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. ABSTRACT
Ecology and population dynamicé of a muskrat population were
studied for two years on a 890 ha marsh on the Peace-Athabasca Delta.

The study coincided with a period of declining water levels and émphasis

-~ was placed on determining the effect of resulting environmental changes

on the muskrat population. A livetrap, tag and recapture program, in~ .

'

which 610 muskrats were marked, provided information on pOpulaffan size,

structure, survival, movements and social relationships.

Muskrats made year-round use of houses built in dense stands of

" offshore emergents. There were seasonal trends in location of new houses,

with regard to water.depth and cover type. Use of bank burrows declined
as receding water levels reduced the availability of suitable den sites.
Sedge (Carex vesicaria) was the most abundant emergent édecies

(85% of emergent. cover) and also the most extensively eaten food nlant,

however, clear preferences were shown for sweetflag (Acorus calamus)

and burreed (Sparganium eurycarpum). Animal matter;wé? not an important

u .
. -t

part of the diet. - A correlation was detected- between observed prefer-

-ence and nutrient content of food plants. In winter muskrats relied

more on submerged aquatics and'the rootstocks of'emgrgents, with houses

apparently serving as an important source of stored food.
Muskrats weFe}monOQamous and territorial, with;family groups .
occupying mutually exclusive home rahges. Members of eathifamily grodb

remained together within the home Tangé until the beginning of the next.

mating period. Minimum length of family home rangeé averaged 130 g in

t

1971. A marked "shuffle' of home ranges occurred during spring mating,
however, no dispérsél of estaplished residents waé observed during fall.

Breeding began between April 23-27 and was correlated with the '
appearanéé'of open water. The last known litter birth occurred on

v



August 21. Juvenlles did not begin breedlng |n the calendar year of

their birth. Adult females produced an average of 2.4 litters with an

average size of approximately 7.5.

hJuvenile sex ratlos were“heavily overbalahced:ln~favor of males,
however, adult sex ratios were nearly even during the‘breedlnglseason.
Natural mortality factors during mating or spring dispersal are thought'

to be responsuble for. removung excess males from the. populatlon

Den5|ty of breedlng palrs increased from one per 4.8 ha in 1970

”to one pair per 4. 0 ha in 1971. Fall populatlon densutles were approxl-

mately 2.8 muskrats per hain 1970 and 3:5 in 1971.

Recathre of tagged muskrats prOV|ded ‘minimum survival rates for
the populatipn Dlsappearance durnng the first year of llfe amounted to

approximately 87%. Approxnmately 70% of all tagged mestllngs survnved

 until October, wuth at least 65% of these survnvnng over wunter Slmllar

survaval rates were observed faor adults with approxumately 89% dlsappear-

ing during their second year of llfe.

s

Fur trapp:ng was a prlnclpal mortallty factor, accountlng for

'about 50% of the annual production in areas. trapped The effects of

oy

predatlon, dlsease and parasntlc lnfectlon were not consudered sugnlfl-

. TN
cant. Some losses through |dtraspec1f|c strlfe were noted malnly as

i

a result of cannaballsm on.nestlings.

Decllnlng water levels reduced the amount of avallable habltat

~ and predlsposed muskrats,ln shallow areas to 1ncreased mortallty. Movej

ments toward deeper water resulted in increased crowdlng and territorial

|nteractrons. In wunter hlgh rates of house abandonment were associated

with shallow water, thin snow cover ‘and small house sizes. Behavloral

adjustments by 'muskrats are thought to be important in assuring winter
’ & : ' '
survival-during periods of ,low water.

v _ .
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INTRODUCTION

Through most of its long history, Fort Chipewyan has served as
an iﬁportant center bf the fur industry in Canada's northwest. Part of
its eminence has been due to the abundant biological resources of the
Peace-Athabasca delta. The shallow lakes and marshes of the delta
annually produce tens of thousands of muskrats, the trapping of which
has beentghe mainstay of the local economy. Soper (1942) noted that in
! good_years between 70,000 and 90,000 muskrat pelts, obtained mostly from"
" the Peace-Athabasca dqlt;; were traded at Fort Chipewyan algpé. Fuller
'(1951)»reported that mdskrats accouﬁted for about 70% of the total value
bf fur taken by delfa trappers. ’ . |

%6 maintain their levels, the delta lakes and marshes depend on
per[od}c flooaing‘brought about by the combined peak fiows'of the Peace
and Athabasca Rivégé.{ Historically, the frequency of flooding and hence
délta water Ievels“have been highly varfablef Ear19 records contain
;eferences to periods of drastlcally low wa'ter whach must have marked]y
”reduced the extent and suntablllty of muskrat habntat on the delta..

Mpskrat populations on the delta have historically qndergone
wide fluét&ations.in abdﬁdance: It is riot known to what. extent disease
or intrinsic“cyclic tehﬁéncies were responsible} however, it is probable
that water level flucquations were a major factér. "William Brown, a
Hudson's Bay Company(lrader at Foft Chipewyan,-made early re%erence to
muskrat§ and'wétér levels in his annual report for 1820-21 (Simpson's

b 4

» dJournal, 1?38; cited in Wuetherick, 1973):

The Musquashes are a species of animals whose numbers depend
entirely upon the state of the lakes and rivers - for when
the water is high for a few years they become very numerous
but when low they ‘entirely dlsappear



Fuller (1951) also reported that very low muskrat populations coincided
)

with a period of low water levels from about

In sbite of short term deficits of water ‘d periodic reductions
in the muskrat population, the recurring nature'éf spring floods has
combined with c high productivity of this sbecies to create a high,
long-term level of muskrat proauction on the delta. The W.A.C. Bennett
'Dam, b&ilt about 1100 km (700 mi) upstream on ;he Peace River, began re-
taining water'iﬁ 1968 which resulted in reduced»sprfng and summer flows
and a disruption of‘the normal'hydfologic regime on the downsfream delta
(Bennett, I97l).ﬁ A nuﬁger of scientists voiced concern that this would
cause permanent ecologica; damage to the delté and cause hardship for
the people who still depehded on its biological resources (Peace;Athaba§Ca
Delta Coﬁmittee, 1970). ' NG

In 1970, | began this iﬁveﬁtigation wifh the overéll objective

of studying the ecology and population dynamics of muskraté on the belta.
Specffic objectivesAwere to: |

(a) examine the demography of the populatioﬁ"

(b). determine the factors respbns{ble for annuai‘mortality

(c) evaluate habitat utilizati;n

(d) determine thé response of the population to declining

Pi
water levels

This study provides a base for evaluating long term effects of
the Bennett Dam and for planning future muskrat management on the Delta.

!
'



DESCRIPTION, OF THE AREA

g

The Peace-Athabasca Delta

The Peace-Athabasca delta is situated at the west end of Lake
Athabasca at the confluence of the Peace, Slave and Athabasca river
dralnage basins (Flg 1). .1t cpvers an area of approxumatelY 3900 sq- km

(lSOO sq mi), about three-quarters of which lies within Wood Buffalo

i

National Park.

Phyaiography

¢ S
The delta lies within the Mackenzie Lowlands subdiyision of the
A\

— 4 '
Western Plains physiographic region and is bordered by the Canadian;

Shield to the northeast (Green and Laycock, l967) Accordinéxto Bayr~-"

\

o

and Root (l97l) the delta came into-existence following deglacnatlo

about 10,000 years ago.

The topography of the delta reflects |ts glacial and fluvnal
development. Most of the delta is very flat and only slightly higher

than Lake Athabasca which has an average level of 209 m (685 ft) asl

(Bennett, 1971). On the northeastern sude the flat landscape is broken [

by outcropplngs of pre-Cambrlan bedrock. Elsewhere, the only varia-

/
tlons in relief are river terraces and levees which often enclose large //

. areas of contiguous wetlands v . S
" The most promlnent landscape features on the delta are its many
rivers, streams, lakes and marshes. The Athabasca Rlver, which arlses

in the mountains of west-central Alberta, enters the delta from the

i’south and presently is responsuble for nearly all of the active sedi-

) .mentatlon The Peace Rlver, which originates in ‘the mountalns of north-

.eastern British Columbla, only flows into the delta during flood perlods.
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N .

For most ef the Year it enters the Slave River, bypassing the delta to
the north. Water also enters the delta from the much smaller Birch
Rivef, which arises in the Birch Mountains and flows into Lake‘Claire’
from the west. The delta is drained by the Slave.River through its out-
let’ channels, the Riviere des Rochers, the Revillon Coupe and the
Chenal des Quatre Fourches ﬁ |

Thenlargest delta lakes (Claire, Mamawi and Baril) remain con-
nected to Lake Athabasca and together cover over half of the deltals
surface;' 0f smaller size but greater importance with respect to @hsk-.'h
rat and waterfowl prqductipn are the numeroUs, shellow,_perched lehes
and marsheé{ - These occupy infer-levee depressions and receive source
water only when it flows over the levees at times of’flood.

The normel hydrologic cycle of the delta was. described by
Bennett (1971): Peak flows ef the Peace and Athabasca Rivers occur in
spring or early summer. At this'time‘the higher level of the Peace
River cauees‘water to enter Lake Athabasea. This results in a damming
effect which raises the level of Lake Athabasca enough to flood much
of the delta. Additional fiooding frequently results from the forma- -

tion of ice jams along rivers dur}ng breakup which raise water ‘levels

above the levees. From 1968 to 1971, peak- flows of the Peace River

were substantially lower than herhal. Consequently, extensive flooding

did not occur and delta water“levels declined.

»

Vegetation

The Peace-Athabasca delta ]les in the Boreal- Subarctlc A]luvua]
Lowlands sect:on of the Northern Taiga zone (La Rou, 1967). W|thln the |

delta_the dlstrlbutlon of plant communltleS'reflects local variations



in moisture and relief. Raup (]935)§§a9e the folﬂowingéaescription of

|

i

the delta vegetation (using ¢urrent nomenclature &ﬁgén by Fuller and

" La Roi, 1971): ; P ) - L X .

UAlthough the differences in the elevafion of the plain above
the water table are slight, they are enough to determine the
arrangement of -the plant «cover. Lands subject to inundations,

" or at most only a few inches above the water-table, have an

herbaceous veggﬁat?on ranging from semi-floating faquatic plants
to sedges ‘and grasses.: Large areas in .the lower -deltas have
nearly pure stands of the [marsh] sedge Carex atherodes or
blue-joint grass Calamagrostis ‘canadensis. On the margins of

stream channels, abandoned or otherwise, are long lines of

willows Salix spp., which are limited to the slightly elevated
ridges peculiar to such areas. The farther toward the margins
of the basin the more land is covered by shrub and tree growth,
so that the upper deltas and the banks of the larger channels
support a forest of [white] spruce and balsam poplar. Forest
growth extends farthest into the lowlands along the actual _
margins of the streams. The granite hills have a scrubby tim-
ber. of [white] spruce Picea glauca, Jackpine Pinus bankstiana,
and canoe birch Betula papyrifera var. neoalaskana. Not only

are the positions of these major types of vegetation deter-

mined topographically, but also most of the lesser plant asso-
ciations within them."

Fuller and LaRoi (1971) noted that periodic interruption of the

normal successional process (aquatic ———terrestrial)'by floodihg has

Ie]

resulted in a zonal sequence of distinct habitat types over much of the

delta (Fig 2).

A\
\,

\

Climate

* " The climate of the area is influenced by the continental,‘north;

ern location. Winters are long and cold and summers are short and warm.

Average

annual precipitation is light (40 cm) with most of it falling™ ™"

during the summer. The average frost-free period is about 3 months’.

“reeze-up usually begins in late October with break-up beginning in

-oril or early May. Climatological data were provided by the

-
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Atmospheric Environment Service, Edmonton. Monthly temperatures, rain- -
fall, and snowfall for the period of study‘along with means for the

period 1963-1972 are shown in Appendix |.

The Studyj} Area

{
The study area, known locally as Egg Lake, lies within the reg-

istered trapping area of Horace Wylie. It is located in’the north-east
part of the delta approximately 19 km (12 mi) norgﬁwest of Fort Chipe-
wyaﬁ. Situated along the south side of the Revillsh Coupe River in a
northwest-séutheast orientation, it extends from approximately 58°°51' N ‘
to 58° 55' N latitudé and 111° 2]; W to 111° 28' W longitude. Egg Lake

M bout 9.7 km (6.0 mi) in length and 1.8 km (1.1 mi) at its greatest
width and covers an area of appro;}mately 890 ha (2200 a).

The lake Qccupies a débression surrounded by natural levees of
active aﬁd-abandoned }iver;channels and low hills and }igéés of granite
bedrock. |t has no present connection with the delta drainage system
and is therefore called a backwater or perched siough. Itrdnly re-
ce}ves flood water when the Peace Rivér spills over its banks, usually
as a }esult of an ice jamp ;looding did not occur from 1968 to 1971
inclusive. The'lake is uniformly shallow over most of its area with
gently sloping sides, eiééS?\whsre bedrock outcroppings occur. Water
depths in 13970 averagéd 50-60 CQ\égd generally did not exceed 1 m.
Water level and habitat changes during the study period wi]] be dgs-

‘cribed later. | |

On the sideglof the basin the di;gribution of pfaht communities

closely conforms to the ggnera]izedvprofile in Figure 2. The tops of

-

the levees support a mixed forest of white spruce (Picea glauca), aspen
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(Populus tremuloides) and balsam poplar (Populus balsamifera). Jack-
pine (Pinus baﬁksiana) grows on the rock outcrbppings wigh oécas;ional
clusters of_bir;h (Betula papyrifera) on the sides. At lower céntours
poplar is rep]acedrﬁy alder (AZnu; tenuifolia) and a well-developed
 zone of willow (Saliz sbp). An ecotonal zone of willow shrub grades
into a meadOWacommunity dominated by blue-jofnt grass (C&Zamagrostis
canadenszs) and sedge (Carex spp) These meadows are most extensive
along the north and east sides of the lake.

The shoreline marsh community is dominated by sedge (Carex spp)
and includes a variety of plants such as slough grass (Béckmarnia
syzigachne), spike ;;Eh (Eleocharis palustris), golden dock (Rumex mari-
ttmus) and marsh ragwoft (Senecto congestus). Shallow water areas
" along the shoreline support emergent species dominated by sedge (Carex
vesicaria) with frequent stands of swegtflag (Acorus calamus) and giant
burreed (Sparganium eurycarpum) and with occassional patches of horse-
tail (Equisetum fluviatile), river bulrush (Scirpus fluwviatilis) and
arrowhead (Sagitfaria'cuneata). In contrést to many other delta lakes,
cattail (Typha latifolia) and reed grass (Phragmi¥es communis) are
quite sparce. Shoreliné emergénts are fairly extensive along thé.porth
side of Egg Lake and generally poorly developed along the south side.

of pa;tlcu]ar |mpo;tance to muskrats are extensive stands of
offshore emergents {n the west and central parts of the che.v These
‘'stands consist of a complex interspersion of clumps of emérgent Vegeta-‘
tion and open water. They extend over a total area of approximately
450 ha (1100 a) with actual coverage of eﬁergents only amounting to -

-about 20%. My field studies were reStricfgd pfimarily to the west half

"of Egg Lake (Fig 3, Photo 1-3).



E >~ EMERGENTS

OPEN WATER

KM

Figure 3. Egg Lake study area showing distribution of emergent vege-
tation. ‘ ’



_ Photograph 1. An aerial view of the west end of Egg Lake, looking north
across the study area. The Revillon Coupe parallels the
“jake in the background, Sep:ember 7, 1971.

{;:a,

Photograph 2. Extensnve of fshore stands of sedge (Carex vesticaria),
typical of muskrat habitat on the west end of Egg Lake,

July 1971.

Photpgfaph 3. An aerial view looking west over the study areas Septem-
ber 7, 1971 _
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A portion of this area, consisting of aatfanséét“(éﬁﬁ?oxiﬁate}y‘
620 m wide) extending across the lake near the center of the study afea,

is shown in Figure 4. Sedge (Carex vesicaria). accounts for- approxi- r-
. o AR -

mately 85% of the tétal emergent coverage in the hapbgd area. Most of
the remainder consists of sweetflag (Acorus calamus), giant burreed -

(Sparganium eurycarpwn) and hardstem bul rush (Seirpus acutus). These  »

. 2

5pegie$ usually occur in small, pure spandsvwfthin.the largeflétan&s of
sedge. Open water areas contain abundant growths of submerged aquatic
vegétation dominaEed by water milfoil (Myriophyllum exalbéséeﬁs)hand;
pondweeds (brinEipally Pota;;geton zostefifbrmis.ana P. richardsonii).
Other opeﬁ water specfes, including the flogting-leaf‘types, wéter
g:?rtweed (Polygonum amphibiuﬁ) and yellow pond-1ily (Nuphar variegatwn), »
oc;ur only infrequent]y; Duckweeds (Lemna trisulea and L. minor) are -

abundant throughout the marsh. A more complete list of plants found at

Egg Lake is given in Appendix.Il.

"
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Figure 4.- A portion of - the study area showing the distribution of major
vegetation types. Unpatterned areas repkesent open water
. A (submerged aquatic vegetation).

(G
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S Livetrapping and Tagging

Livetrap, tag and recapture was the principal ¢method used in
this study. It provcded |nformat|on on populatlon si and structure,
survival, distrlbut{on, movements and social relatlonshlps National
brand livefraps and National self-pjercing,’fish fingerling tags (Size n'
1, Style 1005) were used throughout the study. In 1970, liVetrappin?
was conduoted during' July and August.over a 140 ha‘area. in 1971,
livetrappipg was conducted from June until mid-October with most of the
effort restricted to a 100 ha area. This is referred to as the inten-
sive study area. In September and.Oetober livetraps were also set on -
floating platforms in open water areas and along the Revillon Coupe andffﬁ
 a nearby slough to sample dlspersal w:thln and away from Egg Lake. Ad-
ditionally, a number of bank runs were lavetrapped durlng 1971 u51ng a
multiple capture trap designed by Snead (1950).

Livetraps were balted wnth pieces of burreed, sweetflag or car-,
rots, and set where. capture seemed most llkely (houses, feeding- platfo;ms,
runways) . They we}e then covered with vegetat!on to provnde shade and
‘extra‘food for the occupants. Traps were usually set in the evening
and checked the following morning. InA197], traps were checked at about

. ) :
6 hour |ntervals if juveniles less than 200 g were believed to be pre-
sent.' After a muskrat was captured it was coaxed into a wire-mesh=
holding cone f}tted with a:hoVeable-wooden floor. 'Slight upward pres-
sure on thie floor'held the éﬁbject relatively immobile for meaéuring,
sexing and tagging. Two sizes of cones held the full range of sizes .

from newly weaned juveniles to adults. o
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Data recorded included tag numbers, sex, age (adult or juve-
nile), weight,ltdtél Ienéth, tail léngth, signs of pregnancy, presehce‘
of a vaginal membrane, wounds or defects; Muskrats were tagged on both
ears and weighed to the neareét 5 g using an Ohaus brahd spring scale.
To ihcreaSe uniformity of measurement, tail length was measured from
the anus to the tip of the tail. Males were identified by the presence
of a penis. |

During the study, 610 muskfats were tagged, including 169 in
1970 and 441 in 1971. h}vetrappihg also resulted in 562 recapturés;
Jncluding 100 in 1970 and hOZ_in 19;1. Therefore, the tgtal number of

captures during the study was 1112.

Reproduction

Information on numbers, sizes and birth dates of lltters was
obtained by periodically openlng houses throughout the breedlng season”
Hbusesinn each breeding range were check;d at about monthly intervals.
Best results were obtained when the female was.hot in hhe nest, since
disturbed females sometimes dragged nestlings into the water. Females
were.found in the house at all times of fhe day, howevéh, her presencé
could often be detected by qufetly apﬁroééhfng the house and listening
for the sounds made by the suckliﬁgryoung. Fresh construction and prep-
aration o% a nest of finely shredded snge was usuaily evident several
days before the birth pf a litter. '

When a lfthecﬂﬂii/foqnd; gech nestling was sexed, weighggyto
the nearest gram, measured (total and tail lené{h)fand examined for

wounds or defects. Females were identi%?ed by'the presence of nipple

sc ré, a smaller genital sheath and the closer spacing of the

t
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. genital shéath.‘to the anus théét;n males. All nestlings over 60 j in
weight werevtagged‘-- nestlings smaller than this usually slough-o\fffﬂ~
tags. A litter was recorded as ''complete'’ if the female did not leave
the'houge as ft was opened and if nest]ingé were not found leaving on
their own. Following disturbance, the litter‘was returned to the‘nest
and the house was réstoredkto resemble its original coﬁdition. Litters
weréugged by comparing the average tail length with the tail length réj

gression line of Dofney and Rusch (1953).
Food Habits’

A quantitative study of summer food pfefereﬁces was made in
1971 by comparing utilization of.éach'fdrage speciés to its .availabil-
ity within a 30 m radius of the main dwelling or nest house in six |

. \ : .
randomly-selected home ranges. Utilization Qas based on thé relative
abuﬁdance of‘éach species'on all feeding platformsfwithih fhis area.

'Each'féeding>platform was separated into the component plant tYpéé and

'tﬁé'félative volume (percentage) of each species was estimated‘and re~

" corded. Availability was determined on ;he basis of percent cover‘éf_

.each species.witﬁfn this area. Cover types we;e recorded on a-smali
scale-map of each area. The ratio, % utilization/% avafiability, was
then used as an indéx of preferencé fof eaéh pléﬁt species.

