduous shrubs, heaths and herbs extend through the
organic horizons; some were found in the upper portion of the fine

granular structured mineral horizon.

Moss-Eriophorum vaginatum ct

The microrélief of the Moss-E. vaginatum ct is distinctly
different from those of both the upland ct's and the other depres-
sional ct's. It differs from upland ct's in that earth hummocks cover

only about 35% of the land surface, Eriophorum tussocks cover about
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4

25% and hollows Eover the remaining 40%. Peat polygons, so character-
istic of the Lichen-L. palustre ct, are eithér poorly developed or
absent in the Moss-E. vaginatum stands. Disrupted soil hofizons are
rére, even under earth hummocks, and buried organic horizons are

absent from all soil profiles in this ct.

The active layer beneath the hollows of this ct has a mean
thickness of 21.8 cm, not significantly different from those of the
other ct's (Table 8). Under hummmocks the mean thickness of the

thaw layer is 32.4 cm, significantly thinner than those of the S.

glauca-L. arcticus ct.

The thickness of the organic matter in both hummocks (X = 11.1 cm) .
and hollows (x = 16.8 cm) is not significantly different from those of

the same micro-sites in the S. glauca-L. arcticus and B. glandulosa-V.

vitis-idaea ct's. However, in contrast to the upland ct's, the thaw
layer in many hollows of the Moss-E. vaginatum ct consists entirely of
organic material. Under these conditions'roots are not able to
coqfact the mine}al horizon. While there is still a thin_fibric
organic horizon at the surface of these soils, mesic organic horizons
predominate instead of the humic horizons found in upland stands. The
a@erage organic mattér content of these horizons is 65%, significantly

L
higher than those of the S. glauca-L. arcticus ct, significantly less

than the Lichen-L. palustre ct and shows no significant difference

from those of the B. glandulosa-V. vitis-idaea ct.

Horizonation of 'thé mineral part of the solum is almost entirely

!



absent in the Moss-E. vaginatum ct. A single, red-brown mottled, grey

horizon of granular structure extends to the base of the thaw layer.

The average organic matter content of the mineral horizons is 67%, not

significantly different from those of the other ct's (Table 8). The
sand:silt:clay ratio is not significantly different from that of the

S. glauca-L. arcticus ct and the texture is again defined as clay.

. Less sand and more silt are found in these mineral horizons than in

those of the B. glandulosa-V. vitis-idaea ct. >

With the exception of Eriophorum vaginatum, roots are restricted

to the top few centimeters in the organic part of the solum in the
Moss-E. vaginatum ct. The roots of E. vaginatum were observed to

extend into the mineral part of the solum.

Lichen-Ledum palustre ct

On the open, west-facing s]opg of the hfll (stand 22) earth
hummocks cover 32% of the land surface. In the more enclosed,
north;facing slope (stand 24) the hummmocks cover significaﬁtly more
area, 56%. No pits were dug in these 2 stands so it is not possible
to describe their soil profiles. However, thaw depths were measured
when the vegetation was éurveyed in mid-July. Undef hummocks the

thawed layer was 37 cm thick in stand 22 and 45 cm thick in stand 24;

under hollows the thawed layer was 19 and 21 am thick respectively.

In all 5 soil pits dug in stand 23 the thawed layer was restricted

to the organic part of the solum; no mineral horizons appeared in any

‘e
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of the examined profiles. Mean thaw depths were 22.4 cm, signifi-
cantly thinner than that found under hummocks in either of the upland
ct's, but not significantly thinner than that oa the Moss-E. vaginatum

ct, and not significantly different from those beneath hollows of the’

other ct's (Table 8).

Organic matter above the frost table also had a mean thickﬁgés of

between 12-14 cm in thickness. In 3 of;thgﬁd pits there was a mesic
‘ !/

horizon 5-6 cm thick beneath the fibric surface horizon. This mesic

horizon was basal in 1 of the 3 pits but ip the other 2 pits a humic
horizon 7-9 cm thick occurred above thenfrost table. The fifth pit had
a 21 cm deep humic horizon under ; 2 cm thick surface fibric layer.

At the bottom of this pit there was a 2 cm thick mesic horizon above

the frost table.

Roofs are abundant in the upper fibric horizon bat did not

penetrate into the Tower organic horizons.

4.2.3 Soil Moisture

The two upland ct's, S. glauca-L. arcticus and B. glandulosa-V.

vitis-idaea, have mean soil moisture contents -of 215 and 256%

respectively, in the‘organic horizons of their hummocks, and 247 and

)

o
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286% in the organic horizons of their hollows. There are, however, no
significant differences in soil moisture content between these two
ct's in either hummocks or hollows. Nor are there significant

differences in soil moisture content between hummocks -and hollows

within either ct (Table 9).

The depressional Moss-E. vaginatum and Lifﬁen-L, palustre ct's
both have significantly higher soil moisture contents in their organic
horizons than do the up]anﬁ ct's. In the Moés-g, vaginatum ct organic
horizons of hummocks have a mean soil moisture content of 494% while
those of hollows have a mean of 630%. These vaiues are significantly
~igher than those of the upland cf's buﬁ'are not significant1§
di“ferent from those of the Lichen-L. palustre ct which has a mean
<21l moi;ture content of 542% (Table 9). Thus soil moisture content
in the organic horizons clearly separates upland and depressional
rct‘s. While soil moisture measurements were not made in the 2
snowbank stands (22 and 24){ the extremely wet conditions of these
stands can easily be inferred from the presence of standing water at
the soil surface until late June. It seems very likely, therefore,
that these 2 stands have soil moisture contents similar to the other
" depressional stands. Similar inferences can be made abbut the S.

pulchra-A. crispa ct. Again no soi]‘samp1es were collected but

surface water f]owéd'through these'stands all summer, indicating

extremely wet soil conditions.

A}

. _ _ o
Soil moisture content:in the minzral horizons does not show as

clear a pattern as the organic horizons. Mean mineral soil moisture
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Table 9. Soil moisture content and excess 501l moisture in the

community types on the involuted hill.

Soil Mqisture Community Types
salix’ Betu]aD Mosst Lichen'
Content (%) ‘ A |

Organic, HummocksA 215(74.3)a 256(76.4)a 494(177.0)b 542(85.3)b

. N
Organic, Hollows 247(30.2)a 286(107.6)a 630(201.5)b =---

—

‘Mineral® 28(9.4)ab  26(6.5)a  35(10.3)b  -=-

Excess (%)

Organic, Hummocks 76(51.2)a 103(47.0)a 354(177.4)b 354(232.9)b

Organic, Hollows 101(26.1)@ 137(75.0)a 444(185.6)b --- +

Mineral® -3.3(4.5)a -4.0(3.4)a -2.7(4.1)a ---

A.

Any two means in a row not followed by the same letter are
significantly different at 5%. Numbers in brackets are standard
deviations. B

Hummocks and hollows are combined as they are not significawdtly
different at 5%.

S. glauca-L. arcticus n=6 organic hummock n=4 organic hol1ow
n=13 mineral

B. glandu]osa V. vitis-idaea n=12 organic hummock n=5 organic
ho]]ow n=13 mineral ‘ '

Moss-E. vaginatum n=9 organic hummock n=13 organic hollow :
n=15 mineral® '

Lichen-L. palustre n=4 organic hummock

: @



54

content is significantly 1owen in the B. glandulosa-V. vitis-idaea ct
(26%) than in the Moss-E. vaginatum ct (35%), but mineral soil
moisture in the former ct does not differ significantly from that in

the S. glauca-L.-arcticus ct (28%). There is also no significant

difference in mineral soil moisture content between the §},§iauca-£,
arcticus ct and the Moss-E. aginatum ct (Table 9). The slightly
drier conditions of the B. glandu]osa{!. vitis-idaea ct may be due to

!

its sandier soil texture. .

'Excess soil moisture,' defined as the difference between the soil
moisture content and the water retention at -1/3 bar, shows a pattern
similar to soil moisture content. Again the 2'up]and cts have drier

s0il cond1t1ons, excess water 1n the organic hor1zons on hummocks is

76% in the S. glauca-L. arct1cus ttzand 103% in the B g]andu]osa-v

v1t15é1daea ct. Organic matter‘1nnh011ows of the 2 ct's have mean
excess soil moistures of 101% and 137% respectively. There 1s no
s1gn1f1cant d1fference in excess so11 m01sture content between the 2
ct S; nor 1s there a s1gn1f1cant difference in excess soil mo1sture
contentbetween hummocks and hoﬁﬂows within either ct (Table 9).

S
)

The Moss-E. vaginatum and Lichen-L. palustre ct's both have:

significantly higher excess soil moisture content than the upland -
ct's. There is no signficant ditfetence 1n.exces§ soil moisture
between the 2 depneésional ct's. In the Moss-E. vaginatum ct mean
excess soi] moisture is 354% in organic horizons on hummnzks and 444%
in hollows. The'hfgh-center polygon stand of the LicheniL.tgaiustre
A

ct has a mean excess soil moisture of 354%, identical to that of the’



. vaginatum ct -2.7%. -There is no significant difference bet ~en th-

¥

4.2.,4 So1] Nutr1en 5 _and pH
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organic horizon on hummocks -in the Moss- E. ag1natum ct (Tab]e 9).
Excess soil moisture of the organic horizoné, like soil moisture
content, appears to be an effective variable for separating upland

from depressional ct's.

