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ABSTRACT
The food: habits of wolves (Canis Jupus) and coyotes (Canis
latrans) in R1d1ng M0unta1q National Park, Manltoba, were
invesgigated by collecting scats and'ana;yzing their
contents. Seasonal results obtained for Jﬁly 1982 to June
1984, indicated year round heavy use of elk (Cervus
qanadensfs) by wolves. Beaver (Castor cénadensis); cervid
young and white-tailed deer (Odocaileus virginianus) were
seasonally important items. Coyote feeding habits were more
varied, wi’tim small food items such as fricetid rodents and
snowshoe hare (Lepus americanus) being of greater importance
for them than for wolves. Elk ha1r was common  in winter and
spring coyote 5cats and llkely resulted froﬂﬂgci:eng1ng wolf

.
and‘v1nter kills. Moose (Alces alces) and elk populations in

the park reached a peak ‘in- the latg 1970s and have since
declined. Elk calf/cow ratios in the early winter have been
pafticularly low. Wolf predation, black bear (Ursus
ame@jcanus}»prédatiér and winter weather conditions, both
sin?ly';nd together, ap;éar 1nadeqguate to‘explain the low

elk calf production and the continual decline of the

\

population. The overlap in use oqulk by wolves and coyotes,

-

especially in winter, provides opportunltles for competitive

q
1nteract10ns. A continual de€}1ne in elk numbers would

N N C '
likely increase the chances ofi antagonistic encounters

between the two canid species, '
I

S
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I. INTRODUCTION
The food habits of many wildl%fe specles vary over the
course of the year. Such variation is influenced by the

interactions of a humber of factors including the relative

L]

avallability of different foods, weatﬁer,and the presence or

absence of predators and competitors, Knpwledge qékiﬁasonal\

e

patterns helps to elugidate the relationships among the
various species in a community, information that may be of
much value to the wildlife manager.

Seasonal variation in the diets of both wolves (Canis
B ° .- B

lug@s) and coyotes (Canis latrans). has been examined in many
parts ¢f North America. Availability and vulnerability of

prey species are two factors that influence canid feedlng

behaviour. Avallablllty, the qualltatxve assessment of a

species' abundance and accesSLbllity for consumption, can be
! 4

considéred in either absolute terms or relative to other

\Q"

prey 'species. Vulnerébility refers to the ease of capture or

acquisition by the predator of one prey item relative to

others.

¢ . .

Although coyotes are Qidély distributed across North
America and wolves are locally abundant, little is known
about their ecological relationship in areas where they
‘,coexist. Antagonistic behaQiour between the \two species,

- including the killing of coyotes by wolves, ﬂgs been

]

reported from northern Minnesota (stenlund 1955, Berg and

h 4

Chesness 1978) and suggested as having occurred on Isle

Royale (Krefting 1969). Radio-collared coyotes have been



Fa
\ : . .
.

fand to avoild the core areas of wolf territorie’s (Berg and '
Cﬂésness 1978, Fuller'and Keith 1981).

‘ Posgible instances of commetition between other closely
‘related canids have been reported in the literature. In
Alberta, Dekkér (1983) noticed coyctes chasing red foxes

(Vulpes vulpes) and foxes barking at coyotes. Voigt and

Earle (1983) suggested that interference competition took

the form of jnterspecific territoriality between red foxes
and coyotes in Ontario. Green and Flinders (1981) studied

the food hgbits of tHe same sympatric canids in Idaho, and-

o
1

concluded that in the absence of coyotes, red féxes may move
into gheir‘vacat;d niche. In Africa, jackals (Canis aureus)
were frequeétly Seen stealing meat from the kills of wild
cogs (Lyéaon pictus) (Estes and Gq?dardl1967).

Other symp;trié carnivores also show soume evigdence of
.competition. MXerSG(1977) considered cheetah (Acinonyx
Jubatds) numbers and dlstrlbutxon .to be negat1vely effected
by the presence of'spotted_hyenas (Crocuta crocuta) owing to
competition forfprey. H}ghtoverlap in the winter diets of
martens (Marjtes ameﬁicaﬁé)% and fishers (Martes pennanti)
suggested the possibﬁldtygof rompetitive interactions at
least for a short period of time (Clem 1977)

Informatlon on the food hablts of wolves and coyotes
’ where bo:h occur together is lnm1ted Berg and Chesness
(1978) reported on the food hab1ts of&coyotes 11v1ng on‘the .

per1pher¥ of yolf terrltorles in northern ‘Minnesota.

. . :
4 © e .



Feeding habits of sympatric Eapids may be 1influenced by.-
competition. The concepf of an ecological niche suggests
that in a given area, no two species interact with the
environment in precisely the same way (Gause 1934). Although
partial overlap of niches could occur,-complete overlap
would either cause one bf the species to disappear or one or
both to shift their requirements (Gause 1934). Hence? in
natural communities, similar species should differ
significantly in some aspect of their ecological
requirements (e.g. 'food, habitét) in érder to minimize
competition (Krebs 1978). |

Base line information on the ecology of wolves in
Riding Mountain National Park (R.M.N.P.) was collecfed from
1975-1979 by L. Carbyn of the Canadian Wildlife Service as
one component of the Large Mammal System St;dies (Carbyn
1980). The data suggested a need to continue research on
predator-prey relationships in the park. The collection of
data over a’long period of time gs a pre-requisi{e for

complete understanding of the”dynamics of predator/prey_

4

>

cycles. . =~ L : o

-

Carbyn (1980) reported on the basic relationships

between wolves and Eheir prey in R.M.N.P. His report
“included an afalysis of wolf food habits based upon.scat

contents 'and winter kill, remains. Data on'coyote feeding

’

S ‘
behaviour{we?e‘also’collected (Carbyn unpubl. data).

Evidence from that first study indicated that wolves kill

coyotes and, although not conclusive, suggested that coyotes

.



survived best along the edges of wolf territories (Carbyn

1982) .
The presence of substantial populations of both wolves

)

and coyotes in R.M.N.P. provides an opportunity to
inyestigate‘one aspect ©of possible competition between the
two species. The maiﬁ quective of this study was to assess
the seasonal food patterns of the  two canids by examining
the contents of their scats. The collection and .analysis of
‘scats, alfhough time consuming, provides year round
information on food habits. The main disadvantage of scat
analysis is g;e’inability to differentiate between
scavenging and predation. Hence it was desigable to -
supplement this method with field observations and
additional sources of data (e.g. kill remains, literagure
. . o
‘ré:}ews). The tracking of radio-collared animals, although
likely the most efficient method of determining feeding
habits in winter, is not wel%tsuited for detecting the use
. NV :
of small food items tbat may be rapidly consumed.
Furthermore, radio telemetry studies require.ﬁime to trap
.a@nd collar the taréet animals, a condition ndt pqssfble to
satisfy’in this study since trapping Qas-not‘permitted on
park land itself.
The p;imary questions asked were: \
1) Aré there differences in past ‘and present food habits of
wolves’and coyotes in the park?
2) What are the seasonal changes (if any) in food

consumption for wolves and coyotes?



’

)

3) Can any changes in food habits, be related to changes 1n

o

prey availability or vulnerability, weather conditions,
relative numbers of the two canid species, or other external
factors? For example, did environmental conditions favour
predation on beaver (Castok canadensis) by either wolves or
coyotes 1n a particular season?

4) Are there differences in the distributional and grouping
patterns of elk (Cervus canadensis) and moose (Alces alces)
compared with earlier.results for the park? Can any changes
be related to current wolf and coyote feeding habits?

5) Are competitive relationships between wolves and coyotes

~ ;
discernible from seasonal food patterns?
6) Has the influence of wolf predation on the elk population
increased over time?

/) Is there any evidence of bears or weather having a

cernible effect onm" ungulates im the park?

> 2



]-I . STUDY AREA

Research was conducted in Riding Mountain National Park, a
2974 km? region of boreal mixedwood forest located in
southwestern quitoba, pproximately 255 km northwest of
Winnipeg (Fig. 1). The park-can be considered to be an
ecological 1sland since it is surrounded on all sides by
farmland. Access into tﬁe park is provided by several roads
and trails, |

Vegetation in the park is diverse, producing-a variety

of cover types. Predominant are aspen and mixed aspen-white'

spruce forests, with interspersions of fescue prairie andg

other grasslands, wetlands, and conlferous forest (Rowe @
1972) . - *

Most of the park lies on the Sasképchewan\Plain, a
gedtly rolling upland with 1?ttle vertical relief. Toward -

the easﬁprn edge of the park is the Maniteba escarpment,‘a
‘sedimentary fofmation that drops 4$0-600 m to the Manitoba
- :
Plain below. Numerous waterbodies occur throughout the park.
Drainage is poor in the west and centraf portions of the
park{ lakes, small pondsw and slow flqwing stream§ are
common. ‘In ¢oﬁtrast, many fast flowing/;treams are
il

associated with‘the escarpment in the east.

The climate of the area is t}pieal of the continental
climate of the brairies; Winters are long and cold with

moderate snow depths. Summers are short, warm, and d?g (Keck

-*11975) .



QO

UeW T quaeg (BUOL N urejunow buipiy 30 duey

3

Ol4

02 si3jawojiy 0
[ s eees
[ Eam oaw
St SoI'W 0

KiepunsQ wieq

eay ..

Aemybip e
S€aJy uoljeiUa3u0Y yo Aiepunog . — .« ~

€
s

~  suones Jayjeam sajum 4

¢ )t e fo s e s = ¢

Dwxm.d ‘
Apny '
t
!

\ U
A N PR

! - '

Ly

a

SN
ayey % N
isjemayypm! 0

~ - -

|
. S

+ 1 ajeq
A
C+ 9 - i/ Apeg
1 TN e S - -
., i, 7 ‘
N A\
[P Jf.': '..'.ll;.loII.lL /) Mo o
' \ A \ Q .
_ AR  °
\ e o \ /.l! A O.
: "\ 4/ o=’ . o)
<+ -0
]




Over 230 species of birds (Séper 1953a) and over 50
species of mammmals (Soper 1953b) have been recorded within
R.M.N.P. Resident park populations of large mammals include
elk, moose, white-tailed deer (Odocbi[eus virginianus) and
beaver, all potential food.sources for predators in the

park.



IT11. METH(;DS
f Field work took place periodically from July 1982 to June
\.1984' Time was - spent in Riding Mountain National Park during
a portion of each season, each year., york QZ; spread out
4

over the 2-year period so as to dampen any yearly variation

thatvcould be reflected in the data. Scats were collecfed

-

during each season of each year. i
Food habits of wolves and coyotes were determinedbeé
analyzing the contents of their scats. These were collected;
along roads and trails and cla551f;ed as to their origin on
the basis of size (Weaver and Fritts 1979). Scats with a
diameter of 30 mm or morge were considered to be wolf, while
those less than 25 mm were classified as coyote. Those scat
in the intermediate.range of 25 to 30 mm were di;cardeé
- unless tracks were present for verification. Sc;ts of wolf
bpups were distinguished by their occurrende at known wolf
dens or reﬁdezvous sites. Black bear (Ursus amer icanus) .
%scats were collected during the summer;
X Frequency of coverage of the various trails and roads
varied according to a number ef factors incleding weather
and other field commitments; The more aecessible afeas were
covered frequently, usually once every two weeks.- Remote,
and often less productlve, areas were covered Sgce or tw1C$
during each season. Overall, gqverage was concentrated on
the trails and roade eentered on Whitewater Lake, Lake Audy
and Highway #19 (Fig. 1), In all cases, onif relatively

-

fresh scats were picked up in order to give validity to



their seasonal classification. In summer, weathering of
scats was qulte pronounced, which allowed for adequate
discrimination. In winter, old-scats would eventually e
covered by snow or melted into it. (Consistency and cplzut
'of scats may be of help in determining t.ime of deposition
//WXJ{elatxie to occurrence of last meal; Appendix 1.)

. For tanalysis, seasons were defined as follows: Winter
(December to March), Spring (April and May), Summer (June to
September) and Fali (October and November). These periods
coincide with.the seasons used by Carbyn (1980), based upon
biological events for wolves.

Certain precautions were taken when handling canid scat
because of the risk of Echinococcus spp. infection. In the
field, samples were picked up Q{ inverting plastic bags over
them.-After double—bagging them, scat samples were mdaced in
a freezer. Proce551ng of the materlal took place in an
'independently ventilated lab. Gloves andg alfac1al mask were

~

used at all times. .
Analysis of scat contents followed methods outlined by
Kennedy and Carbyn (1981). Frozen mater:al'was thawed under
hot water and hair and bone samples were separated from '
. detrital material by the use of sieves, Washed samples were
placed in an oven to dry for 36- minu es at 120° C The.-dried
materlal was then spread out in an observation pan and
representative hairs were picked out. Any distinctive bone

‘material was noted at that time. The hairs selected were

laid out upon an acetate strip and theh sandwiched between

Al



two microscope slides by the use of large paper clips. The
preparation was placed in the oven at 110° C for 10 minutes.
Upon retrieval, the hairs were displaced 1-2 mm off their o

impressions and a cover slip was applied. N
Although some identification of contents was paé;ible
from bone material or gross morphology of hair,; most
analysis required the use of)a‘;ompound microscope to
examine hair structuré\in detail. The key provided by
Kennedy and Carbyn (1981) allowed&ﬁpr separation to spec1es
(in most cases) on the basis of°aMt1cular scale pattern {
medulla characteristics and externa: features., The key also
allowed for disting#ishing between the hair of adult and
young cervids in summex scats. Although there are some
mlcroscﬁplc deferences between the hair. of deer fawns elk

; <«
calves and moose. calvebs, too little confidence in separating

-
them, resulted in no 'further identification than a grouped
category of cervid young. Beaver and muskrat hair are also
very similar in apgearance and hence some minor error in
separating them might have occurred.

- Hair or bone material identii¥ed in a scat as coming_
from one préy species, was considered as a single food item.
Some sca}s contained hair_from more than one prey species
and hence total numbeé of fooé items found was larger than
the: total number of scagé. The results of the scat analyses
for both canids were, for each different food 1tem,
e#pressed as frequency o%‘occurrence and percent freguency -

of occurrence based upon total number of food items. ° ?

»
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Important food items were considered to be those consumed in
relatively large guantities as indicated by their large
frequencies of éccurrence. Weilghted freq?encies of
occurrence were also derived from the contents of béth wolf
and cgrote scats. In that method, when more than one prey
ltem occurred'in a scat, each prey item was weighted the
same (1.e. nodattempt ;as made to estiﬁate the relative
amounts of different items in a scat). For example, 1f two
items occurred in a scat, each was given a value of 0.5,
Three item; were assigned a value of 0.3 each. Unweilghted
frequency data were used in comparison with other studies
and in statisiical treatments. Weighted data might more
acéurately‘reflect food habits and were used 1in the
calculations of bioqass equivalences. -

For six food items, frequehcies of occurrence in'winter
and summe r scats were converted to values representing the
biomass and the number of individualg consﬁmed. From the
experimenta} feeding of captive wolves, Floyé et al. (1978)
derived a regression equation: !

y = 0.38 + 0.02x-
where y is the kg of prey per collectible scat and x is the
assumed weight (kg) of an individual of a given prey type.

