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'utlm‘ (bath ninrotmmt and mrnropMc) oxund: froh
thern cnm northward to include. plrts‘cf the coatmbus
f st zm !n the subcrctic. discoatimous pcmfmt 1: nstrictcd
1n1i to pi?}!ands and ofton occurs as raised poot |andfbnls tonned

1sas. Palsa uplift results fro- water aigntfon to the frming plme

as nll as buoyancy and water volume expans’ion upon freezing. The

genesis of palsas (that form in ninerotmphic topogenous carr peatlands)

occurs in C + Tmnthypm meadows where 1nd1v1dua1 peat hummocks
ayniany frozen core. Organic accretion and permafrost
aggradation‘ cause these hummocks to become larger and more numerous.
‘vSur;ace peat of the lirggr hmo'cks is drier ti\an sutf&cé
peat of the Carex - Tomenthypruem hupocks. As a result'., the Betula -
Pohlia association becomes dominant. Over the ’ears,' permafrost aggrad-
Stion coupled with slow peat infilling of depressio;vs Setween hmcks ’
results in a raised peat landfo_m having a per"enniallsv frozen core.
‘Témed a palsa, the uplifted peat surface is drier th;n
surface peat of the Betula - Pohlia hummocks. The dryness. resu"lts in
the dominance of the Ledwm - Cladomia association \‘as_ well as the climatic
climax Picea - Cladomia association.
Environmental differences eiist between plant associations.
However, within ea;h association the environment is uniform. D.iffering
plant -associations proyide habitats of Qarying'suitability for small
mammals, Habitat suitability 15 greatest in the Betula - Pohlia plant
association and decreases toward she cliu‘:ic climax Picea - Cladonia
association.
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CHAPTER ONE .
. INTRODUCT 10N .
j.\ INTROOUCT 10N . ' A
1 - Permafrost refers to the thermal conditions of earth materials

when their temperatyre remains below 0% continvously for a number of
years. It occurs.where there is a negative heat balance and 1s defined
exclusively by temperature. At the southern fringe of the subarctic,
permafrost is restricted mainly to peatlands (Broun l9f0) and often
occurs in distinct raised peat landforms termed palsas. Palsas gen-
erally are less than 100 m in diameter and vary in height from) - I m
(Sjdrs 1961). .

Palsas have attracted the interests of researchers in Europe
(Rapp apd Rudberg 1964, Mornsjd 1968 Ruuhijarvi 1968. Salmi 1968,
Schenk 1968, Svensson 1968, Lundquist 1969, NorquB 1971, Wramner 1972,
Warmner 1973, Sollid and Sorbel 1974, Vorren and Vorren 1975) and {n
North America (Sjbrs 1959, Railton and Sparling 1973, Zoltai and Tarn-
ocai 1971, Zoltai 1972, Thie 1974, Brown 1977, Reid 1977). Until the
present study, however, no work has been avaidable that analyzed paI;a
development withir the Precambrian Shield of Canada or similar physio-

graphic regions elsewhere.

1.2 PURPOSE OF RESEARCH
This*study analyzes the interrelations of vegetation and physical
environment that form palsas in a small area of the Canada Precambrian

Shield. Palsa development is linked to plant succession, therefore seral



trends within the study arte are exemined. Jeldiviggs) mcpj
assoctations function as haditat for smal) memmals, thus the uma

ence of .alsa formation on haditat development s oanlyctd ?b wnifer-
}’und these 1ntonct1m 1 studied the m‘m. microc) fimate, plant
succession and small memma) distribution of three separate depressions
near Yellowknife, Northwest Territories. . |

1.3 ECOSYSTEMATIC APPROACM :
The ocosystmfic\ app.rocch s used in the present study to
analyze and classify varying combinations of the physical enviromment
as they interact with the flora of palsas to form small masmal habitat.
The ecosystem concept mas been used by many ninrcht;s to study the
interaction of biotic communities with ¥ie physical envirornment
(Stoddart 1965, Odum 1969, G111 1972). Vegetation units formed by the
plant-habitag complex are defined as plant associations. The assoc- |
fation concept implies a uniform aggregation of plants which are in
dynamic equilibrium with the phys%cal envirorment. | used this concept

to analyze the flora of the study area.

1.4 .STUDY AREA

‘Research for the present study took place in the northeast
sector of Baker Creek Basin, situated on the west side of Yellowknife
Bay, between 62° 28' and 62° 43' north and 114° 17' to 114° 31" west
(Figure 1). Intensive work was conducted between Oro and Chan Lakes
(Figure 2).
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1.4.1 STHOY AREA CLIMATE

Because of the study area's location, continegtality plays
a major role in its climate. Yellowknife is situated :!:rox‘mw'y"
§65 km from the Arctic Ocean and 1210 km f;om the Pacific. The_Rocky
Hountairs accentuate the great distance from the Pacific by imﬁ?ding
flow of maritime air toward the interior of the continent. TClimati-
:aIIy. the study area is in the sﬁbarctic (koppen and‘Geiger 1953).
Precipitatiqp and temperature regimes of the study area are represented
by meteorological data for Yellowknife (15 km distant) covering the
period 1941 to 1970 (Figure 3).

The ééntinenta]ity of 'the climate is shown by a IJTge annual
temperature range (FiguFE'3). Summers are cool, with July having a
mean temperature of 15.6°C. Winters are cold, having an average

. January temperature of -28.30C. Yellowknife's precipitation is ﬁoder-

ately concentrated in late summer and early fall, and averages 250 mm

Q

annually (Figure 3}

1.4.2 STUDY AREA PHYSIOGRAPHY

Baker Creek Basin'is situated on the Canadjan Shield. gighty-
five per cent of the basin is underlain by Archaean granodiorite, .
granite and allied intrusive rocks (Wight 1973). The remaining 15 per-
cent consists of the Yellowknife Greenstone Belt. Wight (1973) suggested
that the region east of the basin was deglaciated 7000 years BP. |
Berry Hill which is the highest.’point in the basin is approximately
275 m above sea level. The lowest point ¥n the basin is 167 m above

“sea level. Most aspects of relief are related to structure and lith-



Temp °c

15
12

S o

O =
—

-6 =y

12
- 15 e
~18 =
il

-24 o

Figure 3 TN

Mean Monthly Temperature and Precipi'tation
Yellowknife ‘Northwest Territories

Mean Annual Precipitation 250 mm
Mean Annual Temperature -5 6°C

PREC mm
40

- 30

b= 20

- 10




. ' " -
. " "

-

»

ology, although'd'acﬁition has imposed {ts Ehlrgcteristic surface.
/ﬁorphology. o o .
o 4 ‘ .