: o
Slight soil moisture deficits occur intthe mineral horizons of the

3 ct S wh1ch have these hor1zons in the activezlayer of the solum.

X The S. g]auca L. arcticus ct has a mean soil moisture deficit of

-3.3%, the B. glandulosa-V. vitis-idaea ct -4% and the Moss-E.

[

soil moisture deficits of these three ct's (Table 9).

There have been several reports citing the;Tow'availability of

m1nera] nutr1ents in arctic environments. (warren-wilson 1954,

. Hielman 1966, 1968 ~ Haag 1974, Everett 1980) However, there are but a

few papers that discuss variations in nutrient availability among.ct's

W1th1n a g1ven ﬁrea (cf. webber 1978) + Several significant varﬁations

:wgre found on the 1nvo1uted hill.. Generally, the

v have 1ower ava11ab1e nutrient concentrations than .

- the upland ct%;:QjTh1s trend is espec1a11y ev1dent in organic - iﬁ?ﬁ_

horizons; mifer hor1zon5 are less variable. iy



Organic Horizons

The S. glauca-L. arcticus ct has significantly higher total

nitrogen (x = 0.68 %) than the other ct's.  The B. glandulosa-V.

xjtis—ipééa ct ¥s/second highest, with a mean nitrogen content of 0}58

pp; t?xé ét‘giconcentration was signifigantly :higher than either of.
Ve . . S L
the depréssion ct's (Table 10). PRI
J{ipE’ | R L ‘::Hgﬁp_f _1 BN

" The highast coqcentréti6h”ofﬁphb§phdhhs in organic horizons is

P

agéin,foundhih the S. g]aucéiL{ﬁaFct1Cﬂ§ ct (x = 2.52 ppm). Signi-

ficantly lower concentratiénﬁfé}é found in the B. g]andulosaéyf vitis
;.uwidaea_and,ﬂoss—E; aginatJm ct's (1.37 and 1.35 ppm,‘fesbeétively),

but the B. gléndu1osa-!, vitis-idaea ct has a higher concentration

than the Lichen-L: palustre ct (Table 10).

The Lichen-L. palustre ct has -a signific .1y lower concentration
of available botasium (0.14 me/iOO'g) than the 6therﬂct's,cwhich have

’ concgntrdtions rahéing from 0.42 to 0.49 me/100 g (Table .10).

Available calcium conéentrations differ greatly between'ﬁp]and and

~ depressional ct's. The §,:gTauéa¢L, arcticus and-B. glandulosa-V.

vitis-idaea ct's have simi1ar concentratid@s, 15.4 and 13.3 me/100 g, |
BASAL L L, > S

.and both- are significéntTy higher than those of either depressional:
ct. The Moss-E. vaginatum and Lichen-L. palustre ct's also have

: simi]ah“concentrafjons, 8.0 and 7.3 me/100 g, respectively (Table 9).

T Y AR . .
While there s no s1gn1f1can% difference in available magnesium
e ' . ol . :

56



£

~ ® C = X O MM O O E >

57

N

Table 10. Macro nutrients, cation exchange capacity, and pH of the
soils in the community types on the involuted hill,

So1l Nutrients*

Total N (x)A

Organic

Minerai

Total p (1)8

Organic

Mineral

Community Types »
! Betul al NossK

salix Lichen®

0.68(0.12)a* 0,58(0.08)b 0.41(C 16)c 0. 3(0.12)c
).24(0.09)a 0.27(0.08)a 0.25(0. --

2.52(1.17)a 1.37(0.86)b  1.35(1.23)cb 0.53(0.40)c
0.53(0.47)a 0.49(0.43)s 0.36(0.26)a ---

Available K (m.eg./100 w)c

Organic

Mineral

0

.49(0.16)a 0.43(0.22)a 0.42(0.14)a AVO".14(0.09)b -

0.40(0.16)a  0.35(0.13)2  0.30(0.08)b ---

Available Ca {m.eg./100 gu)o . |

0
M

0
]

rganic

ineral

rganic

ineral

15.43(3.69)a 13.31(5.36)a B.04(4.39)b 7.28(3.10)b

12.48(4.51)a  9.84(4.04)ab 7.80(4.51)b a—-

. Available Mg (m.eg./100 ’)E

2.11(2.02)a  3.90(1 S3)ab 3.45(1.09)b 2.66(1.43)b \
5.12(0.88)a s.ox(o.gg)a 5.38(2.65)2 -

Available Na (m.eg./100 w)F
rganic - 0.23(0.23)a 0.24(0.11)a 0.24(0.06)lb 0.34(0.14)b

0

ineral 0.30(0,26)a 0.24(0.06)s 0.40(0.57)a L e--

C.E.C. (m.eg./100 g-)G ,
. A )
Organic 41.24(5.38)a 38.04(7.84)a 30.35(8.44)b 26.07(8.40)b

pH”

{neral

Organic

Mineral

£.5(6.9)a 5.0(5.2)a 4.9(5.0)a o -

.(7.81)& 31.38(4.12)a 30.81(5.54)a -

3

2(5.2)a 5.4(5.9)a 5.1(5.2)a 4.4(4.2)a.

Any two means in a row not followed by the same letter are )
significantly different at 5%. WNumbers in brackets are standard

deviations.

micro-kjelcdanl nitrogen B

RadH fusion
m‘ acetate
m‘ acetate
m. acetate
m‘ acgtlte
M, acetate
CICI27

soluble potassium '
soluble calcium -
soluble magnesium
soluble sodfum
cation exchange

_s_.‘gllucn-j:. arcticus n=10 organic n=13 mineral
B. glandulosa-V. vitis-idaea n-l?’or;ganic n=13 mineral ™

Hoss-E. vaginatum n=26 brganic n=15 mineral
Lichen-L. palustre n=4 organic

«
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concentrations between the 2 upland ct's, the B. glandulosa-V.

vitis-idaea ct has a slightly lower concentration. -The upland S.

3

glauca-L. arcticus ct has a‘significant]y higher available magnesium

concentration than the 2 depressional ct's (Table 1Q).

(,I
Soqium\penfent shows:-a reversal in the general trend; the 2

depressional‘ct's have significantly higher sodium concentrations than
P

sjJi“*}-}“,#wce upland S. glauca-L. arcticus ct. However, there is no significant
it N
'7~}§h1ffé?ence in sodium concentration between the B. glandulosa-V.

~SEgas

vitis-idaea and Moss-E. vaginatum ct's.

The cation exchange capacity (CEC) of the organic horizons shows a

‘clear separation between upland and depressional ct's. The upland S.

gTaucaiL. arcticus and B. glandulosa-V. vitis-idaea ct's have similar

capacities, 41.2 me/100 g and 38.0 me/100 g respectively. éoth of
these capaciiies are significantly greater than those of either the ke
Moss-E. vaginatum ct (30.4 me/lOO g) or the Lichen;L, palustre ct

(26;; me/100 g) (Tab]é 10). There is no significant difference in CEC

1. 3
=4
, .

between the latter ct's.
To summarize, there appears to be a gradient of nutrient
availability from lowest va]qg§/in organic horizons of the Lichen-L.
v

palustre ct and incréasing amounts through the Moss-E. vaginatum ct

and B. glandulosa-V. vitis-idaea ct, to the maximum concentrations .in

the S. glauca-L. arcticus ct. : -




]

Mineral Horizons

Trends in nutrient concentrationg are not as evident in the
mineral portion of the solum as they are in the organic portion. Most
df the macronutrients (nitrogen, phosphorus, magnesiuh and sodium) ahd
the CEC show no significant differences in concentrationuamdhgst the

S. glauca-L. arcticus, B. glandulosa-V. vitis-idaea and Moss-E.

vaginatum ct's. There is no significant difference #§nispotassium
Yaginate?m R .

concentrations between the ub]and S. glauca-L. arcticus (0.40 me/100

-

g) and B. glandulosa-V. vitis-idaea (0.35 me/lOO g) ct's. However,
both of the upland ct's have higher concentrations of potassium than

the depressional Moss-E. vaginatum ct (0.30 me/100 g). The B.

glandulosa-V. vitis-idaea ct has calcium concentrations intermediate

between and not significantly different from the S. glauca-L. arcticus

ct and Moss-E. vaginatum cti? Calcium concentration is significantly

lower in the Moss-E. vaginatum ct than in the S. glauca-L. arcticus

ct. -
pH

~ The organic hor%zons of the upland ct's have.a mean pH of 5.2 in

the S. glauca-L. arct1Cus ct and 5, 4 1n the B. g]andu]osa -V. v1t1s-

idaea ct. In depress1ona1 ct's thehaverage pH of these hor1zons is
5. 1 in the Moss-E. va91natu% ct and 4 £’1n bhe L1chen L. palustre ct.
Although the pH of the organic horizons appears t0 be s1ight1y lower

in depress1ona1 ct's there 1s no s1gn1f1cant d:fférence amongst the

-
o~

ct's.
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The mineral horizons also gave no evidence of changes in pH
amongst the ct's. The mean pH of these horizons in the S. glauca-L.
arcticus ct was 6.5 which was not significantly higher than thét of

the B. glandulosa-V. vitis-idaea ct (5.0) or the Moss-E. vaginatum ct

(4.9). | —_——



1 5.0 DISCUSSION

5.1 Comparison with Tundra Communities and Habitats of Other Arctic

Sites

Previous ecological studies make possible a comparison of the ct's

" found on the involuted hill with those found “in other parts of Arctic

North America. Such a comparison is made below, based on similarities
and differences in species compdsition, physiognomy énd habitat,

The first comparison is with an extensive analysis of arctic plant

communities on the eastern:Mackenzie De]ta by.Corns'(1974).
RO . . . . P S o

vy ¢ . '\i‘\'.
A veE
& B

Both the Salix glauca-Lupinus arcticus and Betula g]aﬁdaiosa-

Vaccinium vitis-idaea ct's belong to Corns' Low Shrub-Heath type.