Food items from qgult prey found in scats were .
separated into three c;Eegories on the basistof weight
(following Bowen 1981). The first category consisted of food
items greater in weight than that of the predator (i.e. >50%
m—

kg for wolves, >15 kg for coyotes). For both canids, this
. \ ,
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category contained those items for which group hunting would
be advantageodé. The'second dategory included items welghing
less than the predator but mo;e than 2 kg. In this case
foraging alone would usually be sufficient, although
interaction with conspecifics ma; be beneficial. The third
category included all items under 2 kg. Foraging could be

done by a single animal.

Population surveys of beaver, elk and moose are

. regularly carried out by the warden service of R.MpN.P. The

ungulate survey, conducted in mid to late February, consists
of flyipg systematic north-south transects at_ 1.6 km
intervals and recordi;; all moose and elk observed within a
200 m strip on both sides of the transect. Since c0veragé 1s
approximately 25%, estimates of to£a1 park numbers are
calculated by multiplying the total count by four. A
statistical sampling method can be used to provide
population estimates with 95% confidence limits (Cochrane
1977). Transects were divided into 575 blocks (3.2 km by 0.4
km) and the mean number of elk/moose per block was
calculated; with totgl estimates for the park based upon
2326 total blocks (fpr detailed éxample of method see Ristau
and Meleshko 1;83). In the beaver survey, a complete cenéus

P

of foo% ¢aches in 30 blocks (each 23 km?) was carried out
from the !ir giving about 23% coverage of the park. Allowing -
fér an average of five beavers per.food cache LQ)colohy

(Denn& 1952, cited by Hill 1982), estimatesvof total ﬁbmbers

were derived (for details see Trottier 1980). The survey was



conducted in mid-October, after freeze-up but before

\\\ significant snow fall. Both surveys were flown in a ssna

\\““706 with a pilot, navigator, two observers and a ptcorder.

Separate counts of elk‘and'moo e, classifxed by age and

sex, were carried out in November 383, in March and

November 1984 in areas of ungulate‘fggcentrations, noted in
previoys studies and surveys. Afeas—were also chosen to give
representative samplipgﬁof the park habitats and relative
moose and elk deﬁ;lé&es. t was judged that sightings of
approximately 25% of both hoose and elk (based upon the most
recent warden survey) would provide a reasonable saﬁple size
(Czap}ewski et al. 1983). A structured sampling design would
have entailed much greater cost.

A Cessna 172, with pilot, navigator/front-right
observer, and rear-left observer was used. All animals (elk,
moose, and deer) that could be classified were recorded from
both the concéntration areas and flight lines across the
park to thdse areas. Transects at about 800 m intervals were
done.in the concentration areas, direction of flight being
determined by'navigational considerations (e.q. landmarks:
safety). All sightings.were used in the calculations of
overall sex and age ratios. | ‘

" Altitude above ground varied from about 60 m to 250 m.
Initially’higher'al;itudes were maintained in order to
’facilitéte the spotting of groups. Low level flying, which

often included circling, was necessary to completely and

confidently classify groups. "y
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A single observer was u5ualiy able to classify the
animals seen in small groups (generally fewer than ten
animals). For larger groups, animalé were circled clockwise
and one observer counted calves while the other counted
bulls and totg\vanimals. Several passes and counts were made
(1f necessary) until both observers were satisfied with the
accuracy of the count. X

Animals were classified as adult cows (2 1 year old),
adult bulls (2 2byears old), yearling bulls (2 1 year old
and < 2 years old) and calves (< 1 year old). (Spike or
yearling bulls were distinguished by their degree of antler
growth, although this method is not without some error,

especially for wpose.) These categories were also used in

the recording of yedr-round observations of ungulates seen

4 , -

in the park.
Analysis of the frequency data for canid food habits
was done using the G-test statistic, which was preferred
err x* because of its addifivity (Sokal an qkohlf
1981:692). The smallef f;equency food i}ems§&

-~ v

together, giving a total of eight categoriesito examine

A}

ere grouped

statistically (muskrat wasvseparatéa from other cricetid
rodents.) For some of the analysis, since multipie
comparisons were done, it was necessary to consult a table
/based upon Sidak's mﬁltiplfgative ine&uality. At‘the first
level of analysis 12 comparisons were made and the G value

of significance at the 5% level was 20.685 (24.759 at 1%

level). At the second level there were 96 (12x8) individual

N
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Eﬁgompar1sons and an estlmated G value of szgnlflcance at the

LY

% level was calculated to be 12.25% (15.32 af the d% level) .

- Morisita's (1959) coefficient of similarity was also

Iy oa 3 N . ) 3
lﬁﬁ&k@ﬁnexamlnlng seasonal differences in feeding patterns
between wolves ‘and coyotes. The coefficient is calculated

[ 4

from the e?uaﬁion:

o

-
.

. S
C = Z(Z X, ‘YI)
vi=1 V

where s is the total number- 6f food species and x, and 2

are the probortions of species i in the diets of species x
and species y.

jVvariance to mean ratios, x?, mean centers‘;
distribution, standard distances and the Poissdﬁ

o

distribution were used to analyze the dxsper51on of moose

™~

and elk. An ANOVA was performed on the survey data to

examine the significance”of the variation in the total

.

. . ( "--__./—\ .
counts from year to year. Unplanned comparisonsiamong means

were made u$ing.thé Welsch Step-up Procedure (Solhal and
Rohlf 1981). Confidence l1m1ts for°classzf1ed surveys

.. followed the method of Czaplewsk1 et al. (1983).. Data on
group sizes, of cow/calf and cow/calfless aggregations were

ahalyigg‘bY-Student's t-test. : 3

I
S

TR



Weather data were collected from park recérds and
summar ized. Winter data were taken from five weather
st;tions scattered through the park (Fig. 1). Mean monthly
temperature (MT), snow depth (SD1), snow density (SD2) and
an ocular estimate of snow hard;ess (SH) were used to

calculaté a monthly winter severity index (MS) (Dolan and

‘Tempany 1980) by the following fofmulé:

MS. = SD1 + SD2 + SH + MT (if - °C) or —/MT (i£ + °C)
¢ .
Total~winter severity was calculated by adding.the montﬁly
values together (for November to April) along}with a value
representing the difference between date of the’year's
greeﬁ—up and the mean green-up date of May 11.
’
‘Nonparametric and parametric correlatien coefficients

were calculated where appropriate. Unless otherwise Stated,

the level of significance was 5%.
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IV. RESULTS

~

A. General food habits

/

Wolf

In all 1027 scats, containing 1194 food items, were
collected. On a seasonal basis, 429 scats with 528 food
_1tems were obtained in the éummer, 136 scats with 170 items
in autumn, 263 scats with 273 items in winter and l993scats
with 223 items in spring.~ b

Throughout the course of the study, elk was ciearly the
most important food item for wolves with a frequency of
occurrence of almost 42% (Fig. 2). The second most Important
itém,-beaver, occurred less than half as often at 16.8%. All
other food items were under 10%, with moose, white-tailed ~
deer, snowshoe hare (Lepus ameﬁicands) and cervid young all
near 7%.

Overall, mammalian items totalled 97.9% with ungulates
(moose, elk, déer and cervid young) comprising 62.4%.
Non-mammalian food items were of minor importance (Fig. 2).,
Large prey items (>50 kg) were 55.5% of the diet, medium
items (2.0-50 kg) 19.8% and small items (<2.0 kg) 16.0%.

The hairnof cervid young is indistinguishable from
adults after Ilate summer/early fall, so percent frequency is
likely underestima;ed. The overall total of’6.9% should be
coné}dered a iower limit, since young of the year were

likely also taken in late fall, winter and spring. Hence the

C 18
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elk, moose and deer totals include calves and fawns from the
winter and spring periods.

Canids were listed as a food item although this is not
necessarily the case. Light microscope methods do not allow
for adequate discrimination between wolf and coyote hairs
(Kennedy 1982). Hence, incidental wolf hair, possibly from
grooming can occur in the scats. This supposition was
supported by frequent occurrences of other food 1items in the
Scats containing canid hair. Wolves also occasionally kill
other wolves (Marhenke 1971) and hence may swallow wolf hair -
even 1f the carcass is not eéten. In adaition, wolves are
known to ki1ll coyotes, so canid hair in scats could also be
from coyotes.

The overall yearly feeding pattern was not affected
much,by the unequal sample sizes collected for each season.
Although approximately 1.6 times more summer than winter
scats were collected, weighted mean values of percent
frequency were not much different from the unweighted
values. The largest difference was$for elk, which, owihg to
1ts high winter frequency of 59.9%, would increase overall
by 2.1% to 43.7%. The largest drop was %oﬁnd in'the beaver
component, which went from 16.8% to 15.3% }n overall use.
Most other food categories varied by less thanAl.O%.

Overall wolf feeding hébits as determined from scat
analysis, are similar to those reported in an earlier study

in R.M.N.P. (Carbyn 1980) (Fig. 2). Although the ovetall G

value was significant (G=34.3, p < 0.01), partitioning of
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this value indicated that only the food Categorys§h A \
Cricetidae varied significantly (G=24.4, p < 0.01) between
the two studies. Use of mice dropped from 7.5% to 2.7%. The |
only other major difference, although not statistically
sigﬁificant, was for elk, which increased from 34.6% to
47.0%. The "others” category, from the first study included
domestic cattle (Bos spp.),/ with a frequency of occurreﬁce
of 1.0%. There was no evide&ce from scat analysis in this
study of wolves preying qfvgiavengjng on domestic livestock.

The overall occurrence of mammaiian food 1tems.in the
first study was 96.0% and for ungulates 1t was 56.7%. These
values approximate those found in this study, although they
are somewhat lower, suggesting slightly less reliance on \\

those items in the past. ‘ :

l/

Coyote

Altogether 1811 féod items were found in the 1430 scats
collected. Seasonally there were 786 food items in 5§5
summer scats, 310 items in 252 fall scats, 411 items in 348
winter scats and 304 items in 244 épring scats. A

As for wolves, the two most important food ié%hs {pr
coyotes, as indicated by their frequency of occurrence in
scats, were elk (27.9%) and beaver (19.0%) (Fig. 3). Other

items used frequently were snowshoe hare (13.2%) and -’

»
cricetid rodents (9.3%). Canid hair, insects and bird

remains occurred infrequently.
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The total ungulatekgccurrence was 41.0%, while all
mammalian items comprised 94.2%. By weight, prey larger than
15 kg occurred at 36.6%, medium slze prey, those between 15
kg énd 2.0 kg, occt}xed at 22.9%, ahd prey less than &.0 kg
at 34.2%.

Cervid young again were probably underestimated. The
occasional occurrence of canid hair in the scats could
result from incidental swallowing of fur while eating or
grooming.

Thé frequency of occurrence of food items in this study
differéd quite markedly from that in the previous study in
the park (Fig. 3) (Carbyn unpubl. data). The G statistic for
the overall comparison was highly significant (G=276.7, p -
0.01), with six of the eight individual categories showing a
significant change. Only moose and snowshoe hare did not
differ significantly . Both elk and deer more than doubled,
with elk going from 12.0% to 27.9%. Beaver increased from
12.3% to 19.0%. Three foédvcategories decreased
significantly; muskrat decreased from 13.2% to 3.8%, ,
Cricetidae from 16.9% to 9.3% and miscellaneous items from
24.4% to 18.0%. Muékrat and elk had the largest individual G
values of 86.1 and 95.0, respectively. The "other" category
for the first éfudy included fish, raccoon (Procyon lotor)
and domestic cattle, none of which was identified in scats

during the present‘study;
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B. Seasonality

Wolf

Seasonal data were compared across the two years of the
study to examine any trends (Fig. 4). Elk was the only food
ltem to exhibit a consistent pattern, with percent frequency
of occurrence for all four seééons beling greater in the
second year of the study compared with the first. Small
sample sizes precluded any statistical analysis on a
yearly-seasonal basis; however the total yearly use data
pool was deemed sufficiently large for analysis. Analysis of
data on ghis basis showed little ;ariatipn. Sno@shoe hare
consumptioq decreased significantly (G=17.0, p < 0.01) from
the first year of the study (summer 1982 to spring 1983) to
the second year (summer 1983 to spring 1984): 12.2% to 5.0%.
No other food categories changed significantly.

Overall G values were significant for all -pairwise
comparisons of seasons (both years pooled): The largest
differénce~was between summer and winter (G = 195,11, p =<
0.01) and the smallest between winter and spring (G =v36.7,
p.< 0.01). |

| Elk and moosé occurred most often in wolf scats from
winter and spring¢(Table 1). Deer consumption was large in
Jiﬁter and fall, For all three.ungulates, winter occurrence
was significantly greater than that for summer .
Beaver consumption did not show any significant

variation among fall, spring and summer. Winter use,
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however, was significantly less than in any other season
with an occurrence of less than 5%. Muskrat use exceeded 5%
only 1n summé€r, and this differed significantly from winter .
The amount of snowshoe hare did not exhibit any significant
seasonal variation, although fall was the only seaéon in
which 1t exceeded 10%.

Cricetidae accounted for 6.5% of the diet in fall and
this differed significantly from a low winter use. Summer

use (3.2%) was also relatively high but 1t did not differ

k3

significantly from either winter or spring (1.3%). e
Coﬁsumption of the various miscellaneous items was
’greatest 1n suﬁher, when 1t was significantly different from

spring and w;%ter. Fali use was intermediate in occurrence
and not signikicantly different from other seasons. The
comparisons are biased by the inclusion of cervid young 1in
only the sﬁmmer (15.0%) and fall (2.4%) categories. However,
elimination of cergid young from the analysis 8id not change
the statistical results. The few occurrences of insects and
bird regains in the scats all were in the fall and summer.
Porcupine did not occur in the spring, and vegetation was —_
consumed only by wolves in summer and fall. Squirrel use was}
greatest in summer.

Compared with the results éf the the first study
(Appendix 2), summer and fall overall were significantly
different (G= 36.87 and 27.15, respectively, p < 0.01) while
winter was-not (G= 13.20, p > 0.05). The only significant

individual difference in summer occurred for Cricetidae,
, ]
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which droppea from 10.0% to 3.2%. In the fall, snowshoe hare
was . up significantly in this study, rising from 0.8% to
13.5% (Table 1). - ‘

Correlation qoefficients among elk, moose, deer and
beaver were examined on a yearly and seasonal basis. Aftér
adjustment of the significance level owing to multiple
comparisons, none of the six associations was significant.
In general, however, all three ungulate species were
negatively associated with beaver. Elk and moose had the
highest degree of association ;itg each other (r,=0.64, p »

0.05).