Samples of each food type were collected from several areaé in
Augusf,'éir dried and later ground in a Wylié mill, homogenized and
'submitied to the Alberta Depértmént of Agricﬁltufe,’Sofl and Feed Test-
ing Laboratory for analysis ofvprotein,'caltium; phosphorus, fat and
fiber. Samples were analyzed separately for the‘gfem, roots and leaves'

;of each species and the results averaged to give a total wvalue for the

JAln

whole plant.
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Habitat Selection and Composition

o

Each house on the study area was marked nearby with a numbered
stake and the location indicated on .a map. Plant species around the -

house (cover type), water depth size and condltlon were recorded for

‘each house. Water depth was measured in four places around the house

at distances of approxlmately 2 and 8 m from the house.' lce thicknesses
and snow depths were peruodncally measured each winter.
Cover type selection was related to availability by marking the

area covered by each vegetation type on an enlarged outline map produced

- from aerial,photograbhs. Coverage of each species was then determined

by counting dots on an acreage determination grid..

}/A Necropsies R _
. v 27

All dead animals found during the s tudy were‘examined macro-

scopically in the field for disease, wounds or other causes of death.’

Weight, length, tag numbecr: if present) and reproductive condition
were also recorded. ’ Lo

Animals taken during/the spring'harvests were frozen and later

-some were examuned for helmlnths Skulls were cleaned with dermestid

beetles and aged using the !ength of fluting of the flrst upper molar

(Appendix I41).

.y, Statistical Analysis’
Throughout this report means are presented % one standard error.

The Kolmogorov Smlrnoff test ‘was used to determine normallty of data.

Means were compared using Student s t test and most other comparisons

“utilized Chi square tests. Levels of P<:0 05 were’ consndered statis-'

b

tically significant. ' ‘ SIS
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’ DWELLING HABITS - @

The three types of dwellings referred to most frequently .in
"muskrat literature are houses, bank-burrows and pushups. Relative use
of each of these structures by muekrats‘varies‘éccording to;local con-
ditions and climate. On thevMackenzie delta, Stevens (1955) reported
that muskrats occupied bank*burrows'throuéhout the yearudue to thick-
ness of the winter ice cover'and abeence of sufficienk'emergent vegeta-
tion for house buuldlng, consequently, they relled on extensive use of
pushups to sustain them during winter. In sloughs on the upper Atha-
basca delta, Fuller (1951) found that summer use of bank-burrows was |
followed by movement to houses in the fall. This is the pattern re-
ported at Big Island Lake, Alberta by Schmitke (1971). On the other
hand, more southerly raees often tend to be house dwellers throughout
the year (0O1sen, 1957; Sather, 1958; Dorney and Rusch, 1953). OH.the
Peace-Athabasca delta, veriable use of these structures occurs uith
“different typee of water bodiés. Muskrats occupying streams, ponded
meanders and muskegs predominantly use,bank-burrows during the suﬁmer;'
whfle fhose in shalfouimaﬁshesiwithAogfshore-emergent vegetation meke

' , ; .
greater use of houses. . During the period of study at_Egg‘Lake, musk-=

- rats degehded almost entirely on houses for shelter throughout the yea}.

This was likely the result og several factors including: (a) an abun-

dence of offshore emergeht'vegetation suitable for house construction,

(b) de;reased use of bankburrows during the period of low water Ievels,

o~

-and (¢) a reduced incidence of destructlve ice actidn due to the ab—-

sence of spring floods.

nw

~
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Summer Houses and Nest Houses

Houses examined invthis study were similar in size and struc)
ture to those described in other areas. They typically had from one
to three chambers with two or three underwater‘entrances or ‘plunge-
heles”. A distinction is frequently made betweeh”“dwelling“ houses
‘and smaller, single-chambered "feeding' houses; hayever, thié wes not
very-evident at Egg'Lake %eeding sign was found invmost of the‘ |
houses examined a]though some smafl houses weré clearly used onPy for
feeding or resting‘by,a'single muskrat. Manntenance of old houses and
construction of new'ones droceeded continuously throughout the. summer,
increas{ng in intensity as the populatibn size increaged.

Litters were botn in old houses, freshly-cométructed houses dt
small open nests. The latter were‘built in!dense emergent vegetation

-

and were S|m|lar to nests of some diving ducks. The'female entered

'

these structures from the top and covered the nest when she was awayk

-

from it. The, blrth of a lltter ln an old house was preceded by a
period-df fresh construction. A dry nest lined with fine sedge was
: normaiiy prepared 2 to 3-days before a litter was born (Photos 4 and
5). in manf\cases females with ' li.tters were apparent}y tolerant of
oldet'juven}les using other parts of the same house; in other cases,
neﬁ houses or nests were built some distance away from.existing houses.
In‘1971 7]% (12) of the first litters observed were born in-
houses *used the previous winter. T@& other '29% (5) were born in newly
conetructed houses close to a winter house.. 0f 16 second lltters ob-

served, 62% were born in the same house as the flrst lltter, whlle 38%

were born in new]y constructed houses or nests built wuthln 0 m of the



e

Photograph 4. A typical nest house.
) : f“

Photograph 5. Top.of nest house opened to show nest containing a 2-week
old litter.

/ M/*——‘C:"’
e

-

124

Photograph 6. A winter house built in a clump of \.;sh.

Photograph 7. Vegetation utilization around a winter house, October 19,

1971. Muskrat activity has kept water from frecezing in
the immediate vicinity of the house. .
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previous house. All eight of the litters known to be third litters

were born in new houses.

Fall or Winter Houses

While many of the summer houses cdﬁtinued to be used during
winter, a resurgence of house building begén in late August and con-
tinued until freeze-up (Fig.S, Photo 6). House building was the major
' actiVity during this period‘and seemed to be intensffied by weather
factors. In 1971, ‘ice skims began forming on the sides of thé marsh
in mid-September. The first significant snowfall (abdut 2 cm) occurred
on October 16. In my field notes for that date | noted that 'for the .
first time muskrats were frequently seen on houses during the day''.

The lake completely froze on October 19, although the activity of musk- -
rats kept the water from freezing around houses (Photo 7). House bui 1d-
ing continued throughout the day and muskrats were fréqugnply seen sit-
ting or moving around on ﬁhe'fce. Muskrats appeared tcgbegin,estab-
lishing pushups as soon as the lake froze. . '

Fall or winter houses were generally larger than éummer houses;
135 houses measured in October 1971 had an average heught ;f 49 34 1.3
cm and an average diameter of 2.4 £ 0.1 m. Analys:s of house size data

indicates a single, rormally-distributed peak with no suggestion of

more than one size class.

selection of House Building Sites

There was a seasonal trend in locafion of new houses with re-
‘spect to water depth (Fig 6). During the period of fa'll house building

there was a definite tendency to select deeper water, while in summer
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there was a greater tendency to construct houses on former feeding plat~

forms without regard to water depth. The proportion of summer houses
. . -»

f . . i 4
maintained for winter use was lower in shallow water. This partly re-

flects movements that occurred as the water level declined on the s tudy

area. Water deeper than 50 cm was generally not available since musk-

\\;ats require a base of emergent vegetation to build a house on and 50 cm

s near the maximum depth tolerance for most emergent species (Bellrose,

1950; Harris and Marshall, 1963).
P There were also seasonai differences in location of heuses with

regard to cover type (Fig 7). ln‘thié study, cover type refers to the

kind of emergent plants in the: immediate vicinity of the hous§7 in addi-

tion, dpen.water (submerged aquatic vegetation) is inc]uded‘asia cover

type. Differences between' the braportion of summer and winter houses

in eéch'cover type were not significant for sedge, burfeed_or bulrush

but were highly significant for sweetflag (X2 = 12.37, P<0.01, 1 df)

and open water (X2 = 11.64, P<0.01, 1 df). These differences appear

T

to be associated with selection of,deepe;.water in fal#& Sweetflag,
which waé a preferred food.and buildingsite during summer, grew in
somewhat shallower water than sedge, burreed and bulrush. Similarly,

there was a tendency to build winter houses on the .outer edge pf vege-

> ' ¢
tation'islandsh adjacent to deeper waser. ) .
While the increésed_frequency of bulrush éround‘winter houses
_was not significant, it prears to provide the most ;ecure-%uilding;
sites. There are several reasons for this: (1) it tolerates deeper
water than do most of the other emergents, (2) the éturdy stems, meshed .

together with dead stalks, provide a strbng matrix for house attachment

and (3) during winter it traps a deeper cover of insulating snow than .

-
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do the others. . Almost every available clone of bul;nsh wae utilized
as a building site.

While sedge was utilized in about equal propoftion to its
availability, sweetflag, burreed, and bulrush were distinctly over-
represented as cover types. Thns reflects a tendency to bunld houses
where more-than one type of emergent is‘available. Two or more emer-
gent species were represented at 57% of the summer houses and 32%.of
the winter houses. In other words, an {nterspersion of emergent plant
types was important in selection of house buildisg sites. The differ-
ence between summer.and winter houses results from ;ne incréase in open

\

water as a cover type during fall.

Composition of Houses

The‘composition of 50 h0uses was determined during the summer
and‘fall of 1971 {Table 1). Compos{tion was determined by: = (a) sepa-
rating a portuon of each house into component plant types and (b) esti-
mating the percent of the total volume contrlbuted by each speCIes

In general, houses were constructed from materials that were_
most available. Thfe‘was particularly.apparent during the period of
fall house building. In many cases;ﬁé}? emergent and submergent plant :
growth was cleared away ina 3 to 7 mradius around part of the house

(Photo 5). Durlng summer there was probab]y a greater tendency for

unused food remalns to become |ncorporatec into dwel]nngs.

s

o Use of Bank Burrows

There is evidence that use of bank burrows declined as water

levels .in the marsh receded from levee banks and islands. Shﬁ?nkage_ a

3
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.Table 1. Composition of 50'summervand fall muskrat houses at Egg Lake
: in 1971.

: Frequency of Percent’ Average Percent
Plant Occurrence Occurrence Composition
sedge T 52 38 (tr-90) -
sweetflag 26 52 22 (tr-80)
burreed 20 4o 5 (tr-15)
bu]fush 16 32 28_(tr-60)
milfoil Lo 80 23 (tr-50)
pondweedg . : 12 24 tr
willow. 5 3u 10 ff
organic bottom . A

material ‘15 30 ‘30 (5‘90)
duckweed 50 100

9 ¢
& . e
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of shoreline was proceeding fairly rapidly due to the shallow gradient
of the lake basin. In early summer of 1970 the number of active bank-

runs around the west end of the lake was approximately 2.5 per km of

- shoreline; this decreased to 1.7 by June of 1971 and 1.0 in September

‘of that year. This trend was confirmed by Horace Wylie (pers comm).

Many of these were no longer typical bank burrows, since they- -
consisted of a house constructed in the branches or roots of willows
and connected to the lake with a long tunnel or open runway. The den

itself was sometimes 15 m or more from the water line. This exposed

the runways to trampling by bison and increased the vulnerebility of
the occupants to pfedation. Bank burrows were usually abandoned when
‘ . 3

muskrats were no longer able to keep a few centimeters of water in the

rhnWay . ' \

A Use of Pushups ' ..

-

Pushups are small, SIngle chambered structures built over a

hole in the ice. They serve as shelters for breathnng holes and as

‘resting or feeding sites which allow muskrats to forage over an ex-

tended area. The structure and function of pushups is described more
fully by Fuller (]95j) and Sceveoe (1955). At Egg Lake, pushup con-
struction began immediately after freeze-op, but-pushups did not appear
to receive extensive use until mid-Q}oter when snow.depths were ade-
quate to insulate them and forage supplies. became reduced in the VICIn’

ity of houses They were - composed almost entlrely of submerged aquatlcs,“

notably water millfoil (Myriophyllum exalbescens) and pondweeds (Pota-

‘mogeton spp). In some cases, partncularly ‘where the snow cover was deep,

pushups consisted only of a snow cavity above the breathlng hoie.
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Muskrats~hade less use Qf pushupsiin the study area than they
did in some of the other delta lakes. In spring of 1971, Canadian
Wildlife Seryfﬁe personnel conducted a survey of muskrat houses -and
pu;hups on Egg Lake and lakes in two other parts of the delta. They
found a ratio‘of 1.2 pushups/house at Egg Lake compared to 2.5 and 4.5
pushubs/house in the other two are$§ (Surrendi and Jorgenson, 1971).
This is probably due to the abundance of of fshore emergent'vedeta;ion
and a greater tendency to éonstruct houses at Egg Lake. Use of pushups

is apparently more closely linked with the winter survival of muskrats

occupying bank burrows (Stevens, 1955). There is also some indication

»

- that use of pushups declined on the study area during the period of low

watér levels. H. Wylie (pers comm) poted that pushups were more numer=

ous prior to 1970 and that more pushups and fewer houses were evident

the winter following the spring flood of 1972.
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FOOD HABITS

”fwidespread studies.in North America and Europe haveléhown musk=
rats to be highly versatile in their ability to adapt to diverse food
sources. While they are primarily herblvorous, local populatlons may
- feed extensnvely on animal-material (Errington, l939 1941; Sather,
1958; Dilworth; 1966), Some populatlons show a tendency toward lndls-
~criminate feedlng while others demonstrate marked preferences (Erring-

ton, 1941; Takos, 1947; Bellrose, 1950; Dllworth, 1966). Only a few of
‘the many studies on'muskrat food habits have attempted-to relate forage
utilization to availability.

Observations of feeding and forage utilizatlon were made through-
oyt the study. These were supplemented by a semi- -quantitative determnna*
"tion of food preferences durlng August 1971. This was accompllsr 2d by
(a) determining the availability of major forage species around a num-
ber of dwelling houses and, (b) determlning the relative abundance of
each species on feedlng platforms in each of these areas. A ratio of
,the percent of each specxej utlllzed to the percent available in the’

- feeding radius can then be used as an index of preference Thus an ln-;
dex of l 0 would indicate that a plant was being ut|l|zed i.n exact pro-
'portlon to-its abundance in ‘the feeding radnus of the muskrat An in-

\ \
dex of <1.0 indicates selection against and > 1.0 indicates pleference

for. ‘
Twelve species of plants were round on 208 feeding plattorms.
;,examlned, of which only seven were abundant.enough to be considered im-
‘J:pqrtant (Table 2); Avclear prererence exiats'pnly for sweetflag with

a lesser preference for burreed. Sedgebwas eaten'ln slightly greater

proportion than it occurred and bulrush was eaten slightly less« This
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Table 2. Utilization and avallablllty of principal muskrat food plants
| on and around 208 feedlng platforms.

o Frequency of :
. Occurrence o Prefgrence
Plant on Feed Plat. Utilization Availability " Index
‘ (%) ®) (%) ' :
4. calamus 33.7 .- 19.9 ko k.97
S. eurycarpum 13.5 5.7 2.1 2.7
C. vesicaria .- 88.9 63.0 b9 1.50
. P. zosteriformes 33.7 6.8 12.0 0.56
S. validus 6T 1.4 b2 0.33
M. exalbescens 50.9° 2.7 29.2 .0.09
P. pichardsonii 6.7 0.6 6.7 - . 0.08

Lemma spp » 100.0 e
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agreed with numerous observations in which sweetflag was being heavily
utilized while more abundant species around it were virtually neglected

(Photo 9). Similarly new growth,df burreed often received hg5$7;1ocal-

BCCE

ized use. o -
Use.of submerged aquatic ;Iants may have been underestimated by
fhi§ method. Muskrats were fréquently observed feeding on the surface
of openvwater areas, where they consumed millfoil and pondweeds without
first carrying them to feeding platforms (Phbto 10). Duckweed was found
6n all piatforms examined and was prpfu;ély abundant throughout the
" marsh. Muskr;ts were not observed feeding on this p]ant'by'itselﬁ, al-
though substantial amounts of it are probably ingested‘aléng with other
vegetatfon.
Muskrats also exhibited preférences for cértafn parts of plants
(Table 3). Order of prgference-was subjeﬁtively determined on the basis
of observations made throughout the study. For exaﬁple on July 12,
1971, 1 recorded the following observétion of ah adult feméle muskrat
feediﬁg on bulrushes: ''She made a shallow dive (about 6 in.} pulling
~a bulrush stem loose from the roots.‘{She then rested several feet away
where she ate all'of.fhe wiite basal SortLOn befqre discarding the green
top.'bl The leaves of sweetflag, on the othef hand, were usually cut off

ld to 15 cm above the base.

A ﬁotagle difference between this and most gther studies is ;he
virtual absence of cattail with{n theIStudy.area. . While nearby parté
.of the delta contained heavy growths of cattail, only a few insignifi- .
cant stands were found at Egg Lake. This may constitute the absence of

a valuable food plaﬁt. Errington (1963) stated that cattails are the

most important native food of muskrats in northern United States.



Photograph 8. An adult muskrat on a predominantly sweetflag feeding
platform.

. _ .1
Photograph 9. Heavy utilization of sweetflag.

Photogﬁgph—lo. A muskrat feeding on submerged aquatic vegetation.

-~
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Table 3. Parts of plants eaten by muskrats. oo
Plant Parts Eaten in Order of Preference
C. vesicaria base of stem, leaves, rhizomes
A. calanmus leaves, base of leavas,_rhfzomes
eurycarpum leaves, rhizomes, base of leé;es
.‘UaZidus bése of stem, upper stem, rhizomes
exalbescens leave;, stem and fruit
zosteriformes ieaves, stem andifruit
. richardsonit | leaves,'Stem and fruif
. fluviatile stéms
. congestus stem and leaves
S. cuneata leaves and §Etiole$-

Lemma spp

entire planf
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Use of Animal Food

Several iﬁstances of feeding on animal matter were‘detected dur-
ing the study. Empty shells of snails Qere occasionally seen on feeding
pl#tforms. Reméins of aquatic arthropods were found in theldigestive
tract of several aﬁimals; however, these are probably consumed inciden-
‘.’%ally while the‘mu;kra% is feeding on submgrged aquatic vegetation.

The partially devoured body of a coot (Fulica americana) was found in-
Side a dwp{iing house on June‘13, 1971. | /

Thréé incidents of cannibalism were dis;overed during the fwo
summers . 'On-August 22, 1970 the partially ea%en bodies of two nesl]ings -
were fdhnd, one in the nést and one in a passageway close to the nest
of a house whjﬁh | had not previously visited. Three more 4- to 5-day
old nestlings were alive and appareﬁtly healthy in the nest. The house
was restored and livetraps were set on it. On‘the morning of August 23,
the traps yielded both adults and two large juveniles. The.right hind
leg of the adult male was completely missing wfth thé resul%ing wound

" not yet hea]ed: He had also previously lbst one of his upper'Wncisors
and the remaihing one protruded at an angle. VWhen the house was re-
openéd, one of the remaining nestlings was found dead but uneaten with
tooth marks on the neck and forelgg.' The patterﬁ of the tooth marks
matched the abnormal bfté of the aaulf male. On September'k,.1970 the
remains.of an older'?estliné, believed tb have been eaten by a‘muskrat,
were found in anothef previously unvisited house. The third,casevwas
found én July 17, 1971 in a recently‘abandoned house.. A l-week old ’

" nestling was founa with flesh removed from the head and neck. It ép-

parently had died soon after the litter was captured and measured on

July 11. At that time the adult male was livetrapped and broke both .



!36

6% his upper incisors fighting thé trap. H. Wylie (peks comm) has also
noted occasional incidents of other muskrats feedihg on kill-trap vié-
tlms Although the first case in 1970 clearly indicates pfedatlon‘by
an adu]t on live young, cannlballsm is usually the resu{f of scavenglng
by'starvipg.muskrats and was not a widespread ‘occurrence during the
study.- This evidence suggests that animal matter is not an importaﬁt
componen{ of thé dfet of Egg Lake mugkrats: :

.- | i

Winter Food Habits

Winter food/habits were not studied, although indirect signs of
this - activity were evident whén the ice left the lake. As’expected,
muskrats appareﬁtly relied on greater use of submerged aquaﬁjcs and the
roots aad rhizomes of emergents for sustenance during winter than dur=~
ing summer. Ruhways up to 1 m lower than the floor of the ]ake were
found leading froh houses to deeper water. A]on% one such runw;y; fdlf
lowed for about 25 m, millfoil and pondweeds had béen cleared away'for
about 0.5 m on either side. The root stacks of sWeetflag, sedée and
bulrush were often eaten to such an ext;nt that the undermined vegeta-:
tion was floating in the vicinity of houses. .. -

Little eviaence was found of food storage as éuch;'hOWever,
thig Qés nbt looked for in bank burrows or after freeze-up. lﬁ October
1971, a recen;ly'COnséructéd house (No. 6]3, a{@dst-i m in height, was
opened tovfihd-that4the ngcently‘chewed-out ghahbérs éhd passageways
were crammed with pondweed (prob. P.: zosteriformes). H. Wylie:(pefsVF
comm) has noted that muskrat houses aré appreciably larger in years of

Iow water levels. While this differs from the purposaful_storage of

_choice food plants, it ‘uhdoubtedly constitutes an important winter food

-

supply® under those conditions.
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Nutrient Content of Food Plants

L

The nutrient requirements of_wildkan}mals in general.an&?muskf‘
rats in particular are not known. It is useful, however, to examine
the nutrient content of muskrat forage«and extrapolate from the oeftqr
known requirements of domestic herbivores: Such.informa-ion aiso

serves as a nutritive baseline for this species. That is, it can be
: ' {

said that this level of nutrients is capable of supporting the observed

4

rate of growth, reproduction and maintenance.
Samples of several of the most important muskrat food plants
4 .

Were_submitted to the Atlberta Departmen; of Agricdl%ure, Soil and Feed

Testing Laboratory for determination of protein, fat, fiber, calcium
ahd phosphorus. The |mportance of: proteln for body malntenance, growth

reproductlon and lactatlon is we]l known to animal nutrltlonlsts Cal-
t-
cnum and phosphorus play important roles in skeletal development and he

‘ .

reproductlon. In domestic anlmals phosphorus defucuenC|es areuknown to

cause retarded growth loss of estrus, embryo resorptlon and decreased
N 0
lactation. Fat represents an effICIent energy source for the anumal

~Crude Fjber on the other hand, constltutes the least digestible part

of the forage, the level of flber is usualfy |nverse]y proportional to

the level of digestible energy If enough.low fiber food is not avail-
able an animal may not be able to consume enough to satisfy its nutrient
'requiremenfe, .