This classification is based on bdth"ct's being dominated by shrubs of
less than 1 m in height,'with an dnderstory of heaths and herbs, and

the absence of Alnus crispa. Corns reports that this type is

dominated by Betula nana, Salix glauca, and'S. gulthra; it has high

cover values for Empetrum nigrum, Vaccinium vitis-idaea, Lupinus. =

arcticus and P§r01a grandiflora. Except for the abundance of S.

et

pulchra this closely matches the physiognomy and species structure of

the upland ct's on the involuted hill.

The Low ShrubZHeath type is “characteristic of the hilltops"
(Corns 1974) and frost boils (earth_hummocks)'ére common in it. Thus

the habitat of the upland tundra ct's on the invoiuted hill appears

61



typical for that of the rest of the Pleistocené/Mackenzie Delta.
Corﬁgfféports that this .-type is re]ative]y‘dry and attributes this
dryness to remova]’b} wind of snow from these elevated sites. The Low
Shrub-Heath type is the most extensive type on the Pleistocene delta

covering from 30-70% of the landscape (Corns 1974).

¥
)

At a lower level of glassificat%on,ithe S. glauca-L. arcticus ct
matches Corns' aéﬁcription of the Willow-Heath subgroup. Both the ct
and’the subgroup can be described as having Salix dominant over Betula
~with an abundance of botﬁ'g, nigrum and V. vitis-idaea. The syntaxo-

nomic affinities of the B. gléndu]osaiy. vitis-idaea .ct are not as

clear; it may belong tb either the Birch-Heath or'BirCh-Nillow—Heath
subgroups. Salix cover in the ct is about 29%, Betula 48% and it is
not apparent from Corns' descripfion if this cover of Salix is high

enough to classify the ct as Bifth-Ni]]ow-Heath. However,

Arctostaphylos rubra and Vaccinium uliginosum, which are reported to
be common .in both subgroups, are particularly abundant in the Birch- |
Willow-Heath subgroup. These two species are not common in the B.

glandulosa-V. vitis-idaea ct ahd, therefore,‘it.dppears that this ct

is most similar to the Birch-Heath:gppgroup.

The Moss-Eriophorum vaginatum and Lichen-Ledum palustre ct's are

classified as belonging to the Herb-Low Shrub-Heath type of Corns
(1974). This type is found in low topograbhic poSitions‘and has an
abundance of herbs and heaths. ' .

(8]

The Moss-E. vaginatum ct can be considered equivalent to the



Sedge-Cottongrass-Heath subgroup of Corns (1974). Both the ct and the

subgroup have high covers of E. vaginatum and mosses; Carex bigelowii

is an important member of the community. The Sedge-Cottongrass-Heath
subgroup and the closely related Sedge-Heath subgroup are reported to

ﬁover between 1 and 10% of the Tuktoyaktuk Peninsula (Corns 1974).

The Lichen-L. palustre ct has as its counterpart Corns' (1974)
Raised-Center Polygon subgroup. Both the ctyénd subgroup occur on -
well developed, high-center polygons with large areas of exposed peat

and high covers of B. glandulosa, Rubus chamaemorus, L. palustre and

V. vitis-idaea. However, Corns (1974) reports that moss covef is low
and lichen cover is variable. On the involuted hill moss cover in the
' Lichen-L. palustre ct was only slightly below its mean for the entire
hill, and lichen cover was consistently high (though it did vary from
23-43%). This subgroup is reported to cover 4-15% 6f the Peninsula

(Corns 19745%
. 1%

Finally, the Salix pulchra-Alnus crispa ct most resembles Corns'

(1974) Medium Shrub-Heath type. In both syntaxa'shrubs are dense but
.h;§@§t7are lTess thah 1.5 m tall; A. crispa, forbs and/or graminoids are
.“ébﬁndant. Both unfts occur in a late snow-melt area. Corns (1974)
states that there is downslope flow of soil water in this type; this
situation was‘aiso observed on the involuted hill,- However, the
Medium Shrub-Heath type has high covers of L;_Qa1ustré: V. vitis-

jdaea, E. vaginatum and S. glauca; these species had low cover values

in the'§;_pu1chra-AL crispa ct. On the Tuktbyaktuk PenfnsuTa this

type covered 4-8% of the landscape (Corns 1974).

-

Q
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The Point Barrow 1.B.P. site is located on.the low lying coastal
plain of northern Alaska. Ice-wedge polygons are the dnly significant

elements of relief (Webber 1978). Webber's (1978) Wet Dupontia

fisheri-Eriophorum angustifolium Meadow is found on flat wet sites and

polygon troughs. It appears to be ecologically equivalent to the
Moss-E. vaginatum ct of the involuted hill in terms of habitat and
general physiognomy. The species correspondence is not good as

Dupontia fisheri is absent in the involuted hill ct and the cotton-

gfass tussock sedge E. vaginatum replaces E. angustifolium.

The Lichen-L. palustre.ct has its closest affinity*with Webber's

(1978) Dry Luzula confusa Heath. Both communities are found on high-

-center polygons and lichens are abundant. Again, however there are
some'significaht differences between the communities. On the
involuted hill L. confusa reaches its maximum cover value (1%) ?% this
ct but it is much lower in cover than either the heath species or
lichens. Webber (1978) describes~the characteristic growth-forms as
caéspitose monocots and fruticose lichens, while on the involuted hill

the yrowth-forms in this ct are dohinant]y'eﬁé}green shrubs and

1¥¢thens.

Due to the low, flat relief at Barrow there are no communities
there that correspond to the upland group found on the involuted hill.

The §, pulchra-A. crispa ct is also missing at BaF?ow.

At Cape’Thompson on wesgern&”coastal A]aska,’up]and sites are

better drained with coarser-teEiZE%d~so1]s (Holowaychuk et al. 1966)

_y
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than similar sites on the involuted hill. There is little similarity
between thé communities on«uﬁ]qnd sites at Cape Thompson, which are
dominated by thas-heaths, and those on upland sites on the involuted

hill, which are dominated by Salix and Betula shrubs.

High-center polygons at Cape Thompson appear to be drier and the

mineral part of the solum is within the active layer. Salix spp.,

heaths and Carex bigelowii dominate these sites. Similar habitats on

the involuted hill are dominated by lichens and L. palustre.

However, the mo?: common community in the Cape Thompson'area, the
Eriophorum tussock community, is very simiar to the Moss-E. vaginatum
ct of the involuted hill. Both ct's occupy low-lying, poorl, rained

sites,'have gleysolic soils, aﬁ% are dominated by E. vaginatum.

Additionally, Ledum palustre, Betula g]andu]bsa and Vaccinium vitis-

idaea, which are reportedlto’be common in this community in Cape

ey

. Thompson, all have cover values of greater than 10% on the involuted

¥4

hill. It appears that these two ct's are virtually identical.

The Umiat region of A]aska is 1ocated w1th1n the Footh111s
Prov1nce where the topography is dom1nated bZ&?ent1y ro]11ng h111s
(Churchill 1955). Shrub-dominated p]ant communities are more common
at-Umiat than on the Arctic Coastal Plain and they show a greater

¢ similarity to ct's of the Upland Group on the involuted hill.