1.4.3 STUDY AREA VEGETATION

The study area lies in the open Boreal Woodland (Roun 1959).
Plant associations of the basin are divided into two lnjor‘hafegorieS'
(Landals 1970), those o;cupying the upland ridg!'sittsflnd thosé
colonizing major v$11eys or depressioﬁs. The upland sites contain
six.zistinct associations, while the depressions (the'locations most
important to the present study) are occupied by four separable‘assoc-
iations. Dominant species of the sfudy area depre§$1ons include:
Carez aquatilis, Betula pumila var. glanduli fera,®ledum palustre var.
decumbens, Picea mariana, Tomenthypmum nitena; Poh lia nutans, Cladonia
coceifera, and Cladonia .nivalis. ‘
‘ > :
1.5 FIELD SEASON | -

Field reconnaissance of Baker Creek Basin began 1 July 1973
when 1 was a research assistant to a Master's candidate in the Depart-
ment of Geography, The University of Alberta., We used the Curtis
(1959) transect samplin thod to study vegetation in selected areas
of the basin. 7That wo as completed 31 August 1973. It was during
‘that period that I selected the present area of study. The 1974
summer field season began on 1 June and extended to 31 August. Winter
snow and temperature observations were made at the study site in |

. ,
March 1975. I spent a total of five months in the field.



e - GHOICE STUDY' AREA .
1 e the northeast sector of Bal(or ka luin (ngrc 2)
as tm area of study for three reasons: the city of chowknife 1is
AN nlativﬂy close to the stud,y site, thus\logistic suppoct was ress-
ombly available; the study ‘Jocatton 1s situated northwest (gomnny
upwind) of the lining,apgrations of chlouknifg and_ far enough away
(15 kn) that air pollution from those operations has 11ttle or no

environmental effect; and based on my familiarity with the location
, [V W

from having worked there during July and August 1973, I ‘found the |
conditions well suited for this study. .
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2. xmooucnou , o |
Vast areas of Clnadl are covortd by deposits of peat Bfoun_- .

- and Williams (1972) estimated thet thism of zgmin covm appm: |

. imately 1,300,000 mnZ. It extends from southern %;nada northward to

include parts of the continuous permafrost z@ﬁe his un{que terrain

is various\y referred to as bogland, muskeg, orga:{c terrain and -
peatland. the term: peax]and has many modern connot’tions but for
‘engineering purposes it is defined as terraﬁ‘kcoMpggfé of a living
. organic mat of moeees,‘ sedges, ‘and/or grasses, t..nith»!?r :.n'thout trée
growth, and underlain by a highly compregsible mizture of par;zla‘lly .
decomposed and dieéntegrated o;'ganic mteﬁal‘co’rmronly known as ..peat
(MacFarlane 1959). . )

Organic terrain~is composed of vegetal re%ains and its pre-
serv?st'ate as peat reflects ordered processes (successional phenomena)
which are axfunction of climatic, edaphic and biotic influences. Peat-
land ean‘SZ classified by three methods: stratigraphically, geochem-
ically and hy&rotopographica11y;3

Stratigraphically, peatlands rest directly on mineral ground
or are underlain by limnic, organic sediments (Mornsjo 1971). Peatland

which is directly underlain by mineral ground indicates that the peat

formed by paludification of the land. Peatland underlain by limnic,
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_organic sediments 1ndici£es that peat fofmation ws ini;iated through
_the shoaling of a lake by an input of detritus. This process is called

“terrestrialization. Based on/xhese broad stratigraphic characteristics,
. 4

pedtlands are genetically classed as paludificational ‘peatlands or
terrestrializational peatlands (Mdrnsi8 1971).

~ The origin of water and concomitant nutrient suppvﬁs a
primary faétor differentiating peatland types. A1l peatlands receive
water directiy froﬁ precipitation; in some types of peatland, precip-
itation is the only source of moisture and consequently the primary
source of miheral_salts (Sj8rs 1959). Such peatlands are ombrotrophic*
and are sometimes called bogs. Geochemically, ombrotrophic peatlands
have a pronounced deficiency in mineral nutrients, have highly acidic
water and peat and low Ca/Mg ratios. Ombrot?ophjc peatlands are com-
posed of peat types largely from Sphagnum Spp remainé and physiognomi -
cally are of thg domed t):pe (Mdrnsj8 1971).

MinerLtrophic peatlands, or fens, receive varying amounts of
water which have been in contact with mineral grpund either as ground
water dr as surface runoff as well as precipitation. Geochemically,
minerotrophic peatland has a’ high content of mineral nutrients and a
higher Ca/Mg ratio than ombrotrophic peatland. Minerotrophic influence
in peatlands usually results in a richer, more varied vegetation

composed of species normally not present in ombrotrophic areas.

* Appendix 1 defines relevant terms



n

. .
j' Hydrotopographically, ombrotrophic peatland is separated
into three types; eccentrically domed bog peatland, concentrically ) J
domed bog peatland and forested bog peatland (Mornsjd 1971). Eccen-
trically domed bog beatland is developed on gentle slopes of perme-
able ground in areas of high precipittf\on. From the tob of its dome
(1ocated at the upslope margin) the peaﬁ]aqﬂ surface slopes downward
as does the ombrogenous ground water level (M8rnsj8 1971). Developed
jn areas of f]ai terrain, concentrically domed bog peatland represents
the classic raised bog with a centrally located dome. The ombrogenous
ground water level slopes gently in all directions.

Ground water level in both the eccentrically and concentrically
domed bog peatlands is high throughouf the year. These peatlands are
unwooded. Hydrologically the forest bog peatland is characterized by
oscillations of groupd water. From autumn to spring the ground water
level is close to the peat surface. However, a pronounced wéter-deficit
in summer favours the growth’of trees. The surface of this peatland
is only slightly domed, usually in a centrical manner. R

Hydrotopographically, minerotrophic peatlands are classified
into two separable types. The first type is termed rheo-geogenous,
while the second is called topogenous (Mbrnsjé 1971). Topogenous peat-
lands are separated into two subtypes termed.topogenous-fens and top-
ogenous-carrs. Rheo-geogenous minerotrophic peatlands are conditioned

by laterally mobile ground water of continuous flow. These peat]an&s

have a sloping surface and are usually found in areas of high precipi-
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' tatio. Towgenous_minerotrophic peatiands are developed in basins
that contafn stagnant ground water. These peatlands‘have a level
surface. Toppgenous fen peatlands maintain a high ground water level
throughbut the year. Topogenous carr peatlands are influenced by
oscillating ground water levels. Primarily, the topogenous carr peat;
lands are composed of wooded peat whereas moss peat is the primary com-
ponent of topogenous fen peatiands. It would seem (based on Mdrnsjé's
(1971) definitions) therefore, that the present work was conducted in
a minerotrophic topogenous carr peatland.

Previous botanical research in the ;icinity of the north arm
of Great Slave Lake is limited (Landals 1970, Wight 1973). Early work

" (Richardson 1851,‘Macoun 1877, Preblg 1908) was conducted along the
margins of major waterways with the consequénce™that inland areas were
unknown. With the advent of air travél thht patiern changed. Raup
(1946), Cody and Chillcott (1955), Sco£:er (1966) and Larsen (1971)
conducted research proximal to the east arm of Great Slave Lake. Re-
search south of the lake was executed by Harper (1931), Raup (1946)
and Cody (1956). In'the west, botanical investigations were made by
Raup (1947), Cody ({960) and Theiret (1961).

With the exception of Raup's (1946) and Larsen's (1965, 1971)
brief statements, no work is available for the Great Slave Lake area
that analyzes plant succession in peatland areas. Therefore the
present study is a contribution to the ecological knowledge of the

Great Slave Lake area.
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2.2 PROCEDURE

Phytoseciologic methods as developed by Braun-Blanquet (1932)
and modified by Gill (1971) are applied to the analysis of‘vegetation
in the study area. The Braun-Blanquet method of community analysis is
described as follows: a survey is made of a homogeneous plant community
and all plant species present are recorded. Within the uniform are;.
preferably at a nodal position, a representative sample plot is estab-
lished. If most of the listed species are not located in the sample
plot it is enlarged until all or nearly all species are encountered.
Once the minimug necessary plot size is established, floristic qnd environ-
mental analyses are conducted. ’

The Braun-Blanquet method of community analysis is criticized
(Janssen 1967) because the investigator selects homogeneou£ sample plots
and does not take into consideration transitional vegetation between
communities or associations. However, plant associations of the present
study area have boundaries that are distinct with little ecotonation
between them. Therefore, the 8raun-Blanquet methpd of community analysis
is an adequate study tool.’ Vegetation distribution in the study area
was mapped from the ground with the aid of aerial photographs and from

the air in a small aircraft.