The nutrient”content of the'p]ante'analyeed appears to fall

“within ‘the “fange acceptable to most domeétie herbivores (Table k). Pro- *

\

teln requurements for cattle range from 7.5% in ~a maintenance ratlon to

ll% ina productlon ration (P J Martin, Anlmal Nutritionist, pers comm).

Domestlc rabbits requtre 122 protein for | malntenance, 15% for normal
P ) . X Y

/ - . g

SO



Table 4. Nutrient content ‘éf' principal muskrat food plants.

Pl‘lqnt . Protein Calcium Ph_osphorus. Fat Fiber

C. vesicaria

rhizomes - 6.4 0.44 0.21 1.4 32.3
base of stem 3.4 0.12 0.1 1.5 38.5
leaves 7.4 0.29 *0.13 1.9 32.9
Mean 5.7 0.28 0.15° - 1.6 34.6
A. calamus 3 R )
rhizomes - 7.3 0.48 0.19 7.3 29.3
base of leaves 7.6 0.58 0.19 3.0 40.1
- leaves 9.5 0.88 0.14 2.1 37.7
-~ Mean 8.1 0.71 0.17 4.1 35.7
< ' o
S. -eurycarpum S o
rhizomes 8.4 0.44 0.24 0.9 31.7
base of leaves 3.6 0.88 0.09 2.0 34.5
leaves 6.2 . 1.42 0.11 0.7
Mean 6.1 0.91 0.15 1.2 33.1
S. validus i . \ .
rhizomes 7.6 - - 0.58 0.17 0.9 36.4
base of stem 9 2.2 0.14 0.08 2.1
stem 8.2 0.56 0.14 1.3 37.3
Mean - 6.0 0.43 0.13 1.4 36.9
M. exalbescens ' _ ) .
Whole Plant - 17.5 3.20 0.24 0.4 27.2

Potamogeton spp ' .
Whole Plant '15.0 - 2.32 0.26 ~ 1.2 28.4
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growth and 17% for lactating fema]eer(NAS-NRC, 1966) . Fat levels of

1% to 5.5% were recommended by .the U.S. RabbitvExperimentaI Station
(NAS-NRC, 1966). Optimum calc{um:phOEphorus ratios are generally be-

" lieved to be in the range of 1:1 to 2:1, although ratios as high as 7:1
an be acceptable tolruhinants (P.J. Martin, pers comm). For‘cattle,v
0.18% calcium and phospherus are requifed for maintenance. A phosphorus
ievel ef approximately 0.22% is reqeired by domestic rabeits. -

In aenera],‘the ]eaves are higher in.protein and calcium and
the roots are higher in phosphorus. The hen-green, basal part of the
stem and leaves is relatlvely low in nutrients and high in fiber. The
‘submerged aquatlcs (M. exalbesens and Potamogeton spp) are substantla]]y
higher in protein, ‘calcium and phosphorus and lower in flber_than are
the emergents: These plants are probably an imeortant and efficient
nutrient source in wnnter with considerable survival valge JSlmnlarly,
the hlgh fat content in the rootstocks of sweetflag may be an |mportant
' Llnter energy-source. While the.level of nutrlents can be expected to
show seasonal change, thenvegetatlon analysns was done near the end of
the growing season and probably reflects winter values. -

An important point‘is that.all of these plants are available to
most of the muskrats in Egg Lake. This gives them the‘opportunity of =
se]ectlng those plants or parts of plants that are hlgh in required nut-
rients. Consequent]y, there are no lndlcatlons that this population

faced either & quantitative or_qualltatlve food shortage.

-Relationship between Food Preference 'nd Nutfient Content

It is also of interest to determine whether there is a correla-
tion between the observed pfeference for certain plants and their

+

~
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nutrient content. Table 5 compares the relative nutrient value of six
muskrat foods with their degree of preference. Tt relative nutrient

value of these plants was determined by:

(1) ranking the six pIants‘according to ievels of pre;ein,

calcium, phosphorus and fat (the plant with‘the high-

' est nutrient level js gi;en,a rank of 6 and the lowest
a rank of 1), |

(2) summing the ranks.fdr each plant type, and 5

(3) subtracting the rank for fiber from each sum.- _ \

The plant with the highest, total nutrient ranking is considered the

. mest nutritious and so on.

If tﬁe four emergent species,are considered firsr, there appears
ohbe a hlgh positive corre]atlon between preference |ndex and total
nutrient rank. Unfortunate]y, ‘the significance of this correlatlon can-
not be properly‘tested with only four pairs of variables (SPEarmansf
coefficjeﬁr). There is also agreement between preference and nutrient
content in the two submerged aquatlcs The sebmerged'aqUatics have a
higher nutrlent rank than do the emergents but do not have a correspond=
inty high preference rank. However, i suggested prevuously that the
. method of determ'nlng forage . utnllzatlon underestnmated the use and
therefore the preference rank of msl]f011 and pondweeds.

Such g*correlation between forage selectiéngghd nutrienr content

has been demonstrated frequently for domestic animals (Stelfox, 1971).

Palatabi]fty is generally directly proportional to protein content and

inversely proportional to fiber content (P.J. Martin, pers comm). Musk-

rats, therefore, appear to be selecting forage both‘dﬁﬂtﬁetb55§§§bf ‘

palatability and nutritive value.

N



~ Table 5. Relative nutritive value of muskrat food plants.

i

Nutrient Rank Total
Plant Preference — Nutrient
‘Index  Protein Ca P Fat Fiber  Rank
Emergents
A. calamus " 4.97 "4 3 4 6 9 12
S. eurycarpum 2.71 3 4 2.5 2.5 3 9
C. vesicaria 1.50 1 .1 25 5 4 5.5
S. validus 10.33 2 2 1 4 6 3
Submerged cquaﬁcs'
Potamogeton spp 0.56 5 5 6 2.5 16.5
M. exalbescens - 0.09 6 6 5 1 16

it



HOME RANGE, TERRITORIALITY AND MOVEMENTS

»

Home Range.

The chassic definition of home range as given.by Burt (1940) 1is

»

""that area abodt its established home which is traversed by the animal

in its normal acfivities of food gathering, mating, and caring for

young''. ThIS deflnltlon excTudes movements assocnated with mlgratlon
or dispersal. . Most current deflnltlons are essentlally unchanged “how-

ever, there is widespread dlsagreemenf with regard to measurement of -

home range.
I did not consider the usual method of grnd trapping appllcable

in this study Muskrats are notab]y attracted to floating traps in
open water. This could have resulted in gross errors in intérpretatiOn-

since the habltat was dlscontlnuous and the proportion of emergent

cover was small in relatlon to the amount of open water. Also, tele-
metry technlques were beyond the ‘scope of this part of the study Traps*
were set where capture seemed most likely {on houses, feeding platfaYms

\

and along runways) and the locations were marked on a map of the study;

4
\

area. This method gave an‘inSight into the movement patterns of the
population but did not permit quentitative comuarisqns of individual
home ranges. -

EerTy in.the study it necame evident ;hat paifs of adu}ts uere
occupying fixed arees and that members of each pair could be trapped
repeatedly in close proximity to each other, frequently onwthe same
house or feeding platform. In early summer, each pair occupied a fair-

ly limited area within about 50 m of a nest house. Following weaning

of the first litter and birth of the second, this area was increased to
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inclﬁde additional feeding areas.’ There was a high degree of ‘cohesion
within each family group, with families remaining together until the
beginning‘of the next breeding season. buring that period, a muskrat's
home range cdrfesponded clqsely.with those of its nearest relatives.
They éhared dWeIling houses and feeding .areas and if a move to ‘a hgre_
vfavorable,habitat became neﬁessary it was made by the entire family

grbup. Consequently, | found it useful to refer to the area occupied

b%“ijigaily group as a ''family home range''.
” Family home ranges (HR) for a portion of the study area, as re-

3

vealed by lfvetrapping in 1971, are_shown in Figufe 8 with associated

data in Tab]ev6. Houses and.feeding platforms used by members of the

same family group are enclosed by dotted lines. The location of these

~lines is subjective and no particular significance is attached to size

f A

or‘shape of the enclosed ranges. They were extended to include the
area whéch | fe]£, on the‘Basis'of,fie}d experience, likely fell within.
the home fange. AObserved differencesjin home range éize‘%ﬁdﬁshape may
in fact be related to a number of factors including avai]agijéfy of
food and cover, family group size, and dominance relgtiohships as well '
as to the‘sampliaz techniqug. Only home ranges  for 1971.are given here:
as data were more complete.for that year than for 1970.. There was
actually é high degrée of similari;y-bétween family home.ranges in both
yeafs, possibly‘dué to the largé numbér of 1970 houses that continued
to be used during f97l. | |

The area of ihtensivg use shifted Withiﬁ each-home range during
.the summéf.h Hoqse§ used early in thg summer were sometimes‘abandoned

. . ,

and new ones constructed near new feeding areas. ' The area of most ex-

tensive use occurred in the fall, just prior to freeze-up. Family home

-
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Figure 8. Family home ranges (HR) of muskrats on the study area during
1971. C :
o nest houses
(2\\\ » N ¢ summer houses
° winter Houses-
0 © summer and winter Housés
v feeding platforms

: <« indicates permanent shift in
B ' ) home range. i
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Table 6. Summary of livetrapping data for 25 family home ranges

in 1971.
No. Tagged
" HR Adults Juveniles No. Recaptures : No. Litters

I 2 ' 2 |
2 2 18 | 22 2
8 2 9 22 2
9 2 19 | 62 3
17 2 10 13 1
18 2 12 | 13 2
19 2 15 T 3
25 2 14 19 . 3
26A 2 3 ) 6 2
268 2 15 2
2 8 2
38 2 8 3
40 2 18 10 2
46 2 27 46 3
47 2 15 12 3
50 2 9 ‘5 2
51 3 1 2
52 2 no 18 3
53 2 8 X 3
54 2 19 | 8 3
56 2 12 - 18 3
57 2 13 7 s 2
62 2 20 3 18 3
63 2 3 | 2
64 2 t; 7

Y
Z/
1<




. | 46

L)

ranges observed at’that time contained an average of 6.0 aﬁtive héuses
with a maximum of 17 (HR 9). Houses abandoned previously were often
repaired forlwiﬁter use and all parts of thé home range were frequently
in use af oﬁcé. It might be helpful to gfve an example: HR 25 was
]ocated neér the south side of the study area. In Juné'l97l a pair o
adults (the female was tagged as a juvenile on house No. 9 in 1970)
occupiéd two houses (178 and 179) located about 2 m apart in a clump of -
bulrushes. Litters were born in house No. 178 on approximately June 6 |
and July 5. Both houses were abandoned in mid-July and a new house (No.
77) was built about 75 m away neaf a feeding platform used earlier. A
third Iitter.was born in this house about Augustl and it continued to

yy the entire family until the end of August when several new

2118, 180) were built about 75 m north of it. In early Octo-
newiﬁouses were in use (79, 109, 81, 198) and fresh con-

. 4
: on was\diident on the houses abandoned earlier in the season (77,

R

178 2% 179) .

Territoriality

A territory‘can be defined as that part ;f the home range from
which trespassers‘are excluded. by residents: Comparatively little is
knowh cohcerning home range_and territoriality of muskrats with avail-.”
able literature on this subject showing disagreement. Errington (1940,
1963) concluded that muskrats -are territorial, particqlariy durihg the
" breeding season. .SatHer (1958) reported that family home rénges-did
nét_over]ap in his Nebraska stu;y. In contrast, Erickson (]959)_fdund»
that home ranges of family groups.in-central New York dia dverlap. .Ngal:

(1968) found no evidencé of territoriality ‘in northwestern lowa with up .

to nine adults using o single lodge.
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The best evidence of territoriality on the study area was in-

direct. Trapping revealed no overlapping of established famjly.home -
ranges, in that Tuskrats from only one family group were caught at 5-
given station. This suggests that each family group actively defended - -
houses and feeding areas within its home range. However, two exampies
of a shift in home range ownership were observed.

One case |nvolved home ranges 9 and 50 during 1971. HR 9 was
occupied by a pair of adults that had been tagged on house No 9 in
A‘1970. In 1971, their first and second litters were born in house No.
9 on approximately May 23 ahd.dune 25 with a third litter born about
August 19 in house No. 509. _In HR 50 the pair of adults produced an
"unsuccessful'' litter (i e. a litter that died prior to weanrng)
houee No. 50 on approximately May 29 and a second Iltter in house No.
150’approximately July 12. The adult fema]e had also been tagged on
house ho. 9 in i970, at the same time as the pair in HR 9. The initial
nest houses in 1971 (9 and 50) for both pairs were approximately 30 m
apart -- much closer together than was observed for any other home
ranges. Although ! witnessed no territorial lnteractlohs between. these
two- famn]y‘groups, repeated livetrapping |nd|cated that no homeé range
overlap occurred. The group in HR 50 left the area about a mOnth after
“birth of the second litter and were not subsequently recaptured. This
home rangeﬂuas later occupied by group 9,_which repaired the abandoned
houses for winter use. Theﬁpoint'fs that group 56 fjrat Ieft the area
Before_it wae occupied by group 9. - .

On the other hand, overt aggression.appeared to be responsip}e
for eXlesionvof fahily 26A from'their homme range. The origrnal‘pair‘

gave birth to a litter in house No. 114 approximately August Z.V'By
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Augu5t 21, this pair had moved to an island of Qééetation aboLt 70 m'
away and a week old litter belonging'to a previously untagged pair (268B)

“was found in house No. 114, buring tHé'intgrva] | heard and observed
intraspecific fighting in the area on several dccasions. Other inci-‘
dents of.fhis type may have occurred~since.the declining water level
during summer forced muskrats in periphera} parts of théﬁmarsh to mo?e
and most of the suitable habitat was already occupied by August. In
this case, there was also an*ufgenf need for pair 268ft% find a safe
homesite for an impending Iitfeﬁ.

Other isolated ihcidentswof ihtfaspecif?é.fighting were: observed
or inferred from wounds thfoughout the suhmer. I't is not known whe;her-v
or not these were initiated‘ﬁainly by adult femg]es.as found.by Er:ng-
ton (1963); ‘nér is it known how much of the hoﬁé.range is exclusively
protected. From my.observations it seems doqb;ful that -the brotected

. &
areas extended far into open water.

Summer Movement Patterns -

The following two statistics can be used to compare movement
patterns within a population: (1) the distance between succ?gsive cap-

tures and (2) the longest distance between captures (i.e. the distance

between the two most separated pqint§ o?‘éaptﬁre).
Average‘disténce betWéen successive captures was used by Bfant.
([962) and by Wolfe (1968) who obtained a‘pqsitive cofrélation between
this statistic and home range.afea of Peromyscﬁs Zeucopusﬂéetermined by,~
"the minimum area methbd. While shbject to mgny of the'biasig inQolved |

in livetrapping, -this method has .the important advantage that movement

'data from animals having a small number of reéaptures can be included.

A
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' The longest distance between captures has frequently been used
as an index of home range length (Stickel, 1954; Brant, 1962; Brown, ,
1966; Tomich, 1969). ‘Davenport (1964) found that the longest distanhce

between -captures showed the same trends as did the inclusive boundary

strip me'thod of home range determination in Péromyscus polionotus popu-

. lations. ' o o .
" ~ :

A rule of thumb for interpreting movement data is that the num-
" ber of observations required to determine size of home range is that_

.péint/at which additjddéi observations do nét result in a significant
increase. In this sfuay, average vafues for the longest distance be-
tween captures did not increase after two recapgﬁ*es kFig 9); therefore,
datq'from muskrats captured three‘or more timesuare thought to provide
a valid estimate of minimum home range length. This tends to exclude
zero values for animals caught twice at the same station.

No significant differences were found bétween 1970_and 1971
movements, so data for»both years. have been combined. Tnese data in-

" - clude movements assoc»ated with the ”norma]” extens:on of home ranges

but do not |nclude movements interpreted as dlspersal

leferences between age and sex classes were not sngnlflcant

';*if'”\ with respect.to either average distance between successuve captures or
longest dlstance between captures (Fig IQY;F The greatest difference
was‘inilonges; distance between captures for'adultlmaleé and adult

. - p R

'femé1es.q'This hay indicate a tendency for males to be more widely rang-

’f'ufff ' ing“due perhaps to a moreeéEtiVe terrjtorial role. Adult females were

-

as males during the breeding season. L S S ]
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ZA There is“al§p no significant difference between the average
distancé between successive captures and longest distanﬁe'between cap-
tures. This indicate§ tﬁe freeﬁgﬁ-with thich individual muskrats moved:-
throughout their home range;."bh several occasions muskrats were cap->
tured at stations over 100 m apart onassuccessive nights.

Another compérison can be madé using the distance between the
two Tost teparated capture points in each fam(ﬁ?ﬁ&pmg range. This rep~
res 1ts fe minimum average length of famrkighglw‘ranges and averaged
130 £ 14 m for 25 rangés in 1971. This:ﬁﬁﬁ%ﬁkgﬁgnificantly different

. than the average of the longest distance betweeh‘captures for individual

~
anlmals (Fig 10). This means essentlally that |nd|V|dual hojp ranges

wereisnmllar in size to family home ranges and agrees wntﬂ%!hgq&?}grved

high gree of home range over]ap between |nd|vnduals within thgﬁpﬁmily
-group. |
| - These data indicate that durlng summier and early fall Egg Lake
'{? muskrats occupy a home range of around 106 Agrﬁ Iength { Sathe; (1958)

" mer and early fall. Erickson (1959)-also reports average hbme(?ange

~

sizes of approximately 200 ft (61 m) in diameter. Nea] (1968) concluded
that ”apparently most‘iummer and fall home ranges can be enclosed by a-
Lcnrcle ]50 200 ft (h6 6] m) in d:ameter” - The somewhat larger home

range sizes found in this. study may féflect a Iower populatlon denSIty
.or a more dlspersed food-supp]y on the study area.

o Winter Movements

L

‘No data wer¢ obtained on movements associated-with. the normal,

activity of muskrat% during winter. One can only suspect that these

/

found that muskrats did not move farther thgn 200 ¥t (ern d: "ing sum-

-

,e
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movements hecame very restricted when most of the lake became frozen
to the bottom in late winter. ‘Evidence from spring fur trapping indi-
cates that muskrats tend to remain within their family home ranges‘un-
til spring break-up. All of Ql tagged muskrats tahen whjle I was on
the study area in April of 1971 were trapped within their fall home

ranges. Sather (1958) reported the same tendency in his Nebraska study.
.4

Emergency Movements

As the water level declined during sdmmer and early fall, musk-
rats in peripheral parts of the marsh were forced to move in the direc-
tion of more favorahle habitat. |In most cases tHis involved a gradual.

extensnon of the home . range; whereas, |n other . ca325 movements of over

v

_a kilometer were necessary before suitable unclaimed habitat was found.

In either case movements caused by drought expOsure are consudered to

"’.u v

be normal home range adjustments. rather Yhan part of the: dlspersal

. O
,\'~ .
O P

mechanism, ? S

The fates of seven family groups fofeed{ioiﬁQQEiﬁwbﬁ’dr@béﬁéfr'
exposed areas were followed during July and August_of 1971.(aThese_in4
; c]ude,home ranges 2, 4o, 52‘and§§§ (Fig 8). AIll seven remained‘at their
orjginal homesites,until water ld'ﬂ&s‘approached zero before moving to-
ward deeper water. In each case, ‘the entire famiiy group remained fo-
gether. Movements lnto’the study area of unmarked muskrats were also,
obse’??ed.~ In 1971 the number.of pairs of adults in the 95 ha area

shown ln Figure 8 lncreased from 18 in June to 25 by mid- Augus&

T . lnformatlon is less:: complete for drought induced movements in

1970. A home range shift o{\ZkO m was made by a palr wnth thelr first

u7mlltter in late July. in thlsnpase the adult female moved at least

A )

G
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‘ vthé litter had been returned safely when the house-was checked one or

,'Spring Dispersal

‘:4

et
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a. few days earlier than did the juveniles. Movement toward deeper
water from shallow areas and bank dens during periods of declining water
levelg“has also been reported by other writers (Seabloom and Beer, 1963;

Errington, 1939, 1963).

RNE

Mﬁvements of litters by adults can also be discussed under the
peading of "'emergency movements''. Eight cases were detected in which
adults moved litters fo a, different house, Most instances were prob-
ab]y triggereds by my dvsturbance of the rest house or hand]lng of the
litter. The average distance moved was 30 m (3- 90 m)f The adults car-
rled the nestlings |n their mouths to another existing houge or con-

structed a new house before moving them. None of the movements detected

¥ 0Ted in the loss of an entire litter. It is not known

Iy

in this stud

x,\_( .
to what extent ‘movements of litters occur under normal conditions.

Houses were occasionally disturbed while.a litter was being

‘nursed. In such cases the female sometimes left the house with the

e

young still clinging to her nipples. :SheAthen'eitheg‘re-en£ered>the
hoqsé immediapely or tehpqrérﬁly deposited the litter inva nearby house
'or_onrq feéding‘platform.” MovemeAt §f this type was termed "fright
moyément” by Dorney and Rusch (1953) and was known to have happened

‘'seven times in the study area.in 1971. In eacQ'case at least parf of

3,

more days later.

\

- Dispersal Movements
]
&«

The many papers Wthh document spring dlspersal of muskrats

have falled to reach a consensus as to what factors are responsnble.

"2’-"-'.'3 T ' _ -

-
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Some workers including Sather (1958) and Erickson (1959) have reported
¢ a correlation between break-up of ice and initiation of spriné disper-

sal. Beer and Meyef (1951) correlated spring dispersal with rapid

development of reptoductive organs and high gonadotropic activity of
. - .
the pituitary. Errington (1963) concluded that it was .a response to

.