Churchill's (1955) Dwarf Shrup-Héath type appears to be

ecologically equivalent to the E, glandulosa-V. vitis-idaea ct. Both

P

Vo
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ct's are found on upland sites, with B. glandulosa, V. vitis-idaea, L.
palustre and E. nigrum being prominent vascular plants. The stature
of the shrubs may be somewhat lower at Umiat than on the involuted
hill. The Moss-E. vagingtum ct has a counterbart in Churchill's
Eriophorum-Dwarf Shrub Heath group of the preceding type. It apbears

that there is a greategﬁhabitat overlap of Betula and Eriophorum at

Umiat than on the involuted hill, perhaps reflecting moister

conditions at Umiat.
Y

A Salix glauca type is reported for Umiat by Churchill (1955) but‘

unlike the habitat on the involuted hill this type was found in a wu.
drainage channel with Sghagnﬁm mosses. It does not appear to

correspond to the S. glauca-L. arcticus ct of the involuted hil’

except in terms of dominance Ly S. g1auc 3f'

An Alnus crispa type at.Umiat has close affinities with the S.

pulchra-A. crispa ct. Both ct's are found in draws with flowing water

and are dominated by medium shrubs. Alnus crispa and S. pulchra are

the dominant species with Arctagrostis latifolia and Equisetum arvense

being common herbs. Mosses are common but lichens have low cover

value.

_B]isg (1977)§sta%eslthat,the ct's found in Truelove Lowland, Devon
Island, afe é]oSely re1ated to those of the Low Arctic sites found in
northern Alaska and the Mackeniie Delta. Comparing the ct's found on
.the involuted hill to fﬁose of Truelove Lowland, however, there

appears to be-]ift]e cofrespondence.
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None of the Upland Group_tt‘snof the.involutéd hill seem to occur
in the Truelove Lowland area (cf. Muc 1977). Upland sites at Truelove
are dominated instead by cushion plants with some dwarf shrubs such as

'salix arctica. By contrast, upland sites on the involuted hill are

dominated by low shrubs, herbaceous dicots and ericads.

The only moderately similar communities in the two areas app: -~ to
be Muc's (1977) Sedge- Moss type and the Moss- E. vaginaium ct. These:
types are similar in that they occupy low-1y1ng habitats, are
dominated by mosses.. and gram1no1ds, and lichens are rare 1n them. But

there are some s1gn1f1cant differences in terms of spec1es compos1-

tion: E. vag1natum replaces E angust1f011um and E. triste. Also,

Carex b1ge10w11 the most common Carex in the involuted hill ct,

'appears to Q .@bsent at Truelove Lowland {Muc 1977, Hultén 1968).

From the preceding comparisdns it is clear that all the ct'§ fouﬁd
on the involuted :ill have -been reported from other regions of Arctic |
North America. What is exceptional about the hill is that within a
smali area there are ct s that have been reported from both the Arctic
Coastal P]ajn and the Foothills provinces., Other than the Mackenz1e
VtrDelta, mosfraféas of cbééfaﬁ 1owiahd fundfa in weSterhiNofihiAmerica
are dominated by communities similar to the MoSsﬁg. vaginatum ct or

the Lichen-L. palustre ct, with shrub-dominateq,ct's rare or absent,

The, prevalence of shrdbfdominated ct's on the involuted hill gives
it a physioynomy found in ‘more-inland and/or upland sites such as thefﬁ

<foothills at Umiat. The higher relative relief and wrinkled landscape



of the involuted hill resembles the ro]ling“topography of the

foothi]]s?province of northern Alaska on'a smaller scale, thereby

offering suitable habitats for 'foothills' ct's. It thus appears that
: L '

the upiands.of the involuted hills act as disjunct foothill elements.

J

The Moss- E. vag1natum ct, “dominant in.the depressions of the
involuted h1]1, seems to be ‘common throughout the west cocst of Arctlc

North America (Britton 1966; weyn & Bliss 1974). However, in most

other study areas E. angustifolium is dominant rather than E.

vaginatum.

5.2 Vegetation patterns

S

The distribution of tundra plant communities on an arctic land- o
scape is controlled by a qomp]ex of environmental factors and their
gradients over space. In the arctic, sma]] changes in re11ef produce

. steep env1ronmenta1 gradwents thereby creat1ng d1screte p]ant .

>

commun1ty types (Bliss 1971). _ ' ‘ ‘ L
u‘ Vegetat1on on the tnvo]uted hill cons1stent1y ref]ects the . 3{

7‘wr1nkled appearance of . the landscape. In terms of phys1ognomy,‘ piandﬁ'

sites are dominated by deciduous shrubs and forbs wh1]e depresetona1‘1}

sites are dominated by mosses, ‘lichens and gram1no1ds._ Several large

| ice;wedges occur on the involuted hi]]. The shoulders of these

‘J1ce wedges create hab1tats similar to upland s1tes, probab]y through;_

better dra1nage P]ant commun1t1es on these 1ce-wedges are

vegetative]y similar to upland sites'and are included in the Upland -

N .



Group.

Corns (1974) substantlates this vegetat1on pattern 1nterpretat1on

ror other areas on the P]e1$tocene Mackenz1e De]ta S1m11ar1y, both

Nebber (1978) and Murray (1978) report that plant commun1ty types at
¢

B ‘Barrow are corre]ated with per1g}ac1a1 geomorphic features ‘Webber ,f}f

rincipal contro] on

'b,(1978) further postu]ates ‘that m1crore11ef is the

.B/the plant env1ronment through its effect on dra1n ge.and other
e Q} -
substrate re]at1ons7 it determmes the d1str1but' w of p]ant species..
A 2 . i - . . . ‘ -
S & : ) o ' y o L
&* 5.3 yUniform Factors Among .the Community Types -~° . » K
uw - | L, SR ‘ '
o Severa] env1ronmenta1 parameters show no s1gn1f1cant var1at1on T :ig

between the ct s on the 1nvoluted h111 These=1nc1ude organ1c matter
, o a . 5
depth in ho]]ows between earth hummocks active - layer th1ckness 1n.
4.'3"&

BV - R - 5—4\_{)

these ho]]ows so1l'pH and n1trogen phosphorus, Qagnes1um sod1um and

P
o

~sC.E.C: in the m1nera1 part of thé soil proftﬁgs Due to the1r e

e 7

un1form1ty amony ct's it s aﬁsumed that theSe paraméters w111 not-

“have an 1nf1uence on vethat1on distribution.

~
-4

>

1t is bel1eved that the involuted h11], despite hav1ng several

geomorpholog1ca] features has, had a un1form geo]ogwca1 h1story.‘ That
_.1s, the m1nera] part of the solum 1s der1ved from a till- (Rampton and;
‘ MaCKay 1971) that was laid~ dbwn dur1ng a single geo]og1ca1 per1od and

" that the entire hill has been exposed to the same c11mat1c cond1t1ons

throughout the Quaternary JThe un1form1ty of . nutr1ents in the mineral -

part of the solum‘ts probably.duelto a uniform geo1ogtcaj h]StOFy for

&
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° v
the entire hill.

o,
".(.\h »

HE%
It was previously.noted 4¢k 4 ? that in the up]and 'sites most
’ ' ’ n Y
ptween the earth hummocks These

mosses were 1ocated'in'the»hol.

ho]lows in effect'support patches gf the Moss- E. vaginatum ct. ‘The

. @$ " ' ; .
mosses contribute: to an accumu)at1on of organ1c matter 1n the ho]]ows :
MR
Lff
creat1ng conditions 51m1]aﬁ& those of the Moss-E. v_gjnatum ct.
—

»Organic matter has a strong 1nf]uence on the thermg] budget of - s1tes

J :
due- to its 1nsu1at1ve pr0pert1es (Brown 1973) The re]at1ve1y“deep

:J'

organic matter’ of‘the up]and Té1 Tows probab]y retards heat’ excha%ge to' ?’1:39

the ground thereby produc1ng shallow act1ve ]ayers 51m1lag in depth t
T those of: the Moss “E. vag1natum ct i - A e by

\é p o bflﬂd- \-” . a : ‘ i
.;:ﬁ 4 501] M01sture » g . s

. . - .
':ﬁ : ' 3, A . —4" o '_\

.} o : - - AR 2 ,-":‘
, 5011 monsture content is an envrronmenta] parameteru h, on the
! k., ' 5 ’ - Pl
?nvotuted h11] var1es s1gn1f1cant1y between uptand and depress1ona1 S e

. _ e b
sites,, Previous’ research has done much td substantiate the 1mportance

o of s0il moisture in contro]11ng env1ronmenta1 and vegetat1on grad1enbs ) ‘
in the-arct1c (Tedrow and Cant]on 1958 B1ll1ngs and Mooney 1968 3§:fﬁ

. o 5o R

Bliss 1971, Janz 1974). The factor,pr1mar11y regpons1b1e“for RS A

- ’ & 1z ‘ . v ) ' A
differences in soil moisture over a given tundra area is relief ,. . -
(Webber 1978)-’dp1and sites ha&e better'dhainage than depressfons

Furthermoreﬁ:w1nd often removes snow from the h1gher topograph1c N ;

o

poszt1ons (Corns 1974, Webber 1978) The comb1nat1on of better .

dra1nage and reduced. mo1sture from snow me]t results in relat1ve]y dry

~ conditions in up]and sites on the 1nvo]ute; . .;€§%1$ observat1on ts T;f
. . ) ..“‘ E -

# “

3 - ’ o

ey
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/ J

substant1aZed by Corns (1974) work in which he reports. minimal‘snow

) K

accumulat10n and drier hab1tats in the upland Low Shrub- Heath type.s -

'Depress1ona1 %ites which have poorer drainage and greater ‘snow

r

- accumulat1on have s1gn1f1cant1y higher mo1sture contents. So1]