2.2.1 SIZE OF SAMPLE PLOT

Sample plot sizexis selected to ensure that plot areas are
sufficiently representative of each association. The problem in
determining plot size is one of keeping it sufficiently small to handle

while ensuring that it is large enough to contain representative
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association information. IA the present research area, thg restricted
distribution of some associations made it necessary for certain plots

to be elongated. Plot sizes ranged from 4 e in _the smaller Qarex
associations to a maximum of 100 mz in the larger Picea stands. Twenty-

four such plots are analyzed (six per association).

2.2.2 ANALYSIS OF SAMPLE PLOTS

After a tentative vegetation type is deterﬁined for an assoc-
jation, stratification of the component species in the sample plot
is assigned as shown in Table 1.

TABLE 1 STRATIFICATION INDEX

A I}ee Layer above € m .

B Low Tree/Tall Shrub Layer below 6 m

C Shrub-Herb Layer below 1 m
Dy Mogs/Lichen Layer on peat
02 Mogs/Lichen Layer on wood

A number (Table 2) denoting sociability is given to each species

in the sample plot.

TABLE 2. SOCIABILITY. INDEX
l\——gxguing singly

2 Grouped or tufted

3 Growing in small patches or cushions

4 Growing in extensive patches or carpets

5 Henming pure populations
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A second number (Table 3) denoting average vigor of the
species being evaluated is added.

TABLE 3 & VIGOR INDEX  °
1 Dead
[ .
Dying
Poor

- Good

w» s W N

Excellent

A figure from the.cover-abundance index (Table 4) is given'to

each species.

TABLE 4. COVER-ABUNDANCE INDEX
X Sparsely preﬁint. cover very small
1 Plentiful, covefing 5 percent of area
2 Numerous, covering 6 - 25 percent of area
3 Covering 26 - 50 percent of area
4 Covering 51 - 75 percent of afea
5 Eovering more than 75 percent of area

Species importance in the study plot is assigned as shown in
Table 5.
TABLE 5. SPECIES IMPORTANCE
a— : ’

1 0 - 19 percent of total plants

2 20 - 39 percent of‘tota1 plants
3 40 - 59 percent of total plants
4 60 - 79 percent of total plants
5 89 - 100 percent of total plants
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Using a Swedish increment borer, trees were sgetl by taking
increment cores from five trees in esch plot. Amnual rings were coum
by binocular microscope employing methods used by Parker (l’?l)”’?ho
stems of Salix in _seme plots were eut and & direct grewth-ring cowmnt
was made in the field uith~tho aid ;f 8 hand lens.

Once floristic analysis was complete, voucher specimens gY
each species of plant were collected from the sample plots. The spec-
imens were processed and returned to The University of Alberta where
final identification was made. Voucher specimens were deposited in the
Herbarium of the Botany Department, The University of Alberta.

2.3 PLANT ASSOCIATIONS

Tables are often used to simplify the study of vegetation
associations. The Associations Table (Table 6) depict{ the cover
abundance of species occuring in each study plot. Major inflection
poinis are empirically seen between the Carexr - Tomenthypmem and
Betula - Pohlia associations. Comparison of active layer depths ine
dicates relative homogeneity within each association but differences
between them.

Tables 7 - 10 present separately, in tabular form, each
association of the study area. The assoc{iiion tables denote the -
stratification, sociability, vigor, cover - abundance and importance
values (Tables 1 - 5) for each species of a particular association.
‘These indices are followed by their averages. Indicator species
for each association are determined from those uhicg'have a high

importance value and a high index of cover - abundance. Two indicator



17

N XM X X

X M s ™ 3 -
X NO -
WENM e =
NN — -

€
(o]
o~
o~
™
[y}

-—
W - v

[Le BXES

n
X <X WX X
- w

X X X D

x X

MO Y es o -

M- - X -

<X
o) - — 3¢
N 4

~ - XX
NN

O =X

MR N

X N XX
XN XX~ X
X =X

YRS

bl

) - e e X

-

— . x

o~

e ———— e ey

X T XXX ™ > X o~

(o 0 o

2l

N X T X XY
X X X~ X
x

-

ey - XX X

x
o~ -
NN > WX X — X

>

-~
DR
N — &N -

--

— N X X X

o~ X

x

W N - -
IOV — W

[S2 RN P 441
n oo

SUOYLNIIQ WA Co€ Dt

$SIPOSAqd SILWABICALY ‘

ALY :o:;CtLO
SISUS R UIBD S1)S Lt 180
il e S wli}esint 3

@S U, B4 WioSih ]
Wibig w4

S, 8100l 2iiopy, D
Sigta sl M LA
SHRN RIULR] )
S kPR

LI RN VRN )

Ca@bOIU JRA §. 1,50, 200 risseuIRy
SNAUIRIOI Wi SNIVCIAN()
QUL xise]

QORI U 09

Stk o s pod X ES

SUy WO s8N QST d winpe
Qs €408 Wt AU LIBD)

idlseedd 81284330

eI YR SHury

SNIOLISRUR (I SIQNY

SO0y PIIIUIL O
WHISIPUC | 4I0CLD UdILd]

e, 0 U epwuspuy

vUtib e Culi

WNS0UIDIHN Wi DDA
Q;.,\.....)\nu DUJUE N gy ])
Sty <y

€ oy 2, LUlQpwg
wdM[OJISNAIC LN 41015 F
Sti}sn ed 8;1ud}oy

Qi 1NPUIR IRA BlIWNU PINIT
euneh xi,ey
2/8C CaiAYy
1043504 Xs4E)
MPUIOR alse
Uiy wUTAYIU I 0

§3!0348

W £ T 1t % 6t

13

Lt 9L Stowl

el

Zt tL oL 6 8

9 § ¢ ¢

Z 1

d43I9WNN 10d

eruupe;) - 8301y

ervoper) - wnpay

Cui10d ; 81w

Ui A v e 4

%)

NOILVIOOSSY

37aV1 SNOILVIOOSSY
s

9 37evl



18

-

osczovls € ¢ €ls ¢ v €ls ¢z v e€}]s ¢ v €]s € ¥ €S ¢ v ¢ SUSIIU WUdAYIUS WO | a
x x 0§ x x § | €1/0;11) BUIDRJIWS
x ZOO¥ x | v wWINj0413sNBUe WNIOYdols 3
0 Z0 0'S I L S t]Ix x 6§ | s1Isned efj131udjog -
zoeoorw]t Z ¥ ¢ x x v Z e131/npueif ' 1B ejrwnd e|raag
€0 L0 €€ x x g . ez e tlv oz v o1 M eonelb xi[eS
cogrsylr z vz}t T v ZjL T S zT|L T s ¢ a/eb eoIAW
ozszevll ¢ s z|e v s T € S £ € s ] £ s T 01811501 X48)
gzocs8vl2 ¢ s z]lz z » ¢le v s ¢]v v s Tle ¢ S C|E € S ¢ synenbe xae) o)
3 <ls © A\w £ < 5 < T O < 3 < 3.0 < s8130dg wmey

m.!mm-.;m.mm-.mmm. £l13 § 3 3 & S ERR -3 R ' S

nmwumﬁ,m s ¥ 5 mmwwmmmwmmmwmmu. -
] = = = = = . =

4 ¥ I3 F g g Iz ¥ g g |z 2

-4 -4 -4 m 2 3 4

: : : S : :