'changes in social relationships . . . basically eesociated"with sexuafad/
awakening''. Mathiak and Linde (IQSA) also concludegathat ""breeding |
~ ‘season ‘intolerance probably const{tutes the prime factor causing the
muskrats. to move at this time although spring floeds may fnduce some

S

’mo;ement“. The ecological significance of spring dispersel is more
“clear. ts importance was stated by Fuller (1951): ”Repopu]atioh of
Aareas Wthh have been depopulated through overtrapplng, drought, preda-
tion, or other causes takes p]ace almost entlrely at this tlme“
Dispersal movements can be broadly lelded into those away from
the home marsh and those within the home marsh No ‘information on emi-
gration from the home marsh was obtained as | was not in the study aree
durang the spring dispersal of 1970 or 1971 A]though }rappers re- |

ported seelng muskrats swummlng in the rlvers durlng the first week of

nwnng the appearance of open water,-nQ tagged musk-

'May each year, folL

rats were reported )i 'trappers in other areas. > Durnng thIS perlod an
- - . N \‘-' —,,; ..

“increase in intraspecific strife was |nd1cated by aH increase in the

Qumbef of '"torn'" pelts (H. Wylie)persLEQmm);

f[ o Some information regeqdjng merhent within'the“home-mersh,was
yielded by l7fmuskhat§ taggea dufing 1970;end recaptured during the
‘breeding_éeason 8f/i97],(Fig.]]). These ?ntluded five males\ang seven

mﬁ\\f\\ \\\\\\ xfemales born in 1970 and one male and four females thaé '4 e adufts.in

1970. The average diétancevbetween 1970 and 1971 capture sites was

'
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Figure 11. Intramarsh movements associated with spring "'shuffle' in a
portion of the study area. “Open circles denote place of
last capture in 1970 and arrows’ indicate £irst capture site
in 1971. Solid dots indicate muskrats recaptured at the
same site the following year. : :
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268 m for the six males and 248 m for the 11 females. These data in-
: _4.}":;““
dicate a fairly complete '"shuffle' of home ranges within the marsh dur-
' ' o v o
ing spring dispersal, with only four of- the observ?d muskrats remaining

within their former home ranges.

Fall Dispersal

thle spring &ispersal was associated with break dp of family
groups and shuffling of homé‘ranges within the marsh, the fall period
was marked only by an incr#asing restlessness among the residents and
emigration of a few unsettled individuals.

From the last week of August until freeze-up there was a pro-

‘nounced increase in the activity of muskrats in open water areas.

Floating traps set in the center of large open water areas attracted
. . e : ": ) .
muskrats from surrounding home ranges as well as a few .transients. Two
v p "
such wanderers. captured within tHeggtudy area on September 17 and 18,
1971, appeared to be victims of intraspecific fighting. One was an . .

‘adult female that had previously lost most of her tail. The additional
, »

1

loss of use of a hind foot due to a recent slash wound made her almost
incapable\df diving. Another was an adult male that was later recap-
tured abbroximately 1.6- km away on the Revillon Coine River.

Observations of’intraspecifi;igtrife increased durihg.thié
peribd. On September 12, 1971 four‘séﬁ%rate incidents of fighting were
\observed. Another té;ritorial interaction was.tlosely'observed just
after sunset on September 5. A large juveﬁile was seen swimming in a
éircularvpath around a rock outcropping in the center of the study.area. ?5%?2_
I'ts moveméqt of 600 m took ft through four different home~ranges‘(2, 8,

-

26A and 62). In bne of these (HR 8) it entered a clump of emergent s
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vegetation where it was met with a savage atiack and pursued several
meters by a resident. ' . ¢ .

On August 30, 1971 we began seeing muskrats swimming in the
Reviildn Coupé. During the breeding seasons of 1970 and 1971 no musk-
rats were sighted in this river. Extreme water level&flutfuations ‘in

response to wind action on Lake Athabasca make the Coupe unsuitable in
: ) -

terms of muskrat habitat; It does, however, serve as a natural path-
way for dispersing muskrats and beaver. :ﬁ%ﬁké—

Muskrat activity in the Coupe continued until freeze-up with an
apparent peak in intensity in late Septembef. Iﬁ an attempt to monitor
emigration of muskrats from the study area, a series of floatiné live-
traps were set along the river where it runs parallel to Egg Lake.

These were checked twice daily from September 21 to October 12. Twelve
muskrats were captured during thgf‘time of whiqﬁ\éight were juveniles
(seven males, one female) and four were adults (two males, two females).
Both adult males ané one juvenile made bore recent slash wounds on the
tail. With thé excep§ion of‘the éforemer ‘oned adult maje, nOne,héd
been previously tagged én Egg Lake. 4

Some of these migrants showed a tendency to remain in the area
in which they were T{;etfapped. Five of fhe 12 were recaptured from
l to 13 days later, in each case at the same station. ngn along the
“ArEQer fndicated that fhey were using erosion gulleys and driffwood

)

piles for temporary dwellings and that they appizared to be exisfing en-
tirely on Equisetun fluviatile. a

'NokdESpersa] of resident muskrats‘&as ﬂetected,dﬁring thét.
fime,}nor were any_transfents believed to have been successful af estab-

liéhing home ranges within the study area. This does not preclude the

T
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possibility that such movements went undetected. As demonstrated in a
. ™Y ’

later section, known mortality of muskrats during the summer and early

ol > -

fall accounted for all but approximately 5% of the disappearance during

[}

that period, ‘indicating that fall dispersal was not a major source oﬁl

loss of muskrats from the study drea. N

S
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REPRODUCT tON

Mating Habits

Pairing ":F
ff?;:fﬁgg‘Lak"‘ re was evidence that the majority of adults form
monogamous parr popds during spring mating that last for at least | year.
Monogamy was apparent in at ieast 19 (70.4%) of 27 home ranges studied
in 1970 and 28 (93.3%) of 30 in 1971. )In these cases the same pairs
of adults were repeatedly livetrapped within particplar familf home
ranges ‘and Frequently capture of both adults on the same house suggests
that males probably had some‘role in construction of nest bouses and
care of the young. “

0f the eight exceptions in 1970, seven inve]ved an extra female
and the ofher one, an extra male. 1In 1971, one hbme range contained
two adult females and the cher, two adult malesr

There are two possible explanations for the greater incidence

v A“\\\\
of apparent po]ygamy in 1970 compared to 1971 Firstly, Tivetrapping

was less lntenSlve in 19 'Y taan in 1971 andl +ng ranges were con-

-

Sequehtly less well defined, therefore, so & of the exceptions may have

involved capture of transients or residents of neighbouring‘home raﬁges.
There were only two |nstances in whlch two adult fema]es were captured e
on the same h6use The second p0551b111ty is that the populathn actu-
“ally was ‘overbalahced in-favor of females in 1970. Of 62 adults tagged
. during Ju]y?and'Auézst of 1970, 3k (55%) were females. These results ..
may agree‘toisbme e*teht with’Beer and Meyer (1951) who found that\”;he

feéales are considerably more tolerant of their own sex than the males''.

I do not know whether the '"extra'' females took part in breeding; however
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-

the number of juvenile age classes found in ''polygamous'' home ranges
Y .

sugges;ed thaéithey usually did not. !

Only one pair of muskrats is known to have remained together
through two complete breeding §basons. This was at HR 9 where the firsf
and second litters of 1971 were Born in the same nest house usedqin |
1970. 'The numbef of pair bonds lasting for more than | year may be
higher in an untrapped population but a duration of ] year seems to be
the general rule. With a couple of exceptions (McLeod and Bondar,

1952; Dozier, 1953), the literature is in general agreement.that musk-

<iats are monogamous (Sather, 1953; Erickson, 1959; Schmitke, 1971).

Minimum Breeding Age

No evidence.in this study indicates that jubeni]es begin breed-
ing in the year of their birth. None of tﬁe juvéni]e females examined
during fall livetrapping.had perforéted véginal.membranes or showéﬁ

, strafed that a marked regres.ion in testis wecight and function occurs
during Augus£ (McLeod et al., 19515 Stcvens, ]955; Aspisoff, 1957;
Olsen, 1959; and Lavrov, 1960). It seems highly unlikely that the
breeding season at the latitude of Wood Buffalo Park ié long enough to
allow précocial breeding. , .

| . Sohe writers have reportedlthpt yearlings beg{n having ]itte?
later in the breeding season than older animals (Stévens, L955;~Lavrov,

.1960). dn northern USSR, yearlings begin breedfng about a month and a
half later than adu]ts whife in the squth'they Regin to breed at about
the same time (LaQrév; 1960). A small®amount of data obtained at‘Egg

Lake suggests that breeding of yearlings and older females begins about

L
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v

the same time. In 1971, two females that were known to be at least 2
. [

years old gave birth to litters backdated to May 23 and May 29 while
five females born in June of 1970 had their first litters on May 27,

June 1, June 6, June 8 and June 18. Data were not obtained .for juve-
4 /,x B .
‘, S

Breeding Season «

niles born later. in the summer.

Observations rggarding the onset of’ breeding were not directly
obtained-as | was not present on the s tudy aréé during that period in
either 1970 dr 1971. in 1970 H. Wylie (pers comm) stopped trapping on
May 6, at which time embryos were visib.c in some of the females. As-
suming arperiod of 10 to 14 days betw ~n conception and the time that

<

embryos are visible (Gashwiler, .950), breeding would have occurréd

approximately between April 23 and 27.

. On May 6, 1971, smali embryos were.again visible in trapped
vfemales. The earlieétrbag&ﬁated birth in thét year was May 23. Assum-
ing the generally establishéd gestation period of 28 to 30 days, con-
ceptionvbf'this Iitger wouidvhave occurred about April 23-25. April 20

- was an unusualfy warm day preceded by a period of mild temperatufes.

In early morning,vtrave] by:skidoo was possible on the lake but by even-
.ing, open water covered mésg‘of the laké an& muskrats were éct}ve above
the ice. Sﬁch a correlation betWeen ﬁhe appearance of open water on
lakes and the onset of breeding hfs also been reported by gthér ﬁnvesti-
gators (McLecd -et al., 1951; éuller, 1951; Stevens, 1955; A;pisoff,

" 1957; Erickson, 1959; and LaVrov, {960). Ful]ef (1951) agreed that
ﬁating beging between April‘20 and May 1 in Wood Bu%f%lé Park and is.

determined by the time of ice break-up. Lavrov (1960) wrote that

A
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'12). This only provides a- gengral plqtuka of the dxstrlbut'on of births ‘5Q

¢ { . b3
'"". . . mating begins soon after the appearance of patches of open water

and emergence of the animals . . ." and noted that 'wh- - spring comes

late, mating is delayed'. ' ‘

1 . -

we® The last known births occurred on AUguétyig‘ihiﬂ§70 and’ August

21 in 1971. This is apparently associated witHﬁthé&afgféﬁentioded de-{
cline in sexual activity of the adult-males. The proximéte factors
responsib]e for the cessation of breeding are not known, although likely -
factors include photoperiod, increasing density and dec}eaging quality -ﬂ;4
of forage. Thellepgth of the breeding sengn the~. - about 4 mbnths.
L
TeMporal Distributiqp of Births

The birthdates of 10 litters in l97d‘ahd 40 lipte}s in 1971
were determined by backdating using Do}ney and‘Rus;h1§ (1953) tail
length regression. Limited neonatal growth data:obtafned during this -
study compared reasonably closely wifh_the'above growth curve for Wis-
consin muskrats. Since only 10 1it£er§\Wer¢ éxamined during 1970,

these data were supplemenfed with birth dates determined for livetrapped

juveniles. At the end of August it was ETTII qeiatively easy to dis-

‘tfnguish between juveniles of different littérs. ‘Measurements of tail

length were averaged for juveniles of éach litter and age was established-
)

using a growth curve for tail length determlned from ]lvetrapplggﬁdata.
The garllest lnvetrammng period-was used ln eachzcase and only t e lit-4
ter groups . less than about 3 months of age (tail length <.235 mm) ‘were

included. To reduce the error in backdatigg, birthdates determlned*1h

s
[ E

this way for 1970 and 1971 were . uped in’semi-monthly intervais (Fig éﬁ

, Vbut |nd|cates that the perlod of productaon was snmllar each year.

. . I
. --..*'u"" . B B ]

-

RN

Ha



o o ~ AR
7 ] I ». LN
' 6 1 R
s ¢
Fa, ) ) ’5 4»"
s
- 4 .4
o .
- 3 - -
A ¥ SN
o 5
ks - o' )
z. !
) T ) T g L LB
) MAY GAUNE o JULY AUGUST :
- ot .
12 4 .
. }l’
S I A
S R
. 10 -
9 E "es
:i )  8‘¢“‘
= « -
w7
-
i : . .6 .
. . 3[ - 5 <1 . .;‘.“ R
. . ,
- 43 s
R
el
. “ R
. : : . R o/
MAY "% JUNE JuLry AUGUST
- ' \~ ,“ \
. \figure 12. Dlstrlbutlon of - muskrat blrths durlng 1970 and 1971 .
: L grouped |n semi-monthly lntervals. )

w



‘65v

s
. : Ce S
\ In bOth years parturition appﬁd to be contl/nuous through the

breedlng season wnth June being the month of highest Iltter productlon.

f f\
et

These findings do not seem é@sagree with some oth&r worﬁers who have

vr
4
o

reported a synchronous, well defined peak at the beglnnlng pﬁ the ‘breed-
an perlod followed by subsequently reduced peaks at approxamately

monthly intervals (McLeod et al., 1951; Dorney and Rusch, 1953) . Olgen

-
i}

@?’(]959) found that'early lrtters on his study area in-1955 were lanéely

'k”perlod of mos t favorable COndlthﬂS.. L,

.’ﬂ.
unsuccessful due to floodlng, in 1956 later breednng,attrlbuted to ”an
abnor%ally large proportlon of late born young from. the~preced|ng year“
. o

resulted in a dlStrlbUthn similar to those in Flgure 12 lnumy'study,

~flooding was not a factor bupfthere is some reason to be]teve'that

trapping mayﬁhave etfected the temporal distribution'of ]itt@f@produc-:*

w
»

o wnde]y practlcedd?%?thls areaif

i
tion. Gpen water trappung foi]ow1ng sprlng hreak up is both Iegal and

lt nga period when matlng behavnor and
N, W

‘hlgh attractldn to baqggméke@mQ§Kra@s hlghly vulnerab1e to ﬁhntnng ﬁHﬁ—

_\)w L W ,;‘.A L
Wylle Pers comm) The eﬁf%ct 5”Vth|s on the formataon of breedlng

terrltorwes dﬁg?the synchfqny qf Iltter productlon is not k§0wn, how~
R : .Lﬂ ‘ l
ever, the fact that prebnant femaﬁes were belng taken at the end of the ~

- °

trapping ekason lnducates that th magnltude of the flrst period of

litter product

3

{qﬁthy have been artlftC|a}ly lowered -This may be |m- !

'A‘f“/ o Dl
102
3 ]tP in a ]ower number of ]ltters produced or ]ower
: & .
, A o

survnval of lltters born later in compénsatory breedlng . An obvnous e

.portant nf ;t

IW

advantgge exists if muSkrats p¥o duce most 3f their young during the

-~ [y =

» -A In I97P perlods of ]?tté' productlon dlffered sngmflcantly

. L.

rwith respect to lltter order (F:g‘1§ . Females produced thetr'frrst;
litter of the year. as Tlate asiJuJyvl3,‘howeQer, theiperibd beﬁbeen May

. . . : oL
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23 and June 18 accounted for about "90% of the first litter productaon
Second lnvters were born from Juﬁ? 21 to July 18 and blrth of third lit-

ters began about July 25. 2.
Number of Litter‘pPer Feﬁle !
» ‘-) f'}‘ . . »
The number of litters produced per female during thet3970 breed- »

ing 9eason was not determlned Nest checks were not started ih garnest

r

untll late June_-nd llvetrapplng was dlscontlnued at the end of August,

" late Titters weﬁé’old$enough to be llvetrapped

before mank!

' e
Also, because: of the low populatlon levels during the study, the usual

method of collectlng females at the end of the breedlng season tbtcount

the number of uterlﬁe scars was not deemed worthwhile. It dld become

apparent, however, that most of . the females were having two JitterS'and‘

some were having three. AT - . . . P
. ; . ‘ . i
. , . .

In'l97l periodic nest searching and intensiVe‘live;rapping of )

3

S

‘vfamlly groups throughout the breedlng season. gave proddﬁ%?vnty data on

18 females. Of.mﬁe all bred, wnth one (5" 6/) prdQUC|ng one lltterxe

nine (50. 04) pfoducnng two lltters and elght (hh h/) producxng three
. s . I
lltters} “for_an average of 2 h lxtters per females.. This flgure may be’

1]

h slightly smaller than actual production due to thé poSSIbllltzlﬂof -an

unsuccessful litter goung undetected I f data based only on Yivetrap- .
‘,"U
pnng of another seven famlly groups are included, the average number of .
4 “

(Z’}

| litters for the ,combined sample of 25 females\is;unchanged at 2.4.

.

There was no evidence of a fourth litter Being produced.

“ Again"tha small amount of data obtained makes it .difficult to

-

assess the effectioﬁ\age on breedxng performance. SlX’female5~that,

4

:ﬁere'knoWn to be 7earllqgs in the summer of 197} produced am average of

\ . l .
(Y +
. . - -




. oceur (E!??Lgton, 1963) The 57 day fnterval

Tinterval between the second and third litters for five females ranged

from 26 to 57 days witth a mean of 33.8 days.

tions (43, Uﬁ;and 57 days), all of the intervals fall within the range

68

') G '

-
3
L] . '
Y ) . 2

2.2 litters while four muskrats known to-be at least two years of age

produced an average of 2.5 litters. - «

>

Interval between. Consecutive Litters o ) jva

Y

Reliable data on the interval of time between consecutive bit-:

~a

ters was obtained for 13 females (Table 7). In each case only one adult
female was present in the home range and intensive livetrapping verified

that it vas the same female that was responsible.

v

) ”7:.
The length of :time between birth of the first and second litters .

' . 3 . o, LI
for 10 females ranged from 28 to 44 days with a mean of 32.9 days. The

hJ .
e

3]

Closer examination of this table shows that with three excep-

of 26 to 33 days and give an overallvmean of '29.5 days. This iS’prob-

43
ably close to thei'normal“ interval as is evndenced by an equal mode of

L

29 and 30 d@?s The\ggasons for the ]onger intervals are not known, alf"ﬂ‘

\

thodgh varuatnons in gestatlon period or tlme of |mplantat|on mlght 72; ;

8 . ¥

) oﬁ‘ Q : . . . .
mal' perlod suggest|n§ that an unsuccess?ul pPe ¥..may have dope un<
detected. |If thlS did occur the fema]e |nvolved would have been preg-“

). ¥

nant four tlmes.

Althdhgh only Ixtters Iess than 3 weeks of age were, included,

an error may have again been |ntroduced by backdattng These data do .

.....

F
-

‘Jndycate however, that the nnterval Between consecutxve litters’ {s

r

aboué%a>month and vé?ify that conception usya]ly occyrs during poét par-

, ,' ‘ . R - C . . '

tum estrus. T - \ . 1
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Table 7. Time interval between births of consecutive
litters of muskrats. :

Tag Numbers Interval between Births

of Female , Ist=2nd - 2nd-3rd

ié | .;~ v o | SO »'n;§§§;;%y
' Jﬁéo,lel o : 3%%3?& .
166,167 T
»\v17o,17p | - Yoo bl
172,173 o
A7h75 ﬁ;i.h’ S o9, ) @
B R U

i ,
- hz3;42h o R 30 L 53

;' ) 623,625 R } . : N : ' 31 .-

: ) T ’ -"l,. < B \4 wv~ L]
654,655 o - v 30

7939940 PR o, 57.

x=32.9 x=33.8

R

.

5:5.!8.
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;

Olsen (1959) reported an average interval between succeééive

o T

litters of 27.9 days (18-35) while McLeod et al. (iSSix

-

-

litters - in lQZD.and 23 complete thters in 1971 (Table 8). thtqr

were. Judged to' be lncomplete if the female left the nest as ‘the h usé\

- was being opened or nestlings were noticed leaving on their own. Thake

A

P

/ "}d a possfbfli\y howeyef, that error. resu!ted from: (1) incomplete q\‘\\
'@f, blrt2 of tbe entlre litner, (2) mortalxt& prior to handling or,. (3) un-

' not;eed escape by’%ome of - the nestllngs Ihe results are therefore
m{nimum estimates of litte? size.

V4

o i oo There |s no, sngﬁlflcant dnfference betweeh the mean size of 7.2

/.l -
“ e Ta S

UQ ;‘an 1970 and 7 5 in- 1971 thter;SIZe ranged from xo 9 in 1970 with

a mode of 8 and- from h to’ lr‘ln 1971 W|th a mode of 6 In 1971 there

. . » P
y «1 was an apparent'decllne in size of-succe55|ve litters (Table 8) Flrst
BEEE S L A s C i
llfters weré sugnlflcantly larger than second lngters'(P < 0. 05)
RIS . o, »

"A

o  f‘ reason for tﬁls is not known, é1though it might reflect seasonsl changes

[y

g i ' ¥
T reproductlve phy5|ology of the females -~ i

T~ K
dome LN
W Y

U . Average Productlon Per Female
o s o ‘ o ] é“:,";w*"' Lt ,'Iz.f,. . - ’
Average prodiction is the average Aumber of young produced per
- ‘ .o ) % '

femaie,during a breeding season. Multlplylng the average litter size

7 . e A 4 A

% - : .
(7.5) by the number of litters per female (2,4)’gives an average pro-,

duction of 18.0 in 1971.: ' - e ' .
‘s These data fall within the range reported’ in the literature.
. . o . A ~ : : -

Follér (1951) derived a:figure of 17.4 young per female on the basis

~ . . . . r
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Table 8. Size of complete muskrat litters in 1970 and 1971.