Coyote

The seasonal data were divided into their yearly
components to assess an/ trends in the data over the course
of the study. (Fig. 5). Percent frequency of occurrence of
beaver and elk ,was greater and snowshoe har; less in every
season of the second year compared with the first. Analysié
of yearly data showed significant variation between years
(G=192.96, p < 0.01); Beaver displayed a significant
increase in use from 7.8% in 1982/83 to 23.1% in 1983/84
(G=51.83, P < 0.01). Both moose and snowshoe hare dropped
significantly; moose from 5.8% to 1.7% (G=18.90, p < 0.01)
and hare from 26.4% to 8.4% (G=76.36, p <0.01).
Miscellaneous items increased significantly frbm 9.4% in

1982/83 to 21.3% in 1983/84 (G=31.07, P < 0.01). The four
. y; X
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other food categories did not show significant changeg.

Five out of six seasonal comparisons (bnth years
ﬁonled) were significant. There were no major differences “in
Mcon5umption of the various food items between winter and
spfing.»Summer and winter differed the most (G=217.95, p <
0.01).

Consumption of all three vngulate species was greatest
1n winter and sprirg (Takle 1). Fall use was signifiéantly
less than winter use. Moose hair did not occur in anyﬁfall
coyot®e srats ‘and deer hair was infrequent. '

H}ir of beaver was idengified 1n all four seasons, with
the tall freguency of:31.0% being significgntly greéter than
that for all other seasons. Usé in summer and sprifnig was
similar, with a slignt drop in winter. Muskrat consumption
was hiéhest inmfummer and this differed significantly from
winter. For snodghoe hare, although the trend from greatest
to least use wa§ spring, winter, fall and summer (an oven fiﬁ
difference of 8.8%), no seasonal comparisons differed
signifigantly.

. O

The eating of mice and voles by coyotes was
51gn1f1cantly greater in fall and summer than in w1nter
Remnants- ag mlscellaneous 1tems occurred 51gn1f1cantly more
often in summer and fall than 1n spring and winter, En large
_part this was due to cervid young (9.8% in summer, . 0'9% in
fall), but squ1rrel, porcypine and vegetation also occurred

less in w1nter and sprlng than in the other two seasons. The

only two ogcurrénces of bird feathers were in summer scats,
P
v



and 16 out of 17 insect remains occurred in that season as
7 Al

well.

The frequency data for all four seasons differed +
significantly from that recorded from’}975—79‘(Appendix 7).
In the summers of 1982 and 1983, use of elk, deer and beaver
was *up while use of 5nowshoe'hare and cricetids was down. In

fall, frequency of beaver hair in scats increased. In
- ~

winter, miscellaneous items decreased and snoyshqevhare
increased in frequency of occurrence. The octurrence of
muskrat hair was less in every season of this study than in
Carbyn's (1980).
s
Correlation coefficients were“calcrlated for elk,

moose, deer and beaver percent use on a seasonal—?early

% . P
_basis. None of the_r, values were significant. Moo§e/gnd
deer were negatively associated with beaver; all other

values were positive. Deer and beaver use showed the.

greatest association {r,=-0.70).
8

C. Biomass consﬁmption

Calculation of biomass equivalences from frequency data
and assumed weights, provides a different perspective for
looking at data derived from scat contents. Floyd ét al.
(1978) arg®ed that freguency data, because -of a varying .
suffac&,to volume ratio; would tend to underestimate the

”
contribution in"terms.of weight of larger prey and

overestimate that of smaller prey. The reverse ‘Puld be the

©
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case 1n terms of prey numbers.

Wolf

Tab%f 2 shows the results of biomass calculations for
summer wolf scats. In terms of individuals eaten, wolves
consumed approximately equal numbers of elk, beaver, muskrat
and snowéhoe»hare, Moose and deer were taken in a ratio of
apout 11 elk for each moose and deer.

In terms of the six categories coﬁsidered, fréquency
data (co;um% 4) showed elk, a large prey item, occurriné in
51.9% of the scats, and snowshoe hare, a small prey item,
occurring in 6.3% of the scats. However in terms of mass
(column 6), elk comprised 83.7% and snowshoe hare only 0.7%.
Conversely, in terms of numbefg‘(column 7), elk dropped to
20.9% and snbwshoe hare increased to 27.0%. Cervid young
could have been included in the table if the proportions of
elk calves, moose calves and deer fawns were assumed to be
tge same as that reported by Cargyn (1980). In such a case,
elk calf, moose calf and deer fawn hair, which occurred in
51.5, 2.0 and 11.7 scats, respectively, would have comprised
5.6% of the summer diet by weight and 11.4% by number of
individuals (assuming average weights of 30, 58 and 20 kg

y
for elk calf, moose calf and deer fawn,wfespectively).
In winter, elk is not only the most impor;ant item in

terms of mass (76.9%), but also in terms of numbers (41.6%)

(Table 3). For every 10 elk eaten, approximately 2 moose,
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1.5 beaver and 3 deer are consumed. Theése results are in
general agreement with those for number of kills located in
the park at the same time as scat samples were collected (P.
Paguet pers. comm.), when the ratic was approximately 10 elk
for 2.5 moose and 1.5 deer. The lower value for deer is
understandable considering its smaller size and the rapid

rate at which 1t 1s consumed, and hence the greater
probability of missing such a kill when seafching. In terms |
of weight, the differences between summer and winter were
increases in moose and deer and decreases in beaver, muskrat

and snowshoe hare.

6]
Coyote

In the summer (Table 4), percentages of individuals
consumed (column 7) as derivéd from the equation of Floyd et/
al. (1978) were: elk 9.5, moose 0.7, deer 3.0, beaver 17.5, >
snowshoe hare 44.3 and muskrat 25.0. By weight, elk wés
clearly the most important item at 76.1%, and moose and deer
océur at 7.2% and 6.é%,.respective1y.-Beaver was the third
most important item at 7.1%, with snowshoe hare (2.2%) and
muskrat #41.2%) of only minor importance.

In winter (Table 5) snowshoe hare rémained the most
important item in terms of numbers eaten, with approximately
three hares consumed for each elk eaten. Moose remained the
least important item at 2.2% frequency by numbers. In terms

of weight, elk remained the most important item at 78.7%,

’
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with moose and deer at 13.0% and 6.8%, respectively. Beaver,
snowshoe hare and muskrat together only comprised 3.5%.

Like wolf, the changes for coyote from summer to winter
were an increase in proportion by relative weight of moose
and deer, and a decrease in muskrat, snowshoe hare and
beaver. In terms of numbers, moose, deer, elkiand snowshoe

]

hare increased markedly and heaver and muskrat decreased

significantly.

D. Interspecific variation

The comparisons of frequency of occurrence of food
items eaten by wolves and coyotes were statistically
significant for all four seasons and in total (G=153.74, p <
0.01). For summer, f 11, winter and spring, the G values
were 81.55, 41.07, 5:\75 and 32.38, respectively. These
values roughly indicated a greater difference in summer
diets and a lesser difference in spring.

Wolves took significantly more elk than coyotes did in
summer (G=31.99, p < 0.01) and in total (G=39.53, p < 0.01)
(Td-!e 1). They also took significantly more moose in fall
(G=18.65, p < 0.01) and in total (G=25.96, p < 0.01). The
only season in which there was a significant difference in
use of dégr was fail, when wolves used more than coyotes
(9.4% vs 1.9%, G=12.68, p <. 0.01).

Beaver consumption was very similar for the two canids

(16.8% wolf, 19.0% coyote). None of the seasonal comparisons
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was statistically significant. in all seasons and in total,
coyotes may have consumed more‘muskrats than did wolves.
However, none of the variation was significant. Coyotes
cond3umed more snowshoe hare than did wolves in winter
(G=15.05, p < 0.09) and in total (G=24.42, p ~ 0.01).

The frequency of occurrence of Cricetids;was.greater
for coyotes in summer (G=33.26, p < 0.01) and 1in totaf}
(G=54.02, p < 0.01). None of the comparisons for the
miscellaneous category was significant.

Morisita's (1959) overlap coefficient was also used to
compare diets seasonally. Summer had the smallest overlap
with a value of 0.87. Fall, winter and spring had valueg ot
0.94, 0.93 and 0.94, respectively. The overall value of
overlap was 0.92,

Patterns of use of elk, moose and deerAby wolves and
coyotes were very s:imilar over the course of the study.
There was a significant relationship in use of elk (r,=0.91,
P < 0.01) (Fig. 6). Significant patterns in use of moosa
(r,=0.76, p < 0.05) and deer (r,= 0.74, p < 0.05) also

»

occurred. Beaver use by wolves and coyotes showed only

moderate association (r,=0.52, p > 0.05).

-—

E. Bear food habits
Bear scats were collected from late May to early August
during the summers of 1982 and 1983. Of 122 scats collected,

only 40 (32.8%) had hair in them. In total, 44 different
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prey items were identified (Table 6). Cf the animal rema:ns

Road

found 1n the scats, elk was f%e major food item both years
and overall accounted for 12.7% of tgéddiet. Cervid young
were next 1n 1mportance with a frequency of occurrence of
almost 8%. Beaver and deer accounted for 6.3% and 4.0%,
respectively, of the diet. Scats that did not contain hair,

consisted mainly of vegetation, berries in part rcular.

F. Wolf food habits at homesites

Wolf scats were collected from two rendezvous and two
den sites during the summer of 1983 (Tuble 7). Seventy-two
food 1tems were identified in 57 scats, 10 of which were pup
scats (13 items).

A G analysis indicated no significant difference in
‘scat contents between those from homesite areas and those
from nearby trails (G=8.52, p > 0.10). The ty; méng food
items from both areas we}e adult elk and beaver.

A comparison between wolf scats from homeglﬁes and all
other summer scats was significant (G=19.51, p < 0.01).
Individual comparisons indicated two major sources of
variation: beaver (G=4.66, p < 0.05) and miscellaneous 1tems
(G=9.66, p < 0.01). The frequency of beaver from homesite
areasl(33.3%) was sighificaﬁtly greater than that for the.’
park as a whole (16.8%). Conversely, the frequency of
miscellaneous i;emS'was significantly less from homesites

(8.3%) than from the rest of the pérk (24.8%).

i,



TABLE 6.

Freguency of occurrence of food
summer bear scats.

1tems

in

Year Total %
éOOd Item 1983 1984
Elk 8 8 16 12.7
Deer 5 0 S 4.0 .
Cervid Young 8 2 10 7.9
Beaver 6 2 8 6.3
Snowshoe Hare 0 1 1 0.8
Muskrat 1 0 1 Q.8
Cricetidae’ 0 2 2 1.6
Squirrel 1 0 1 0.8

g &%
Vegetation 39 43 82 65.1
{

1 Excluding muskrat.

42



TABLE 7. Summary of fcod i1tems found at wolf
homesites and nearby trails

Homesites Trails
# of % # of %
1tems 1tems

Elk 5 I 34 .4
Moose 6 0 0.0
Deer 6 1 3.1
Cervid Young .6 7 21.9
Beaver 24 33.3 10 31.3
Snowshoe Hare 2 2.8 1 3.1
Muskrat 4 5.6 1, 3.1
Cricetidae’ : 1 1.4 0 0.0
Porcupine 0 0.0 1 3.1

Squirrel 2 2.8 0 0.0

! Excluding muskrat

l
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G. Ungulate distributios and densities
Mid‘win;er counts of elk and moose have been conducted
regularly 1fi R.M.N.P. since 1976.5A-simple est;maﬁe method
» (1.e. multiplying animals seen by a factor of foq;) has
traditionally been used by park personnel to calculafe
population numbers. Using that method, the estimated
popuiations of elk and moose during the course of the study
were 4936 and 3140, 4092 and 3292, and 3440 and 2764,
respectively, as determined by three aerial surveys
(1982,1983,{984). The estimated averages during the study
were 4156 elk and 3065 moose.
Statistical analysis cf the mean nﬁmber of elk and
“moose recorded per survey block was also used to est ate
total populqtions with 95% confidence limits. (Fiv ndred
and sevénty five of 2326 blocks, or 24.7% of the park was
sampled.) The estimates for elk were 4996 t 706, 4142 + 496,
and 3482 + 373, for 1982, 1983 and 1984, respectively, and
for m;ose, 3178 + 296, 3332 + 308 and 2798 + f51. These
values are similar to those simply estimated, althbﬁgh iﬁ
alf caseé sliéhtly higher.
The statistical analyéis was’'extended to the counts
'cohdueted from 1976 to 1981 (Fig., 7). Elk numbers have shown,
' ¥’recent downward trend from the peak éeached in 1979. The
;984 population of‘3482 a 34% drop from 1979, is the lowest
recorded since annual surveys began. .
! Moosé numbers formed a plateau from 1979 to 1981. Since

then numbers have decl1ned by 29% from a high of 3927 to a

y,
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low of 2798. The 198; population is thehlowest recorded
since 1978. The estimated densities were 1.7 elk and 1.1
moose per km® in 1982, 1.4 elk and 1.1 moose per km’ in
1983, and 1.2 elk and 0.9 moose per km? 1n 1984,

a;erall there is a significant correlation between elk
and moose numbers since 1976 (r=0.67, df=7, p < 0.05). In
general, numbers increased until'the late 1970s, levelled
off-for a few years and then declined.

Examination of the confidence limits for the 13982, 1983
and 1984 elk and moose counts did not.suggest much
significant variation (i.e. only the 1981 and 1983
confidence limits for elk did not overlap). An ANOVA was
carried out to examine tge overall.trends. All years from
1976 éo 1984 inclusgxe were considered in the analysis. For
both ungulate surveys, the mean number of animals seen per
sampling unit for the different surveys, were not all the
same (F ="14.01 and F = 3.89, for moose and elk,
respectively, p < 0.05). Multiple comparisons among all
possible pairs of means within‘each Sft of surveys, was
carried out using the Welsch me t hgd (Sokal and Rohlf 1981).
For elk, the peak value reached in 1979 was significantly
dlfferent from the lower values recorded in 1977, 1978 and
1984 (Fig. 8). The second and third highest £stimates,
recorded in 1982 and 1981, respectively, also differed
significantly from the results from 1984. The comparisons of

1977 and 1978 with 1982 were both close to being

significant.
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Results for moose were similar (Fig. 8). The estimated
population sizes for 1979, 1980 and 1981, were significantly
greater than those for all other years. In addition, the .
1982 and 1983 estimates were significantly greater than the
estimates for 1976 and 1977.

Overall, these statistical results may be interpreted
as 1ndicating that the trends seen were valid. In
particular, both Qngulate populations reached a peak in the
late 1970s, before undergoing a decline to 1984.

The distributional relationships of elk and moose were
examined using the results from the 1983 and 1984 surveys
(Figs..9—12). Of the 266 quad}ats (10.2 km*) crossed by the
aerilal transects, elk occupled 64% in 1983 and 73% in 1984,
for an average of 69%. Moose were present on 78% of the
quadrats in 1983 and 79% in 1984, for an average of 78.5%.
The combined populations occupied 91% and 92% bf the
quadrats during the two years. The distribution of all four
populations @iffered significantly from a Poissoﬁ
distribution ana hence were non-random (x* =159 and 87 for
elk; 59 and 37 for moose).