DA VN

K

)

: 7 v
un1versa11y mottzcd appea

%
mo1sture with organ1c matter and thaw depths forms an env1ronmenta1

' complex- grad]ent (sensu wh1ttaker 19755 or‘§o11 catena (F1gure 5)

)

“which may, in turnv contro] nutr1ent ava11ab111ty between topograph1c

§1tes and, by extens1on the d1str1bat1on of ¢’ Jﬁhz 1974) . S011

Hr‘:f‘& y; T g 0\ ,«')
S I

moisture contents df ct's are descr1bed 1n Table &;‘ S
) ., . » L/ : . ' ,‘)‘../‘ 4:.’
‘ : o ol m
Depre551ona1 stands aré*character12ed by h1g£ 5011 mo1sture .
RO ,

contents with very svﬁwly T]ow1ng or stagnant water The;§.5 RGN

Bu]chra A cr1sga ct 1s except1ona1 in that water f]owed through its
'Lf 4\«3 *I’

stands all summer.wvjhaw depths @re sha]]ow 1n depress1ona1 stands,

et
N

o~

further 1nh1b1t1ng dra1nage The ]ackwof free dra1nage produces ' e

Ly
anaerob1c cond1t10ns through a”reduct1on 1n gas exchange gaEv1dence
W

for the 1ow amounts of oxy-

w1n these so1]s is seen ™ the a\most

b3

of the minéralsportion of the sdlum.

‘ Anaerob1c decompos1t1on occurs to a greater extent than- 1n more freely

4

dra1ned s1tes and tox1c byproducts ‘such as® HZS often accumulate in the

iy

5011 (A]exander 1961) Plants occupy1ng these poor]y aerated sites _ ;'

‘ have two bas1c strateg1es to avo1d the oxygen def1c1ency of the so]um.

d .
: ; N
Fio ' 2 ~
. PR - . N e .
‘ v

)

F1rst1y, some species have- evo]ved a mechagasm whereby oxygen
“taken in by the shoots is trans]ocated via aerenchyma t1ssues to the

roots. Armstrong and Boatman (1967) demonstrated this ab111ty for

 several species growing in boggy soils with poor aeration. lErithorum
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A

&

v
S

Jangustifolium under reducing conditions showég‘iron,oxidation around
o : ,

“the rootfips and it was conc uded that oxygen translocation was

5y

ozcurring from the above-c¢ .ind portion of the plan (Arm.

»»»»»

Tong ‘and
Boatman 1967). Furtherﬁ <oart and M111erv(1982), fronh ork in
northern Alaska, found b sher 1evels of oxygen undey. veh cle tracks

dccup1ed by Er1ophorum vag1natum “than ‘in tracks where th1s species did

not oceur. They conc]uded that E. vag1natum played a role in aerating

.vvery&wet tundra soils, On the .involuted hill reddish stains were

obseryeduaround the roots of- E. vaginatum, providing indirect revidence

of 1iron qgxidation-and, by extens1on oxygen trahs]ocation td its e

oo

roots. Janz (1974) made s1m11ar observat1ons about th1s spesgf

ﬁp

72

‘avo1d1ng the necessity of phys1caJ1y driven so1] aerat1on E va91natUm

05extend Wts roots: through the. water- saturated organ1c o

‘k

hor1zon 1nto the more nutr1ent r1ch m1nera1 hor1zon This s a

*mechanism wh1ch al]ows E vag1natum to dom1nate in depress1ona] s1tes

"J

'where the mineral hor1‘on is 1nc1uded in the thawed 1ayer ‘Garex~

Al

1gelow11 is another deep-root1ng sedge that reaches its maximum

" abundanCe .in the Mosé—E. vagin.tum ct.” This species may have similar
* - -

r

. v
adaptations to the afjaerobic conditions.
\: o \ & ' ‘
- L ¢ < ,

. ’ 7 ' Y
cr1spa ct had water f]ow1ng through 1t all

I4 A

The S. puiehra-A

_summér yet had the best deve]oped shrub- cover on the hill, - from this

s . A \

obserVation it is postulated that water 1tse?f;1s not the factor

]1m1t1ng shrub growth but rather the presence_or absence of oxygenated

water. water in the stands was constant]y flowing and thus likely had
?.
more oxygen than other depressional sites. FUrthermore,‘it is

expected that flowing water will transport nutrients into and toxins

-3

sy
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root systems within the drier top few centimeters of the surface ' , nf‘}

'W1n both Betula g]andu]osa and Ledum pa]ustre rooting- oﬁ

’ spec1es are us1ng the f]oater strategy‘%@é

74

away from the sitgy
The second strategy is exhibited by species that Shaver aﬁd Cutler
(1979) have termed “floaters". These specits include heaths and in

some cases, Betula g]andu]osa The strategy of these plants is to

avo1d the wet cond1t1ons of the hab1tat by concentrating most of the1r

organic horizon. . This shallow rooting strategy was orlg1na11y

discussed by Dennis and Johnson (1970) as a mechan1sm whereby p]ants
Ve S
avoid the cold cond1t1ons\createdg9y the near- surface permafrost I

thF]ZOﬂ However as Janz (1974) po1nts out surf1c1a1 roothng may

3
also be a response to anaerobic so11 cond1t1ons Ev1dence that some

]

he 1nvo]uted h111 is seen "

.\‘
e

- %

?tﬁ the'top

Y

W
» Sy

 few cent1meters of the organic- hor1zon in both the Moss E vag1natum’v

2

‘ct and the Lichen-L., pa]ustre ct. A major eco]og1ca‘ prob]em with

this strategy 1s that . the p]ants are cut off from the relat1ve1y
nutr1ent rich m1nera] hor1zon (they may also be vu]nerab]e to
interpittent droughts). This partially explains the sf’hted growth-

fonn shown by B. g]andu]osa in the L1chen L. pa1ustre ct. -Heaths

o
/successfu1]y emp]oy thé\floater strategy to occupy these marg1na]

-

“habitats because they appear to have deve]oped an eﬁfect1ve nutrient-

~storage system (Had]ey and Bliss 1964)‘? This system is d1scussed in

more deta1] below ( ) . - _/ - S

-~

.Ca
Q ﬁ’\

Upland tundra sites are typified by having better'drajnage and

drier soil conditions than oepréssionahgsites. Drainage.in the’



¢

‘uplands is enhanced by their high topographic‘posittons and relatively
th1ck thawed layers (Figure 5).. : The more‘aerated upland soils do not

g@ ' . produce the gas exchange and tox1c1ty prob]ems ‘encountered in the

9

depress1onal s1tes gTherefore p]ants are able - to free]y root through

.

the surface organic layers and ga1n access to the nutr1ent~r1ch

By

mineral horizons. ' ?“ , Am;'u.‘f e

* : .. ¢ M £
T X R e i YT
ol . . . .

: b

. Dowdwng et al. (1978) report that most mosses 1n northern A]aska

v ;a,; by
2

tundra sites requ1re mo1st cond1t1ons as they der1ve the1r1nutr1ents
" from water leachlng from p]ants and 11tter rather than from sov] sIn. ¢,

g “
(ALY R ‘J, N
17 ,‘-r.'vA . ~' .:\, *«z/ . , ,”

xueéicond1t1ons of ‘the’ Noss E vag1natum ct prov1de

i o

+ i

_Suita for*bryophytes 1n tenms oanutr1ent ava11ab1]1ty and

0 N

E . N
henge N bute to the abundance of these p]ants 1n depress1ons

W’ w L . Lo

. . st " < . B
. L P

5 el
ey
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5.5 Nutrients and 0rgan1c Matter

Shortages of aVadqable.nutrients in-the .soil are frequiht1y cited
“o. o+ as. respons1b]e for the 1ow rates of primary product1v1ty 1n arctic

tundra‘ecosystems (B11]1ngs and Mooney 1968 Bliss 1971, Ulrich and
~ Gesper 1978). Nutrient input into the soil environment primarily
, deoends upon release fnom weathering of. soil oarent materta] and upon-
7re1easi from decompos1t1on of the organ1c -part of the so]um. \

Neathef1ng and decompos1t1on rates are. slow in Arctic tundra
el

ecosystems and, therefore, so1hvnutr1ent concentrat1ons tend to be low
t ' \ . . .

in comparison to those o° ecosystems in more temperate regions. . Low

concentrations -of soil nutrients in tundra and forest-tundra sites

have been reported oy Heilman (1966;'1968) on the Alaskan North Slope,

l
. e~

. '») . ' o . . . ] o ’%‘ .