No. of
Year Litters

S

Mean Size (t s.e.) .

1970 - 9

Cgn, P

st litters 8
2nd litters 12
3rd litters. ) )

Total 1971 _ - 23

7.2

8 ~'9
7.2

- 5.0
" 7.5 ,

b

v,
S .
bed oo
vy D
y -
: : i .
- N
L >
> Oy
‘e N
.
-~



of placentaj scars but found no evidence of the third litter being pro-
duced. Ambrock aﬁd Allison (1973) also found production to be somewhat
lower on the Athabasca delta (about 50 km southeast of Egg Lake) due to
smaller Iittef‘sfzes and production of two litters. At Big Island Lake,
Aleerta, Schmitke:(l97l) found average placental scar counts of 16.2 to
22.8 and an averageAlitter size of 8.0. Usfné the same method; Gaﬁgon‘
(f968) placed/production at 19.4 in 1966 and 15.3 in 1967 at.CumberIand
marsh, w1th average latter sizes of 7.0 and 7.1. Olsen (1959) obtained
average scar counts of 19.4 and 20. b for two years.at Deltas Manltoba,
‘with litter sizes of 7.1 and 7.3. Errlngton 5 (1963) long iR

in lowa yleld/"an overall average of 2.5 lltters per femdia

Variations in FeprOdUCtIVe performante are apparently related to loca-.

tion, subspecies and phaSe of the pdpulationggycle (Errlngton, 1963).

- - ’ ©

4
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~balanced in favor of males (Table 9). This agrees with the findings

» L7y
, div%@mg ‘and - samples frem the sprm\g harvest (Flg 19 . Adult sex

kErrnngton, 1963 Mathlak ]966 Gunson, 1968 Schm:tke, 1971) Aduft o

SEX AND AGE STRUCTURE

Sex Ratios

In 1970ﬂand 1971, the sex ratio of nestlings was strongly u”;
4 . : ¢ :

of most other workers (Beer and Truax, 1950; McLeod et al.: 1951;

x;ﬂf%en, 1959; Erickqge, 1959; Mathiak, 1966). McLeod et al. (1951),

Olsen (1959) and %\”‘itke (1971) found that males predominated in

early litters with e’sex ratio becoming almost even at the end of " O
the breeding season. This did not;appearﬁto be occurring at Egg Lake
since the imbalanee was greatest in second litters. ,

Some wrrters have suggested that the'sex ratio ie almost even
at birth with sex setective mortality in the first few weeks of life
causnng the preponderance in males‘(Olsen, 1959; Beer and Truax, .1950) .
Data obtained in thus study are not ln agreement oﬁz%hls point (Table.
IO).‘ It would appear that factors are ‘operating within the reproduc1‘ e
tfve tract of the female that favor an excees productiqn of males.

: . -t T
Errington (1963) also reported a'preponderance of,maﬁ%s (61.2%) among
U : ' -

nveborn.muskratS*

ﬁg& Juven|l Ies COntlnued to predomlnate in summer apd fall

o
ratios, ‘on ‘the other hand were nearly qven durlnggthe breeding season.

ThIS agrees thh most other studles'(Fuller, 1951; Stevens, 1955, 1&;@

'females predomlnated in. the sprlng harvest of 1971 dbl]e adult males v

predomnnated |q {ge 4972§garvest These change§ proﬁ%bly reflect the

SR e

‘small sample sizes for these groups as it seghs unlnkely that factors

would favor female survnval one winter and. male survival the nexto e
; - _ U e

“u‘.A{!,
1.
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Table 9. Sex ratio of nestlings
. Sample
Size Males:Female Probability*
1970 Total 60 ERTE L NS
1971 . o _ ?
. , : &
Ist Litters ‘ 68 . 1.27 NS 2
2nd Litters 86 - 1277 : < 0.05 £
i < . ) 'v;'f?
3rd Litters 5. BB U NS 3
Unknown p 5@ ' ' : . ' o et
. : : 2 ; g&
Total , 4o > <0.05 4ﬁ
. | ) . ..::r
TOTAL. 138 . <001 T
s i \ - ¢ '
— v
.*XZ thI for - o v
>t -
: d < ‘
D . - M



hY
v
X
Table 10. A comparison of nestling sex ratios in relation to age
of litters. '
Egg Lake Méni;pba*

Age .o sample : Sample. .+« Y

(days) ' . Size Males:Female Size ¢ M:ﬁindl'e‘ I

[

0-2 .65 195 e sy T 0.93
3-7 54 . _1.7oﬁ_ e i.15

. 0 . n N
8-]4 ] ) n 1.31 ‘ 183 . 1.23 4
15-21 ‘ 90 . 1.43 : 138 '2.00 '
’ : 4 -
%ﬁf .
*Oﬁsen (1959) ﬁ o ‘ f l.* _' e ) oy ' c
R < T . : -
n . ” o .fiw o
. ] * B \ - ;‘L
! Pl . | K R
, @ - o
» N
f " s K _ ¢ , ‘
’ % ‘ L -‘ v \ )
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Data in Figure 14 suggest that sex selective mortality or emi-
gration must occur late in the first year of life to”éyen the sex ratio
in the next breeding population. One possnble source of sex selectlve,

mortality is the sprinf harvest ltself. in the sprnng of lﬂ]l the in-
¢
creased proportion of juvenile males in the kTll may have helped equal—

.

ize the sex ratio of the survivors.

Oh the Mackenzie del'ta, Stevens (1955) found that the sex fatia

. . . . {
of muskrats shot after the appearance of open water (18I males:100
females) was higher than for muskrats taken earltier (118 males:100~ -

[T ’

" females). Th;s he attributed Yo the increased activity and belllgerence
| of males at the start of the breeding season. At that~t|me of year

males were ea5|ly called WIthln rifle: range by hunters whlle f%?ales,

-

became more secretlve Similar selectlon of males may occur on  the
“‘, ~

Peace-Athabasca delta where muskrats‘hre also hunted in thIS way

Fuller (1951) found a sumnlar progress:on of 96 malesleO females in

- March to 166 in APT™1 -and 234 in May. lh_l97l, the mld ponnt of. the :

<8

L spring harvest on the'study area was gpproximately.Aprll lS.: The sex

I> ‘;J v »

ratlo oF 95 tagged muskrats taken on or'before thlS date was lﬁv males
100 females)whnke the ratio of 5k tagged animals taken |n the flnav

half, of the harvest was 145 mdes 100 females Although males may/have

“““ /?ﬂ‘s*”’

been more vulnerable un;the latter perlod, the overall effect of/fur

& S

i,

trapplng did lnttle to bahance the sex ratnoxat least n 1971 g? ’lh)
"/"2 o

‘ThIS suggests that natural mortallty factdrs durung the'matlng perlod

‘or sprung dxspersal ane re5ponS|Dle for- reﬁbvung excess male from the -
Ve
populatron Fuller (1951) noted thét the,proportlon of pelts torn by
’ 5 A - A

_ flghtlng wasrhagher among males than among {%males ' Dlsper51ng muskr

s -

_rats be¢ome subJect to att@pks.B#‘othe§ muskrats and: predatlon A

I
. - . - . |
R &~ _' i . R . i 4 .
A - . - S . " .
[T A T
; R
5. SN at

up

—
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. ~N ’
(Errington, 1937, 1963). While the mechanism is not clear, it is evj-

dent that suffncuent sex selective mortality must exist to warrant ad
' l
excess production of males in a species that palrs monogamous ly . ‘

A

Age Ratios

In October, gduﬁts ceuld still be separated from'juveniles on
the basis of size amd weight. TgL age ratio determined for 228 house
dwelllng muskrats in October i97] was 12. 3 juveniles per adult female.
I feel this is represeptative of the fall age structure since adults
were no”longer‘reproductiyely active and litters born in August, pere
old enough to livetrap. A fall age ratio is not available for 1970

since | did not livetrap after the end‘of August. )
¢

Spring age ratios were determined from tag returns and carcasses

obtained from the fur harvest. Untagged animals were aged on the basis
P .

of lefgth of fluting on the first upper molar (Appendix' 111). Although
the technique is not entirely accurate for this area, age ratios of

) . : , L
tagged and uritagged samples were similar (Table 11). - \

The age ratio was higher in 1972 than in 1971, suggesting a«
relatively higher rate of productivity or surv]val that year. Use of
ege ratios in estxmatlng survuva] will redeive further attentlon in‘the
following section. Age ratios obtasned in this study are S|m|lar to
those reported in other parts of northern North America (Table 12).

" Mathiak (1966) noted tﬁat age ratiQS‘varied widely ;etween years and
even between adjacent trapping units'in%Yisconsin.
@ Age ratios are highly vu]nerableAto sampling errors since é few

adult females one way or the other will cause a significant change in

the apparent ace ratio. Some writers have reported thae\ig% trapping

) A
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Table 11. Age ratios of muskrats in 1971 and 1972 spring harvests

(March 15 to May 10).

Adult Juver.le
M F M r Jr v:Adult Juv:Adult F
1971 Tagged 0 5. 14 . 8 4.4 T b4
Untagged 5 4] 24 11 2.8 5.0
Total 5 12 38 19 3.3 4.8
1972 Tagged " 8 9 720 56 7.4 14.0
Untagged 6 2 21 15 4.5 18.0
Total . IS B 291 7l 6.5 14.7
TOTAL
5.2

(1971 6 1972) - 19 23 129 90

9.5




80

(L . €00°95  J93ulM pue ||ed (9961) eryiew UysuodS 1M
7°8-8°¢ | S90n-9¢L1 | buyads ! |
.o.m h e 999 . 192903120 (g961) uosung uemaydledses
:.m.._-o.N . 962-251 12quaidas (1L61) @43 1wyds eyloq|y
| €4 He9 :L% - AON (ss61) SUIADIS B} |9p 21zUdjdey
8" 11 IS | S1-1 4o ‘ |
h 4l Lzl g8 120 - ww 1dag ) A—mmrv Js(nd ded olejjng POOM
56 (A 1092 ot\AeH - GI ey | ‘
£zt t°9 82t 4240120 .>v:»m m_zw x;mm o|ejing POOM
4 v<w>:n pPYy:Anp 9Z1§ - potiad mu;:ow uojjeso
: 9| duweg :

< 'seale U9YlO |BIIAIS UIiM mo_umh abe jeusysnw jo-uositedwo)y *Z| 2|9el

Y



81

-
tends to be age selectlve towards adults when ag area is first trapped
'(Olsen, 1959; Errington, 1963) At Egg Lake, adults and Juvenlles ap-
peared to be equally vulnerable throughout the spring harvest. In
1972, adults and juveniles were taken in equal proportions in both
halves of the harvest. If.actual}differences in trapability do occur,

the resulting error is minimized by combnnlng data for the entire trap-

ping eruo’
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POPULATION SIZE AND DENSITY

Breeding Population

in ]970, 29 pairs of muskréts were livetrapped in a IQO ha por-

)
tion of the marsh for a spring h;éedibg density of one pair per 4.8 ha.
In 1971, 25 pairs were Iivet}apped in ] 100 ha area for a breedjng den-
sity of one pair per 4.0 ha.. |

lvAppf;ximate]y.QSO ha of the lake cohs?st; of habitat similar to

the area livetrapped (i,eT an intersbersioh of offshore emergent. vege-.
“tation). _Using the'obsefved breeding densities, thé’approximate number
of pairs of adulgs in th{g area wa; 9&,in 1970‘and 113 in 1971. The
other'half of the lake (450 Ha) is gntirely open water and was utilized
only by bank'dwe]lers. The gently sloping shores with a paucfty of
gmergént cover providéﬂ somewhat pdbr habipat and.probably did not con-
tain over twc hankruns perﬁkilometer'of shoreline. Based on an esti-
@ated 20 kn. of shoreiine, this bart of the lake may hav¢ contained.an
additional 40 pairs.‘ THe breeding populatién'for'the whole .of EQg Lake

then was' in the neighbourhood of 130 and 150 pairs for f970 and 71971

tespectively.

Fall Popuiatidn

Errington (1963) co?$$geredfthe product of the fall age ratio
and the number.of breeding bairs to be a reliable estimate of the fall.

population. In 1971, the October agefrafib was'lz.3 juveniles per‘/ )

adult female. Based on the estimated 150 pairs of adults, the féII'
o . . .
population for £gg Lake would be about 1850 muskrats.

The fall population can also be estimated from house counts jf N

AN

the number of muskrats per hbuse is known. Livetrapping, of 92 houses

/

[N S Y
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A
&

during October 1971 resulted in the capture of 226 different muskrats
for an average, of 2.5 muskrats per fall house. Based on the October

age ratio of 12.3 Juvenlles per adult female and the average of 6.0

houses per family home range, the average number of muskrats per ‘fall
A
N

house is 2.4. The close agreement between these figures indicates that

N '
2.5 muskrats\per house is close to the actual ratio. The density of

fall housés in October, 1971 was 1.4 houses per hectare in the 100 ha
area, giving a total of approximately 630 houses for the whole lake.
Assuming that most of the bank rats were using houses at that t;me, the
estTmated falT populatlon in 1971 was 1575 or roughly 1600 muskrats.
This agrees fairly well with the. previous estimate of 1850.

Fall population*data were not obtainedfin 1970, however, the

density of fall houses counted on November 26 was approxumately 1.1

I

houses per hectare. If the number of muskrats per house is assumed to .

be the same for both years, the fall population in 1970 was around 1240

muskrats. Fall populatlon densities were therefore approxnmately 2.8

~

muskrats per ha in 1970 and 3.5 in 1971 for the half of the lake con~

taining emergent habitat.

©

These data suggest that the population was increasing during

. :!t period of study and consequently recovering from a decline apparent

in recent years. H. Wylie's fur catches dropped from around <1500 musk-
rats in 1965 to about 1000 in 1969 and around 700 in 1970 This re-
flected a decllne felt on the 3elta as a whele (Moncrieff, Montgomery
and Assoc. Ltd. T973) It ?? not known to what extent these changes

“/‘
represent,”cycllc” fluctuatlons (Elton and Nlcholson, 19h2) since con-

- |.;

tinuous records of populatlon size or.even fur. retqrns for the Jdelta

are not available.

»i
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SURVIVAL AND MORTALITY '
< B . .
In an animal population exhibiting a high reproductive rate,
jt is logical té expect correspondingly high rates of mortality. It is
of importance in a population study tordepermine when aﬁd'to what ex-
tent mortality is qccurring and which factors are primarily responsible.
.Reliable estima;es are difficult to obtain in a wild population and
mortality mus't often be included under the broader term ''disappearance'.
This sectioa deals with muskrat survivél rates estimated in two
ways : ﬁ)\from the proportion &f tagged animals recovered after a cer-
tain time period, and (2) from changes in the age ratio of juveniles to
adult females over a time per?od. The first method does not include an
unknown number of survivors that were not tfapbed or emigrated and thus
represents mﬁnimum survival. The second ﬁethod\is limited by . the as=-
sumptions that both cohorts are equally trappable and that no mortality

of adult females occurred during the interval. Agajn data were most-

complete for 1971, and 1970 data are only included where sufficient for

meaningful comparisgn.

' + Adult Survival and Mortality ’ \
/7 » \
Of L0 adults tagged on the intensive study area during the 1971 ,'//
breeding éeason, 3% (82.5%) were recapfured after September 30. This
includes the recapture of 15 (75%) of 20 adult males and 18 (90%) of 20

adult females. Allowing for the likelihood that several survivors es-

caped capture, it seems probable that actual mortality during the summer

and early fall did not exceed 10%.
Based on tag returns from the spring harvest, 17 (63.0%) of 27.i

adults known to be alive in October 1971 were still alive in late Mqrch/r
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1972. This includes 8, (66.7%) of 12 adult males and 9 (60%) of 15 adult

9
females. Home ranges that were not spring trapped are not included in

these calculationg. Trapping during the spring harvest w;s much less
intensive than fall Iivétrapping, accounting to a large exter: fo: the
chh lower value for minimum overwinter survival. | do not believe
that mortality duting this period-was.much greater than during the sum-

mer and early fall.

Juvenile Survival and Mortality

Summer and Early Fall

-

In 1971,4113.(69.8%) of 162 muskrats tagged at less than 3 weeks
of aée wére known to be alive in October. This means that mortality
during that perfod was not over‘30.2%. The low level of adult mortality
during summer and early‘fa{} indicates that the fall age ratio should
give a valid estimate of juvenile mortality during that period. Based
on the October 1971 livetrapping of 228 house dweiling muskrats, the
age ratio just prior to freeze-up 'was 12.3 juveniles per adult female.
This represents a 31.7% loss f:;m the average total produ;tion.figure
of l8.0-juveniles_perhédult female.

Muskrats livetrapped at bank-runs were not included in thése
" calculations because productiyity data were only obtained for house
dweliing females. Livetrapping of three bank-runs during the fall of
1971 using a mﬁltipJe capture trap:resulted in the capturé of 11 indi-
viduals of which thrée Qere adult females aqd two adult males. This

gives an age ratio.of .0 iuveniips per adult female. Six of these

e

‘muskrats were recapture total of 14 times indicating that most of

’

the océhpants had been captured. It is not known whether the low age

L%
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ratio reflects lower production by bank dwellers or a much heavier rate

oi!sortality. In 1970; Iivetrapping was not carried out after August, \\
efore, comparabie.fall survival estimates are not available. )
' . !

t

[

Nestling Mo;tality. In 1971, 6 of 38 litters suffered'coﬁplete_
mortality. This represents approximately 15.8% of total nestling pro-
duttion. Another 4 litters were unly partly successful, resuiting in
the additional loss of 13 nestlings or 4.6% ofvtotal production.".Con-
sequently, total neonatal mortality amounted to 20.4%.

There was no significant correlation be tween number of survivors
and age of complete litters in either 1970 or 1971 (Fig 15). Litterv
size decreased by only about half a nestling during the first three
weeks of life. This supports the above evidence that neonatal mortalJ
ity factors tend to act on the litter as a whole. Dorney and Rusch

(1953) found avéimilar,situatfon in Wisconsin, although overall mortal-

ity rates were higher.

s

Post-weaning Summer Mdrtdlity. Since 20.4% of summer juvenile
mortality occurs prior to weaning,_sub;equent losses must amount to
slightjy less tHanIIOZ. Thié includes additional mortality as well as
emigratidh\during the fall dispersal. Eight juveﬁTTés or 2.8% of the
total produE?Tpn_wé¢e féund dead in the study area during that period,

suggesting that Tosses through dispersal were probably less than 5%.

t

Effect of Litter Size on Survival. Large litters may place
added physiological strain on thé female, resulting in a lower chance
of survival for the young (Sadleif, 1969). While data from this study.

are inconclusive, there was no indication that this was occurring.

d//‘\
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There was no difference in size between litters that were completely
successful and ones that were completely unsuccessful. Fifty (6§.SZ)
of 71 nestlings from 9 complate large Iitter; (over seven individuals)
survibed until October and 41 (68.3%) of 60 nestlings from 10 complete
small I{tters (seven and less) survived that léng. Mgskrats at Egg>‘

) Lake were evidently capable of successfully supporting 10 or 11 'young.

Winter Mortality

Based on tag returns from the spring harvest, 121} (65.1%) of
186 juveniles known to be alive in October, survived the winter. This
means that overwinter mortality gid not exéeed 352.énd was not signifi-
cantly different from ;hat of adults. Again the recovery rate in spring
partly reflects a lower trapping intensity than in fall livetrappingl
Recovery rates higher than 65% were obtained in home ranges that wefe
more heavily trapped while | Qas oﬁ the study area in Aprilf There fs
another way of determinfng ovefwinter survival. Cohsideriﬁg only home
ranges that were spring.trabped, S3b(h9.1%) of 108 muskrats tagded as
‘nesp]ings'wére recoverea in the harvest. [If 30% were loi;/pr|or to
freeze-up, the proportion either dyingchngng-winter or surviving the
wfntgr but not trapped in the sprfnd ﬁarvest, was around 20%.‘ Actual
mortality durfﬁg winter was probably closer to IOZ;

. The age ratio of the sample of 143 tagged muskrats taken during.
_thevspring harvest was 14.0 juveniles per adult female. This is some-
what higher than the fall aée'ratio of 12.3. Thé reasons for this are
not known alchough greater mortality of adult females than Juvenlles

over the ~inter, or Under representation in the trapped sample could

account for it. .



. , Q
Trapping was less intense the previous year and survival esti- 1

mates are considerably lower. Of 107 juveniles tagged during Jul;.and
August .of 1970, 21 (19.6%) were killed during the épring harvest of’
197} and another lhl(l3.12) were either livetrapped in 1971 or killed
in spring of -1972. This means a minimum of 32.7% survived until the

l§?¥ spring harvest.

Effect of Litter Order on Juvenile Survivai

The relative proportion of first, second and third litter juve-
niles in the tbtal nestling production wa; compared to the 0ctobe5§
1971 and spring 1972 populations (Fig_l6). The contribution of each
cohort to the tatal prodﬁction was determfned by multiplying.thevlitter%
size by the nuﬁber of litters of each thort. N |

" A significant (P < 0.05) ingrease in the proportion of third

litter juveniles in the fall popdlatién suggests that this éohort:suf-‘
fered less mortality tHan first andwsecond litter ju;enfles.duriﬁg
summér and eariy fall. 'This‘increase may be the result of 'a shortgr‘

period 6f exposure to decimating factors. First litter Jjuveniles had

been around for up tb 5 months by this time while third litter juveniles

e

were oﬁ]; about 2 months old. ' _ o
The opbbsite trend occurred i;-the spring population, w{éh third
lifter juvehiles apparently suffering higher moftalityfthan the other
cohoits during winter. This probably reflectsna poorer asilily by small
“animals to cope with the environmental stresses of winter. The average S
"weight of each group in Oétober was 788.8 £ 16;5 g for first litter
juvgniles; 696.2 * 10.2 g for second litter juveni]es and, 533.8 # 16.4g

' N .
for third litter juveniles. These means are significantly different

[
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_.only the 1970 cohort provided information on survival after the first

. Y

(P < 0.0l):u‘éérﬁvrborn litters possess an obvious advantage from the

%standp0|nt of size, strength and accumulation of fat reserves. Heat

f

logs'bcoblemg associated with a smaller body size and a less well

developed pelage along with the energy cost of combleting molts and a
i .

shorter period of expdsure to high quality forage,'should reduce the

. _ <
chances of winter survival by the youngest animals.