. Mean centers of areal distributions can be used either
to trace any change in distributional patterns ovér time or
to compare two or more distributions in the same area

(Taylor 1977). Standard distances are analogous to standard
deviations and serve to indicate dispersion around the areal
mean (Taylor 1977). The mean centers and standard distances

for the four populations clearly indicated distributional
) : o .



49

€861 "Mi@ .04 saituobajied sse|d A3isudg 6 OSI4

(Pvub L43d 410 9uow JC §) A}iSuap ubiy Auap
(P46 48d (@ G-p) Adisudp bW
(PtuB u3d w8 g-z) AI1SUdP B1@IBPOW

(PL4b uBd w8 ,-Q) A3i1Suap mo"

e : PBPN DUl I0U SIiun (e )yuey
® . [ -
[ Oloejeloe JIJ .
J L J e le [
[ ] eloejO@|@® ®o]e . .
o ‘..0 . ...
. ololefe ojeol@ ®lelofe
® ®[@]eje ] [ ojeje [ ] P C—
. . ol 0 ON o] - [ ° o
oefee @@ ° . [elTel
. . ®le]e eole ® LER J [
ele] e




.

‘Ol4

‘\.

.
v861 "Mi8® .oy saiuobaied sse(d Ayjsuag QO
(Py4b s8d w8 8u0W uO 9) Arisuep ubiy Aaap
d .ﬂ_ (Pt4B J4ad 1@ G-p) Ayysuap uBn
ole .
._ (P1ub sad wie €-Z) Ayisuep eivuspop
° :
(Pt ub uad x(e 1 -0) Alisuap mon
e |®| o
°ol®@le|eo]e . ~ P3BpN{dUl 10U S}tun (e} jaeyg
>
clo@® Olej@®.]. ’
ojojlo |@f{O®]0 O oo ..
@ [e]e *lejejejo|.]@ ol e
.0 MM EADN @] o]e oo o Y
°@cl*|lo]e|+@e@®e ' OEEOM - |-
ofohe o clelciolole ojojeo|@le ol
¢lojoejol/e|@({cl@®]e o] @jeje
oo cjej®lefe]ejo|® JBBRED ® ® ®
®|®|eloisi0|®]slelelo® ®lelo . ole
MMM IBDRnn ° @] . .
*lelejc]lo/@®l@® ole o ®le
s[o]efo] A rr& . ° .




€861 '8soow .0, soiuobaied sse|s Aysuag bb 914

N (Pt 46 sad asoow 8.ow uO p) Alsuap ybinH
. ° (P46 18d 8sS00W £-Z) AVISuBP ©3}8JBPOW

(P14 4dd 8sOOW | -Q) A}}Suap MmO7

PPN JuU} Jou SsIiun (e} ydey

ojefefeof
®
@
°




(Y]
ud

r86i1 "8soow up,; sacuoBajed sse{d Ayjsuadq tA 914

. ° (P1 4B usd 8soOw auow uO v) Ayjsusp ybjn
ele (P1ub Lsd 8soow g-7) Ay} Suap 8i1euBpON
.. d :u:m; 48d 3so0w | -5) Ajisusap mon
s .A. PBPNI DUt 40U S} IuUN [§tyduRy
oio|e - ~
@ MMEI BB
bl LA £ 3 £ (] ole O .
®le oieoi@e ® °|®
@ @l ojele[e]e ele]e ..—..
oflole ojejofe]el@ o o_. .l®
ofe olojojei@e| e @@ efele
olefe LJ d [ . . ¢ eje]e )
°|@® [ olele ° O®lele e °l® .
. o|eolefe ) o ° ololele o o
ol ®loje| @ Y ® ® ole . PY
°® . ° @ ole
® [ ] ° PY °




(4]
(o8

differences between them (Fig. 13).

The results above indicate that:
i) Moose were more widely dispersed than elk,
2) Elk were more oriented to the western end of the park
than mdose, and
3) Individuals wit$%in a population were not randomly

\

distributed in regard to conspecificsi more so for elk.

To 1investigate this last po;nt further, variance to
mean ratios were calculated. Ratios greater than one, equal
to one and less than one indicate clumped, random and
regularly dispersed populations, respectively. For elk the
ratios were 6.17 and 4.30, and for moose 2.29 and 2.11, 1n
1983 and 1984, respectively. These results clearly indicated
clumped distributions. for both prey species.

Interspecific association was examined by means of
Cole’'s (1949) coefficient of association. The value for 1983
was 0.04 and for 1984 0.09, indicating a very weak pesitive
association. Chi-squared values, however, were not
signifdicant (x* = 0.16 and 1.62) indicating random
distribution of elk and moose populations with respect;to"

each other.

- H. Beaver densities
Aerial counts of beaver caches have béen conducted each
fall from 1976 to 1983, except for 1978 (Fig. 14). The 1984

survey team experienced logistical problems and the survey

\
\
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was not completed, hence only partial resu.ts for that year
are ava:lable. The number of colonies for years 982 and
1983 were 3316 and 3967, which, given an average of 5
beavers per colony, resulted in an average population during
the course of the study of 18,210 beavers.

The number of caches incréased by 5.5% from 1981 to
1982, and then by 19.6% from 1982 to 1983. The 1983 survey
gave the highest estimate of caches since the survey bégan.
The 95% confidence limits suggest that the true population
for 1983 was between 3283wand 4650. Partial results from the
1984 survey indicated generally lower values for each
quadrat sampled compared with the previous year. That resylt
Suggests that either the population for 1983 was
Overestimated, with the true and unknown value perhaps lying
in the lower range of the confidence interval, or that the

population was for that year only at a much higher level

than previously.

Correlation analysis indicated no significant
relationship between beaver numbers and elk (r=-0.345, p >
0.05) or moose numbers (r=0.110, p > 0.05)'sincé 1976. There

was also no correlation between beaver numbers and summer
ey, .

rainfall from the previous year (r=-0.056, p > 0.05).°
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I. Other prey populations

Because of their 1nConspicuous nature from the air
white-talled deer couid not be adequately counted dur:ng *he
moose and elk survey. Pellet count surveys were not deemed
efficlent or reliable enough to give valid population
estimates, No deer activity was recorded during the 1983 '84
winter survey of snowshoe hare.

The best estimate available came from winter sighting
ratios of thevthree ungulate species. Over the course of the
study thé’ratios were ™. 0 deer: 3.0 moose: 3.7 elk” In other
words, the deer population was approximately 27% of elk
numbef; and 33% of moose numbers. (Assuming the sightability
of fpe three species to be approximately the same.)

Carbyn (1980) considered deer to follow the same
population trend.as elk. A.composite index derived from both
sighting ratios and ground surveys in a 150 km? study area:
(Trottier et al. 1983) gave a ratio.of 1.0 deer: 4.0 elk, or
about 25% of the elk population. This value is in close
agreement with my own result, and owing to the larger sampie
size of the former and the desirability of maintainigg
consistency, the 25% value will be used. Hence, given the
ﬁean elk popqlation of 4156, the mean deer population was
estimated at 1039. This is a crude énd qualitative estimate,
but it was considered suffiéient for use in certain °
calculations.

The snowshoe hare population crashed during the winter

of 1981/82 after having reached a peak in 1980/81 (Carbyn et



/ . 58

al. 1985). A snoﬁshoe hare activity survey was conducted in
the winter of 1983/84, with the resulting index being
markedly lower "than those recorded earlier in the-park (Fig
15). During this$ studyv, the hare population was in the
decreasing phase of the cycle, with the summer of 1982
poss}bly contaiﬁing a slightly greater population than that
of 1983 since it tukes two to four years for hare

populations to reach a minmimum after passing a peak (Keith

and Windberg 1982). In éontras _Carbyn's study took place
during the increasing phase of ~hare cycle. ‘

.J. Age and sex classification of elk and moose

\ Unlike thé eagly winter counté flown in November, the
late winter count conducted in March 1984, did not allow for
adeqhate‘discriminatipn between cow and calf elk; hence a
detailed analysis of data frém that survey was conducted
only on the moose sightings. The areas searched wére choseq-
3ccording to the results of cenguses (Figs. 9-12) to provide
thf mos* animals in the least amount of time as weli’as(é'

representétive éample of the varioﬁs age and sex classes
(e.g. Pull elk ranges) (Fig. 16;; .

' In all 1477 elk were sampled in the first survey (Table
8). Given a 1983 pdpdiafion of 4092, this meant a’sémpling
proportion of 36%. Based;bpon the‘cdg:lative‘count, the
ca}f-cow ratio becéme'Eonstanf by the third day of the

survey (six days qefe flown). Of the 423 bulls sighted, 37

*
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FIG. 15. Snowshoe hare abundance index (tracks/km)
as related to R.M.N,.P wolf studies.
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TABLE 8. Age and sex classification of elk and moose
in R.M.N.P,

Calves/ Bulls/
Survey Bulls Cows Calves 100 Cows 100 Cows
" November 1983 ) .

Moose 207 418 135° 32.3 + 4.2 49.5 + 6.0

‘Elk 423 863 191 22,1 ¢+ 2.2 49.0 + 3.5
March 1984

Moose 1?3 271 68 25.1 + 5 49.1 + ¢ .4

Elk 162 381: - - 9

-
331t 50 15.1 + 2.9 49.0 + 5.9

November 1984 ,

Moose 61 255 130 51.0 + 7.1 23.9 + 4.9

Elk 385 636 114 17.9 ¢+ 2.5 60.5 ¢+ 4.9

I Confidence intervals from Czaplewski et al. (1983).
2 Antlerless elk. -
3 Assuming a bull/cow ratio the same as early winter.
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or 9%\nge classified as yearlings. .

Basga\gpon a 1983 population of 3292, 23% of the moose
population wag\gem?{fg E?xNovember 1983. A constant ratio of
calves per 100 co;s was reached before the end of the
survey. A twinning rate of 1.5% was observed. The 207 bulls
included 8 (4%) spiked or yearling males.

Altogether, 162 bulls and 381 antlerless elk were seen
during the March 1984 survey. In order to get some estimate
of the number of calves, it was assumed that the bull-cow
ratio had remained constant from thé early winter. Hence the
antlerless animals would have included 50 calves, giving a
ratio of XS@{ *+ 2.9 calves per 100 cows. This result should
be treated with caution; it is likely an overestimate since
bulls usually suffer more mortality than cows during the
winter (Peek 1982).

The moose calf-cow ratio decreased by 7.2 calves per
100 %cows from November 1983 to March 1984; however the
confidence limits of the two surveys overlap and therefore
the decrease may not be significant. The bull-cow ratioiwas
almost identical to that seen in November.

Based on the Fébruary 1984 ungulate survey, only 16% 6f
the elk and 17% of the moose populations were sampled in ;he
March count.althougﬁ'the amount of flying time was about the

, A
same as in the November surQey. There were at least three
reasons for the decrease: -

1) Populations, especially of elk, were more dispersed in

March than in November. \ ' ;‘
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2) A longer time was required to classify each animal (moose
drop their antlers in mid-winter, so the presence of a white
vulva patch or a light coloured nose had to be used to
discrimiﬁéte bgtween the sexes).

3) Observability was poorer because of more severe winter
conditions (e.g. frosting up of airplane windows, poorer
light conditions).

The November 1984 elk calf-cow ratio was lower than
that of the previous year, but the confidence intervals
overlap;;d. The bull-cow ratio showed a significant increase
from 49.0 + 3.5 t§ 60.5 ¢+ 4.9, Thir;y-three percent of the
park population wag sampled. \‘W

The mabse calf-cow rat\o showed a significant increase,

to a value of 51.0 + 7.1. The ll-cow ratio also differed

significantly, dropping to 23.9'+ 4.9 from 49.5 + 6.0 a year
earlier. Only 16% of the park population was sampled.

The data for the three surveys were Classified into
sex-age groups (Apbendix 4). Moose cow-calf groups (2.1 and
.2.0) were significantly larger than cow-calfless groups (1.4
and 1.1) in both November 1983 (t=12.28, n=377, p < 0.01) -
and March f984 (t=22.50, n=211, p < 0.01). This relationship

did not hold for elk (t=0.96, n=277, p > 0.20).



K. Prey selectivity by wolves

Survey data were combined with scat content data to
derive an estimate of large prey selection by wolves (Table
9). Mean population sizes of moose and elk were taken as the
averages of the 1982, 1983 and 1984 mid-winter ungulate
surveys, while the fall surveys of 1982 and 1983 were used
to estimate beaver numbers. Deer were assumed to follow the
elk population pattern and were calculated as one-quarter
that of elk. Given an estimate of the total biomass of a
specles and considerihg the relationship between weight and
collectible scats for that species as derived from the
equation of Floyd et al. (1978), a value repreignting the
potential collectible scats can be Calculated.'Taking all
four species into consideration an expected scat collection
was calculated and then compared with actual scats collected
to derive an estimate of selectivity.

Moose was the least taken or preferred species of the
three ungulates. Summer use was particularly low with a
selection of use of only 27%. Overall, elk’was clearly the
preferred species, with both summer and winter selection
rates more than twice what would be expected from random
selettign. The deer population, although.sustaining
relatively little predation in summer, had the highest
selection rate in winter‘(over 3 times what would be
expected if predation were random). The sg#ection rate for

deer would be higher if the population was overestimated and

lower if it was underestimated. Beaver use was overall less
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than half of that expected.

L. Impact of wolves on elk

Losses of elk to wolves in the whole pérk were
calculated primarily by using data from this study.
Estimates of daily consumption by wolves in summer were
taken from the literature (Kuyt 1972, Mech 1977) wgale
winter k:11 rate and proportion of elk calf hair among
cervid young were taken from the earlier R.M_N.P. study
(Carbyn 1980, 1983).

Starting 1n the spring period, éhe 3-year average
population of 4156 would consist of 2681 COwS glven a 2-year
average ratio of 55 bulls to 100 cows. Data collected by the
province from hunter kills around the park, indicated a
pregﬁancy rate among cow elk of 69% (n=713 (D. Davies
pers.comm.), giving a potential production of 1850 calves.
(This is likely é mihimum pregnancy rate, since some hunters
would be likely not to report killing a pregnant cow.) Thus
~the late Spring’ﬁiﬁimum population would be 6006.

The 1983-84 winter wolf populatidn was estimated to
consist of 59 adults and 16 pups divided among 12 packs (P.
Paquet pers. comm.). The adult food requirement from 1 May
to 30 September, assuming’an average of 1.7 kg/day/wolf
(Mech 1977), would be ﬁ5,346 ké. Pups would neéd 1541 kg
from,15 June to 30 September, assuming a requirement of 0.9

kg/day/pup (Kuyt 1972). This dead weight can be conYerted to

-

~

1

.



a live weight estimate by considering the former to be equal
to 0.75 times the latter. Thérefore the total summer
requirement for wolves in the park wou;d be 22,516 kg.