-]
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Haag (I974) on the Pleistocene hackenzie Delta, Babb and Whitfield

"(1977) on Devon Isiand, and Ulrich anquesper (1978) at Barrow,

i

[Ch]

\\\Erev1ous reséarch on the role of nutrients in.limiting tundra

plant productivity hasvsubstantiatedlthe hypothesis that both nitrogen

_and phosphorus are limiting for plant production. Marion and Miller

(1982).reported that nitrogen is the most frequent]y ]1m1t1ng nutrient
for the gﬁowth of tundra plants. Haag (1973) found that nitrogen was

limiting in both upland and depressional sites on the P]e1stocene

fMackenzie'De]ta. Phosphorus was found, to be 1imit1ng'ih lowland-sites

1.but not in up]ands Younkin (1972), worklgg in the same area, found

.greater growth responses in native gra§

«\.I

k@h additions of
phosphorus than with additions of n1trogehf4%WEt organ1c soils have
been observed to be- esgec1a11y phosphdrus def1c1ent Sal1sbury (1959)

noted that phosphorus in comb1nat1on with organic matter was not

'lreadily available to plants. "Under conditions of high moisture

re

content, phosphorus is highly subject tolleéching loss due to its high

solubility under reducing conditions (Glentworth 1949 )7

Besides the low nc:rient, sgatus of arct1 oils genera]]y, there

b &Ea ; dfxg\

are usually substant1a] d1fferences in nutr1ent ava11ab1l1ty within a"f
s1ng]e so1] profile, Both He1]man (1966 1968) and Janz (1974)- Showed

that nutn1ent_goncentrat1ons were substant1a]]y h1gher in the mineral

‘portion of the solum compared to the organic port1on ' Th1s d1fference

,.,1

was not evident on the involuted hill, probably due to the ana]yt1ca]

procedure (see 3.2) rather than to a similarity in nutrient status.

S . .
- ‘: )
. . ,
o
. . - -« : ;
. v ’ . H -
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i

In gehd&a], nutrient concentrations in’ the mineral part of the
solum on the involuted hill did not differ significantly among the
three ct's in which the thaw layer was deep enough to contact this

horizon (see 5.3). Therefore ava1]abTe nutrlent differences among .
the ct's w1|1 be due to d1fferences in the nutr1ent @@ncentrat1ons of
the surface organic hor1zons. Nutrient inputs 1nto these horizons
ijT be limited by both moisture content and depth of the organic
matter. h

. .o v .

As outlined in 5.4, drier, aerated soils-allow roots to penetrate
Xinto the nutrient-rich mineral horizons The plants absorb these
”Lnotr1ents and subsequent]y re]ease them 1nto the organic horizons. By
eontrast 41n saturated anaerob1c so1ls root penetrat1on to the |
_m1n%§a1 hor1zons is 1nh1b1ted or prevented a]together. As SUChr7
nutr1ent cycT1ng is restricted and the nutrient status of the organic.
hor1zons w1l] be- poorer than in the dr1er soils.

A .
" Heilman (1966, 1968) and Janz (1974) clearly identify two limiting

environmental conditions imposed on plant speoies:octupying siteslwith
deep ac%pmuTations ogéorganic matter. The ftrst effect of deep<
drgan1c matter is on the depth of thaw. SoiTstin sites with deep
’Wpeats are effect1ve1y 1nsu1ated from the warmer over1y1ng a1r and

X

depths to frost are shallvw.. The comb1nat1on of a deep peat and a
shallow depth of thaw e fect1ve1y reduces the amount\of m1neraT so1]
in the solum. Sma' .r =mounts of m1nera1 soil are exposéd to

weathering and, tht:efore, these s1tes may show' a deficiency in

mineral-derived avzilable nutrients.

~



) of the so11 micro-organisms . respons1b]e for decﬁhbgs1tion.. The deep
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The effects of organic horizor th1ckness on depth of thaw are

illustrated a§“¥ollbWs the S. glauca L. arcticus ct had Qytp surface
organ1c hor“ l:‘}"‘swand deep ‘thawed 1ayers (Table 8).. In this ct the
mineral part of the solum typ1ca]1y.occup1ed 85% of the soil profile

in the thawed;16yer. "By contrast, the B. glandulosa-V. vitis-idaea ct

had thicker organic horizons, similar to the Moss-E. vaginatum ct
(Table 8). In these 2 sites the mineral portion of the solum occupied
only 40% and 33% of the thawed layer, respectively.

J

The Lichen-L. palustre ct had the thickest organic matter

,accumu]atiohs on the involuted hill. It appears that decomposition is-

severely limited. in this ct, probably due to the extreme]y‘wet

cond1t1ogs in comb1nat1on w1th co]d soil temperatures cr ' d by the

large 1ce-wedges. Such conditions would sevepv&&n}1m1t t 753 qct1v1t1es‘

e

i ' )

peats of this ct effectively insulate the so]um; the thawed 1ayer waS‘

at its thinnest (23 cm) and the mineral portion of the solum was below -

the frost table.

S

The second effect of 1ncreas1ng aCCumulat1on of organ1%?lnatﬁ@r is o

)
that p]ants arer1ncreas1ngly cut of f from the more nutrient- r1ch

/ sl

mtneral port1on of thé solum. Heilman (1966, 1968), from work on

g

h nitrogen, phosphorus and potass1um iﬁ*the ‘foliage of plants grow1ng on

thick peat compared to plants of the same’ spec1es growing on° th1nner
& 7~
peats. He showed that n1trogen concengrat1ons were high nedr the

Y

surface <in mineral soils, but as organic matter:qpcumuTated, the zone

£y

.norgh fac1LE slopes in 1nter10r Alaska, reported‘]OWer levels of- '5’.:
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i depths and less m1nera1 soil exposed to weatherlng (F1gure 5) Cw ’

79

N 9 . "‘.1 '
of maximum n}@rngeﬂ tontent was concentrated in deeper cblder parts

of the solum. nﬁ . C .

% ‘

- Haag (1972), from work on the Mackenzie Deita, showed how soil
noisture and organic matter thickness, can be correlated with{nutrient
cycling in ége solum. Up]and sites, with thinner,’drier, onganic
matter tend t« have thicker active layers and more mineral soil is
exposed to weather1ng. .Neathefing of the ﬁinera] honizons releases

=~Rutrients wh1ch becOme available to plants. The‘thin organic norigpns
a]lpw for relatively easy access of roots to these weatnered mineral

horizons and cycling ‘of the minerals can be quite rapid. The nutr1ent

.,status of these §ites-is expected to be high. If'so, sha]low«ﬁﬁoted

gsccessib]e..

=

Depress1ona] sites w1th thicker organ1c matter have th1nner thaw WS

4

b Nutr]ent cyc11ng is 1nh1b1ted in the depress1ona1 stands and input of

N

Cw

nutrients 1nto the organ1c hor1zons 1§£¥etanded Some nutrients are .

: recyc]ed 1n§o tge upper hoc1zons, probab]y frqm deep rootﬁng'

‘graminoids and runoff from upslope sites.

2

-3 - f . as P
Y ixd

. %=0n the 1nvo]uted h111 nutrient. concentrat1ons in. the organ1c E

hoﬁﬁzons fol]owed a pattern that is cons1stent with Haag's (1972)

s

: 1nterpretat1on Nutr1ent.concentrat1ons in the organic portion of the

| “ soltum were highest in the upland tundra group which tended to have:

N
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soils with relatively dry, thin organichmatter (Figure. 5). Nutrient

concentrations were lower in the soils of the depressional tundra

group which had' th1ck wet surface organ1c hor1zons. The S. 9]auca1L:

arcticus ct has both dry so1ls and thin organ1c horlzons. The more

nutrient-poor B. glandu]osa-y, vitis-idaea ct also has dry soils but

it has sighifiCantIy thicker organic horizons. These thicker organic
L
Q horizons will inhibit weathering of. the mineral hor1zons and a]so

4]

{f restrict rooting into them. Thus, nutrient cycling is restricted,

;ggf 1ead1ng to a more nutrient- poor regime in the B. g]andu]osa =V.
. Ay "

s vitis-idaea ct Further research is needed to explain how these
2

differences .-in organ1c matter depth arose in 2 ct's occupy1ng the same
topograph1c pos1t1ons. “One poss1b1e mechan1sm is that the &J—

gJandu]osa-V v1t1s idaea ct s are an o]der stage. in h success1ona]
il :

[
lr\

sequence and that the deeper organ1c matter is due to a 1onger t1me Q

k4

. _ . .
.8 ’ A ao
¢ ‘;Z"J:\‘

-per1od of accumulat1on. .
_ - o ‘ A

|
1

~Chapin et al. (1975) stated -that, p]ants w1th h1gh resp1rat1on |
rates will have high nutr1ent requ1rements, High photosynthet1c Pates
"also demand high nutrient availability. It is, therefore, postu]ated

that species w1th h1gh resp1rat1on and/or photosynthetlc rates will

' tend o be more preva]ent in nutr1ent rich sites. Spec1es with 1ower

' met%bollc ratei w1]1 be- ab]e to exp]o1t more nutm1ent—def1c1ent s1tes.

p
‘«

,’\ Invgenera] spat1a1 var1at1ons in soil nutr1entfava1lab1]1ty, notab]y

/ .
in the organ1c horizons, shou]d strong]y influence the d1str1but1on of

<

L LT ® . ’ .~

whilegphotosynthetic and”%@%piration;rates-werebnot,measured on

’
' KA

£9

bt

R ct s:oen the 1nvo]uted hill. \- "f“ e » L S 4 -

&

(]
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the plants of the involuted hill, research has been done on the same

or re]ated species from other tundra habitats. bisek and Knapp (1959)

report that deciduous shrubs have higheriﬁesoiratton rates than\s

everygreen shrubs. Limbach et al;_(i982), wOrking in northecn Afaska,

reported that.@ﬂiﬁlﬂ nana assimi]ated carbon for photosynthesis at a.
? . h1gh rate throughout its’ gr0w1ng season, while‘!, vitis-idaea had a

£

Tow photosynthet1c rate Er10phorum vaginatum had.photosynthetic

‘¢

.. - et ' -
Thu%g frgﬁ'the 11tera’ure, it may be 1nferred that both Salix

@

-,

rates between the other 2 spec1es.