[ ] -8 [ ] ® e ‘
M 9 S v € z ) Jsquiny 1014

UOI1BIDOSSY SUAIU WNUdAYIUdWO | - sijijenbe xaie)

L 378vVL



19

oo s T r g S X t v1430uzd Dravuze)
‘1s09°f X X € ¢ /g€ 1 v Puritu wnaifquewoy
2’rsoeo0rt v ¢ s I »r g WNID; 1838 W) Adup)
'n9glx X v ¢ X X v g s T r g ¢ U or € S X ¢ g s 1 ¢ #uv3nU D17y04d lg
’
I X x s X x v o2 |x x g 72 e 010077001004 1725
N L ¥ c...u . S S A | X X T 1 x x T 1 X x ¢ 1 DUDITHUDG §mu1g
! NNyl X s 1 ¢ veDi ¢ sy
civA sraienird piecruang
X X o0t X X r € MAITOCuL 1 #noocoiay
X X £€£rfx xX s 2 X X s 2 X X v 2 X X s X x v 2 X X ¢ 2 WNO 1 puD; udoul wnpay
X X ot X X r 2 wr3r0f138mbup wam doray
X x or X X r 2 r8cyrrustd ooncs
X X $:yx X v 7 X X v 2 X X v 2 X X s 7 X X € ¢ X X € 2 p1705110d Dpuwoupsly
P U I X X s 1 X X v 1 T 1T » 1 DI WG DURSD] s
0709 X X s 2 t. 1 s 2 X X r 2 #1a70m)nd r111IMe)04
coXaTe X x v 1 T 1 s 1 X X s 1 X X s 1 X X ¢ 1 X X ¢ 1 DUDIIDW DIDIG
SOLCOTrRl X X ¢ 1 X 1 s 1 X X s 1 T 1 s 1t X X v 1 SNUOWITUTYO angry
VLT STy ) T 1 » 2 J 1 1 ¢ 2 UM ap
. clea 243en7od wipey
IR AN A 3 U S S S | T 1 5 1 I 1 s 1 X X 8 1 4 X X v 1 D80S i Aradf DI73IuT; g
ot TreEft 7oy 2 | S G N 4 T 7 s T 1 s 2 X X v 2 1 » 2 #11130mbD xauD)
tvogrtRt o2 Tz 17 2 Tz v 1 r z ¢ 1 ) oonpd xriog
Jler et 208 2 P 2 2 4 Pz oy 2 T T s r z v Ut v 2 wneou1bIIn wWnlu1o59
s‘regcevp 1l oos 7 t . z v 2 v s 2 T 7T s 1 T £ s 7 [ S T 4 DI noA100 auy drrausy)
vtog gl € v 2 1t ¢ s 1 T £ s 2 [ SR T 4 [ T T 4 S S T 4 2106 podfy
#Log9ey;c ¢ s ¢ T £ s 2 Ltz v 2 s s 1 120 S T4 Tor S5 1 raa1nrur; §
*1BA D13end in3og b}
X X ot X X » 1 DML ] TIAL)
LR BRI R s T 7 eono1€ I3 4
- ~ e - N0 = —_- N e - 0 < 7 & = —_ o e —- O = sa1dadg [ SLIPIS
7 1513835 % KR EEENEER R IR
3 % w 5 % = .w - 4 o - a o = s O - s o -
- - - - - - » - - - - sl l - » bl - - » - - - » - - o} ©
z . 135 . z m . T8 . 218 . T8 . z
FoL e Sl e Z|E. ZlR . ElE. Z|F. =
? g ? < » ~ * ’ < ~ 4 ~ g <
w v W m
H
L} L) L) " o L] "
4
b 1 8¢ 01 6 8 4 Jdoqunu 1014

UOTIRTNONSY Sur3mie P1yny - a>f11npun1B ica p1we] pirreg v

8 318Vl




»T

b

20

80 X 0o°¢ s X v € vig3ouid pIdviIL) ]
x xoelx x ¢ £4{x x £ £ {x x ¢ ¢ lx x ¢ ¢ |x «x £ ¢ |{X X £ g uinu p31y0g
OL8EF X X s £ X X ¢ € [X X S £ T Z v s !X U v £ i1 1 y . ¢ #1;010un DIuCPDT)
orrgrsrl 1 o1To§ ¢ 1L T s ¢ .t s £ X X v € Tz » g T 7 v ¢ 23110014 DINIFD]D
SrEsTTt tos £l ts £ 02 z0s €40z oy s 41 2 0y 511 ¢ § €332 Duipp])
oU'fUtesE 1§ ¢ f £ s ¢ £ £ s £ r s ¢ £ £ s 0 £ v S D42 [12000 DIucDD] " g
X X o'¢ X X £ 7 X X ¢ 2 X X € 2 wneouibiin wniuicory
X X 0 X X ¢ 1 wnginl] wopnTocen
I X X vt X X ¢ 1 X X s 1 Wno3Ionle wrizaeinty
X X 0r X X £ 1 X X s 1 ssudyrad wn;oeinea
X X o¢ X X £ 1 SI8UPPLMPO 8330040t 1D)
| €0:00s] X X § 1 X X s 1 X X s 1 X X s 1 r z s 1 T 7 s 1 ’ DLW D821
s‘osos’rix 1 § ¢ X X s g T 1 s g T X s g X 1 s ¢ T 2 r g SUSGUNOPP ° 1BA
DIDPI - #13IM WMIN1IOODA
oTTrETTYIYT XS 2 X 7 » 2 X 2 r 2 Lz v X X s 7 X U v 1 WO IDUD] uBOLE wrpe]
* ERE At Sad 3 N SR N T4 Utz v £ /X X » € |X 1T S €1 2 ¢ ¢ by wnaye g
. ottt Y 1o 1 I U s 1 T 1 s 1 T 1 s 1 T z s 1 r z s 1 SNIOWI YD BNQNy
o'teozosft o ¢os ¢ 1 7 s 1 T 7 s 2 T 7 s 1 1T 7 5 2 Lz s 1 p310f310d PPRwcITUy
(U SN 2 B T T T T ¢ s 7 T £ 5 2 1T 2 .»v T £ s 1 T £ s 1 #3011 suytmsraan)
_ 0'eoESsSY) T g s 7 T £ r 1 T £ v < T £ r 1 [ 2 S T 4 £ s LSt o /4
. cAwA NG 9n1Dd wnpar 3
o n - T 0 = - 0 < - < = 0 = — m < 7 § = $3133dg uniessg
.m“_mnwm.mwmummox.mm.mnmm..mmmAhm
~ o ” Q - o - Q - il o - 0 - ] Q -
- ~ - IR} - ) o] - - » -~ - - » - - - 3 ! - - » - - ~ »
2 = > |2 o | ~ o e o | T | = 4
5 3 e m ' - ' -8 = m = m ' =
f - W » - » - ™ - W ) - - » -
” = n - L] ~ o g a ~ L] ~ o ~
H m . < m.. ~ W < ~< < m -
E & £ . .
7 7 7 7 J 2
4 - " e o o o
X 81 3¢ 9l ST " €1 13quenu Joi4