From the population standpoint these differences in summer and

winter survival tend to balance each other out. The proportion of

“ “

first, second and third litter juveniles in the spring harvest was ail-

most the same as the proportion in which they were produced.

' Longevity .

—

Since data were obtained from just two summers of livetrapping,
. ]

spring. ~ Of 107 juveniles tagged in the summer of 1970, 14 (13.1%) were

knowh’ to be alive in the summer of 1971. This means that disappgarance

/

-/ .
dyrfing the first year of life amounted to approximately 87%.- Seven of

'63—adult§’tag§éd in 1970 were also Known to be alive in the summer of

l97lw' If the agé of ‘the 1370 adults is assumed to be one year, then
11.1% survived from one to two years of age. Three (4.8%) of 63,1970 .

adults were recovered in the spring of 1972 at a probable age of 2 3/h

years.

'n records ofrIOngér sthival were obtained. It is probable
th;t less than 5% of the muskrafs in this population reach 3 years of -
age - .d fci pracfic;] purposes population turnovér takes 2 years. These
resul ts agree c\qsely with Mathiak (1966) who(aiso reported a disappeér-

ance rate of 87% the first year and complete population turnover in 2

.years.
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. MORTALITY FACTORS
‘ -
Intraspecific Strife
Errington, who was a principal contributor regarding the role
of density-debendant factors in populatioa theory, assigned a régula:*‘
tory role to intraspecific behavior in m;;krats. He concluded thaf,
'on the whole, annual increase; and upper levels of maiﬁtenénce of
~muskrat pop;létionﬁ conformed -to mat%ematical patterns set by the spe-
\cies itsélf in relation to the supporting capacity of the environment'

(Errington, 1963). He found that increased crowding due to high popu-

lation density or deteriorating habitat usually resulted in increased

intraspecific strife.
\

N have"describedwbreviously_(see: Territoriality) the terri-
torial interacfions observed duriﬁg ;his study. A sméll-amount of
fighting was obééfved throughout the summer, incréasfhg somewhat during
the pefiod of Faﬁl dispersal and, Laseg on the number of "torn' pelts,
was greatest dufing the'spring mating period. The absence of torn
pelts amoné muskrats taken prior to break;up indicates that widespreéd
fighting did ﬁot occur du;}ng winter.

There is some evidence that ceqtripetal movements of families
from drought exposed afeas.in 1971 résulted.in increased intraspecific
strife. Territorial interactions were observed betwegn families 26A
and 26B. In this particular case, the disappearance of'26A'§7§econd
litter may have been a direct cqnséquence. Fighting was also obsérvéd’

in the area between home ranges 26B, 64 and 40. Figure 8 indicatés

that by the fall of 1971, unclaimed habitat Tn central (deeper) parts

w

of the marsh was generally not available. . L
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There fs little evidence‘of actual morta‘ity‘yue to wounQé in-
flicted by other muskrats. Dead animals were found only infrequently
during the study and in most cases appeared to have died of otherj
causes. A five week old juvenile found on JLIy L, 1971 may have been
a victim of an intraspecific attack. A fresh slash wound had completely
severed its tail. On several occasions muskrats with lethal looking
wounds were livetrapped. An adult female (HR 17) recaptured on August
5, 1971 hadra deep, 10 cm, slash wound on her back and was not subse-
quently recaptured. Her mate, recaptured a month later, had a promi-
nant scar under his‘left eye.

Three instances of cannabalism on litters were discovered and
have been discussed previously (see: Food Habits). In at least one
of these, actual predation appeared to be involved. On several other
dccésions unsuccessful litters were attrfbuted in part to maternal be-

havior. Three cases were discovered in which loss of nestlings appeared
to be %ssociated with.pporT§ coﬁét;:;ted nests == not lined with dry
bedding material.. In two casés, young were found that had smalln
scratches ‘or scars on the dorsal side that may have resulted from tramp-
ling by older juveniles. Failure of parents to build secure nests énd
exclude other muskrats from a nest house may predispose litters to
‘greater risk gf accidental death or injufy.> Similarly, young are more

vulnerable to predation and rely completely on the ability of the mother

to move fhém quickly and safely.

3 o " Predation

This area was well supplied with potential predators of muskrats.

Possible mammaliaq'predators included : coyote (Canis latrans), wolf
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(Cants lupus), red fox (Vulpes fulva), mink (Mustela vison), black bear
(Euabetos americanus), lynx (Eynx canadensis), and fisher (Martes pen-
nantt), while possible avian predators seen were: bald eagle (Haliaee~
tus leucocephalus), marsh hawk (Circus cyaneus), red-tailed hawk (Buteo
Jamaicensis), great horneq owli(Bubo‘vffginiansus) and snowy owl (Nyctea
scandidca) Some evidence én the food habits of these predators wés

obta:ned from infrequent observatlons of kllls and partial examlnatIOn

. of scéts and pellets collected throughout the study Identlflable musk-

——

rat remains were found only in the scats of minks and coyotes.

Mink fgim a significant parf of trappers income on thg delta'as
a whole but do not appear to be abundant at Egg Lake. Ten or\12 mink
would be considered a good.take by H. Wylie.v'rn 1970, mink occGR?ed
several old muskrat bank-burrows on one of the small islands but ;ppar-

ently abandoned thns island in 1971. On October 1, 1971 a mink waS\

livetrapped on a muskrat house. (#160) about 400 m from the nearest dr§

5

land. The only actual mortallty attrlbuted to mink during the two sum?”
"mer field seasons was a litter of fiveé found dead on June 21, 1971.

The remains of three of these nestlings, which had been eaten almost i@
their entirety, were scattered on the outside of fhe house. This dif-
fered from suspected cases of cannabalism in which only the soft under-
parts were usually eaten and the remains were left inside the house.
Mink scats collected during the summer were composed almost entirely of
the feathers (and occasionally egg shells) of waterfowl and marsh birds.
’P;édation on muskrats may have increased during the winter when these -
birds were:not available. This Qas reflected in.a few scat§ collected
during winter visits. .On one occasionv(November 1970)'3 mink tréil

'emerged from a muskrat house’ and entered a pushup about 10 m away.
A ; : .
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Coyotes and foxes were common.om the study area throughout thé
year. H. Wylie (pers comm) considers coyotes the priﬁcipal mugkrat
predator at Egg Lake and has oesetved both coyotes. and foxes taki;g
muskrats during the wintér. During my infrequent winter visits, | saw
several pushups broken into by coyotes end foxes but no evidence of
successfu] predation.. Coyotes and'foxes‘habituaily visit active musk-
rat h0usesvduring the winter, but Fuller (1951) has suggested that th}s
interest ma9 be primarily directed at smaller microtines which sometimes
inhabit these houses. Waterfowl feathers were prominent in summer scats
of these speciee. Wolves were also common on the study area but exami-
nation of a few scats and several prey carcasees(inqicate an almost com-
plete depehdence on bison. H. Wylie (pers comm) has never seen epidence
of attempted predation on muskrats by wolves.

Bears are not a likely predator of muskrats, a]theugh in August
1970 a large black bear was observed in the water several hundred meters
“from shore. It spent about 10. mlnutes, plunging around in the emergent
vegetatfon in what éppeared to be an éttempt to catch flightless ducks.
vBee hives, which were occasionally found in old but sometimes active
muskrat houses aToné the shore,.could also invite disturbance by bears;
Lynx and fisher are uncommon iﬁ this area and are not likely predators
of ﬁuékraté._ |

There was no evidence of avian predatlon on muskrats although
a pair of bald eagles nested on an |sland in the marsh and marsh hawks

were commonly seen on the Stuay\area._ Remains around the eagle nest

consisted only of waterfowl, marsh birds and fish. Marsh hawks were

]

obs%rved feeding oh\ducki’i?.three occasions.
§
‘ \
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' . These observations suggest that predation was not en ihportant
. N

mortallty factor at Egg Lake. It may have become more |mportant, how=

-~

ever, if water leve]s had contlnued to decllne~\\huskrats in shallpw_~

aréas must have been more vulnerable to predatlon and* thIS would have

\ $ . o, '

increased if winter freeznng forced muskrats to emerge above the ice.

This is suggested by other workers. In hi§ extensive lowa studies,

Errington (1963) found that conditions of drought exposure, overcrowd-

ing or disease were usually involved when mink or fox predation became

significant.
J | . ) . o
Disease and Parasites
Tularemia and "Errington's (hemorrhagic) disease' are the two
diseases generally regarded as capable of significantly affecting musk=-
rat populations (Errington, 1963; Mathiak, 1966). All recently dead

animals found during the study were examined macroscopically in the

’

field for symptoms of disease. None appeared to be in a diseased condi-

\

t@on, however, none were submitted to a pathologist for closer study.
No recent die-offs that might have involved an epizootic, were reported

by delta trappers.

" Virtually all muskrats examine;}\pcluding nestlings, were in-

fected with unidentified mites. Viscera of muskrats taken -during spring

"harvests were frozen and later 22 of . the ]971~Sample and 18 of the 1972

sample were examined for helmintlis (Table: 13). The examination in-
cludeé the entire digestive tract, salivary glands, lqngs, trachea,
diaphragm, heart, kidneyé, mesenteries, liver and bile duct.

All of the muskrats‘examined were infected with helminths.

Trematodes were the most prevelentlform (100%) followed by cestodes
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Tabte 13. Helmlnths from 4O Egg Lake muskrats taken durlng 1971 and
1972 spring harvests.

{ = - -

N

Intehsity of Infection

" Number , ° Percent

Specles ) " Infected Infected Median Range
TREMATODES .
PZagiorch%s sp - 40 &" 100 . 35 1520
Quinqueserialis -
quinqueserialis 127 . 30 k.5 1-23
Notocotylus N
filamentis ' 37 93 - 53 ]-26]
Wardius . | . -
zibethicus 34 85 ‘ 7 1-20
Echinostoma , ,
revolutum ) L 10 : 1 S
Schistosomatium ‘ )
douthitti - '8 20 2 -1 -
CESTODES
Taenia
mustelae 2 5
Hymenolepis v
guaginata 35 ‘ 88 .6 1-106
ACANTHOCEPHALAN - |

Polymorphus sp ‘ 8 20 6 ~1-155
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(88%) and acanthocephalans (502). Nematodes were ﬁot found in any of
the muskrats examined. No relationship was apparent between percentage
infection and age or sex of host or‘year collected.
Three of these helminths (Q. quinqueserialis, N. filamentig and
H. evaginata) were pfeviousl; reported in Wood Buffalo Park (Fuller, -
I95i). Al Eut two of the helminths found in this study.(W. zibethticus
and S. éouthitti) have also been recovered in central Alberta studies
(Holmes and Zeuge, 1962; Kerr, 1963; Gunson, 1969; Connell“agd Corner,
']957). Sehistosomatium douthitti has been found previously in'muskrats
but has not been reported in Canada (Knight, 1951; Beckett and Gallic-
chio, 1967). |
Final identification has not been cOmpletéd for all of the wdrms
rgcovered. Whilé it is not yet clear whether one or two spécies of.
PZagiqrchis were found, the majority appear tovbe P. proximus. Since
oﬁly'a few specimens of Polymorphus sp were mature,:specific identifi-
cation could not be made for the majo}}t§ of the worms recovered (Van
Cleave, i953). The adult specimens appear to"constitute ar uﬁdescribed
Epecies of Polymorphus (M. Bethel,.pers comm). The intermediate hosts
for members of this genus arg'crustaceans and the definitive ho%ts are
_ waferfowf. Rodent infections with this pérasite have been regarded as
:“accidentalh (van Cleave, 1953), however, central Alberta studies in-
dicate that P. paradoxus‘ma* be a normal parasite of muskrats in that
/¥egion (Holmes and Zeuge, 1962; Connell and Corner, 1957). In view of
the moderate extensity and intensity of infection of Polymorphus sp
found here and the presence of crustacean remains in the digestive
‘tract of several of the animals examined, it seems possible that the
musQ}at is a normal host for this parasitg in WOoa Buffalo Park’as well.

-

| L
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There is no evidence that parasitic infection-was contributing.
directly to mortalityxof Egg Lake muskrafs. Fuller (I?SI), however,
found tHat the proportion of heavily parasitized musgrats declined in
early winter. Lavrov (1960) noted that in {he USSR ''cysticercosis of
the liver was a caUSf/Sﬁ/emaciation“ and that death from this had been
recorded. Although‘infecfions detected ih this study‘were generally
]ightv(median“= 139 worms per muskrat), parasites may redqce‘the over-

all vigor of infected animals and lower their resis'tance to other forms

of stress:.

Fur Harvestr
\

Spring trapping accounted for 20.72.6f the ﬁuskrats tagged in
l979lend 39.7% of those tagged on the st;dy afea in 1971 (Table 14).
The higher recovery rate in 1971 pértlw reflects an increase in trap-
ping intensity that year. Traéping was not uniform throughcut the K
s tudy area. Most of the trapping was conducted on the west end éf Zgg
Laké, although“not all parts of the area were trappgd. For example in
1972 - ekcluding family homé ranges that were not -spring -trapped -

49.8% of all tagged muskrats (283) or 49.1% of 108 muskrats tagged as

-~ ~

nestlings were recovered. In other words, about half of.}hé annual
production wés harvested in areas that weré trapped. Thfs suggests
that trappiég was a major mortalify'faCtor on the study area.

There is also an unknéQn amount of mortaJity due to poaching
(H. Wylie, pers comm). This mainly'occhrrea after sbring break-up and
may be significant, partly because of the easy accessibility of Egg
‘Lake from»Revilléﬁ Coupe and parfly becaqsevH. Wylie lives in Fort

Chipewyan most of the time.
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Table 14. Recovery of tagged muskrats in spring harvests.

No. Recovered

No. Tagged* - 1971 . 1972 1973 Total =~ Percent
1970 169 ' 27 8. 35 20.7
1971 393k k3 3 mé’) 39.7
Total 562 181 32.2

* only includes muskrats tagged on the study area.
%% does not include muskrats tagged in 1970 and recaptured in 1971.
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There appears to be a relationship between low water levels and
mortality caused indirectly by frapping. Since by late winter, most“of
the houses no longer had water in the plunge-holes, trappers experienced
difficulty making '"drowning sets''. ‘This resulted in an increased number
of "wring-offs''. O0f 55 muskrats taken in traps checked twice daily be-
tween April 15-18, 1971, only 16 (29%) were drowned or in the process
of drowning. Another five traps contained detached legs or feet and a
sixth contained teeth. Muskrgts injured in that wa; should be more vul-
nérable to predation and intraspecifié fighting. As well, a previously
described case of cannabalism on nestlings was attributed to a trap=
crippled male that evidgntly expgrienceq difficulty foraging.

Livetrapping and Disturbance during the Study

o+

During the study, eight muskrats died in livetraps or are known
. : \
to have died as a probable result of being livetrapped. This.amounts

to 1.4% of the total number tagged on the sfudy area (562) and 0.8% of
thé total number of captures (1012);. therefore, livetsappiﬁg is not
;onsidered a significant morta]ityvfactor.

Other disturbance, particularly checking for litters, probably
resulted in additional mortality but‘tﬁis was difficult to determine.
THere was no loss of an entire titter resulting from aﬂlitter being
moved during or foliowing disturbance of the nest house. !n mos t }6-
stances, dead juveniles Féund in or near a previously disturbed house
were judged'(on the b;sis of size) to be at least a few days oider'thaﬁn
when Iaét.handled. In 1971, ]lcyoung either disappeared or are known

to have died shortly after handling. This amounts to approximately 4%

_ : ! . '
of the total production on the study area in 1971. I feel that our

\
o

disturbance was a minor mortality factor during this study.
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RELATIONSHIPS WITH OTHER W!LDLIFE
Waterfowl

The study area was used for nesting, brood-rearing, molting and
staging by a variety of waterfowl species (Appendix IV). Offshore emer-
gents provided sultagle nesting ccver for divers and coots, as well as
cover for broods and molters. Levees-and rocky islands provided upland
nesrlng sites for dabblers, in close proximity to the water. Since the
habltat requirements of muskrats and waterfowl are snmllar in many ways,
the pOSSIbullty of competition arlses However, waterfowl probably feed
primarily on submerged aquatics, duckweeds, aquatic invertebrates and
seeds of emergent plants (Kadlec, 1962). Vegetative portions of emer-
gents are not extensively eatenfﬁy waterfo&l. Forage competition with
muskrats is therefore unLikerdee'to the abundance of food available
and the dependence of muskracs on eﬁergent vegeterion,

The relationship between mqskrats and waterfowl appeared to be.
one cf interspecific folerence with'each’posseSSinQ cerfain positive
benefits for the other. ‘Beard (1953) ncted ‘that muskrats-haye a-bene-‘
fucna] effect on waterfowl by tﬁunnung emergent cover .Openings created
around muskrat houses were hlghly attractave to dabblers, and muskrat
houses were used exten;ively as loafing sites. Thrf caused some flat-.
tening‘or houses but was grobaB!y not-a major disturbance. On the other
hand; there is reason to believe thec-weterfowi provided an importani
"buf fer" between'mUSkratslenc therr nacurallpredators during tne ice-

-

free period.
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Bison

In recent years the delta has supported 7,000 to 10,000 bisgn
(Bison bison bison x B. b. athabascae) with the largest proportion

.occupying the meadows north of Lake Claire (Allison, 1973). Bison use -

of the study area was seaéonal, usually occurring during fall and win-

ter., No bison were observed on the study area earlier than mid-August
s

in 1970 or 1971 however, approxumately 100 to 200 bwson appeared to

winter in the vicinity of Egg Lake. j \ﬁ |

[

Bison interactions with muskrats were of a dusturbancq nature
\

with localized instances of direct competition for fQQd . Durlng falt,
most bison activity was confined to the C&rex—C&ZamagrostisTmeadow¢and

willow-alder shrub znnes altﬁbugh herds were frequently seen grazing in

. 3

emergent and immature fen communities along the sudes of the lake where

4 .
they utlllzed new growﬁh of emergents |nc|ud|ng sedge, burreed, sweet-'

e

flag, cattall-and horsetarl (Photos 11 and'lZ). Feedlﬁg‘areas generally
. . 5 2 L .
did not oyerlap with muskrats except around the eritrances of a few bank-

burrows; however, bison may have had a greater influence through tramp-

Ilng the tunnels and open runiways of bank burrows The effect of thls

on the occupants is not known but ‘it probab]y exposed ?hem to greater ’

risk of accndental death or predation. Dlsturbance of‘thls type |s

°]ikely'less important during years of normal water levels since access
. T - L. - . . . T'a . )

to emergent forage would be limited; resulting in less contact between

bison and muskrats or their dwellings. SRR .

R

During,winter, bison came intg direct cohpéﬂition with muskrats

- by feeding on their houses (Photo 13)( My qbservatibns indicate that

~bison actively seek out houses and over the course of a winter may uti-

llize large numbers of them as a supplementafy foodisource.. Similar use

-



‘Photograph 11. Bison on the north side of Egg Pake.

-\

? Photograph 12. Heavy grazing and tfémpling by bison on the west end of
N . ~the study area. Note abandoned muskrat house in small
willow clump near center of photo. .

i
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of muskrat pushups by caribou has been reported by‘Kelsali (1570);
Trapperé.believe this causes muskrats to abandon houses and my limited
observations suggest that this is ofter the case. Only the lightlyl
compacted vegetation on the surface of most of the houses | examined
‘had been rehoved, although H. Wylie (pers comm) has seen houses that
were eaten down to the base. Feed{eg and trampling undoubtedly destroy
the insulative cover ovef houses,‘thereby exposing them to heavier
‘freeziﬁg.~ The effect of this may be more serious during periods of low

water when muskrats experience restricted access to food and alternate

-~

dwellings. THis relationship requires, further study.

Other Wildlife

Two families of beaver (Castor canadensis) were associated with
Egg Lake but their presence appeared to be Of']ILtTe consequence to

muskrats. However, beaver are known to improve conditions for muskrats
¢ - o \ ' ' .
in some parts of the delta "(Fuller, 1951) and may |be valuable compan-
. v i ,

|, C .
ions during periods of drought. Abandoned muskrat houses sometimes pro-

vided nest sites for black terns (Chlidonias nigeﬂ) and coots. Moose

¢

(Alces aleces) were occasnona]ly seen feedlng on submerged aquatlc vege-
¢
tation but the sma]l number of moose precluded any competltlon wnth

. {
‘muskratsg L . Co

P
i

\
L
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WATER LEVEL AND HABITAT RELATIONSHIPS

. A Review of Delta-Successional Patterns

The olotlc commqqities that presently occur on the Peace-
Athabasca delta-largely reflect the historlcal development of delta
lafhdforms. A delta is formed as a river loses velocity upon entering a
body of water and‘deposuts its sedlment load. ‘As a delta grows, changes
in stream flow and deposntlon patterns cause the river to branch into a
number of distributarles and form levees. During high water, the heav-

J
ier sediments are deposited along the sides of the distributaries where

~—

velocity is lowest with levees eventually becoming higher than average
'flood levels. During development, distributarleélfrequently change
position, dividing and reuniting to enclose.depreSsions which become
‘deltalc lakes and marshes (Bayrock and Root, 1973) This has resulted

in a typical blrd's foot pattern of development on the Peace and Atha-
¥ .