' glauca and BetuJa g]andulosa have relat1ve1y h1gh nﬁtFTent/de;ands.,

Ok ’)
'The thin pgry, surface organ1c hor1zon 1s probably respons1b1e for the

3D, —
T

v

ma1ntenance of~ dec1duous shrub spec1es in the upland S glauca- L. f

arct1cus ct. Thf fn, organ1c h0r1zons of the S glauca k—’arct1cus

?};.,:ct~a1low S B glandulosa ‘to easily reach ‘the m1nera]

o horlzons and - thus ga1n acceSs to the1r requ1£gd nutrients. Extrapo—

- P
A ~ 4

lating from Haag s (1972) theory, because oﬁ~eff1c1ent nutr1ent o
cyc11ng in this'ct, the organ1c horfzons themse]ves may maké s1gn1-

«trtbut1ons to the “ptr1ent demands of ‘these shrubs.. In the'

S In th1s ct'organJc matter is s1gn§?1cant1y th1cker though ot wetter ~~,*

<

BN @

i than in the S glauca L. arct1cus ct. Because of the deeper organ1c .
‘:,g%. TN o ) L
matter weather1ng may . be 1nh1b1ted and nutr1ents concentrated at

i . -

greater depths in the B. glandu]osa V v1t1s-1daea ct These ]ower.

LS

concentratlons prov1de ev1dence that gutr1ent cyclwng s 1ess o

e effect1Ve in the 1atter ct The;fact that S. glauca is Tess common in
::'_.a, A L e

the %ore nutrient- poor B g]andu]osa V v1t1s jdaea ct prov1des \*Q\s

. e . . 7 . ) .
Y . EY .

: - ' L "t‘lf‘

Vb , v
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. _herbaceous perenn1als. Thus 1t appears that heaths/have both a

'T1e§zen r976) ' w1th ]ower levels of metabo]hc activ1ty, heaths w11]'

,fresp1ratlon rates, and h1gher 11p1d contents than new 1ea es. (Had]ey

| adaptat1ons

82

o Lo~

indirect support for the hypothesis that it is more- sensitive tok

nutrient deficiencies than is B. glandulos Further research cou]d

-

involve determ1n1ng the nutr1ent requ1rements of these 2 spec1es as a
first step in separating their niches 1n the uptand tundra s1tes. f
4§
Heaths form a c0mmon and’ 1mportant element among ct's on the

1nvo]uted h111 As ment1oned above (5 4), heaths are c]ass1f1ed as

vffloaters as the1r roots do not penetrate deep]y into wet organic

hdrizons. Jhis shallow root1ng system while avo1d1ng the prob]ems of

'anaerob1c s&1ls, tox1ns, etc.,ﬁgqxes the heaths.’ suscept1b]e tok'

kvd

nutr1ent deﬁ1c1enc1es. Heathsj{ﬁ@%ever exh1b1t special phys1o]og1e%]
adaptat1ons whﬁch per it them/%p survive .in ‘nhutpient- poor env1ron-
ments. F1rst]y, heaths are reported to have 1ower resp1rat1on and

photosynthetic rates than forbs, gram1no1ds and dec1duous shrubs

- growing in s1m11ar hab1tats (Hadley and B11ss 1964, Johnson and ;, "

5

requ1re smai]er quant1t1es of ; nutr1ents andlw111 therefore,'be abte & ¥

v ) \1 A [

to survive in nutr1ent -poor env1ronments Second]y,aolder keaves on

.

T,

these spec1es were found to have ]ower net photg,synthes1sZ 1ower f,‘ vfﬂg}

P

and BllSs 1964, Johnson and T1eszeﬁ 1976) It has been/suggested thaﬁ

n/‘
B

R ‘rJ> P I '-. "'
these o]d leawes act as nutr1ent storage e]ements (Haj]ey and Bl15ﬁ o

o

'1964), an adaptat1on ana]ogous to the storage ro]e o? hizomes 1n

re]atively ]ow nutr1ent requ1rement and further that they are B

eff1c1ent in conserv1ng the nutr1ents tha¢ theygaccumu1ateu Thesd f‘;;

e .




énvironmepts.
Y ‘

The  presence of thick organic horizons in combination with very’ o
wet conditions{willrinhibit the development of shrub-dominatec
cbmmunities in the depreésiona] sites. Janz (1974) reached the same
conclusion. Plants groy{ﬁg in the Moss-E. vaginatum and Lichen-L. |
Eaiustre ct's shby"a number of special adaptations to their environ-
ment in.which nutrient‘cycling‘is restricted and @Dg nutrient-rich

mineral horizon is buried beneath a thick, wet, surface organic

horizon.

Both Johnson 3nd Tieszen (1976) and Limbach et al. (1982) have
‘reported that in arctic Alaska, gramjnqids have photosynthetfc and
respiration rates between those. shown by evergreen and deciduous
shrubs. As decidudus shrubs are uncommon in depressional sites,
graminoids are probably the most nutrient-demanding species in these
habitats. Chapinigg_gll (1975) have esfabyished that these tundfa
graminoids have\the ability to concentrate nitrogen,.phospﬁorus and
potassium to levels significantly hjgher than in comparab]evtempérate
species. Furthermore, prior to leaf senescence, nearly half of the
above ground complement of these nutrieats is t?ans]ocated ffom the
leaves to the rhizomes rather than lost to the s~i1 (Chapin et al.
1975). The ability to concentrate and retain rut ents aids
graminoids in occubying the nutrient-defiéient Moﬁéfg. vaginatum ct.

[

The ability of Eriophorum vaginatum and Carex bigelowii fo produce

.deep roots that penetrate the thick,.anaeroPic; organic horizons



further improves‘théir ability to survive in-Qgpressiona] sites. In
northern Alaska tottongrass tussock tundra sites, with organic
horizons up to 30 cm thick, less than 5% of below-ground live
phytomass penetratéd to the mineral portion of the solum. The two .
exceptions were E. vaginatum and C. bigeldwif. These two species had
up to 26% and.62%, respectiQely; of their live root mass -in the
mineral part of the solum in these deep organic sites (Shaver and
Cutier 1979). As mineral cycling is retarded in depressional sftes
the ability to produce roots‘Ehat caﬁ pénetrafe'deep organic soils
allow these sedges access to ava%lab]e nutrients from the;minera]

horizons. This enhances E. vaginatum's ability to dominate in the

Moss-E. vaginatum ct.

Eriophorum vaginatum is rare in the Lichen-L. palustre ct, which

does not include the mineral portion of the solum within the thawed

layer (Figure 5). Thus despite its ability to withstand

water-saturated soils with thicK organic horizons, it appears that E.
. . | . . “‘ T Te— . .

vaginatum requires some minimal amount of nutrients which are only

available from a thawed mineral horizon.

Neither ucsses qpor lichens can absorb nutrients directly from the

soil.. They absorb nutrtents from precipitation and from the water
which léachés from vascular plants and litter (Dowding et al. 1981).
Thus the distribution of mosées and lichens do not directly. depend
upon soil nutrient availability. Nutrients may be most avaiﬁap]e to
the mosses where snow melt water effectively }eachesrdead standing

material of nutrients (Dowdiny et al. 1981). Therefore, on .ne

84
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involuted hill, mosses are most abundant in the depressions where they
can'receive snow melt water. The reletive]y low cover of mosses in
the Lichen-L. palustre ct is probably due to the slightly elevated
microrelief created by high-center polygons. The centers of. these
polygons will be free of snow (Corns 1974), thereby not only exposing
mosses to desiccation but also depriving them of necessary nutrients

fran snow melt and leaching. Similarly, the re]at1ve1y snow-free

upland ct's,wil] have low amounts of nutrients available for mosses.

85

s .
 The Jow cover of bryophytes in the upland ct's may be due, in effect,

to nutrient deficiencies.

Lichens are also unab]e to absorb nutrients directly from the:
4

soil. They derive the1r nutr1ents from ralnwater (Hale 1974) and snow °

ﬁmeltwater. It is to be expected therefore, that: 11chens will be
preva]ent in more ohen sites wherenthere is little 1ntercept1on'of_
precipitation from ah overhahging'yascuTar plant eanopy. The
extreme]y poor 5011 nutr1ent reg1me of the Lichen-L. palustre ct,
coupled w1th the deep, wet: organ1c mater1a1 limits the development of
shrubs, The open condition of this ¢t creates a habltat where
precipitation can reach the soil surface, thereby resu]ting in optima]
conditions for the\develepment of lichens.