UDTIRIDOSSY IMOS10000 DILJPD]) ~ SUIQAOID * IRA sd3eniod wnpag

6 318vl




TABLE 10

Stratum

- [ ] c—;l e w0 w v o - .-
dxwr awd oy | o - ~ — e G mc o e TR ';_-Se'o'“ . ™
. o ) w L] e .~ O o~ hﬂh"!" ©
ssurpunye g [ 0 e I I “meo -
AN " ®ceacnndco ewNnoe we
SR I - 4 e e e AA A g o A “w e w - -
douc sl ] w e e e e e ) ” LU R O ~ o
meg - J8AU) ~ [ 2] ~ - ]
10814 - “ w w
£3t11qer 305 - Rl .
aouejiou] “w - ”
. | FNEPUKE - J2A0) ~ - »
~
108t - w “
A3TTTQRI 05 - ) ~
aautuoa‘:x w —~ —
§ DUTPUYR - IIAG) ~ ~ -
-
; 1081y - " -
2 A3111qe1 205 - " ~
-
2
L aourey 10dkag w - —
o
o duTpUNgE - JIA0) " ~ ~
21K
.
_5 1081y - v w
3
o A3111qer D03 - " ~
)
g aoue)sodu] v - ~
§ ° dUTPUQE - 19A0) " ~ ~
~
.‘g 1081 w - w
A1T11qRT D05 - ” ~
aoueizodi] “ —_ —
IEPUN e - 12A0) " ~ ~
an
- 1081\ v w v
Lit11qevd08 - " ~ o~
3 T
. § ¢ 3 ; §
B A -
5 S48y 2 . B o
> H z O W™ od £ 4 - - . .
, : seEixdys S _35%
£l g z g £3 Eieid 32l £3
v| o ) <) g._grn:::: - o 83 & L
; HE ) S chiysissiiy Stooi i
: he :§ 0\’? 4352832 -3 g .3 ¢ .
BRI TR RN R R S Y
Pt I3ETp ISRyt od§3y:
5 £ 0f PV pssidiissiy 33 § 83
: & 2 L w g2 el R e S
= & &




22

@ - : |
species, one from the A, B, or C stratum and one fnom the D stratum
(Table i) are chosen as_noménclature.

Thus the present research was conducted within four plant

associations: the Carex aquatilis - Tomenthypmon nitens, Betula pum'-la
var. glandulifera - Pohlia nutans, Ledum palustre var. decwanns y
Cladonia eoecifera and the Picea - mariana - Cladomia nivalis. Plants in
-each association (Tables 7 - 10) are ranked according to stratum and
their average cover- abundance, where two -Or more plants have the same
cover-abundance they are ranked according to the1r average species
importancé. If two species have identical importance and cover -

abundance values they are ranked alphabetically. -

2.4 PRESENT PLANT SUCCESSION

There is lack of agreement in the theoretical formulation
of association interactions or of successional trends (Johnson and
Valentine 1971). :E?aun-slanhuet (1932) stated that fhe exchange
(appearance/disappearancei of speaies or of changes in the quantitative
relations of species continusasly present in vegetation associations con-
stitutes the succession of one association to ano}her. Drury and
Nisbet (1973) explained tnat the term succession is usually used to
imply sequences of time. They suggested that successional series are
recognized as extending from associations of low stature, few species
and simple structure to associations of tall plants, many spegies and
complex structure. This concept is analogous to Braun-Blanquet's

(1932) theory of pioneer, transitional and terminal stages of succession.
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The Carex - Tomenthypmm association is the most simple in.
the present study area (Table 6). This assocfation contains seven
species in the‘richest sample plot. During spring qnd early summer,’
areas occupied by this assoéiation (Figures 4,5) are flooded ﬁo'a shallow
depth by snowmelf runoff. with'the exception of perﬁafrost lenses
under hummocks, frozen material was absent from areas occupied by this
assocfation.by 23 Jd!y (Figure 6, Appendix 2).

The Betula - Pohlia association occupies areas (Figures 4,5)
characterized by individual peat hdmmocks. Eighteen species were found
in the richest sample plot of this association. On 27 August no perma-
frost was found between the hummocks but averagé depth to frost beneath
them ;as 64.0 + .87 cm (Figure 6, Appendix 2).

Within the Ledwn - CZadohia association a maximum of 17 species
were found in any one sample plot. In areas occupied by this association
(Figures 4,5) individual peat hummocks are no longer discernible. On
27 August permafrost was f;und beneath the peat surface of this association
at a mean depth of 46.1 + .75 cm (Figure 6, Appendix\Z).

A maximum of 17 species were found in the richest sahple plot
of the Picea - Cladonia associatioﬁ: Permafrost was found beneath the

peat surface at a mean depth of 45.8 + 1.85 cm (Figure 6, Appendix 2).

2.5 SUMMARY

Four plant associations are present in depressions of the
study area. Individually, the associations represent stages (pioneer,
transitional and climax) of plant succession in a minerotrophic topo-

genous carr peatland.

‘ L
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The number of transition stages in sere development (a
series of sequential stages which follow one another regdlarly) depends
upon prevailing $rvironmental conditions as well as upon the number o€
species important to the seral development (Braun-Blanquet 1932). Two
transitional stages (repfesented by the Betula - Pohlia and the Ledwnm -
Cladomia plant associations) are noted in the present study. )
The Picea - Cladonia,association represents the climatic
climax stage of succession in the depressions of the study area. Braun-
Blanquet (1932) stated that a climatic climax will not be reacheJ at

the same time over an entire arga. The present study confirms this,

as all stages of sere development occupy the depressions.



CHAPTER THREE
PALSA DEVELOPMENT

3.1 INTRODUCTION |

Palsas are raised peat landforms with a permafrost core that
commonly contains ice lenses no thicker than 2 - 3 cm (Lundqvist 1969).
According to Lundqvist (1969) palsa uplift may be caused by the develop-
ment of such ice lenses. Mackay (1965) described peat mounds domed by
pressure from methéne.gas in the Mackenzie Delta area and suggested
(Mackay 1972, personal communication in Washburn 1973) that such
doming may initiate palsa development. Similar doming of peatland
and ensuing palsa development in the Rock Lake Delta area of A]be;ta has
been attributed to methane gas pressure (Gill, unpublished data, 1976).
More commonly, however, the dominé of peatland and subsequent palsa
development is initiated by the volume expansion of\Qater upon freezing
(Lundqvist 1969).

There is controversy within the literature concerning whether
the majority of palsa uplift océurs in mineral soil below organic
material, or within the peat itself. Rapp and Rudberg (1964) stated
that in northern Norway there have been many observations made of
palsas both with and without a core of frozen mineral soil. In northern
sweden, Forsgren (1966) found that frozen mineral soil was only a
small part of the total core of permafrost in most palsas. Ice lenses

were more developed in the peat than in the mineral soil below and

consequently most of the palsa height was ascribed to frost-heaving

28
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within the peat. MHowever, Fries (1964, in Forsgren 1968) found that
peat thickness in palsas was the same as in the surrounding bogs and
therefore attributed most bf the organic ﬁaterial uplift to frost-
heaving in mineral soil.