Assuming that 79% of cervid young hair was from elk
calves (Carbyn 1980), then by welght elk calves were 4.5% of
the die‘ﬁ&1013 kg) anaigéult elk were 79% (17,788 kg) of the
reguirement. Giyen averaje welghts of 247 kgselk adult and
30 kg /elk calf, 72 adults and 34 calves would have been
lost” to wolves.

In the fall-winter period, 12 packs with an assumed
relati;ely high ki1ll rate of one ungulate per 2.7 days
(Carbyn 1983) would have required 942 uhgulates over the .
cour@e of the 212 days. The numerical ratios calculated from
biomass equivalences in winter of 1.0 elk per 0.17 moose,
per 0.30 deer, would result in 641 elk kills. (Recent
results, suggesting a more moderate kill‘rate of one elk per
nine days (P. Paguet pers. comm;), would result ih only 283
kills.)

Hence the year end popwation, giyen only losses td

Molves would be 5259 animals (6006-747 kills), a 27%

o

*

increase from the starting population. Wolves by themselves

could not‘@epress elk numbers.

o
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M. Weather data

Since weather conditions can play a role in
predator-prey relationships (Peterson 1977), summer
precipitation levels dnd w{nter snow and temperature
conditions were analdzed (Tables 10 and 11).

Summer precipitation 1e4els were below the 11 year

)
average 1n 1983 and 1984. In Eontrast, 1882 levels were
somewhat above average.

Totals of mean monthly snow depths for the winters of
1981/82 and 1982/83 were‘76.0 cm and 113.5 cm, respectively;
well below the 7—yea§_§Yerage (77/78-83/84) of 149.3 cm. The
winter of 83/84 had abobt 18 cm more snow than average.
Unusual snow conditions occurred in the late winter of 1983,
An 1ce-rain storm in early March left an lcy-crusty snow
coveri

Temperatures have generally been near average. The
9-year (75/76-83/84) mean daily temperature througheut the
winter (Nowember-March) was -12.1 °C. The readings from
81/82 to 83/84 were -12.6,.-11.6 and -12.9 *¢, respectively.

Monthly and total winter severity indexes were
calculated for the last three winters of the study and
compared with results available from previous years (Table
12). The data indicate that winters in the 1980s have been
generally less severe than those from the 1970s.

The totzi wintér severity indexes we;eAéompared.to elk
and moose numbers. Neithér»unguiate population was

significantly éorrelated with the index (p >0.05). To test

Al
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TABLE '0. Summer precipitation recorded at Clear Lake,

R.M.N.P., 1974-1984 " .
Precrptitation (cm)

Year May . June July August Sept. Oct. Totai
1974 8.0 2.5 8.1 6.4 5.7 0.2 30.9
1975 3.4 10.7 10.5 19.5 12.5 - 60.3
1976 1.1 15,5 1.1 2.3 1. 1.5 . VS
1977 12.8 10.5 137 4.4 9.8 3. 54
1978 6.0 9.6 5.8 6.6 9.4 1.3 i@gg is
1979 6.6 5.9 ?TfPN\\ 4.0 5.6 2.5 29.4
1980 1.5 5.5 9.5 14.9 7.8 3.3 42.5
1881 6.1 6.9»;’&5.5 8.0 6.9 . 3.9 37.3
1982 5.2 4.7  14.9 5.3 5.7 6.4  42.2
1983 2.4 7.9 10.8 1.4 - 1.1 2.7 26.3
1984 3.0 10.0 2.2 3.0 7.3 . 6.9 32.4
11-year ‘ ) ‘
mean 5.1 8.2 7.9 6.9 6.6 3.2 ©37.9

1 Extracted from park records.
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TABLE '1. Winter weather data coliected from various
weather stations within R.M.N.P."

L
Nov. Dec. Jan. Feb. March
Mean
Minimum °C
81/82 ~4.3 -17.6 -31.0 -20.6 -14 .0
82/83 -15.3 -17.2 -18.6 -16.:9 -12.9
83/84 -7.8 -29.4 -23.7 -14 .2 -20.3
Mean
Maximum °C
81/82 . E 3.8 -9.6 -20.3 -9.1 -2.9
82/83 -4.9 -9.0 -9.3 -8.1 -4.3
83/84 -2.6 -19.6 -12.1 -2.6 -6.8
"Daily Mean °C
81/82 , f -0.3 -13.6 -25.7 -15.0 -8.5
£2/83 -8.9 -13.3 -14 .1 -12.6 -8.9
83/84'j -5.4 -24.2 -17.7 -7.6 - -9.4
M‘eaW?‘6-83/84) -5.3 -16.0 -18.3 -13.3 -7.7
Mean Snow Depth .
B1/82 0.0 . 0.0 21.6 27 .1 27.3
82/83 3.2 15.7 25.3 29.2 40.1
83/84 28.7 31.0 32.3 33.0 42.3
Mean(77/78-83/84) 14.4 25.3 ™~ 33.7 38.0 37.9
Mean Snow Density
81/82 - - .09 L12 .15
82/83 ~ .19 .14 .14 .15 .22
83/84 - N2 .18 .18 .17 .J8
| Extracted from park records.
’:

R |



indices For R.M.N.P."
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TABLE 2. Winter Severity

Mean .

Monthly ey

Severity 77/78 78/79 79/80 80/81 81,82,82,83 83/84
b

November 33 48 35 46 2 32 39

December 78 66 73 66 38. 54 8

January 89 81 90 65 55 - 61 73

February 93 100 96 b6 51 4 68 60

March 83 105 93 6 42 7 93 70

April -3 70 -8 -3 42 39 5

Total. 376 470 381 246 230 &7 §

Green-up’ -6 34 -16 12 -4 4 22

8
Winter 370 504 365 258 © 226 351 ¢ 289
Severity

! Extracted from park records.
2 Calculated as difference between green-up date and mean

green-up date multiplied by two. The value is added
when green-up occurs after the mean date, subtracted
when it occurs before.



for delayed etfects of winter conditions, the index values

T
)

were shifted up -o 5 years forward and correlated with elk
and moose numbers. None of the resulting correlation

‘coefficients was significantly negative,

,
P
-~ ~.
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V. DISCUSSION
A. Canid feeding habits

Wolt: general characteristics
| The results of this study wesg consistent with those

from similar research carried out in the park from 1975-79
(Caroyn 1980) . Tﬁe consumprion of the oajor prey species,
elk, was up siightly although not significantly, fiom the
past study. The average population of 4156 elk for this
\studyﬁias comparable to the 4-year average of 4160 for the
earlier study. Elk has been an important food item in Jasper
National Park, with frequency values of 47% (Cowan 1947) and
30% (Carbyn 1974) .<Elk used to be the main food item fo;
wolves in Yellowstone National Park (Weaver 1979b). Oon
Vancouver-lsiand Roosevelt elk at 18% was second in
sMimportance to mule deer at 80% (Scott and Shackleton 1980) .
Elk \was and clearly still is, the most 1mportant prey item
for wolves in R.M.N.P. ‘ -

_ Beaver consumptlon ranked second in importance. ‘Many
other stud1es including thosg by Voigt et al. (1976) and
Peterson (1977) have commented upon the sxgn1f1cance of
beaver in the dlet of wolves. They found that as the prlmary
‘prey decreased in,abundance (moose” on Isle Royale,
'wh1te*ta11ed deer 1n Ontar1o) -use of beaver increased
:markedly Fuller and Keith (1980) alsozrelated beavep use to.

S \..

relatlve avallablllty, however, they noted that even if

~ . - » -
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beaver numbers were high, adult moose were still pmeferred
1f they were also abundant. Use of beaver was numerically
greater, altﬁough not statistically so, in the second year
of this study. As beaver numbers increased (Fig. 14), elk
and‘moose numbers declined (Fig. 7). Although this sugéests
that wolves in R.M.N.P. responded to changes in relative
availability of~beazer,,other explanations cannot be ruled
out. For example, vdlnerability of beaver is likely to
increase when beaver forage great distances away from wazer
(Peterson 1977), which may occur because of food sho;tages
or low water levels owing to low precipitatiop. The latter
faetor may have been of importance in the non-winter months
of 1983 when‘total\raiyfall QaSuonly 26.3 cm, well below the
11-year average (1974:1984) of 37.9 cm.

Both moese and whige—teiled deer were numericéll? minor
°food items. In areas where the larger moose is the only
ungulate prey available to ;olves (e.qg. pafts of Alaska,
QueBec, Albertarend fsle Royale), they experlence heavy
predaéion (Peterson 1977;_Messier 1985 Fuller a;d Kelth
1é80, Peterson ef.al} 1984) In northern Mlnnesota and
Ohtario where both moose and deer occh; the latter is the
\primary prey of- onves (lelott etal. 1969, Mech 1977),
Vancouver Isl@nd pule deer are taken more than Roosevelt
Elk by a factor of four to one (Scott and Shackleton 1980)

4

Clearly in R.M, N P in bo@h 1975 79 and thls study, moose:

“a

and deer were used ‘much less than elk.

L)
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There was no difference in tﬁe use of snowshoe hare
between the two studies. The overall use of 7.3% occurred
during a period of low hare abundance: the declining/phase
of the hare cycle.

Although consumptEon of cricetids was statistically
less in this study\t an 1n that of Carbyn (1980), the
difference could pes ibly be“explained by annual variation
1n vole numbers (Southern 1979). Unfortunately it was not
possible to obtain tren$“§ﬁformatxon by snap trapping in the
park. However, a close look at the yearly frequency data ftor
the 1975-79 period is coneistent with the view that cricetid
numbers undergo significant annual variation. In the summer
of 1977, wolf.use of this minor prey resource,'as indicated
by frequency in scats‘was 19.6%, giving an overall summer
average of 10% (Carbyn 1980).’When 1977 data were deleted;
the average for the remaining‘summers was 3.3%; which was
only slightly more then the 3.2% obteined for this etudg;w’"
Therefore,; if wblves take more. crlcetlds when they are more

abundant and 1f voles unde:go B standard 4-year cycle

(Southern 1979), then the relatlvely lowmuse in this'study:

- 1]

compared with the prevxous 6ne may be because no scats were
collected during a peak year (i.e. 1981 or 1985)
No occurrence of cattle hair was noted in ghxs study

This could perhaps have been. a result of a sanpllng blas,

«

-

s1nce few scats were plcked up on the perlphery of the park.
However since VOlves can travel long distances after
“feed1ng, some cattle halr would be eXpected it they used

a *
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livestock to a significant degree.

Overall the high freduency of mammalian items and the

low use of vegetation, invertebrates and birds, agrees with

. the results from most other studies. Consumption of large

prey, that is ungulates, occurred at a T?equency of 55.5%. 1
suggest that these results and those from the 1975-79 study,

indicate that wolf feedihg habits have not changed in recent

., years.

\
Coyote: géheral characteristics -
The frequency of oocufrenFe of elk hair in coyote scats

was significantly higher in this study than in the 1975-79

study. However, the overall value of 27.9% cdnnot be v!!aed

as exce531vely high or without precedent. Bowen (1981) found

»

v

‘e of elk in Jasper National Park to be as highlas 29% in

'wlnter and;, 26% in summer. Weaver (1979a) not only found a

3

literature that coyotes kill Weaver. 1979a), so it must

freguency of occurrence of 74% between January and March,

“but., ?elated coyote numbers to the abundance\of elk carrlon

S
‘n‘Jackson Hole, Wyoming. Murze (1945) determlned that elk

in Montana made up 20% of the diet and Bekoff -and Wells

(1980)?1ndlcated that ungulate carrion, partlcularly elk,

- ' [

" was of ggeat importance in the winter for coyotes in Grand i

Teton Ng§1onal Park. There i little evidence in the

>
.

1 that the majority of elk hair in coyote scats

carrion. In R.M.N.P. there are four potential

~offwrnpe;'ca:rion: 1) huntgn:kills, 2) wolf.gills,
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_Jasper National Park where they use elk’ (Camezind 1976 )\

would beoi::/ggl9£xSQ9Fte for coyotes. - ' -
: Coy occur in paEks in areas such as Wyoming and

/

/ 79

3) winter kills, and 4) other natural mortality. Hunter

kills occurred ongy around the edge of the park and actually

‘decreased in numbers in the 1983-84 hunting sezsor (Appendix

5). Wolf kills, as suggested_by hair frequency in scats, did
not 1increase significantly in comparison with 1975-79. With
the decreasing elk populetién, 1t 1s conceivable that the
number of winter kiils was large and ihcreasing. If that
were true, however, one wouid expect an equivalent }ncrease
in elk use by wolves, which ie not supported by the data.
This seeming(paradox could perheps be explained by a greater
functional re}ponse by coyotes to 1ncrea51ng carrion. In
other wdfagi coyotes may be more actively searchlng for both
winter and wolf kills, than they did prev1ously. In "
additioe, wolves may maintain a preference for killing their
food and ‘hence not respond immediately to 1ncrea51qg '
carrion. . : . o

~

The greatest statistical dlfference between coyote use

. -

of elk in this study and the" prev1ous one, howeVer occurred

in summer . Agaln elk, carcassgg from wolf kllls or die- offs

B

/

“

Bekoff and Wells 1980, Bowen 1981). Although there is
[ L . ) ,

indication of pack formation among coyotes that kill deef in
, p g Y

_R.M.N.P. (P. Paquet pers. comm.), singles.and palrs (as

indicated by tracks) are the. norm. In R1d1ng Mountaln elk

“are non-migratory andeell—dlspersed in winter relat1ve to




78

elk populations in mountainous areas. Hence the carrion
resulting from winter kills is not concentrated and there is
little advantage for packs to foA@ to defend large scavenged
carcasses. Time spent at carrion resulting from wolf kills
would be ‘much less than that spent at winter kills since
lves ‘may haye co n5umed much &f the carcass before its
g?sCovery by coyotes.’ C
Few studies have indicated the importance of beaver in
the diet of coyotes. Most other studies in regiohs where -
beavers and coyotes are common, took pla?e in winter when
beaver are at low rrsk. Berg and Chesness (1978) found
wiprer frequency of occurrence of beaver hair to be less
(/Av?%an 1% 1n northern Minnesota. In Ehe Adirondacks, use
throughout the year was less than 0.5% in occorrence
(Hamilton 1974)- Young and Jackson (1951) provided anecdotal
ev1dence of coyotes killing beaver 1n Colorado. Hllton
\(1978) considered beaver tO‘beuan unusual prey item of ..
y coyotes aﬁd suggested that the occurrence Bf beaver in

coyote scats’ f rom ‘Maine (18% in spr1ng, 8% in fall)

x reflected the’ recent*development of °a searchlng 1mage for

N .
L}

"beaver. Coyote use 0 beaver has 1ncreased since. the 1975- 79
_‘study (Carbyn unpubl data) partlrularly in the fall and’
2summer. Most of the increase occurred in the second year of

- the study when frequency of ocCurrence was- 23 1%, ~tr1ple}
'that of 1983 Thxs suggests the.p0551b111ty of a functional

) resgonse by coyotes to changes,;n beaver numbers andVor , .'