Variations in avai]ab]e'hutriehté and the rate of nutrient cycling
between ct's probably plays a stgnificant_role in the distribution of
ct's on the involuted hill. Differences in organic matter depths,

which are correlated with hahitet“types, strongly influence the rate

of nutrient cycling and, in combination with soil moisture content,
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determine nutrient availability to plants.

Upland tundra stands typically have relatively dry, thin organic
horizons which tends to create a rapid rate of nutrient cycling and
yreater nutrient availability. Thus up]gnd sites can support the more
nutrient-demanding forbs and deciduous shrubs. By coﬁfrﬁ?fj”ﬁ}
depressiona1‘stands have wetter, thicker organic horizons; nutrient
~cycling is Hiﬁdefed and nutrient avai]abiiity is low. These stands

support species that are less nutrient-demanding and/or are more

efficient in retaining nutrients (e.g., Eriophorum vaginatum, Ledum

Qaldstre).
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SUMMARY AND CONCLUSTONS

[

Involuted hills are concentrated in a 500 sq km area which starts
 about 15 km east of the hamlet of Tuktoyaktuk on the Pleistocene

Mgckeﬁzie Delta. The hills are massive grouﬂd-ice landforms on
\ - N ) .

which there are a series of large ridges, creating a "wrinkled"
\

]dﬁdscape. Geological evidence suggest that this-area was not

| ‘ '

cQ{ered by the late-Wisconsin g]aciati6n and hence may have been
ice-free for at least 40,000 years.

-

The objeé&i?es'ofvthe study were to: (1) provide a glassification
of the ;1ant community types (ct's) which océur on the invo]utéd‘
hill, (2) relate the ct;s on the involuted hill to ct's found in
other low arctic regions, and (3) attempt to provide some insight

into edéphic factors affecting the distribution of the ct's on the

NS

Sinvoluted hill.

=

Using minimum variance cluster analysis, pr%ncipa] components
analysis and field observations, the 34 stands sampled

quantitatively on the involuted hill were classified into 5 ct's

within 3 major groups.

a) Upland Tundra Group - This .group occupie§ the large outer
ridges of the hill, midslope positfons and rims of the large
ice-wedges which oécur on the central plateau. Both ct's in
this group are dominated by deciduous shrubsf The 2 gt's in

~ this .group are the Salix glauca-Lupinus arcticus ct and the

87



- Betula glandu]osa—Vaccinium-vitis-idaea ct.

b)  Depressional Wetland Tundra Group - These communities occupy
depressional sites where the water is stagnant. The gro@p'ié

‘composed of 2 ct's: the Moss-Eriophorum vaginatum ct occurs

in depressions between the outer ridges of the hill and in
smaller ice-wedge polygon depressions; the Lichen-Ledum
palustre ct occurs on well-developed, high-center polygons )

and .n snowpack sites.

c) Lotié Wetland Tundra Group - This group'is found only along
| draiﬁage channels which dissect the outer ridges of the
involuted hill. Water flows through thege channels all
summér. A single deciduous shrub commﬁnity, the Salix

pulchra-Alnus crispa ct, makes up this group.

~

A1l the ct's found on the involuted hill have been reported from
other Tow arctic.regions in North America.‘,what is exceptional

about the involuted hill is that it has ct's reported from both j
the Arctic Coastal Plain and’Foothil]s Provinces. Most areas of

coastal lowland tundra are dominated by ct's similar to the Moss-

Eriophorum vaginatum ct or the Lichen-Ledum palustre ct, with
shrub-dominated ﬁt's being rare or absent. Tﬁe preVa]ence of
shrub-dominated ct's on the inyoluted hi]]igives it a physiognomy
charaéteristic of the Foothills province on the Alaskan North

Slope. It thus\appears that ‘the uplands of the involuted hills

contain disjunct foothill elements.

88
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In the Upland Tund}a Group earth\Hummockﬁ and disrupted soil . &

‘ protjies are common; all soils have a mineral base. All upland

soils belong to the Turbic Cryo§o1 great group. Soils from 3

Turbic Cryosol -subgroups are found in the Salix glauca-Lupinus

arcticus ct: Brunisolic, Orthic and Gleysolic. The Betula

glandulosa-Vaccinium vitis-idaea ct is dominated by Brunisolic and
Orthic Turbic Cryosol subgroups.
Earth hummocks and disrupted horizons are less common in

Depressional Tundra stands. In the Moss-Eriophorum vaginatum ct

the mineral horizon is gleyed, reflecting the wetter anaeroblc

conditions. Soils of this ct are dom1nant1y Gleysolic Stat
/

Cryosols with minor inclusions of G]eyso]1c Turbic Cryosols. In

the 3 stands of the Lichen-Ledum palustre ct that deve]oped on
high-center polygons, organic horizons occupied the entire active
Tayer. Soils in these stands are probably Mesic or Humic Organic

Cryosols. Soils were not'sampled in the snow bank stands and the

~salix pulchra-Alnus cfispa ct.

/
Soil moisture content was significantly greater in the

Depressional Tundra Groub than in the Upland Tundra Group. There

“was no significant difference in soil moisture content within each

group. Organic depths tended to be thinnest in the Salix

glauca-Lupinus arcticus ct and thickest in the Lichen-Ledum

palustre ct. The depth of organic matter was intermediate and

equal in the Betula g]éndu]osa-Vaccinium vitis-idaea ct and the

Moss-E iophorum vaginatum ct. ‘Mineral soil in the-active layer
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‘g0

was th1ckest in the S. glauca- L. arcticus ct, intermediate in the

B glandulosa V. vitis-idaea ct and Moss-E. vaginatum ct, and did

not appear in the Llchen L. Qalustre ct.

In genéral, available nutrient concentrations in the mineral part
of the solum were uniform‘among the.ct's. In the organic horizons
avaj]ab]e nutrients, notably nitrogen, phosphorus and calcium,

tended to be greater in the Upland Tundra Groups than in the

#

‘Depressional Tundra Groups. 'The ct s, in order of decreasihg

available nutrient content in the organ1c horizons, are: S.

glauca-L. arcticus, B. glandulosa-V. vitis-idaea, Moss-E.

vaginatum, Lichen-L. palustre.

Soils in.depfessional.sites.are waterlogged and probabiy
anaerobic. Th;s plants that aré able to translocate oxygen from
their shoots to their roots (e.g., E. vag{natum) or that can/root
above the anaerobic portion of the solum (e.g., most ericaceous
shrubs) will be able to survive in depressions. The-drier soils
of the Upland Tundra Group ailow plants to ffee]} root‘throhgh the

surface organic horizons.

-

Nutrient availability is a magor factor determ1n1ng the 1ocat1on

of the ct's on the involuted hill, Both Sa11x glauca and LuE1nu

arcticus are restricted to the stands of highest nutrient
ava11ab1]1ty on the hill. These stands have thin organic hori-
zons, deep thawed layers and relatively dry, but not xericy so1]

moisture regimes. Such stands will have more rapid nutrient
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cycling and can support the more nutrient demanding deciduous

shrubs and forbs. The fact that the cover of S. glauca is lower

in the B. glandulosa-V. vitis-idaea ct, where soil moisiure is not

significantly different than in the S. glauca-L. arcticus ct, bui

~

organic matter is deeper and more nutrient-poor, may .indicate that
nutrient availability limits the distribution of S. glauca on the

involuted h#11,

Depressional stands are dominated by species adapted to the low

«

nutrient availability in these sites. . These species have low

nutrient requirements and/or are efficient in retaining the

nutrients fhey absorb (e.g. Ledum palustre, ErfopHEFDh vaginatum).
‘ s
Neither‘mosses nor lichens can absorb nutrients direcf]y from the
soil. They survive in the nutrient-poor depressional standi by
absorbing nutrients from pfecipitation and from water leaching
from vach]ar‘plants and Titter. On the invo]uted hill mosses are
most abundant in'depressions where they can obtain water from
me]tingvsnow. Lichens are prevalent on higﬁ—center polygons.
These polygons are extremely low in available nutrients,
restricting the development of a vascular plant canopy. As there

is little interception of precipitation by vascular plants,

lichens thrive in these open sites. \

Although no soils data are available for the Salix pulchra-Alnus

crispa ct some qualified speculations can be made about the

occurrence of this ct. Nutrient availability is probably high in
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.
\

this.ct as the flowing waier is likely bringihg in nutrients from
the upland sites and may itself be erodihg.into_the mineral soil.
A high nutrient availability and oxygen supply would exp{ain the

abundant and'vigorous shrub growth observed in this ct, As water

is flowing through these stands it may not produce the problems

associated with the stagnant water of the depressional stands. .

This would further allow for the dominance of shrubs in these .

e P

habitats rather than graminoigs. _ , s
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