. Salmi (1968) proposed that during their initial stages, palsas
float on unfrozen saturated peat. He stated that after initiation, the
permafrost core of a g:lsa is supplied with water from unfrozen sat-
urated peat and mineral soil below the permafrost layer. At this stage
of uplift, the volume of a palsa above the surrounding unfrozen organic
material is similar to the ratio of ice aboyg water to mass of ice below
water in a floating iceberg. Zoltai (1972) stated that buoyancy alone
does not account for the total elevation of a palsa above an unfrozen
fen. In addition to buoyancy release, the volume of saturated peat
increases, by about nine percent upon freezing, with most expansion taking
place upward in the direction of heat loss. Therefore, it would seem
that a combination of water migration to the freezing plane, buoyancy
and watq: volume expansion upon freezing is needed to explain palsa
uplift.

| Salmi (1968) hypothesized that palsa uplift occurs when the
permafrost layer within peat attains such a thickness that its lower
surface comes in contact with mineral soil; at that point its upper
surface begins to rise. Because of the ubiquitousness and greater thick-
ness of ice lenses in fine grained mineral soil than in overlying peat,

he claimed that mineral soil would undergo a greater volume change
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than would the organic material. Research conducted by Zoltai and
Tarnocai (1971) agreed with Salmi's (1968) explanation. Thiy stated
that in northern Manitoba mineral soil beneath peat was nearly level,
except under areas that were frozen, at which point there was mineral
soil uplift. The au%hors attributgg doming of the peatland to this
rise in the mineral soil substratum. it would seem therefore that to
fully account for organic uplift by freezing, the best explanation

involves & combination of the above processes.

3.2 PALSA AND PEAT PLATEAU DIFFERENTIATION

loltai (1972) suggested that permafrost in peat pla}eaux is
entirely within the peat, but in palsas, although covered by peat,
pe}mafrost extends into underlying mineral soil. Peat plateaux there-
fo}e have frozen cores, and float on a saturated peat medium, ;hereas
palsas are firmly anchored to mineral soil by their frozen cores. Zoltai
(1972) also used differences in height to differentiate between palsas
and peat plateaux. He stated that palsas vary in height between 100 cm
and 300 cm but may reach 500 cm. Peat plateaux on the other hand seldom
exceed 120 cm. He stated that freezing of mineral soil beneath peat
gives the palsa increased height compared to the peat plateau.

Comparing Zoltai's (1972) definitions of palsas and peat
plateaux to statements by Rapp and Rudberg (1964), Forsgren (1966) and .
Salmi (1968) which indicated that organic material uplift results from
permafrost aggradation within peat, it appears that a peat plateau is

a young palsa whose permafrost core has not (eached mineral soil. - 8rown
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(1968) has also stated that palsas aKd peat plateaux of subarctic
Canada are morphological variations of the same process. Therefore a'
differentiation in formative processes between.palsas and peat plateaux
may not be needed, although a differentiation in the temporal attri-
butes of the processes might be ugeful.

If a differentiation between palsas and peat plateaux must
be made, it should be made on a more pertinent basis than Zoltai's
7(1972) classification. Such a distinctidn can be made using surface
area. Sjbrs (1961) stated that palsas are genera]{y less than 100 m
in diameter and peat plateaux are greater than 100 m. I feel that this

criterion (if in fact needed) should be the basis on which to distinguish

palsas from peat plateaux.

3.3 PALSA DEVELOPMENT
| Zoltai's (1972) work shows that‘vegetation p]ays an important
role in initiating palsa development. He stated that thin layers of
permafrost develop under dense clumps of Picea mariana growing on a fen.
" Because the branches retain much of the winter snowfall as qali (Pruitt
1970), depths in the snow shadow beneath the trees (qaminiq)
are thinner. This allows frost to penetrate deeper into organic material
beneath the trees than in surrougging areas. In summer, shade from the
same trees reduces solar radiation at the ground surface and retards
thawing. The resultant negative heat balance over the years causes one
to several thin layers of permafrost to develop, which may coalesce into

larger layers (Zoltai 1972). Permafrost aggradation continues, together
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with water migration along a thermal gradient (Hoekstra 1969), until
the permafrost structure is at‘an environmental equilibrium (Zoltai 1972).
Uplift of the frozen organic material takes place because :f factorsh
described previously. Due to uplift, surface peat is better drained and
becomes drier, therefore its insulating effect is sufficient to reduce

heat exchange above the permafrost during the summer.

Zoltai (1972) developed field criteria for the recognition
of developmental stages of palsas. Without implying time periods, he
used the terms incipient, young, mature and overmature to .ote these
changes. Although these stages of deve]opﬁent were defined on a struc-
‘tural basis, the analysis was necessarily qualitative. He stated that
the incipient palsa is aggrading and that the mature palsa is degrading.
Zoltai stated that young palsas are usually less than 20 cm in height,
whereas mature palsas are 100 cm or higher. He also defined palsas
by their areal extent, stating that a young palsa is generally less than

200 m2 while a mature palsa may reach several ka_

-

Veggtation is a critical factor in Zoltai's (1972) description
of the developmental stages of palsa formation. However, a less qual-
jtative and clearer understanding of the stages of palsa development

can be made by using vegetation in conjunction with palsa morphology,
surface height above a water level datum, areal extent, active 1ayer

thickness and parmafrost thickness.
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3.4 PALSA DEVELOPMENT: MINEROTROPHIC TOPOGENOUS CARR PEATLAND

The present study develops field criteria to recognize
developmental stages of minerotrophic topogenous carr palsas and to
differengiate morphologically between these successive stages. The
research s based on intensive field work conducted in three separate
depress}ons n the,study area. The depressions are occupied by small
shoaling lakes §6:t2unded by sedge meadows. buring the spriné\ﬁggﬁ-
melt period, the meadows accumulate a shallow layer of water. By

late summer, soil frost is virtually absent from the meadows except

for lenses of Qgrmafrost that occur under hummocks. In some instances,
contiguous to these meadows uplifted peatland contains a perennially

fro core. - °

Vs
3.4.1 .PROCEDURE

The following procedures were used to determine the develop-
mental stages of minerotrophic topogenous carr palsas.
1. Twelve transects were surveyed across the depressions
of the study area.
2. The height of’pea£ hummocks (having a perennially frozen
core) above the sedgg meadow water level datum (23
July) was determinedmby a suryey rod and tape measure.
3. Weekly depth to s0il frost measurements were made at
noda'l’nts within each plant association using a

Hoffer probe. i
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4. An Abney level was used to determine the nodal point
heights of the Ledwn - Cladonia and Picea - Cladonia
plant associations above the water level datum of the
sedge meadow. However, as the height differences were
minimal, I found that the instrument did not provide
sufficiently accurate measurements.'

5. Snow depth measurements were made during March, 1975 at
nodal points wifhin each plant association using a

meter stick.

3.4.2 HUMMOCKS

Depressions of the study area are occupied by small shoaling
lakes surrounded by sedge meadows of the Carexr - Tomenthyprum plant r
association (Figures 4, 5, 7, 8).° During shring and early summer the
meadows are flooded to a shallow depth by snowmelt runoff. During part-
icularly wet years, as was the case i 4, sedge meadows may be flooded
all summer. In 1974, seasonal soil frost thawed rapidly because water
(acting as a heat source)*;émained'on the meadow, and underlying K
peat remained saturated allowing rapid conductive heat transfer. Buck-
man and Brady (1969) estimated that heat passes from water to soil 150
times more rapidly than from air to soil.