°

basca deltas (Bayrock and Root, 1973).

_ The evolutlon of delta landform; is accompanied by a succession-
al development of blotic communities.‘vPlant species become distributed
‘acdording to their partieular climatic, edaphio and hydrologic reouire-
ments. Of these, the depth and fluctuations of the water regime assume '
‘overriding, lmpdroance (Fuller and LaRon, l97l Dirschl, -1973; Van der
Valk, 1970). Thus, species adapted to the aquatic condltlons of early
sites'are replated by less hydrophlllc species as the delta ages. The
Tong-term pattern is one of succession from aquatic to wetland to ter-
restrlal ecosystems (Fig 2). Where hydrarch succession results from
changes in the water regime nt is termed “allogenlc“. Organnsms them~

selves tend to promote hydrarch succession through accumulatlon of .

i
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organic matter and trapping of sediments ("autogenic'' succession). Al-
logenic influences tend to be most important during active deve lopment
of the delta whereas autogenic influences become the dominant succes-
sional force at inactive sites (Dirschl, 1973).

Hydrarch succession from wetland to terrés;rial ecosystems tends
to lead to lower productivity and less species diversity. Van der Valk
(1970) found that productivity of oxbow sloughs in Alberta increased
from submerged throuéh floating-ieaved to emergent commuhitfes'and de-
clinéd in meadow communities. He attributed this to the combined effect
of direct sunlight, gaseous diffusion of carbon dioxide and access to
an adequate source of disdevednnutrients.» Fuller and LaRoi (1971)
notédvthat "o marshgs may be the'mosf productive ecosYs?ems of the
temperate and bofeal zones, and are not far behind tropical rainforests
ina worIindq rank}ng, in spite,of_their muéh shortef growing season'.

The divefsity éf ecosystems found on the delta is directiy re-
lated to its hydrologic_regime._ Historically the délta has been sub-
‘ject to'periodic flooding brought about in two ways. In older parfs
of the'delta, including the study afea, flooding resulﬁs'priharily from
the formatian of ice-jams in the major rivers during break-up.. Priér
to.construction of the Beﬁnett Dam, the Péace River exhibited a highly
Qariable flow wiéh a spring peak gf over 306,000 cfs (Card 1973a), fol-
fowed.by a lesser peak in early summer. During peék flows, the level
Qflfhe Peace River exceeded ¢hat of Lake Athabasca and th¢ direction of
filow in the outlet channels was temporarily revérsed: In some years

this raised the water level of Lake Athabasca enough to inundate lower

pérts of the delta.
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. By of%setting water losges %}om evapotranspiratfon and seepage,
periodic fﬁooding has been responsible for maintaining much of the delta
in early successional stages. Terrestrial communities are eliminatéd |
by flooding and re-establishment of the‘more productive wet]and coﬁmuni-
ties occurs. Flood water is also a vital sourcé of dissolved nutrients.
Van der Valk (1970) noted thét flood water rich in bases was necessafy
for complete organic décomposition and efficient nutrient turnover.
vlt‘is the fluctuating nature of this water régime that has made
the delta so productive of ﬁuskrats and waterfowl. Muskrats requiré
abundant emergent vegetation for food and cover along with adequate
Qater levels for'winter.surviva{ and as sugh are dependent on the ear-
lier successional staées. Thésé conditions ‘usually do.not'persist forb
Tong perjods of time without periodic rejuyenatioh brought aboﬁt By
f;ooding., By‘contihually setting back sgccession, periodic flooding
has allowed aquatic and wetland éc?systems to be maintained on the
dglta for hundreds. of years (Fuller and LaRoi, 1971).

The period be;ween F!oodé is similarly important in mafntaining
mgskrat habitaf. Floods were normally followed by dfawdown périods of’
one .to several years whicﬁ allowed re-establishmeﬁt of emergent plant
communities in open water areas. Manyvemergen; species apparently re-
quire exposed mud for successful ggrmination (Harris and Marshall, 1963;

McLeod et al., 1951). Kadlec (1962) found that gefminat}on was facili-
—tated by an increase in so%l and water fertility due to.éerobic nitri-,
fication during arawdown. Artificial drawdowns have in fa¢f.beenvused
for many years to restore muskrat and waterfowl habitat in the‘United
Sfates (Harris and Marshall, 1963; Kadlec, 1262). Linde (1969)>di55n

7

cribed the effect of a drawdown on muskrats at Horicon Marsh in

’
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Wisconsin. Drastic drawdowns in the summers of 1962 and 1963 resulted |

in almost complete elimination of the muskrat population. It also
brought about successful revegetation of 'the marsh bottom, such that
when water levels were restored in 1965 the muskrat population began

making a comeback. In 1966 the populatéon “]Eterally exploded”, more
than offsetttng the losses during the erawaohh. |

This technque more or less simulates dynamic processes that
have been occurting naturaily on the Peace-Athabasca delta for hundreds
of years. The opposing forces of normal hydratch succession oh the one
hand along with periodic interruption of the long term successnonal
pattern by flooding on the other have interacted to maintain a high dej

3

gree of productivity and diversity on the delta (Fuller and LaRoi, 1971).

Water Levels Since 1968

The most important class of delta water bodies with regard to
muskrat production are_those frequently descrlbed as ”perched“ Perched
lakes and marshes only receive water from the main dralnage system when
-flooding over the levees occurg.- They are in contrast with other delta
lakes which have some degree of cehnection with the;main system through_'
which water flows in or drains out‘depending on the level of the major ,
delta lakes and’channeisf Perched lakes hegt satisfy the :equirements
for semi-stable water levels along with periodic drawdowns to re-
establlsh emergent vegetataon.

Durlng closure of the Bennett Dam and fllllng of Williston Lake
above the dam from 1968 71, spring flood” Ievels of the Peace River were
reduced by as much as 10 to 12 ft (3-4 m) and Lake Athabasca remained

1

an average of 2,5 ft (0.76 m) lower than normal (Card, 1973b)
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Consequently, flooding of perched basins Jid not occur and many of the
'connected'’ lakes suddenly became dry.

Perched lakes on the delta are typically shallow and subject
to drying since gvaporation usually exceeds precipitatién (Card, 1973a).
Townsend (1973) determined.that loss of water area and shoreline from
perched basins on the delta aQefaged 12 perceﬁt.per yeér between 1968
and 1971. Water lost through ev;ﬁotranSpiratioh~¢esulted‘in a net water
loss ‘at Egg Lake of 36 cm in 1971 and a similar loss in 1970 (Appendix
V). By October of 1971 water levels on the marsh appeared to be about
I m below the high water level (Photo 14). At that rate, 2 more years
‘without flooding wo&ld have almost completely dried'up the lake. This
was prevented fn May of 1972 when an ice jam formed in the Peace River

and the resulting flood restored high water leveéls in the lake.

Changes in Vegetation on the Study Area

_ Plant succession on the delta was intensively studfed,since
i968 by Dirschl (1973) and since 1970 by M; Doherty (Dept_of Botany,
University of Alberta; pers ;oﬁm). In this section | will onfy make
a few general commenfs én_changes nétiéed in the study area. Although
the plant sp;cies‘present on phé stu&y area differ in kind and abun-
dance from other parts of the delta, the successioﬁal processes de§—i
~cribed by Dirschl tikely apply to this area as well. |

The most noticeable changes during 1970 and 1971 were the en--
croachment.éf willows into the CaZamagrostis-C@ﬁZx m;édow and the es-
'téblishment oé fen coﬁmunities on exposed mud flats. Due to the uneven

natufe_of the bottom, exposure of lake bottom was not ehtirely restricted

to shoreline areas.' Areas that were exposed in June or July were rapidly



a

Pre-Cambrian granite outcropp|ng near the center of Egg

Photograph 14,
Lake showing prevuous high water llne, October 1971.

s

/

Recently exposed mud flats, along the north side of the
study area, July 27, 1971. In June, 1970 this area
contained muskrat’ houses in approximately 30 cm of water.
The dead wiliows became established during previous low

water years from 1945 L7 \

Photograph 15.

7

Looking toward the north side of the study area from a
point well out on the marsh, July 27, 1971. Emergents
including Typha (on right) and forbs such as marsh rag-
‘wort (Senecio congesBus ’- in seed stage - on left of
picture) rapidly colonized exposed lake bottom.

* Photograph l§:~
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colonized by such emergents as sweetflag, cattail, burreed, bulrush and
sedge as well as several mud-flat weeds iﬁc]uding marshﬁrégwort {Sene-
eio congestus), dock (Rumex maritimus) and beggartick (Bidens cernua).
The rapidly growing marsh ragwort was the mos t prominant of these weeds
and its yellow flowers became indicative of virtually all recently ex-
posed mud-flats (Photo 16).

The most surprising change was the extensive germination and
growth of cattail during 1971. - Although mature stands were rare on the
study area during 1970, it became the most abundant gype of emergent on
many of tge bare mud-fiats, due perhaps to its wfnd born method of seed
diSpersél.

LDuring the study, vegetative expanéion of offshore glands of
emergents appeared to exceed the capacity of muskrats to-consume them.
Burreed, which un]iké cattail and bulrush can éerminate under water
(kadlec, ]9625, appeared in 'solid' stands in several of the shallow

bays during 1971. There was then a general increase in abundance of .

emergent vegetation associated with the declining water level.

Effect of Low Water on Summer Activity and Survival of Muskrats

As the water level on the study area declined, muskrats in

o

shallow areas attemped to relocate themselves in deeper water. These
movements were d;scribed earlier and appear to be a normal adjustment
by drought exposed muskrats eQerywhere (Erfington, 1963) . .
Dueipérhaps to the relatively lqw.popufation density, most of
these families“appeared to have 5uccessfylly established~in mo;e suit~

able areas. HoWéVer, the eviction of family - 26A from its home range

was evidence that territorial conflicts did arise.

Z
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For those that attempted to remain in drought exposed areas,
the hazards may have outweighed the intolerance of other muskrats. . Al-
though no ‘direct sign of predation was observed, there is little doubt
that exposure to predation in these areas wég greater than in deeper
parts of the marsh. Long bank-runs containfng only_a few centimeters
. of water would offer little protection to occUpants. Sign was fre-
quently seen of extensive foraging in dry shoreline areas, sometimes
accompanied by fox or coyote tracks. On one occasion, as | approached
a fhouse built in an old willow clump and no longer connected with water
to the lake itself, 3-week old young began scurrying from the house,
seeking shelter‘in cavifies among- the robts.

.The hazards to bank dwellers must have been further increased
through trampling by bison. The low ratio of young to adults among ,/'
bank dwellers was evidence that survival in exposed areas was low. By
winter of 1971, use of bank burrows was almost nonexis;en; at Egg Lake.:

This illustrates thg-importance of off-shore emergents in terms
of muskrat habitat. The muskrat istessentiallf an ‘''edge' type of ani-
mal, requiring a juxﬁaposition of aquatic and marsﬁ communities. While
shoreline emergents were well developed, particularly along the north
and west shores, they became unavaiiable for food and cover as the water
level declined. The home range ﬁap (Fig 8) indicates that most of the
available habitat wés accupied by the fall of 1971. The amount of of f-

shore emergent vegetation may well have been a limiting factor, particu- .

larly if water levels were to continue to decline.
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Effect of Low.Water on Winter Activity and Survival of Muskrits

Most authors have agreed that winter poses the greatest problems

in terms.of'muskrat survival in northern regions. The wénter ice cover
restri (s mavemeﬁt, induces crowding and decreasés the availability of
fpod. iuller (1951) reported that 'winter frostsvseal %he Iake§ and
sloughs containing the choicest foods and may turn the shallow ones to
solid blocks of ice,.forcing eviction of ghe muskrats living in them''.
: He-aléo recognized the importance of an insulating snow cover in réduc-
ing freeiing of shallow lakes. Stevens (1955) agreed with Fuller; con=-
cluding that 'the prime factor governing muskrat survival was thé dep;h
or thickness of winter.{ce“i _Mcréod\ et al. (1951) similarly concluded
' that'”. . . the wintef carrying capacity is determined by the extent of
unfro;én water and the quantity therein of . D §ubmerged speciesf. "
¢ in cases whe}e muskrats are unable .to obtain\enough food under
the ice they may be forced to seek food elsewhere. Duriﬂéquw'water in
I1linois in ]939,-Bgllrose and Low (I9§3)»found that ''when the f}oéﬁ
line peﬁetrated the lake bottom e thé ﬁﬁskrats were fO(ced to:gnaﬁ"w
. fhrough,the lodges and to wander about on fhe ice searching for food'.
These wanderers suffered heavy mink predation. Errington (1959) noted
varying responses by muskrats during tﬁg lowa drought of 1936;37, due
in part'to the availability of food. 'At Little Walﬂ Lake,mmu;krats
left tﬁeir houses daily to forage above the ice.with| the marsh becomi&g
.depopﬁlateﬂ by February. Af Round Lake, which also froze to the bottom,‘
"muskrats stayedvunder the_ice and survival was comparatively high'',

He found thg?‘wfnter drought was frequently accompanied by an increase

in intraspecific strife and predation. - ‘ : .
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Friend et al. (1964) reported large weight losses and increased

parasitic infection during a population’ decline on areas of reduted

winter water leve]s in New York Seabloom and Beer (1963) repor{é§ on

A
!

heavy mortality and winter movement of muskrats durlng( "freeze-out"

*

in North Dakota. Mathiak and Linde (1954) cons idered “w1nter running"
of muskrats during a freqze-out‘ln'W|scon5|n. Dilworth (1966) observed
that heavy mortality during a freeze-out in New Bruhswick was evident

from '"decaying carcasses of many muskrats” found after sprlng break-up

I included the precedlng review to demonstrate that winter mor-

0_ -

tality due to heavy freez:ng or insufficient food and ‘water is a common

and wjdegpread occurrence in northerly parts of the mdskrat’s range,
and to ihdicate some of thg‘manifespaéfons of “freezé-buts“. hany more
cases, particularly in northérn Canada have undoubted]y éone undocu~

ﬂ mented. Elton aﬁdNNichofson (1942) noted that winter freezing,_EOme- 

times associated with.other factors such as disease, was the most fre-

0.

+

quently mentioned cause, of muskrat mortality in Hudson's Bay Company

annual reports. The effects were sometimes cycllc in frequency.as shown

by the observatlon that "there seems to be a wndespread belief amoAg
fur traders and naturalists that the perlodlc crash in numbers is
brought about chiefly by the muskrats freezing to death when low water,

with or without an unusually. severe winter, occurs in the winter"

.

(Elton and Nicholson, 1942).

Little information is available regarding mortality. due to
5 \ .

freezing of shallow water in Woed Buffalo Park. “Fuller (i951) noted -
that vefy low muskrat populatfons coincided with a period of low water

levels from about 1945-47. H. Wylie_(peys comm) remembers that during
that period, Egg Lake contained less water than in 1971 and that the

o

<

ot

~
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tall oead willows.seen throughout much of the marsh érew in at that
time (Photo 15). Novakowski (1958) mentioned reports of wintery“die*
-~ offs' and "“freeze-outs" in shallow water areas'in 1957. |

" The winters ofv1970‘and,l97l'were'quite similariwith regard to
temperature and snowfall. Snow on the ground at the Fort Chipewyan
Qé. her:stat}on'measured 81 cm at tne end of March, 1971 and 86 cm at
thaKLGme point‘in 1972 (AppendiX'l). I.measured snow and ice thick:\'
~nesses'On the study area twice each winter. On November 26, 1970 ice
thicknesg,around severai muskrat houses averaged 12 cm. On January G,
l97l'ice‘thicknesses of 56 cm were_measured at two places on the study
area (H. Wy;ie; pers coﬁm). On February 25, 19¥1 holes cut;near the
same.houses measured inANovember averaged 51 cm of ice with\oyer 13 cm
of frozen mud on the bottom. By late or possnbly mid- wnnter most of
the lake had evndently frozen to the bottom. In the wunter of 1971 ;2
_the lake again froze solid, presumably somewhat sooner due to the lower

-9
ter level. The effect of winter freezing on the activity and sur-~

v

vival) of muskrats is difficult to determine since muskrats are ‘largely

' (2

dnobéervable‘under'the ice an&-evidence of mortality may not appear ‘un-

[
Q-b

til the ice leaves the lake, if it is apparent at all.

Some Jndlcat|%S.ofﬂ~|nter activity w:thln'a home range can be
b »
obtained by.examnnlng houses for signs gf occupancy. The plunge holes’

of a muskrat house are ‘kept from freezing by contlnuous use, .conse-~

’

»

quently, frozen plunge holes -are |nd|cat|ve of an a:jndoned or, inactive .

P
-

house. In_April,197l,’ﬁouses on the study é?ea wer€ classified as
- . . - Va o ,
A . 1 ‘

act;ve "or “abandoned" according to condition of the plunge hole, as

determlned by problng with a long steel rod- (“rat spear“)
o

_§_¢
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e Ies

uUsing this.te:hnidue it was determined that only 45.5% of 135
active muskrat houses that were marked on the.intensive study area be-
foré freezé-up in 1971 were sfill active the following April. Th}s
suggests that the area of activity in ramfly home‘ranges declined by
at least half over’ the winter. This compares with 37% active houses
on the delta as .a whole in 197! and SS%lin 1972 (Ambrock and Allison,
1973). |
N The relationship petween house condition and muskrat survival
is not'clear. Ambrock and Allison (1973) considered the percentage of
musk;étg survivfng until spring to be di;ectly proportional to the per-
centage of active holses. Thijs éssumes{that if a house is no longer
active its occupants did.not survive. At Egg Lake, this was clearly
not the case since only 45.5% of the houses remained active while mini-
mum known overwinter survival was 65%

Evidently, as some muskrat houses froze-up and were abéndoned,
the average number of mdgkﬁéts pér Eemainfng house increased. At Egg
Lake there was an averaée of 6.0“houses'per family nome range and no
apparent territorial restrictions on movement within the home range.
ln fact 6n1y.ohe third of fhe muskrats killed in spring trapping were
takeh in the same house in wLich they were last Tivetrapped in the féll.
Of those that moved, exactly half moved from inactive (frozen) houses
" while the éther half merd froT houses that were still active. This

indicafes that movemen t betweék'houses was occurring during'winter, re-
\gardless.of whether or not;éihouse’froze. | |

vy -

While muskrat survival was not'directly reflected by the pro-

TN
PR

- portibn of active houses, house "activity' may well be important in
]

winter sufvival,. Each house constitutes a sngnlflcant food supply,

-
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particularly when access to rooted vegetation is .estricted by freez-
ing of shallow water. When muskrats are unable to maintain access to
all of the houses in their home range, food shortage problems are magni -
fied? Also, avenues of escape from predators are reduced when some of
the houses freeze-up. Errington (1963) has aoted that intraspecific

strife may increase under conditions of crowding.

Factors Affecting Winter Use of Muskrat Houses

. ) - o ’ .
Water Depth. Surrendi and Jorgensen (1971) found that the num-

ber of muskrat houses in active use on the;delta ipcreased with total
depth of ice and water. Similar results were obtained during this s tudy
in the winter of i97]—72 (Fig 17). There was a definite trend toward
greater actiyity as, the average depth of wafef around the house at

freeze-up increased. At depths greater than 30 cm, over 50% of the

‘houses were still inwuse. ‘Although the range of water depth that was
available was small, the mean depth at active houses (33 5% 1.2 cm)
and inactive houses (29.8 + 1.4 cm) was significantly dlfferent (P<o. OSL

As houses in shallow water became frozen, muskrats evndently
made more use of houses in deeper parts of their home range. ThlS is
reflected ln the previously discussed movement of muskrats between fall
and sprlng trapplng locations. _Of the 68 tagged muskrats that were not
caught in the same house, 41 (60%) had moved to houses in deeper water,.
This trend is not unexpected since houses in deeper water must have

provided access to under ice food supplies for a longer period of time.

Snow Depth. A relationship was also found between house condij- -

tion and snow depth‘meaéured besideAhouses in April, 1972. Snow depths

o
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Figure 17. Condition of ﬁuskrat houses in April 1972 in relatjon
to fall water depth. '
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at active houses (63.1 # 3.0 cm) were significantly greater (P < 0.05)

“than depths at inactive houses (53.9 # 2.9 Cm)ﬂ Of 71 houses at depths

less than 60 cm, 36.6% (26) were active as compared with 62.2% (23) of
37 houses with more than 60 cm of snow. A heavy snow cover reduces the
’ *

rate of freezing and thickness of ice cover yielding obvious benefits
for muskrats.

While the insulative valué of snow is important in .the ''survi-
val" pf muskrat_houses.it may have indirect negative effects through
the creation of the condition Calléd "over-flow'" or ''malyodi'.  This
is most prevalent ‘in early winter whén heavy sﬁow falls on a thin ice
layer, forcing water to-seep above‘th; surface. |t may encase muskrat

houses in thick~layers of ice anq ”sealﬂ‘pushups'(LavroV,.1960; Stevens,

1955) and in some cases apparently causes houses to break apart’ (Am-

~
+

brock and Allison, 1973).

!
Over-fiow did occur on the study area both winters and was par- \'
’ i

ticularly prevalént in November of 1971 when | visited thevstudy area +

and found layers over 20 cm thick in places, but the effect on muskrats
or their houses was not determined. ‘It did not appear to be causing
outright aestruc:ion 6fihpuses but obvfously must have reduced the: in-
sulative value of snow around affected houses. Trappers feel it does

cause houses to become._abandoned and my limited observations tend to

<

bear this out.

Cover Type. House condition also seemed to vary between cover’
types, although these differences are not statistically sjgnificant
(Table 15). The proportion of active houses was' uniformly higher in

burreed and bulrush, and urfiformly lower in the remaining categories.

—
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Cover types of winter muskrat houses in relation to condition

Table 15.

. of use, water depth and snow cover.