4j1ncreased vulnerab111ty\to predation ow1ng to low water

a . . Ly Y
ERE - . T CL A
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levels.and possibly a greater number of beavers occurring 1n
marginal habitat.

Deer use also increased from the earlier study,
particularly in‘the summer. Whether that change resulted
from changes in the‘deer-population 1s unknown since no
censuses of deer were taken. I1f observational ratios are
valid, then the average deer population from 1982- 1984 was
similar t> that gpresent during the previous study. Coyotes
can kill deer as well as use them in the form of carrion. in
Minnesota, Berg and Chesness k|978) reported frequenc;es of
occurrence of 55% in winter and 27% in summer and concluded
that most use was as carrion. In northern Wisconsin,
frequencf of" deer hair in spring scats appeared to be
related to the severity of the preceding winter. A severe
'.w1nter produced much carrion afid a frequency of use of 62%,

an 1ncrease of 27% over a mlld winter (Nlebauer and Rongstad

-

T&’») Huegel and Rongstad (1985) found a deflnlte Shlft
from snowshoe hare to ‘the k1111ng of deer in late winter in

w;scon91n upder conditions of deep and .crusty snow. These

‘

anyrgo@ditipns giVé coyotes an ad;antage in mobility ever
- deer,'since‘they are'oftenuable to run on tdp of the snow
while deer break thrcugh the'crust ;which slows them'dOwn' A
wSlmllar preponderance of late w1nter kills has been noted in
R.M. N P " by Paquet (unpubl data) Use of deer by coyotes in"
this study, as 1nd1cated by scat anal}siS' was gre test in

'1983 wh1ch correlates with the March 1983 Crusty snow . . ‘

cond1t1ons when_anlarge numberdof deer killed by coyotes . .

e
. . - - -
o o . e . P
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were found. Hamlin et al. (1984) found mortallty of deer
fawns 1in Montana to be lowest when the microtine population }//

.

was hxgh. In Maine and South Dakota, Hilton (1978) and i
MacCracken (1984) found deer to be the primary food in
winter, whereas cgicetids were 1n summer. The last two
studies cited suégest a possible explanation for the
increased summer use of deer in this study compared with the
-previous study in the park (Carbyn unpubl. data). Both
cricetid and hare numbers were low in 1983 and 1984, which
may have res:lted in a greater dependence of coyotes.on
deer, _

Cricetids, muekrats and miscellaneous items were of
less importance, inm this study than in the 1975-79 study. As
for wolves, deletion of data for summer 1977-fromlthe

.analysis resulted§inpcloser agreement of cricetid
frequencies betweeh the two studies. Correlations between
small rodent populations and their use by coyotes.hawe been
reported (Pastuck‘1§74, Niebauer and Rongstad 1977). Tﬁe
drop ie-muskrat use was significant-fér all four seasons and
hence the 51mp1est explanatlon could be a lower muskrat ‘b"

populatlon. The drop in miscellaneous 1tems occurred in the

w1nter. The f1rst study xn R.M.N.P. found greater use of

1tems like porcupxne, squ1rre1v'brrds and f1sh than this

o Al

. 'study There 15 no obv1ous explanatlon why this was SO.. %
The frequency of occurrence of‘snowshoe hare did not
d1ffer 51gn1f1cantly from thai recorded in 1975- 79. Neither

study took place dur1ng the peak of the local hare cycIe

. .

'~ T



which occurred in 1980/1981 (Fig. 15). An obvious question
is how would coyote use of hare in R.M.N.P. change duri1ng

peak levels of snowshoe hare? Pastuck (1974) working in
Harcus and Spruce Woods;*Manitzba, gbserved from the peak to
non-peak years, a 10- to 15-fold decrease in hare numbers
along with a 33% decrease of hare in the scats of coyotes.
‘i South Dakota, MacCracken‘(1981) found that when abuﬂdang,
‘leborids were preferred over rodents and‘went on to suggest
that when abundant, léporids would dominate in the diet over
rodents deer, llvestock and vegetatlon (MacCracken 1984) .
Berg and Chesness (1978) howeverubﬁound low predation on an
-abundant hare population in a situgtion ;here degr-carrxon
was abundant. Korschgen (1957) deséribed a simple direct
relationship between hare abundance and percentage 1n scats.
In'R.M.N.P., alvfough snowshoe hare use would likely go .up
with increases in the hafe\bopUlatibn the degree to thch
it would do so is not predlctable. Other food 1tem;
including ungulate carrxon and beaver, would likely
influence any changes.

Compared with the,first study, coyotes used large prey

-

more, and small prey le'ss. The swlng of about 25% fufther

suggests that environmental condxtxons differed enough

- ~

between the two stud;es to result 1in significant functional

» <
-

shifts By coyotes in their feeding- habits,
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B. Seasonal similarities and differences

Both Canids.displayed higher occurrences of ungulate.
hair in their winter and spring scats than in fall. Although
elk remained‘imporgant for Qolves in summer, their use by
coyotes declined significantly from winter and sbring
(although by weight 3t remained the number one item). I ?
believe Ehis indina:es that coyotes experiemce aifgiculty in
finding summner cbrcassés {which are fewer in number than in

; .
winter) and need to rely more on alternate food ‘items. In

winter, coyote x}atks can often be seen.in the snow ¢
following wolf tfécks, a behaviour that may help coyotes to
find wolf kills, WEnter use of elk by wolves is likely
influenced by winter severit}; Deep snow cén restrict elk
’
movements, maklng them more vulnerable to wolves and, where
elk are abuncdant, _may result in higher than normal predatlon
rates because of thwease of killing (Carbyn 1983\
Wolf ‘and coyotes made greate; use of moose 1n w\nter
‘and sprlng, and deer in winter than in the other seasons,
For wolves, the high us; of moose, in spring agreed with-
_concurfent kill data for.tne park (P.' Paquet pers. comm.).

'For both ungulates, coyote use was low in fall While for

-

wolves it was high. AgSin, lowAuse bemoosé-in the
non~wintervmonthsAasdicates that coyote have difficulty in’
ACQUiring carrion at that time. The ;dvantages that coyotes
.hdve over deer under snowy conditions are not present in the

fall For both canxds, low summer use of m005e and deer was

a ;eflecthn of the seasonal availability of a number of

-
*
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2 'y ., o } .
gasuy o‘ned alternate food sourles (e.g. beaver and
cervid young),
N <

Greater use of“deer by wolves in winter than i~ summer
has been observed in many areas (Thompson 1952, Pimlott et
al. 1969, van Ballenberghe et al. 1975, 'The¥erge et al.

.
1978) .- Fritts and Mech (19871) observed a significant drop 1n
< .
deer conSumption from winter to summer, with moose being the
- ¢

most important food in April and May. The high incidence of
moose was believedsto be a result of increased vulnerability

caused by significant winter parasitism.
. » Cervid young are an important summer food source.

Becduse of theilr vulnerabflity, elk calves, moose calves and
deer ‘fawns would be an attractive food item, particularly to

wolves, Unfortunately 1t 1s not possible to rank, fYom scat
X
contents the 1mportance of young of the year dur1ng winter’

months. However kill data for the winter of‘1983-84,(Pagugt

unpubl.‘data.) indicated that 7 out of 27 (26%) kills were

- b

of calves. An estimate of the contribution of’cerviq young

Eﬁ N
v1nd1vxduals derived from bjomass equivalences, suggests that

34% of the cerv1d kllls in summer. are of oalves and fawns.
'
Blomass contrxbutlon of cerv1d young in summer is about 5%,

compared to 88% for adults. Hence s1mple frequency data can
4

be m1slead1ngrw1th regard to the 51gn1f1cance of the prey *

item to wolves, although the relative losses’ ot young and

-

sadults can be significant to the préy population.

Cervid young, which ranked sixth in summer use by

9’"

coygtes durlng the 1975-1979 study ' ¢°Wp_%§?§:a ﬁrgguengy_
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~ - -
of occurrence of 24% deer fawn and 76% eik calf (Carbyn
) -*

unpubl. data). There is evidence of coyotes ki}ling~eLR-

calves in R.M.N.P. (Paguet pers. comm.) and hence *hat

[\

figure would not necessarily represent only carrion

-

consumption. o ‘

~Begver 1s a good example of a seasonally avajlable
item. Biomass estimates indicated that in winter, 1 beaver
was eaten by wolves for every 7 elk taken. However, compared'
with other seasons,_wintér use was ipsignificant for both
canids; the few occurrences in scats likely represented
beaver taken in either early or late wiQter when freeze over
on ponds was incomplete. Previous mid-winter tracking of a
pack of wolves in the park indicaied no use of beaver over a
19-day period (Carbyn 1983). For both canids, frequeney’of
occurrence is numerically greatest iqvfall, significantl} SO
for coyotes. Reterson (‘957) suggested that predation on
beaver by wolves on IsléyRoyalé should be greatest in the
fall when beavérs are vulnerable owiné to their activity on
land to cut trees for winter storage. Such may be the case

r

in'R.M.N.P.,*particularx}‘for coyotes in which the switch

>

over, primarily from cervid young, appeared to‘be'quite
distinct. . | o ‘. .
Yn/the prévioué study in R.M.N.P., higﬁ 1evels\of
beaver éonsumption by coyotes occurred in the spring
L]

(Appendix 3), which coincides with the time of dispersal of

'~ young beaver, supposedly another situation of great
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Seagg:ality in wolf diets has most often been related

to summer time shifts to cervid young (Pimlot: et al. 1969

’

Carbyn 1574, Frenzel 1974, Van Ballenberghe et al. ?975

v

Peterson 1977) and beaver (Voigt et al. 1976, Theberge et
al. 1978, Fuller and Keith 1980). However those ;hifts do’ )
not necessarlly alter the ranking of prey species so much as
“they serve to les;en the 1mpact 6; the primary prey Species.
In R.M.N;P.,'the summer and fall—cansumptdon‘of beaver may
lessen the'impact on elk calves, which are most lepebable
during those périod§. By welght, -summer contribution Q!
beaver was 4%, approximétély Equalttp that of cervid young.
Hence 1in the absence of beaver,;consumption of;eik_célves
could be as much as doubled. However’if,alternate prey are
not availabie, high reliance on ﬁhé primary.prey may éésur .
year-roynd (Peterson eﬁ al. 1984). =~ .
Snowshoe hare use stélaygd'nonseaSonal ttend
whatsoever. Niebauer and Rongstad (1977)5found ﬁha:—dyiing a’
. : . v
high 1in %are numbers, use was gréatest in »spring when many
iﬁmature hargs Qe:e'zaken by coyotes. Data pregénted here
suggest that at ldW«leQelsﬁbf ébdndance_of haré§,'both
wolves and coyotes are complgtelx oppsrtqnistic”iﬁ their use

For both canids, occurrences of smaller items were

of this food item.

» *

greater in the summér and fall than in winter. Muskrats,

.

cricetids and miscellaneous items all occurred in

! Ba

insignificant amounts for both canidsﬁgn the winter, 2
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the number of specigs eaten increasés and the average size
of prey_ %aken decreases in the summer. The same statement
can likely be made about wolf habits in areas wﬂére‘prey
diversity is méderate to large. |
. .
Over the eight seasons of the study, both canids
a}splayed a similar pattern in the four asséciations

4 nd

examined. The strongest association for both was between the

amount of'e1k and‘the amount of moose_consumed. They varied
directly, emphasizing the similar response by ea§h7c§nid to
the two large ungulates. When condit@ons are favouraélé for
wolves to huntfelk, they are also favourable for hunting
moose . Wheé canditions»favour use of smaller, alternate
prey, both modse and elk are uéed less. For‘coyotes, this
trendtsupports the view that they rely on‘'the existence of
moose and elk carrion, whether they be wolf. kills or
supplied by other means (e.g. winter kills undef‘severe snow
conditions).

" An inverse relationship between deer and beaver was

more clearly indicated for coyotes than for wolves. In the

second year in general, and both falls éogether in '

paffiéuiér, increased use of beaver paralléledﬁdecreased'use
of deer. Presbmably, as,beavér became moré available or
Qulneréble eithef through increased numbers or increaseq
presence on land or iﬁ.marginal habitat, coyotes switched'
from killing deer to kiilidg-beaver. Implicit in this is the
aééumption'that beaver were easier to obtain than deer at

that time,.

Y

~
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The'regression equagion of Floyd et al. (11978) although
derived from wolves was also applied to coyote data in this
study on the assumptﬁon that differences in digestive

. 5.
processing of large prey items would be minor. However ‘it is

nbt known if the relationship holds for items that are

.primarily scavenged. It is reasonable to suggest that

consumption of the latter,stages of a carcasérﬁill lncrease
the ratio of hdir digested to meat consuméd, thus
overemphasizing the item in the diet. In particular, coyote
use of both elk and mobse may be exaggerated;ﬂ

The refétiva number of prey itemskcon3ume;\§y coyotes

gives zkme indication of the relative importance of prey

14 .
* killed and food scavenged. If elk and moose are considered

t

to be scavenged items, then in the summer, only 10.4% of the

items eaten were scavenged. In winter, scavenging became

more. frequent, having occurred 30.0% of the time.

For coyotes, seasonal variation appears to be primarily
{ . -

‘a function of availability. In some areas, invertebrates and

vegetation are of maximum importance in the summer when they
are more abunéant.(?ichte: et al. 1955). Righ use of
invertebrates ;nd vegetdtion coincides with a reduction in
mammalian food itemsrthat typically occur at peak
frequencies in scats during the winter (Pastuck 1974, Bowyer
et al. 1983). Maccrécken (i984).found grasshoppers aﬁd fruit
to be of greafeét importance in;ﬁhe fail when their

availability was greatest. Fichter et al. (1955) in

Nebraska, fbund seasonal differeﬁces in use of leporids,
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insects, frtiit and mice. Carrion, be it from elk, moose or
déer winter kills, is often a local, abungdarrt food item in
'winterland\early spring (Murie 19&0, Berg and Chesness 1978,
Bekoff and Wells 1980). Ozoga and Harger (1966) believed
that the few deer killed were the most vhlnefable, beéng
small and weak. The results from those studies parailél
those from this study; in particular, the hiqh mammaliaa
component_df the winter diet, the greater su%mer diversity
and the response in consumption to the.relative availabjlity
of many {oodritems.