With the exceptibn of permafrost lenses under scattered hum-
mocks, soil frost was absent from the Carex - Tomenthyprum meadows by

23 July (Figure 6, Appendix 2). These hummocks varied from 14 to 35 cm

in height above the 23 July water level datum of the meadow and had an
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-
’

average relief of 24.2 + 1.5 cm (Appendix 3). Mean active layer depth
within the hummocks was 68 cm on 27 August.

Contiqyuous to the Carex - Tomenthypmum hummocks are other
hummock areas domiA;ted by\the Betula - ?ohlia‘association (Figures
4, 5, 7). These hummocks varied from 27 to 43 cm in height above the
23 July water level datum and had a mean relief of 34.5 + 1.0 cm
(Appendix 3). On 27 August frost was absent between fhe hummocks. How-
ever, average active layer depth within the hummocks was 64.0 + .87 cm
(Figures 6, Appendix 2).

| The development of permafrost lenses in certain areas of

sedge meadows but not in others appears to be caused by the following
conditions. Fall rains, which are followed by low snowfalls in early
winter, are important factors. Fall rain causes sedge tu§socks and
peat hummocks to become wet, which facilitates heat transfer (Buckman
and Brady 1969) to the surface by conduction. F;eezing temperatures
cause further heat loss from the tussocks and hummocks, partiéular]y
if there is 17@le snow togretard heat transfer. As snow accumulates
during early winter, inter-hummock depressions fill before the hum-
mocks are covered. The thermal resistance created by early and deeper
snow between hummocks acts as an effective localized insulating layer
against frost penetration. }

By March 1975, snow depth was approximately 22 cm deeper
between hummocks of the Betula - Pohlia plant association than on the
hummock crests (Figure 9, Appendix 4). Concomitantly, the hummock

snow-peat interface temperature was approximately 2°C colder than the

snow-peat interface temperature of the inter-hummock depression (Figure 9).
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Although similar measurements were not made on hummocks of. the Carexr -
Tomenthyprum association, 1 assume that the greater snow depth between
those hummocks also acted as & localized thermal resistance to heat loss.
During the summer, uplifted hummock peat is better drained and becomes
drier tﬁan meadow peat, therefore its insuiating effect is sufficient
to reduce heat exchange above the permafrost. As a result, permafrost

lenses that form beneath the hummocks are preserved.

3.4.3 UPLIFTED PEATLAND

Proximal to the hummocks of the Carex - Tomenthyprmum and Betula -
Pohlia plant associétions are areas of undulating peatland having a
perennially frozen core. These palsas are occupied by the Ledwn -
Cladonia and Picea - Cladonia plant associations (Figures 4, 5, 7, 8).
On 23 July, the surface of th?se palsas was approximately 45 cm above
the sedge meadbw water level &atum. Mean active layer thickness was
46.1 + .75 cm on 27 August (Figure 6, Appendix 2).

Palsa deveﬁopment results from slow peat infilling of depres-
sions as well as permafrost aggradation between hummocks. During
summer in the Ledwn - Cladonia association, the high albedo of Cladonia spp.
lichen coupled with the insulating effect of dry uplifted peat is suffi-
cient to reduce heat exchange above the permafrost. Within the Picea -
Cladonia association, trees displace the energy exchange surface upward
from the air-peat interface and further reduce heat exchange above perma-
frost. Therefore, an increasing amount of peat remains frozen throughout

the summer.
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3.4.4 THERMOKARST FEATURES

Shallow, water-filled thermokarst depressions are present on
some palsas occupied by.the Picea - Cladonia plant association. Active
layer thickness beneath‘one thermokarst pool‘was 54 cm on 27 August.
It appears that these features are initiated when water collects in
shallow depressions during periods of high precip{tation. The organic
material beneath them thus remains saturated, which facilitates heat
transfer (Buckman and Brady 1969) by conduction, resulting in thawing

of the permafrost.

Cr

3.5 SUMMARY

Palsa uplift (development of permafrost) is principally caused
by water migration to the freezing plane, volume expansion of water upon
freezing (Rapp and Rudberg 1964, Forsgren 1966, Salmi 1968, Lundqvist |
1969, io]tai 1972) and by the buoyancy effect created by frozen organic
material overlyin§ saturated ynfrozen peat (Salmi 1968, Zoltai 1972).
In some peatlands, permafrost and accompanying palsa development is
.initiated under dense clumps of Picea mariana (io]tai 1972). The present
research indicates that in minerotrophic topogenous carr peatland, perma-
frost genesis and palsa initiation occurs in sedge meadows occupied by
the Carex - Tomenthypmam plant association. Over time, slow peat in-
“ﬂ{lljzg/9( depressions between permafrost'hqmmocks as well as permafrost
aggradation creates an uplifted peatland haQing a perennially frozen
core. These palsas are then occupied by the Ledwm - Cladonia and Picea.

- Cladonia plant associations.



CHAPTER FOUR
SMALL MAMMALS N

4.1 INTRODUCTION

Most’sma]] mamm;l research near Great Slave Lake has been
centered at the Heart Lake Research Station of The University of
Alberta. Similar research in the vicinity of the north arm of Great
Slave Lake is iimited. As well, no previous work is available that
studies the suitability of minerotrophic topogenous carr peatland
as small mammal habitat or determines which particular plant associations

of this peatland contain the most number of small mammal species.

4.2 PROCEDURE

To understa;d the interrelations of small magmals and

differing palsa habitats the following procedures were used.

1. Eleven snap trap lines were set across the three
depressions of th; study area. Each line extended

- 20 m onto bedrock adjacent to the peatland.

2. Trapping stations were spaced at 5 m intervals along
the Tines. Two traps (baited with peanut butter)
were placed at each station.

3. Each line was left in position‘for two 20-day

periods (24 June - 14 July, 1 August - 21 August )
and checked daily.

4]
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4. Each trapped animal was weighed and length measurements
were made of the right hind foot, right ear, tail and
body. Skulls of the animals were processed and returned
to The University of Albertg where final identification
was made by Dr. W. A. Fuller, Department of Zoology.

4.3 SPECIES DISTRIBUTION
One gpecies of shrew (Sorex cinereus) and three rodents
of the Family Muridae (Clethrionomys rutilus, Peromyscus maniculatus
and Microtus pennsylvanicus) were trapped in the study area. By combining
data from both trapping periods and from all habitats, the relative

abundance of each species was calculjted (Figure 10).

Figure 10
RELATIVE SPECIES ABUNDANCE
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Clethrionomye rutilus 1s clearly the most numerous small
mammal (40 percent of catch) of‘the‘j}udy area. Microtus pennsylvanicus
and Peromyscus maniculatus are equally present and comprise approximately

23 percent of the catch. Sorex cinereus represents 14 percent of the catch.
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Figure 11 compares the total population and the abundance
of each specfes trapped on the peatland to that of bedrock. Although
somewhat higher on bedrock (.68 animals per 100 trap nights), species
richness is not significantly greater than peatland (.64 animals per
100 trap nightsi.

