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ABSTRACT: As part of a larger study on the ecology of gray wolves (Canis lupus) of the Lac
Jacques-Cartier highlands, Québec, the 1996-1997 summer diet of two wolf packs was determined
by examining undigested remains in 1,621 scats (Malbaie pack: n=1,371; Grands-Jardins pack: n
=250). Concern about the fate of a small reintroduced woodland caribou herd stimulated this study.
Log-linear analysis performed on the percent volume of prey in scats revealed significant diet
variation between packs and years. Corrections for prey digestibility were computed to estimate
the biomass and relative numbers of prey eaten. The Malbaie pack consumed more moose (4lces
alces) than Grands-Jardins in both years (Malbaie: 95.9-97.3 % total biomass; Grands-Jardins: 65.2-
67.9 %). The Grands-Jardins pack consumed more beaver (Castor canadensis) than the Malbaie
pack in both years (Malbaie: 1.5-1.9 %; Grands-Jardins: 13.3-33.2 %). In 1997, consumption of
caribou (Rangifer tarandus) increased significantly, especially in the Grands-Jardins pack (1996:
1.1%;1997: 17.4 %). We suggest that the functional response of wolves of the Lac Jacques-Cartier
highlands in summer (i.e., the consumption of different prey in relation to their relative availability)
is characteristic of a type III curve which could explain the variations observed in food habits.
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In North America, the gray wolf (Canis
lupus) is a specialist predator preying al-
most exclusively on ungulates and beavers
(Mech 1970, Pimlott 1974, Carbyn 1987).
Scat analyses have been widely used to
study the predatory behavior of elusive and
wide-ranging carnivore species such as
wolves (Murie 1944, Thompson 1952, Mech
1966, Pimlott etal. 1969, Van Ballenberghe
et al. 1975, Voigt et al. 1976). Regression
equations were derived later to correct for
differences in prey digestibility (Floyd etal.
1978, Weaver 1993) thus producing better
estimates of the diet (Fuller and Keith 1980,
Scott and Shackleton 1980, Créte et al.
1981, Fritts and Mech 1981, Messier and
Créte 1985, Ballard etal. 1987, Potvin et al.
1988, Fuller 1989, Forbes and Theberge
1996, Spaulding et al. 1998). Selection of
food items eaten by wolves are generally
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discussed in terms of vulnerability versus
availability of prey. Another hypothesis
proposes kin selection to explain variations
in relation to pack size and food acquisition
per wolf (Schmidt and Mech 1997).

The present study is part of a larger
study on the ecology of an exploited wolf
population in the boreal forest of the Lac
Jacques-Cartier highlands, Québec, Canada
(Jolicoeur 1998). In a portion of these
highlands covered by boreal forest, wolves,
moose, and a herd of woodland caribou
reintroduced in the late 1960s have evolved
at a low density. With the recent increase
in logging operations around the study area,
this equilibrium may change to the benefit of
moose and subsequently the wolf popula-
tion. If prey are selected in relation to their
vulnerability instead of their availability, this
could affect negatively a more vulnerable
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prey such as the caribou. We have thus
estimated the contribution of each prey
present in the study area to the total biomass
eaten and the relative number of each prey
consumed by the two wolfpacks evolving in
this low density moose-caribou ecosystem
and discuss it in relation to different prey
availability indices.
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METHODS

Study Area

The study area covers approximately
2,500 km? and is located 40 km north of
Québec City in the Lac Jacques-Cartier
highlands (Fig. 1). The region encompasses
more than 8,000 km? of highlands ranging in
altitude from 800to 1,100 m (Lietal. 1997).
It is bordered on the east by the St. Law-
rence River, on the south by the St. Law-
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Fig. 1. Location ofthe study area in the Lac Jacques-Cartier highlands and home range of wolf packs
monitored during the course of the study. Food habit studies were conducted on the Malbaie

and Grands-Jardins packs.
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rence plain, and to the north by the Saguenay
River fjord. To the west, the highlands
gradually slope downward to an altitude of
400 m. Two conservation parks are present
in the highlands: the Jacques-Cartier Park
(670 km?) and the Grands-Jardins Park (310
km?). Most of the remaining area is in-
cluded in the Laurentides Wildlife Reserve
(7,461 km?). Vegetation stands are prima-
rily fir (Abies balsamea) mixed with paper
birch (Betula papyrifera) and spruce
(Picea spp.) at higher elevation. Logging
operations have been intensified during the
past 20 years. The climate is harsh with
mean temperatures varying from -15°C in
January to +15°C in July and annual snow
fall averaging 400 to 700 cm.

Since 1990, in the central portion of the
highlands, wolf density has been kept low
by trapping at approximately 0.5 wolves/
100 km? (Jolicoeur 1998). During the course
of the wolf study (1995-1998), a special
protection accorded to 2 wolf packs has led
to the increase of the wolf density in the
study area to 0.74 wolves/100 km? (Jolicoeur
1998). In 1996, 13 wolves composed the
Malbaie pack (2 adults, 4 juveniles, and 7
pups) and the Grands-Jardins pack had 7
wolves (2 adults, 1 juvenile, and 5 pups). By
1997, the Malbaie pack had grown to 15
individuals (5 adults, 3 juveniles, and 7 pups)
while the Grands-Jardins pack reached 13
(2 adults, 4 juveniles, and 7 pups).