All values of Morisita's coefficient of similarity were
~relatively high indicating further~the rélatively similar
percentage use of the food categories held in common. The
smallest value of 0.87 in summer indicates the increased
divérsity and decreased similarity of diets between the
species during t;7; season; It is also suggestive of less

scaVénging of wolf kills by coyo€€% at that time. The fall,

winter and spring values are relatively close indicating

‘
&

grééter dietary overlap during those seasons.
Over the course of the study, wolves and coyotes
displéyéd similar patterns iﬁ use of the ungulate species.
The relatively high correlations of use over the eight
seasons could be a result of: ’ |
1) coincidence owing to small sample sizes,
2) environmentai factors, e.g. prey abundance, and
R

3) canid interactions.

l :
Since coyotes must be scavenging elk, the high correlatlon.

B
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coefficient of 0.91 is consistent with the idéa that they
are Scavgnging wolf kilis,'althpugh it doesn't rule out
-coliateral responses to environmental conditions (e.q.
severe winter die-offs). A simila¥t argument, although
supported by much lower correlations, may be made for moose
énd deer. In the lattér instance, environmental factors
likely play a more impértant role;r
\ Surprisingly, use of beaver by\wélvés and coyotes was

not correlated. -

C. Wolf-coyote competition o

Two types of competition are generally recognized

(Krebs 1978:208). Resource competition occurs when two or

\

more species use a common resource that is in shorf supply.
Iﬁferference competition occurs when one species harms the

other in the process of using a resource (i.e; aggressiye .
Sehaviours become more evident than those dggigned for more
efficient-use of a résource). Common ana obwious resourcés

that may come dndér competition are habitat and food.

Wolves ;ormed a stable breeding population om Isle.”

] . ’ .
Y contained coyotes. MacCracken

s

Royale, an'area that former!l
(1984) considered that coyotes in the Black Hills of South
Ddkota filled a niche that was vacated relatively recently
by the extirpation gf wolyes..Coyotes currentl§ overlap with
;woives in northern Mynnesota and a number of areas in

-’

northern Canada and Alaska. The overall distribution of
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Y ¢ <
coyotes‘is far more extensive than that of wolves in areas

that have froderate to high densities of man.

_ Negative interactions, possibly representing
interference competit}on between the fwo canids have been -
recorded on Isle Royale (Krefting 1969), in northern,Aibértah
(Fuller and Keith 1980), and in R.M.N.P..(Carbyh 19825.‘M
. Krefting suggested-that the loss of coyotes from Isie Royale
was due to the actions of wolves, including killing-of
coyotes Ey wolves. Evidehcg/éfffhis behavidur has been’
observed ‘'in R.M.N.P. (Carb&gﬁlQBZ, Pagquet unpubl. datatﬂ

To demonstrate resource competition oné has to sﬂo@j
first-thgt the two species use ;he same resource, and se;qu
that %t is in short supply. Even if the same resource is
.usgd, different species may use it in different ways{ For
example, Traottier et al. (1983) fodhd that although moose,
elk and deer often browsed“dn the same species &f shfubs,/f
separation occurred owiqg to the use of different portions

.{i.e. heights) o% the stems. ’ .

Similarity in wolf and coyote feeding habits is
indicated by,botﬁ the common occurrence of major food
categories used and the overall Morisita similarity value of
0.92, Converseiy, differences in relative usé exis;} wdlves
use the 1arger.fopd items (moose, deer and elk), more than '
coyotes do and coyotes rely more upon smailerbitems such as
snowéhoe hare, cricetids and muskrats. In fooé feqUirements,

coyotes can be considered to be much more generalist than

wolves. -
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Tge smaller items are likely not restrictive sjqce they
do not make up a significant proportion of either c§§id's
“diet and hence even if they (e.g. porcuplnes muskrets and
squzrrels) are in short supply at some tlme, they are not
likely to influence behavioural interactions between wolves
and coyotes. Beavef is am i1tem with a frequency of
occurfence around 20% for both wolves and cgyotes, who ere
both quite capable of killiné them on dgnd. Howéver, owing'’
to the w1despread distribution of a dense population of
beavers, there is 11tt1e reason to expect competition for
that resource. Similarly neither canid depends Jpon snowshoe
hare to any large extent during its cyclic lows. ngeed
there is reason to suspect that during'g peak, coyotgs would

.
increase useﬁof this tesource much more than wolves, whieh
would contribdfe to a greate;léeparatioa in feeding niches.

Owlng to thelr large blomass cgntrlbutlon to both
dlets, parthularly in wlnter, cerv1ds are more. llkely to
represen@ avllmlted resoyrce. ‘Data on frequency of
occurrence indicate elk te be the‘ﬁést important food for
both canxds. Clearly, if elk were in short supply and one or .
qboth predators had d1ff1culty susta1n1ng populatlon 1evels

' -~

on alternate prey, then competition could occur.

[\

Theiimpact of wolves on eik,“although eignifiCant, is
not'enough alone to limit the elk population. Since coyote J/’//
,predetion on elk is rare,.any additional direEt impact on ’
the elk populatidn is m%nor, likely limited to_e,;si__'“j

instances of predation on calves.
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In R.M.N.P. coyotes are known to follow wolf tracks to

kills, and wolves often angacn‘incompletely consumed
carcasses. (All wolf-killed ungulates exaﬁined in: the
winters of 1982/83 and 1983/84‘had'been visited by coyotes
(P. Paguet pers. comm.). Similar results were obtained in
1979 (Carbyh pers. comm.).) Both these observations suggest
‘use of’wolf-killed elk by coyotes in non-competitive
circumstances. Tae frequency wffh‘yhﬁch wolves abandon kills
suggests that further kills can be.aade easily owing to a
relatively aaundaqt prey-population'and/oé favourable
-hunting conditioas. Hence the data support>the suggestion
that under preseat circumstances, Qoif and coyote do not—

- usually compete for the use of food resources. |
However if the elk populatlon contlnues to decrease,
the chance of competitive 1nteract10ns could 1ncrease. Under;

condltlons whereby elk are more dlfflcult for wolves to -
klll such as decreased elk numbers or mlld wanter weather

aee @f carcasses by wolves, is l1ke1y to be more complete. If
wolves’tﬁensspend ﬁoce tiﬁe at kills the chance of
intirspecific“aggression petween the twoAcanids/hay
‘increase.”Even under the current conditions of "abundant".-
large prey, interfefentéﬁcompetitibn ogcurs. Eight coyotee
kiiled by wolves aaVe been found'fﬁythe park, at least three
of wa}:h died near wolf- k111ed elk (Carbyn et al. 1985). The
long term result for coyotes might’ be a shift:to alternate
prey or a lowering of ceyoteinumbers or both: Carbyn (1982)
noticed an'iaverse relationaﬁiﬁ betweeh;ﬁow;ing indices fo;

.
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_ the two species (Appendix 6). This could mean that when wolf

L Y

numbers are reldfiye;y high compared to coyotes, there is
less carrion available. to coygtes. and the final result may

be a lowering of tﬁeir numbefs._Todd and Keith (1976),

Weaver.(#979) %nd Toﬂ@ (1985) noticed the effect of carrion

.o b ' ) . I
in maintaining coyote populations; the less carrion

available, the fewer the coyotes. -

Prey population trends

Kingsley and Smith (j981), using statistical models,
showed ;hat the moose counés are precise. Thé question of
the degree of accuracy of the counts remains unanswered.
(Attempts to derive a correction factor for theﬁpark based
On‘sightab{lity from the air failed because of logistical
apd f1nanc1a1 con51derat10ns ) It is however, almost certain
that the counts underestlmate the true numbers because of
animals;preéent on the transects that are missed by the
(obseryers.

Both elk and moose numbers have been decl1n1ng in

recent years, Year to year variation may not be 51gn1f1cant

as 1nd1cated by the 95% confidence 1ntervals, but the'

“results of the ANOVA suggest overall trend information to be

valid.'By way of comparison with other areas, the elk

density can be considered moderate while that for moose is
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moderately high. Elk in Elk Island National Park, may reach
~densities of up to 3.1 or more animals p;r km?* (Telfer and
Cairns 1979, J. Welman pers. comm.), but 1in thé Spruce Woods
Forest Reserve in southern Manitoba the density ls l%ss_than‘
t per km?* (Hornbeck 1985). Moose in Quebec typically occur

in densities ranging from 0.04 to 0.26 hoose per km? |

A

(Brassard et al. 1974), whilefin interior Alaska: values
have ranged from 0.06 to 1.5 moose per km* (Gasaway et al.
1983). Some habitat on the Kenai peninsula in Alaska, has
supported 6.6 moose per km® (Bailey 1978).

Elk and hoose distributional patterns have not changed N
over recent years. Variance/mean ratios and chi-squared
values were in the ranges of those obtained by Rounds (1982)
for the period between 1969 and 1978. Group size data
(Appendix 4) were also consistent (Rounds .1978,1980). These
daté indicate that elk are available to predators as a more

) S

clumpéd food resource than moose.

A

The mean centers of distribution and standard distances

-

obtained further validate Rounds's (1982) claim that those
vakpes varytifbtlé with changes 1in fhe$numbers of the two
ungulates. Rounds went on to suggest ghat this result
supports the view of collateral responses by elk and moose
to severe wipter weather.

The absolute accuracy of the classified counts can be
questioned. The aerial surveys involved much circling and

shifting of altitude, factors thai;coﬁtribute to observer

fatigue and ‘the likelihood of misidentification and ,
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incorrect counting. However, in a number of cases, constant -
ratios were obtained before the end of the flights,

.4 .
suggest1lng coﬁsistency in identification and counting.

Hence, although biases undoubtedly exist, the calf/cow

ratios are considered to be relatively accurate. Less

/
/

X ;/confidencé~{ﬁ the buli/coy ratios can be expressed,
éspecially for elk, since they are sensitive to
bnrepregentative sampling of the sex-segregated ranges,

One possible source of bias for calf counts was
suggestad by Van Ballenberghe (1979). From his own moose -
résgarch he concluded that cows without calves occurred i;
larger aggregations than cows with calyes in the fé?ﬁ and
vice versa in fhe spring. Hence calf/cow ratios would be
underestimated in fall and overedtimated in spring. Sucﬁ,
however, %as not the case in this study for moose
populations sampled in early and/late winter. In both cases,
groups of cows with calves were larger in size thHan groups
of cows without calvés. For elk there was no signifigant‘
difference in size. | y .

A review of past studies fndicdﬁ;gﬂthe calf/cow ratios
that were obtained were relétively low. Ig'his survey.of the

b

literature on early winter elk calf counts, Peek (1982)

o'

reported a range of f8'tb 71:100‘among.pobulations and 18 to
45:100 Qithin a popﬁiation over éiffereﬁt years, For moose,
Crichton (19;7) repéfted a range during the 19705‘of 40 to
79:100 on Hecla Island, Man1toba, while in the Nelchina

Ba51n of Alaska, early winter rat1os ranggd from 18 to

s ’ g ' -



90:100 (Bishop and Rausch 1974). The low values in this
study suggest that summer losses of calves could be the main
factor driving the two ungul-te populations aown. A low
birth rate is alsq possible, but owing to the suggestion of
a moderate pregnancy rate and a lack of severe winters in
recent years, that appears unlikely.

Deer numbers in areas outside the park have been

.

relatively stable in recent years (Manitoba Department of
Natural Resources, quubl; data). Judged by sighting ratios,
deer numbers in the park remain low, and there is no
evidence of any drastic increase or decrease from the
population of ‘the Iate 1970s. |
The beaver population has béen relatively stable over

the last few years. The increase in 1983 if real, may be

just a temporary, minor fluctuation.

Possible causes of the élk decline

The results of the calf/cow surveys indicate a.
sign}ficant loss bf elk calves during summer. and fall A
popqiation of 4156 with a 69% preghandy rate ahd an agerage
buil/cow ratio of 55/100:shou1d produce‘1850 calves.  An
early winter count of 22 ;alYes/ 100 cows meaAs that about
590 calves su;vived or approximaté&y 1260 calves were lost
in téf summer ahd;fall.>(Thi§ calculation assumes no summer

losses of cows. Hence 1260 is a minimum estimate of the

number of calves {ost.)
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Wolves occupy homesites during a sizeable portioﬁ of
the early summer, when elk calves aif'likely most’
vulnerable. A priori, one might predict heavy predation upon
young‘calves at that time. The collection of scats from
homesite locations, however did not confirm the prediction.
Rather, the abundance of béaver in scats from homesites was
s;gnificantly greater than that from the overall summer
collection. This result further indicates the possible role
beaver may have in buffering predation upon elk calves.
Carbyn (1980) obtainéd a similar result. Theberge et al.
(1978) also found more beaver in scats located at homesites,
while Fuller and Keith (1980) noted that dens were often“
located near beaver lodges.

Impact calculatioﬁs based upon a first approximation of
the relevant biological parameters, indicated that wolf
.predation &ould, over the year, accouﬁt for about 17% of the
starting spring elk population. Assuming production of 1850 *
calves, an elk populatlon that remalned stable would have
losses of an add1t10na1r27%, or 1103 1ndlv1duals (i.e. 1850
- 747 wolf klllS%’tO be avcounted for (T&hle°13) Losses to
hunters dur1ng thé study iieraged 283 elk or 7% of the
spring populatlon A natu{al or base‘mortallty rate (that
excludes losses to predators and hunters) of approximately
20% would not be unreallst1c (Kimball and Wolfe 1974).

Addition of these last two mortality factors would be enough

to offset recruitment to the elk popwlation.
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Considering wolf predation alone, increases in the

sumﬁer consumptiopn rates and/por the proportions of adult elk
and calves in the summer diet of wolves, could significantly
alter the impaet on the eik population (Table 13). An
extreme case where summer cdnsumption rates are doubled with
total depehdencg at- that tiﬁe on calves, could cause a 7%
decrease in thF elk ﬁBpglation even before considering other
sources ofumortality. |

Howeyer, even the first case considered may

overestlmate the contr1but1on of wolf predation to elk

mortality. The kill rate used of 0.25 kills per day per pack

(i.e. 1 ungulate kidl per 2.7 days with 68% of the kills
N

being elk), comes from data collected during a severe‘winter

%

(Cerbyn 1983) A more moderate rate of 0.11 kills per day
per pack, suggested by recent data for the park (P. Paquet
pers.‘comm.), would decrease the effect of wolves and hence

increase tﬁe year—end‘elk pqpulat1on by about 8% (Table 13).
. b - ] 3
Furthermore, the assumption of a 69% pregnancy rate is a

o
-

conservative estimate; an addi;jonal 27 calves being

v )

produced -for every,increase 9{ one percentage point in the

rate.. .
.