Figure 11 PEATLAND

N SEORDCXK

RELATIVE SPECIES ABUNDANCE; PEATLAND and BEDROCK
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§ o
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POPULATION CLETRRIONOMYS MCROTUS SOREX  PEROMYSCUS

Clethrionomys rutilus has a relatively even distribution in
bedrock and peatland habitats. However, the other three species are
»much more restricted in habitat range. Microtus pemnsylvanicus and
Sorex cinereus Were exclusively trappe& in peatland habitats, whereas
Peromyscus maniculatus was trapped only in bedrock habitats. As shown
by Banfield (1974), Peromyscue maniculatus seldom selects wet habitats,
whereas Miocrotus pemmsylvanicus prefers such areas. '
| Within the peatland, spesies abundance is greatest in the
Betula - Pohlia p1arit association (Figure 12). Due to a continuous
water cover throughout the summer, trapping of small mammals was not

conducted in the Carex - Tomenthypmen plant association. However,
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research indicates that at each stage of succession toward the climax

Picea - Cladomnia plant association, species abundance decreases.

The reasons for this are unknown, but they may be attributed to the
increase of Ledum palustre var. decwmbens (Fuller, personal commun-
fcation, 1976). Ledwm palustre var. decwebens contains ledol, &
poisonous substance causing 'Jhps and paralysis in humens (Multen v

1968), which may also have an adverse effect on small masmals. .

\
Figure 12 | N P
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4.4 SPECIES DIVERSITY '

Species diversity of the Betula - thiia, Lcayn - Cladonia'
and Picea - Cladomia plant associations, as well as the bedrock habitat
is calculated using Brillouin's formula (Pielou 1966, Table 11, Appendix
5). Eweness of the plant associations was determined using Pielou's
(1966) formula (Table 11). |

" TABLE 11: SPECIES DIVERSITY AND EVENNESS
Species Diversity . Evenness

Habitat 1
Betula - Pohlia .46 .76

Habitat 2
Ledwm - Cladomia .45 .75

Habitat 3 -
Picea - Cladoniq 0 0

. Habitat 4
) Bedrock ’ .29 .49
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4.5 SUMMARY

Four species of small mammals (Sorexr cinereus, Clethriomomye
til?s, Peromyscus maniculatus and Microtus pemnsylvanicus) were trapped
<::/the study area. Equally present in the bedrock and peatland habitat,
cLethrionaqys ru;ilué represents 40 percent of the catch. However,
Microtus pennsylvanicus, Peromyscus maniculatus and Sorex cinereus are
much more restricted in habitat range. At each stage of succession
toward the climatic climax, species abundance, diversity and evenness

decreases.



»,

CHAPTER FIVE
CONCLUSIONS

5.1 INTRODUCTION

This research describes the sequence of enyironmental con-
ditions that co;tribute to the development of minerotrophic topogenous
carr peatlamd ecosystems near Yellowknife, Northwest Territories. The
study indicates that permafrost aggradation in o}ganic terrain con-
tributes to the development of distinct physical environments within
which characteristic plant associations evolve. Concur%ent]y. differing
plant associations provide habitats of varying suitability for small
mammals. Although the natural environment does not function in compart-
ments (either in time or space), sectioning is valuable in some instances
in reconstructing environmen€a1 time sequences (Gill 1972). -Therefore,
I hypothesize that three stages represent the interaction between miner-
otrophic topogenous carr palsa development and the formation of small’

mammal habitat.

5.2 STAGE ONE

Minerotrophic topogenous carr palsa formation initially takes
place“ﬁh Carex - Tomenthyprnum meadows where individual peat hummocks
develop a perennidlly frozen core. Snowmelt runoff floods the meadows
to a séél]ow depth during spring and early summer. During particularly

wet summers Carex - Tomenthypmum meadows may be flooded continuously.

s

4¢
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With the eXception of permafrost lenses under hummocks, seasonal soil
frost is usually ‘bEfPt from the sedge meadows by August.

Although small mammal trapping was not conducted in the
Carex - Tomenthypmum’meadows of the present research area, I assume
that this plant association has low suitability as small mammal hab-
itat because of its wetness. 'In particular, Peromyscus maniculatus
seldom .occurs in wet habitats, Clethrionomys rutilus prefers areas
covered by shrubby growths of willow and birch, and Sorex cinereus

inhabits moist shrubby areas with a duff ground cover (Banfield 1974)..

W

5.3 STAGE TWO

Over the years, organic accretion and permafrost aggradation
cause the individual peat hunnnmks'of the Carex - Tomenthypnum meédogs
to become larger and more numerous. The surface of these larger hummocks
is drier than that of the Carex - Tomenthypmem hummocks, enabling the
Betula - Pohlia plant association to become dominant.

Small mammal trapping indicates that species abundance is
greatest in the Betuhﬁ - Pohlia plant association. Therefore, I
assume that areas dominated by this assoc?ation provide the most-

suitable smal) mammal habitat. of the peatiand.

5.4 9TAGE THREE
Slow peat infilling of depressions between hummocks as
.
% as peqnafroéf igd?hdation results in an uplifted palsa having

, &perennially frozen core. The uplifted palsa surface is drier than



the peat surface of the Betula - Pohlia hummocks which results in the
dominance of the Ledum - Cladonia plant association. Over the years,
sere development continues and the Ledum - Cladonia plant association
is replaced by the Picea - Cladonia associatifn.

Small mammal trapping indicates that species abundance in
the Ledum - Cladomia associaton is less than in the Betula - Pohlia

associatien :i her than in the Picea -Cladonia association. Con-

;;hat the habitat suitability of minerotrophic top-
ogenous carr peatlands is greatest in the Betula - Pohlia plan assoc-

jation and decreases toward the climatic climax Picea - Cladonia ass0C~

jation.

5.5 SUMMARY . ,

Peatland of the present research area is occupied b‘ur'
separate plant assoc1at1ons ~Each plant association possesses a~
discrete set of environmental conditions which are reflected by three
stages of succession to a climatic tlimax. The differing plant assoc-

jations provide habitats of varying suitability for small mammals.
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Relevent Terms



™ 54

\

!

For purposes of the present research, the foll&wing

definitions are adhered to (Mornsjo 1971; Whittaker 1975):

L4
4

OMBROTROPHIC ‘ Communities that receive nutrients
* from the atmosphere.
MINEROTROPHIC Communities that receive nutrients
from both the atmosphere and mineral soil.
TOPOGENOUS Minerotrophic peatiands that develop in <
basins containing stagnant ground water?’
CARR Topogenous peatlands that are influenced by

oscillating ground water levels.
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APPENDIX 2

Depth To Frost Measurements
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APPENDIX 3

Hummock Heights Above Water Level -
Datum 23 July 1975 AN
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APPENDIX 4

Snow Depth Measurements
. 25 March 1975
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APPENDIX 8
Species Diversity And Evenness
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' Information ocontent 1S often used as a measure of the
diversity of many-species biological'collectibns kPielou 1966).
Diversity 1s defined as the degree of uncertainty i}tached to the
specific identity of -any randomly selected individual (Pielou 1966).
The great?r the number of speci?s and the more nearly equal their
proportions, the greater the diversity (Pielou 1966).

For the present study, species diversity was ﬁeasured by

Brillouin's formula:

' 1
S.D. N log N!

where:
N is the total.number of individuals
. 's is the total number of species

N] is the total number of individuals in the 1th species

The diversity of a collection of spec%es is maximum when the
individuals are dis;ributed as evenly as possible among the[species.
The ratio of the observed diversity to the maximum possible divergity
is a meagure of the evenngss with which the individuals are divided

among the species.