No. Houses % Active o

o - —In Each- -Water Snow
Cover Type Active Inactive Cover Type Depth (cm) Depth (cm)
Sweetflag 10 16 38.5 ) 22.4 £ 1.6 51.3 + 2.6
Burreed I 7 61.1 27.4 £ 1.9 541 £ 3.6
Sedge 35 L7 42.7 28.7 £+ 1.2 48.8 ¢ 1.9
Bulrush - 18 12- 60.0 27.9 £ 1.0 80.5 + 2.8
Open Water 15 21 41.7 36.3 + 1.8 48.5 £ 3.2

‘
L

o,
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The reasons forvthfs are nbt clear but appear to be partially tied in

\ S
\\\'with water depth tolerance% for each species and the depth of the

-

|

accumulated snow cover.

\ C
Sweetflag, which st highest in nutritive value, was associated

with significantly shallower water compared to burreed (P < 0.01),

sedge (P < 0.01) and bulrus (P < 0.01). The ofher species did not

differ signi%icantly with regard to water depth. Houses built adjacent
to open water were in depths ignifiééntly greétef‘(P < 0.01) than
houses that were not. | |

7

Cover types did not dififer with regard to accumulated snow
depths‘except for bdlrush which Had a ségnificantly deeper snow cover
(P < 0.001). This probably accounts for the relatively higﬁirate of
active houses in thfs cover tYpe. The .insulative importance of this
speéi was evident in a qua]itative cdndition peculiar to houses in
bulrush with over 80 ch of snow. The walls 6F these houses were usually
unfrbzen with loosely packed snow mel;ing back to form an aifAcavitY
over .the house. Houses }nd pushups in such areas sbmetﬁmes'had chambers
'extendiﬁg from the house into the snéw cover itselff Actfve houses in
bulrush usually had water in the plunge holes>but due to the small size
"of most of the bulFush clones, the area of reduced fréezing probably
gid'not\extgnd very far from the houses. , ¢
The relatively shallow show»cover might explain the low rate of
* active use among houges built-adjacént to open water. th1e all;wing
, grea£er accéés té submerged aquatic vegetation, these sites were sub~
ject to heévier ice fqrmation;

" House Size. A definite relationship was found befwaén house

height and the number of houses remaining active (Fig 18). There was
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a stepwise increase in the proportion of ac;ive houses as Heights’in-
cfeésed frdﬁ%30 to 70 cm. vDifferences in mean height between active
houses (56.7qt 2.3 cm) and inactive houses (L6.6 ; 1.3 cm) are highly
significant (P < 0.0]).j.This is not surprising sfnce larger.hoqses
constitute a larger food sﬁpply éﬁd the thicker walls provide increased

insulation and possibly greater protection from predators.

Disturbance. The effect of grazing by bison on muskrat houses
was previously discussed. DisturBance by prédators may also cause some
abandonment but this does not appear io be an important>factor. Push~-
ups were occasionally destroyed and houses damaged by foxes and coyotes,
But damaged houses were, iﬁléome cases at least, repaired and active.
The incidence of érédation at houses oh the study area appeared to be

low. Muskrat trapping may also affect house activity and this.is given

s

as a reason bi‘some of the delta trappefs against fall trapping. Fall

trapping did not take place on the study area so this was not .evaluated.

4

while Freezing reducea the numbé? of active houses'and aﬁces-

sibility to fhe food supplies therein, it also made forage at active
:houseS'aifficu]t to obtain.” Muskrats were forced to burrow through the
relatively firm lake bottom to obtain whatever ert stocks were avail-
éb]e. When the_ice left the lak¥ this was evident from the -undermined
vegetation around the houses and the deep trenches o%ten seen 1eading
away from them. By Iate.wintef mosf of the hpuses had be?h reduced to
‘thin shells. Free;{hg of tﬁg?Shallow water(also mug t haYL increased
stfess due to cold, particularly where the snow cover waé not.deep.

This may have been.partially offset by an apparent tehdenqy for muskrats

to dig downward when the laké;h§§§ﬁés frozen to the bottom. This allowed
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muskrats to maintsin some unfrozen water under the house and‘hay have -
served to moderaie theirbmicro-climates.

On the basis of the reported effect of freezing of shallow
water on muskrats in other areas, some concern was fe]t that a ''freeze-
out' or ''die-off'' was in the offing. However, in addition to the
reasonabl? high survival fate, there are several other indications that
muskrats at Egg Lake, during the winters studied, did not face stress
of a limiting nature:

(1) Abnormal numbers of dead animals were ﬁot founa in houses
during spring trapping nor were they seen following'break-up. The only
carcass found during spring trapping in either.year was an untagged
adult found on April 14, 1972. It was in obviously poor cond}tion, bej
fng devoid of subcutanéous and visceral fat deposits and lacking its

left foreleg.
r

(2) The populatfon']argely remgined in thefF houses aﬁd under
the ice. Although my vfsits to the study area were infrequent, H. leie
(pers comm) has assured me that during ?is more freﬁuént visits he saw

4 . . ‘
no sign of extensive ”wintér-running“. ‘During .my winter visits | noticed
the snow trails of only two individuals. The serpeﬁtine =xvii of one |
was followed for almost 2 km before it entered a deep ¢ ‘v. l-used
bison trail. | do not consider those movements .to be more than normally
occur inAmost muskrat populations. |

(3) No torr pelts were taken prior to the onset of'mating ac-
tivity in eithe? 1971 or'1972i This indicates that incregsed crowding

‘qr$competition for restricted food SQppfies did not result in incréased

fighting. - ‘ N
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(4) Mostvof the muskrats taken during sprfng trapping were
judged to be in good condition on the basis of abundant, subcutaneous
and visceral, white fat deposits. Of nearly 100 carcasses that\] examined
during both harvests, less than 20% were rec&rded as havfng sparce of
né visible fat. | |

(5) All of the ﬁarked juveniles weighed du}i%g the spring har-
vest were heavier than their fall weights. Thirty juveniles téken in
Aprfl 1972, which had béen’lastﬁweighed in October, gained an average of
242.5 + 26.8 g. This represents an average over-winter wefght‘gain of
approximately 40 g per month. Of four adults weigHed aft;r the same
period, two gained an average of 165 Q and two lost an average of 205 g.
In contrast, Olsen (1959) found no weight gain in juvéniles over winter
and at B}g Island Lake, Alberta, Schmitke (l97l) reported a substantial

over-winter weight loss in bothﬁjuveniles‘and adults, which he attri-

buted to reduced food supply.

Adjustments for Survival during Low Water

~@4~_~—______%; ~The préceding data"haVe‘shdwﬁ that the obviously reduced suﬁ-
vival capacity of(fhe habitat during winter.did not result in widespread
stérvation, emigration, disease,>or intraspecific'competition. This is
probably Que in part to the fact that population density was not high
and forage around houses was apparently of higﬁ nutritive qﬁality‘(al-
though its availability was_reauced). There is also good reason to be-
lieve that certain behavioral responses by the muskrats theqéelves were
" important in<assuring survival duriﬁégthe period of reduced wateé IeVe]s:
(I)Z‘Sgleétion of House Building Sites. Muskrats selected

winter house building sites on the basis of water depthv(Fig'6) and
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cover type (Fig 7). This was important since the probortion of active
houses increased with water depth and snow cover thickness. An in;
crease in the selection of bulrush and burreed sites from summer to
fall was associated with greater Snow accumulation and higher rates of
’

activity than in other cover types. Selection of winter house sites
did not appear to be associated with forage preference as much as with
availabf]ity since sweetflag, which was highly preferred as food, was
selected less for house building. Sweetflag grew in shallower water,
;rapped less snow and had fewer houses that remained in use.

(2) House Size. H. Wylie (pers comm) has observed that winter
" houses constructed during periods of low water are larger than duriné
high water. ‘As well as providing muskfats with a larger food'sgpply
at a time when access to rooted vegetation is restricted, large houses
offgr greater resisténce to freezing and disturBance than do small ones.

(3) WNumber of H;uses per Home Range. There is also somg.evi- |
~ dence that muskrats construct’propdrtionatg]y more houses during perfgds.
of low water than they do during high water. The number of_pushups in
the study area was higher before and following the low water years of
1970 and 1971 (H.Wy]ie,-pers comﬁ). Muskré;s may have compensated bY
building more hou§es. Houses would have greater survival‘valye than
pushups since deep and cdhsequently unfrozen water was gene}alky notf
available in ]agé winter. Similarfy, the presence éf multfp]e'dWelI7ng§
within a home range would alleviateuthe effect of some héuses?becoming
frozen or-destroyed. >The density of 2.5 muékraté per fali house éb-
served on the study area would tend, to support this idea since the most

‘requently reported figure in the literature is 5.0 muskrats per house

(Dozier, 1948;.McLeod, 1950).
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(4) Intraspecific Relationshifs. A]thohgh proof is not avail-
éble, adjustmenté in social tolerances may have beenr}mportant in winter
survival of this population. Complete freezing of the shallow water
aloﬁg with a high rate of house desertion created conditions of crowd-
ing which did not resulf in intraspecific fighting or eviction from
home ranges. This is illusfrated, for example, by home range 52 (Fig
8). In April 1972, 11 of the 12 fall occupants were trappid‘although
only two of the original eight houses were still active. Some trgppers
can recall findihg groups of muskrats huddled together in frozen houses.
"Hudd1ing' méy be an important behavioral adaptation for conserving.
energy. The ]ack‘of knowledge about the behavior aﬁd physiology of

muskrats during-winter continues to be the largest gap in our understand-
ing of muskrat ecology.

These adjustments apparently mitigated the effect of deteriorat-
ing enVironmental'conditions on muskrat-survival. Muskrats responded
to declining water levels with adjustments aimed at maintaining adequate

winter food supplies.
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N

CONCLUDING DISCUSSION ' N

I'n concluding, | propose to summarize the relative roles of °
mortality controlling factors regulating this population. | will.do
this in two parts, dnst:ngunshing between factors that e?peared to

b

operate. durvng the period of study and those that determune long-term

population levels of muskrats on the Delta.

Factors Controlling the Egg Lake Populatfon from 1970-72.

The average reproductive rate of>18 youngrper adult female in.~‘
" the study is comparaéle to the optimdm reproduétive rates reported-ihf
the literature. This potentially represents a ten-fold annual increase
in population size. However, the observed increase. in the breeding
population from 1970 to 1971 was only around 20%. A number of proximate
factors, discussed prevnously, were responsuble for removnng “the balance
of the annual productlon either through direct mortallty or by cau5|ng
emigration.from the study_area. These factors tend to operate together,
with the impact of each effected by other biologicel or.environmehtél
influences. These interrelationships and the relative importance of
each fector can be summarized diagramatically (Fig Isf.

Nhl]e the decllnlng water level did not appear to cause mortal-
-|ty dsrectly, it did affect the populatlon by reduc:ng the amount of
'su]teble habitat and predisposing muskrats to other mortallty factors.
It is therefore considered a primar9 controlling factor. The amount -of
habi*.. on the study ‘area declined by ahout one-third_frem 1968 to 1971
" through direct loss of water area; This affected the number of breeding
.territqries that could be estéblished'eech'yeaf and resulted_in popula-

tion tensions, death and emigration as the area of secure habitat
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diminished. The magnitude of popu]ation'lossés due to_low water is

difficult to determine since ]osses usually resulted .from interaction

wi th other.ﬁortality factors. The relative iuportance attached torlow

water level in Figure 19, therefore, considers the overal] rather than
. . _ . .

the direct consequeﬁces.

Intraspecific fighting can regulate populations by cousihg‘
death or dispersal or by affecting reproduction. A low level of fight-
ing was observed throughout the breedlng seabon with an increase during
the fal] and durlng spring mating, however, little actual.mortallty from‘
wounds was detected. Some fighting was attributed to deteriorating.enf
vironmeotal coodirioos as muskrats in shallow areas tried. to extend
home- ranges into deeper parts of the marsh. ;ost of the ;ﬁt{aspeCEfic
mortality observed involved predation on nestlings. Since the popula-
tion'density was low during the period of study, density-deoendoot fac-
tors were likely of reduced importanoe'in population regulation.

With the'exceprion of a litter taken by a mink in 1971, there
was little evidence of predation on woll -situated muskrats Exposure
to predators was increased by declining water levels and the lower age
ratio apoarent among bank dwellers was evidence that mor;ality‘wos
higher in less secure areas. As | have suggestednpreviously; low water.

levels may also have resulted in an increased number of "wring-offs"

which could be more vulnerable to predators.

o

“While mortalfty cauded by humans is another form of predation,
it is considered separately here for convenience. Trapping was the
principal proximate mortality factor accounting for 40% of all muskﬁags

taégeu during 1971 and 50% of the annual production in areas that Were

trapped. Trapping success may also have been affected by the declining

.~
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water.level. Decreased use of bank burrows and reduction in the number
of active houses during winter may have increased trapping efficienéy.
An important aspect affecting the roles of these mortality fac-

tors is population density. For example, losses from dispersal, disease

or fighting may be higher during periods of high numbers. Similarly;

‘the ability.of this population to adjust to low water and freezing

during winter may not have been as great if population density had bben

high.

Factors Determining Long-Term Population Levels on the Delta

0f the extrinsic factors affecting muskrats on the Delta, water

level fluctuations have the greatest potential for Iong term population

control. . In their extremes, water levels can exert severe depressive

7nfluences on mu§krat pdpulations Drawdowns lasting a few years great-

ly reduce the amount of suntable habitat and may ellmlnate local popula-

tions. Slmllarly, floods can be very dlsruptlve, partlcularly when they
occur durung the breeding season (AmbrocKhand Allison, ]973).ﬁ$tli'

I have already described the importanceio% periodic ﬁlooding in
maintaining marsh ecosystems. ‘Evidence from thIS study also supports
the need for occasional drawdowns to re- estab]lsh eA;rgent vegetation.
The maJor prerequisite for anter survnval during low water appears to

be the availability of sufficient food. Muskrat survival on the study

area was directly associated with the presence of extensive stands of

offshore emergent vegetation which provided-access to food sources in

the deepest water available. Del¢a lakes Iacklng offshore emergents

were apparently subJect to greater losses.

AN
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It is not yet clear what long-term effect the Bennett Dam will
have on muskrat populations .on the Peace~Athabasca Delta. vlt is ex-
pected that flgws in the PeacelRiver will continue to be subject to
some degree of modification. Althoygh:flooding did not occur during
inifial filling of Willistén Reservoir from l968»to‘1971, ice jams have
sgbseqhently resulted in extensive flooding two years out of three.
Flooding in May 1972 restoréd high water levels in many of the perched
basins including'Egg'Lake, and flooding in the spring of 1974 was the
most extensive in the memory of local résidents. The importance>of the
Delta as a whole, and the value of its fuf resburcés‘shou]d warrant some

form of continuing investigation.
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APPEND!IX Il. Plant species found on the study area.

Scientific Name o — Common Namé
Shoreline
Agrostis scabra Willd. ~ bunt grass
Beckﬁannia syzigacﬁne (Steud.) Fern. slough grass
Biaens cerﬁya L. ' nodding beggar-ticks
Calamagrostis canadensis (Michx.) Beauy. bluejoint
Carex sychnocephala'Carey ‘ sedge
Cicuta douglasii (D{C.) Coult.. & Rose water hemlock
Eleocharis palustris (L.) R. &.S. | \\\ creeping spfﬁg‘rush
Ranunculus aquatilis L. | ' ‘
var. captllaceus (Thiull.) D.C. water crowfoot
Rumex maritimue L. ' .golden dock -
Seolochloa festucacea (Willd.) link whitetop .

Seneeto congeszS (R. Br.) D.C.

var. palustris (L.) Fern. harsh ragwort
Zeania aquatica L. o wild rice T
Emgrgent . )
. Acorus cqlamus L; ‘ Qweetflag
Careé'vesicarid L. oo . sedge )
- Equisetum fluviatile L. - Y hor;étail
Lemma minor A - ~ duckweed
Lemma trisulea L. ' - duckweed
Phragmites ébmmunis (L.) Trin. ~ reed grass
- Sagittaria cuneata Sheld.. = g arrowggad '§%‘“

Seirpus acutus Muhl. ex Bigel i “hardstem bulrush
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Scientific Name

Common Name

Seirpus fluviatilis (Torr.) Gray
Sparganium eurycarpum Engelm.

Typnn latifolia

Submerged Agquatic
Myriophyllum exalbescens Fern.

: Myriophyllum spteatum L. var. exalbescens
Nuphar variegatum Engelm. ex. Clint
Pélygonum amphibium L. var. natans Michx.
Pbtamogetoﬁ fiZifbrmislPers. .

Potamogeton richardsonii (Benn.) Ryd.
‘ RIS

koginatus Turcz.
' ~.: ‘ " ‘l ) .
- =T ROt '-terzférmﬁs Fern.
s b -
P andica (Oeder) Borbas
wldianaggutters & Abbe

river bulrush
giant burreed

common cattail //

water milfoil

water milfoil

yellow pond-lfly

water smartweed
pondweed

;lasping leaf pondweed
large-sheath pqndWeed
flat;stémmed pondweed.l

.
yellow cress
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APPENDIX I1l. Evaluation of the fluting length technique for determin-

ing the age‘of muskrats. ’

In October, adults and juveniles were still separable on ghe
basis of weight and length, however, by March or April these criteria
were no longer reliabl;. The age of kill-trapped muskrats wasjdeter-
mined using the fluting length technique described by Olsen (1959).

This technique involves méasuring the length of the anteriormost buccal
fluting on the first upper-m@lar. The basis_is that adults have under-
gone a longer périgd of tooth wear which results in longer root develop-
ment and éhorter érown height. Sather (1958) found this technique fe—
liable for 58 known agé muskrats. Olsen (1959) reported agreement with
' 12.known age muskrats, however, these were all juveniles. Gunson (1968)
found a c]95e correlétion between fluting ]ength_bf muskrats in spring
harvests and estimated fall ageé. |

Following cleaning with dermestid béetlesf*the upper right molar
was removed from each skull. Using a binocular dissecting microscope
wifh an ocular micrometer, the distancé fromithe occlusal surface to the
end of the fluting was measured to the nearest tenth of a millimeter.
Measureﬁents;were then grouped in half millimeter intervafs anh the fre-
equencies'p]otted to determine the major separation point (Fig20). A
:major bréék iﬁ the curve around 6.5 mm éppéars to separate adult and
juvenile §§é classes.

The accuracy of the technique was chéckéd using data frém 127
" known age.(tagged) muskrats taken iﬁ spring ]97?l. None‘of thé 111 juve-
' niles had fluting lengths under 6.5 hm: However, 5 ﬁf 16 adults hig

. fluting lengths éreater than 6.5 mm. While this error only involved

L percent of the entire ;agged sample, 31 percent of the adults were
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incorrectly aged. This\seriously limits the usefulness of this tech=

Tt

nique, particularly with\regard to determining age ratios. »

Similar results WQre obtained by Elder and' Shanks (1965). They,

found that 9 of 50 known abe muskrats were aged incbrrectly and con-

) .

cluded that ''the bias is the -more seriGus because.all errors were . in:

the same d}rection -- skulls of adults thathhad“clearly.juvenile molar

-

Sy

types''.
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Bird species associated with Egg Lake.
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Y
Y

Scientific Name

Common Name

Family
Anatidae Anas - Latyrhynchos mallard
Anas‘strepgra gadwall
Anﬁé acuta pintail
’ Anas ééfélinensia -gfeen-winged'teal_
- Anas discors . | blue-winged teal
oo Aythya valisneria canvasback
Aythya affinis lesger scaup’
~Aythya americana > re&ﬁead
. Branta canadensis Canada goose
" Bucephala claﬁbuld comﬁbn goldeneye
o Bucephala albeola bufflehead

Accipitridae

-

v,

e

_Ardeidae

Lo

P E

Charadriidae

o Colymbidae

Ozyura jamaicensis

r

-Mareca americana

Spatula clypeata

' Haliaeetus leucocephalus
Ci:2us Cycneus .

Buteo jamaicensis

' Botaurus\lgn?iginosﬁs
Cha?ad;ius ﬁelodus
Podiceps auritus

Aechmophorus gccidenta}ié

Nl

K

T

ruddy duck

i

red-tailed "hawk
ame®igansbittern

p‘f"b‘n ng plover

-

toe

,jﬂ.4hokned greb

“western greb’

" Amgri widgeon
ShﬁVeler
bald eagle |

.
R
“
vy
N
. N
R
. N
! E .
A" .
1! ol
Yy )‘)4 ;
i g
Y o
RS
RS
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APPENDIX IV continued.
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Family

Scientific Name

Common Name

Gruidae

lcteridae

Laridae

r

Y

‘o 7}&éliidae '

S.-izidae

Troglodytidae

Grus canadenstis

Agelaius phoenfceus
Euphagus earolipué
Quiscalus quiécula '
Xanthocephalus
xanthocephalus.
Chlidonias nigr
Sterna hirunda

Larus pipixcan

oF

SteganOpus5%ricolor_

-t
i

Fu%fca ame}icana ;
! .
Porzang carolina
L / .
‘Erolia mélamatos °
. < :
Erolia,mknutilla'

Totanus/melanoleucus
\' ' .

!

. /
. Iringa [solitaria

/

!

" Bubo virginianus

Nyctea scandiaca
o

Telmatodytes palustris

3 Yo T

sandhi]l c¢rane

red-winged blackbird
rusty blackbird

coimm@n grackl]e
2
yé]low-heeded blackbird

black tern-
, ]
common tern

Franklin's gull
Wilson's phalarope

coot

sora rail

pectoral sandpiper.
least sandpiper
gréater yellowlegs

Solitary_sandpiper

‘great horned owl

snowy owl
.

long-Bi]ied mafsh wren
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APPENDIX V. Absolute change in water level of Egg Lake diring 1971

as indicated on a staff-type water gauge.
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