The’ 1m§ortant conclu51on from thlS .analysis is that

although wolf predatlon alone could be og prlmary
% A
sxgn1f1cance under extreme cond1t1on§ in actualzty it 1s

-

one’ ofgéeveraL factors that _together l1m1t the elk

«

popul@tlon in R.M, ﬁ P. Bear predatlon on calveS hunter"

g (ﬁncludlng legal 1llegal and natlge hunt1ng) and
. : LN ‘
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natural mortality (é.g. disease, old age and winter
die-off), in conjunction with losses to wolves, are all
factors whose cumulative effect may be to cause the elk
population to decline. The model considered above does not
takKe into account the effect on the population of unbalanced
iosses of bulls and cows. Recent data i1ndicate a greater
loss of bulls than cows irom’wolf predation and winter
stress (Pf/Paquet pers. comm.).IOver thé ;hort term, the elk‘
population should be able to sustain major losses of bulls
‘much more readily than of cows. i

The low early Qinter calf count recorded from aerial
surveys is consistent.with the recent annual population

,

declines. 1f one adds to the calculated summer calf losses

of 1260 the additional winter losses to wolves (641 animals,

from casek1) and hunters (283 animals), one has a year-end

population of 3823, an 8.0% decrease from the start! of the

year. An annual population de;réase of approxjmately 17%

4

would be realized with a-further 9% loss because of natural

mortality.

4

A possible additional source of summer losses is that

e

of bear predation. Schlegel .(1976) reported that ﬁost.of his
‘radio—colia;eq elk calves were killed by black bears during
. summer. Other ;éIémétry studies have reported black béar
prédation on moose calves (Franzmann et al. 1980) and_
~white-tailed deer fawns (Ozoga and Verme }982). In this

study, the freguency of hair in bear scats was low (Table

6), suggesting that bear predation on cervid young was
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insignificant. However, M. Wilton (unpubl. paper) in a
survey of the literature, found the results of many studies
to have had similar low frequencies of animal material in
bear scats. He concluded that this type df evideﬁce is
inconclusive since there is evidence from Alaska that bears
tﬂere often evert thg hide of their kills, so thatllittle
hair gets 1pto the scats. It is not known whether this
occurs in R.M.N.P. ‘Hence it would be premature to rule out
bear predation ggaelk calves as a significant factor.
Weather can also influence calf survival. Taber et al.

(1982) commentgd on the effects of stressful winters on

Ay

pregnant elk cows and the}f subsequent young. Small calves
may gghless likely than large ones.to survive the rigou;s of
the environment. None of the winters in ;he previous three
years has been as severe as the winter of 1978/79 (Table
12). Park records indicated that while wardens found. 32
winter-killed ungulates in the wintér of 1978/79, they only
:digﬁovered 9 winter-kills in total for the winters of

I S
11981/82 to 1983/84. However, although the above suggests an

3

immediate effect of wint‘severity on individual ungulat'es,"
. .

y

the data give no indication of any immediate or delayed
effect upon the population as a whole. Furthermore, even‘if
there is an inverse relationship between severity and
ungulate numbers, the last three winters have been near
average in;temberature and snow depths, and hence are

unlikely to have had any major effect on elk .numbers.
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Relationships with other ungulates

Moose contribute much less to the diet of wolves than
do elk. Selectivity values of 27% and 58% for gummef and
winter respectively indicate the low preference of wolves
for moose. Distributional‘patterns for moose, indicate high
densities on the eastern and northern edges of the park,
areas where few scats were picked .up. Since wol.ves using
those areas may consume more moose than wolves elsewhere 1n
the park, the selectivity values of wolf preference for
moose may be underestimated. The magnitude of this bias 1is
unknown.

. Moose are considered to be 'r-strategists' relative to
other North American ungulates (Trottier ef al. 1983). With

ing, reproductive potential is typically higher than

Vt at for elk. Hence the calf count in‘early winter was
higher for moose thaﬁ for elk, but significant §ummer losées
may_still occur. Nevertheless, overall wolf use of moose ig
relatively minor compared to use of elk, and hence other
factors mugt play a more importéht‘role inhlimiting the
m;ose population.'

Impact of wolves (and coyotes) on white-tailed deer is
hérd to determine owin; to lack of adequate census data.
.Most impressions of seasonal distribution would indicate
higher densities in summer. In the winter many deer have
been seen léaving éhe park~and yarding up in nearby

. - ! .
agricultural lands. Wolf (and coyoﬁe) predation is high In

winter as indicated by selectivity values. However summer
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predation seems particularly low. As indicated earlier,

severe winters can play an important role in affecting the

interactions of deer and pfedators. Even unborn young can be

affected. Frenzel (1974) beligved that the high proportion

of deer fawns taken in

the cohort as a result

canids 1in the park may

clear knowledge of the

spring was due to poor viability of
of in utero winter stress. Although
exert an important influence on deer,

relationship will only come about by

a study on deer movements and population levels.

-/

)



VI. CONCLUSION

‘Currently, in R.M.N.P., competition for food between wolves

and coyotes 1s of little significance. Examples of
interference competition, namely the killing-of coyotes by

#

wolves, do occur and may be related to 1ncidénts of coyotes
following wolves to kills. Resource competition appears
méstly inoberative. Although there is broad overlap in food
items eaten, in general it is probably offset.bxlthe wide
diQersity and abundance of pyey in the park. Furthermore,
separation along the niche axis of prey size does occur,
with wolves, as expected, taking more lafger prey tﬁan do
coyotes.

Winter, with its lesser diversity of prey, offers the
greatest possibility for competitive interaction. A number
of factors suggest that coyotes scavenge wolf kills and
other sources of winter carriohh As long as winter food
sources remain relatively abundant} competi%ive’interactions
should remain minimal. Lower;ﬁevels of elk and deer, and/or
higher wolf numbers c0uld‘ha6e an iﬁpact‘on the coyote

population. ,
<

Wolf feeding patterns exhibited only minor differences
from the 1970s study. In contrast, coyote food habit;
displayed significant ¢hahgés from the past study, which may
indicate a greater degree of opportunistic feeding behgyioﬁf
by coyotes than wolves when faced with chaﬁges in
environmental conditions (e.qg. changing prey population

levels, wolf population changes and/or increases in winter

104 . ¢
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carrion). Coyote use of large prey has increased since the

1970s.
Both canids demonstrated responses to availability and
vulnerability of food items. Muskrat, mice, beaver and some
miscellaneous items were taken in thé summer and fall, but
use was much less in winter when they were for the moqt part'
not available. Snowshoe hare use over the two years of the
study may reflect cyclic changes in hare numbers. Use of
cervid young in summer and the greater use of all three
ungulates in the winter corresponded to their times of
greatest vulnerability. An increase in beaver use by coyotes
in 1983 may reflect both availability and vulnerability.'A
slight increase in beaver numbers was accompanied by the
lowest level of summer precipitation recorded since 1976.
The effect of wolves on the elk population has not

e
changed significantly since earlier work in the park (Carbyn
1980). Scat analysis indicated significant use, but not - i
errough in 1tself to cause a decline in elk numbers. The same
is true for moose. Weather and hunting appear not to be
-major factors in recent years. Calf counts indicated that
major losses occurred in the summer and fall months. The

impact of black bear predation on elk remains in doubt. That

elk and moose populations have been in synchroﬁy since

g :;\h

annual surveys started in 1976, suggests collateral
responses to environmental conditions. Chang1ng vegetation

patterns may be of _importance,



106

Other studies have demonstrated the importance of prey
diversity in moderating the effect of predators on thei?
d\FY' In simpler biotas, influences of predators on prey and
prey on predators are very dramatic. Such examples come from
Isle Royale for wolves (Peterson 1977) and from Utah for
coyote§?(C1ark 1972, wWagner and Stoddart 1972). Where prey
diversity is much greater, Jasper Natioﬁal Parfvfof wolves
(Carbyn 1974) and northwestern Wisconsin for coyotes; oo
(Niebauer and Rongstad 1977), prey populations do not see@

to be related to—predator numbers. Canid-prey felationships

in R.M.N.P. appear to be an example of the latter category.
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APPENDIX 1. Characteristics of scats collected from

a captive wolf pack.

.

Four deer fawns were fed in separate trials to a
captive wolf pack housed at Dalhousie University. Prior to
each feeding, the enclosure was cleared of any oid scats.
During the trial, scats were collected once a day until

deposition ceased; usually after four days.

Ail gcats collected were characterized as to colour,
consistency and day of deposition. The colo?r categories
were dark brown, brown, gray, yellow, white and green.
Consistency classes were firm, semi-firm, crumbly,
diarrhea, clay, fresh and hairy. If a scat was described as
containing two colours of two congistencies, or if it had
an intermediate consistency, then a score of one was added
to each individuél category. Hence the frequency totals
were necessarily larger than the number of scats cgllecte@»
(n=361). G-test analyses were done on colour versus day
(n1=428) and consistency versus day (n=445). The contents of

28 scats were examined .microscopically.

Both sets of classifications varied significantly with
the time in days §f deposition (colour: G=147, 14,
consistency: G=266.96, p < 0.01). Individual categories
were examined separately. Scats clasiified as brown or °

green, occurred randomly throughout the pickdp period. All

’
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other classes varied significantly. Dark brown scats
occurred most often during the first two days. Gray
coloured scats were uncommon in the first day. Scats
classified as white or yellow were to be found more often

I3

in the last two days of collecting.

Thirty-five percent of the scats deposited the first
day had a diarrhetic consistency. Semi-firm scats occurred
more often 1n the first two days than the last two. Scats
in which the hair content was guite evident, occurred
mostly 1n the latter two days. Firm and crumbly scats
occurred mafnly during the last three days. Only fresh

scats showed no significant variation.

Examination of the different types of scats indicated
that those classifigd-as firm or hairy, brown, dark brown
or yellow, generélly provided good hair samples that could
be used for microscopic identification. However scats that
were crumbly and/or white, often provided either no hair
sample or a very poor gne for identification purposes.
Scats deposited early after feeding, which were diarrhetic
or semi-firm in consistency, were variable in the quality |

-~

of hair remains they contained.
- |
These relationships need further study. Different food
items should be fed to captive wolves (and coyotes) and
similar analyses carried out. This information could
supplement other methods for dating kills and estiméting

frequency of feedings.



APPENDIX 2. Percent seasonal frequency of occurrence of
fooc items in wolf scats (1975-1979)'.

» Summer Fall Winter
Food item N=1196 N=118 N=525
Elk | 27.1 3.7 51.8
Moose 2.0 9.3 ) 12.6
Deer 3.2 13.6 16.0
Cervid Young? 13.8 1.7 .
Beaver 20,9 15.3 4.4
Snowshoe Hare 7.0 0.8 4.6
Muskrat 4.3 3.4 1.5
Cricetiaae’ 10.0 5.1 2.3
Porcupine | 2.8 0.0 1.0
Squirrel 3.2 S.3 0.4
Canid : 1.9 0.0 - 1.5
Insects 0.3 0.0 0.0
Vegetation "0.7 5.1 & g 0.8
Aviap 1.2 1.7 0.6
Others 1.6 0.0 2.7

! Extracted from Carbyn (1980)
2 Indistinguishable from adults after early fall
3 Excluding Muskrat
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APPENDIX 3. Percent seasonal frequency of occurrence of
food 1tems in coyote scats (1975-1979) .

Summer Fall Winter Spring
Food item | N=820 N=202 N=178 N=65
Elk | 8.5 - 8.9 29.8 16.9
Moose / 1.3 1.0 6.2 4.6
Deer - 1.6 1.0 8.4 3.1
Cervid Young? 8.3 B
Beaver ' 10.5 9.9 17.4 29.2
Snowshoe Hare 18.0 22.8 5.1 7.7
Muskrat 12.6 16.3 8.4 24.6
Cricetidae’ 19.3 21.8 5.1 4.6
Porcupine 2.8 2.5 6.7 1.5
Squirrel 4.8 2.5 2.2 1.5
Canid 0.7 1.5 0.6 1.5
Insects 2.7 2.0 0.0 1.5
Vegetéfion 4.3 2.0 i1 0.0
Avian 3.5 4.0 y 3.9 0.0
Others 1.1 4.0 5.1 34

1 Carbyn unpubl. data.
2 Indistinguishable from adults after early fall
3 E¥cluding Muskrat

& _ 123



FaRd

(8G6Z) O ¢ tvv)y 2 9 1661 ¢ E 1G9) v ¢ (L) L € (99) v v A3
(¢EC) 6 (51 v (A BV (8Z+) QO ¢ (vr) § ¢ (3Z) € 3soon
r861 JOQWIAON
{962+ C (L6) 9 4 13
(eet) Lo (v O ¢ (0641 Tt (L99)'C 2 (9) ¢ ¢ (EbE) 4 8 8s00on
v861 uddew
(98vr) O ¢ {cv)y 8 94 (8EV 1 ¢ (ZOL)Y v v (0Z). ¢ v (60C) L LIWE]
(EBV) 9 (6) ¢ ¢ (8OC) v (821) O ¢ (9€) 6 T _(904) v asoonw
£861 J49QUaAON
4 18I0 S8A(RD-SMOD-5( (NP A(uUQ SMOD $3A(B)D-5MOD) SMOD-S|(NQ Alug siiLng >0>L3m‘

{ Sisayiudsed uy asue ‘uobaied ydea oy, sANO ub

4O 43QWNN)  SABAUNS €L e 186

bue £g61 i wo., sbe pue xas 4Q PBI,isse D SANOJB 8soow pue A8 40 8218 abeteay NI ddV

124



99,

8y S 94 - 85 F]
g1 S G € 6 €8 W v8/€86}
66€
(L S 64 VoL L9 4
9¢er S L) v 8 LoL W €£8/Z86}
, ) A3
6vi :
or S 9 v 9 v's 3
ov G Zu v 9 9 g W tv8/£861
o
61 S Oi 9 //I Z s 4
81 S Oi v 9 8§ ] mm\wmmﬁi
asoow
Siiv1 s |tx pabe 40 96y  43p (0 § Bu | ueak
(e10y 9Z1§ 3|aweg 188p (0 aby uvay aby uvay xag

d N N Y uo Buiiapioq auoz 6uijuny 404 BIVP | iW JBIUNH G XIONIddV

125

Ry

1



Apperdix 6. Estimates of Canld Numbers 1n R.M.N.P.

Winter estimates of wolf nunbers based upon warden
track surveys have been carried out since 1982/83. The
three surveys have given estimates of 78 (1982/83), 60

(1983/84) and 65 wolves (1984/85), for an average of 68. -
L

Carbyn (1980) used the number of wolves 1n
rad;o-collared packs to extrapolate a figure for the whole
park. His "best” estimates gave values/gf 120 (1975/76), 73
(1976,/77), 52 (1977/78) and 63 wolves (1978/79) for an
average during his study of 77. Opinions of a nuhzer of

park personnel were that wolf numbers have been lower in

recent years compared with the late 1970s. ’

Qualitative indices of coyote numbers have b§en
obtained for both studies by comparing howling responses of
both canid species during summer nocturnal surveyé. Carbyn
(1982) traced a roughly inverse relationship between
estimates ot wolf numbers and the number of coyote
responses and sightings from 1975 to 1979: Compared with
1983, responses in. 1984 increased for coyotes and decreased
for wolves. The 30 coyote responses (both group and single)
of 1984 were the second highest total recorded since
surveys began. The 1977/78 total of 32 responses oécurred

during a low in wolf numbers (52).
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