Other large mammals found in the study
area are moose (0.8/10 km?; St-Onge et al.
1995), woodland caribou (Rangifer
tarandus; 0.33/10 km?; R. Courtois, per-
sonal communication) and black bear (Ursus
americanus; 2.2/10 km?; Jolicoeur et al.
1993). The density of beaver (Castor
canadensis) colonies was estimated at 0.88/
10 km?(C. Fortin, Ministére du Loisir, de la
Chasse et de la Péche du Québec, unpub-
lished data). Relative moose and beaver
availability among packs have been esti-
mated with local availability indices ex-
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tracted from the Société de la faune et des
parcs du Québec regional database. The
moose local availability index is based on
hunting effort of parties of 4 hunters in the
controlled hunting zones of the Laurentides
Wildlife Reserve encompassed by the
Malbaie and Grands-Jardins packs territo-
ries (Malbaie: 8.9 hunting days/party of 4
hunters/harvested moose; Grands-Jardins:
4.1 hunting days/party of 4 hunters/har-
vested moose). The beaver local availabil-
ity index is based on observations of beaver
colonies reported by trappers on registered
trap lines (Malbaie: 0.2/10 km?; Grands-
Jardins: 0.4/10 km?).

Scat Analysis

Scats were collected in 1996-1997 from
May to October by patrolling secondary
forestroads. A total of 1,371 samples were
gathered within the Malbaie pack territory
and 250 in the Grands-Jardins pack terri-
tory.
All samples were oven-dried at 70°C
for 24 hours and rinsed with water through
a 0.5 mm sieve. Macro and microscopic
examination of the whole undigested residues
of bones, teeth, and hair allowed the identi-
fication of prey species (Adorjan and
Kolenosky 1969, Moore et al. 1974). We
examined the microscopic structure of hair
medulla to discriminate between Cervidae
and other mammalian hairs, and the micro-
scopic pattern of Cervidae hair scales to
distinguish between caribou and moose, as
well as between adults and calves
(Korschgen 1980). Results were expressed
in terms of frequency of occurrence and
percent volume in scats. Percent volume
occupied by fragments of each food item in a
scat was estimated visually to the nearest 5%.

Statistical Analysis

Reynolds and Aebisher’s (1991) log-
linear model analyses have been adapted to
compare the summer diet of the 2 wolf
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packs monitored during the 2 years of the
study (SAS Institute 1988). Percent vol-
ume per prey (X relative volume of a prey
per scat/total number of scats) served as
the basis to calculate the frequency of oc-
currence in the log-linear models (Messier
and Créte 1985). The absence of several
prey species in some scats precluded
compositional analysis of food habits based
on exact percentages (Reynolds and
Aebischer 1991). Miscellaneous prey (black
bear; snowshoe hare, Lepus americanus,
porcupine, Erethizon dorsatum; wood-
chuck, Marmota monax; red fox, Vulpes
vulpes; striped skunk, Mephitis mephitis,
lynx, Lynx canadensis, and grass) were
dropped from the analysis to reduce inter-
dependence between prey species (i.e.,
percent volume per prey = 100%). A
general model was constructed with all
variables (pack, year, and prey item) and
their interactions. Interaction terms were
deleted one at a time from the model, from
higher to lower levels, until only significant
interaction remained (Christensen 1990).
At each step, the reduced model was com-
pared with the previous one with a likeli-
hood ratio x? test (G?; SAS Institute 1988).

Prey Consumption

The volume of food items was trans-
formed to biomass and relative number of
prey eaten (Floyd et al. 1978). We used the
refined equation proposed by Weaver (1993)
to avoid overestimating large cervids. Re-
sults are presented for the whole summer,
thus the proportion of total biomass eaten is
an average of the results obtained for the
biological period of den attendance (1 May-
15 July) and pup initiation (15 July-1 Octo-
ber) while relative number of prey con-
sumed is summed for these 2 periods.

RESULTS

Food Habits
The most parsimonious model (sz =
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0.15, P = 0.70) included interactions be-
tween prey items and pack (G2(7) =172.51,
P <0.001), as well as prey items and year
(G?,,=48.08, P < 0.001, Table 1).

Adult moose, the main prey consumed
by the Malbaie wolf pack in 1996 and 1997
(Table 2), were less important in the Grands-
Jardins pack diet (P <0.01, Table 1) in both
years. Beaver formed the bulk of the diet
for the Grands-Jardins pack in both years
which was significantly more than for the
Malbaie pack (P = 0.01, Table 1). Moose
calves contributed little to the diet of either
pack in 1996, although they were slightly
more important for the Grands-Jardins pack
(2.5%vs. 1.8% for Malbaie, P=0.03, Table
1). In 1997, they were more important for
the Malbaie pack (P=0.02, Table 1). Cari-
bou consumption was low in both packs in
1996. However, this prey became more
importantin 1997, especially for the Grands-
Jardins pack (17.8% vs 1.3% volume in
Malbaie pack, P <0.01, Table 1). Caribou
calves contributed little to the total diet and

Table 1. Estimation of standard parameters of
the log-linear model which best explains vari-
ations in food habits of wolves of the Lac
Jacques-Cartier highlands according to packs
and years of study (pack x prey: G2(7)= 172.51,
P<0.001; yearx prey: G*, =48.08,P<0.001)".

Prey Pack Year
4 P 4 P

Moose 13.15  0.00 070 040
Moose calf 5.01 0.03 576 002
Caribou 402  0.05 1749  0.00
Caribou calf 1.07 030 080 037
Beaver 753 001 000 098
Wildberry 231 0.13 3.85 005
Miscellaneous 0.15 0.70 0.19  0.66

'Overall goodness-of-fit: G* ;= 0.15, P=0.70.
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the volume consumed did not differ be-
tween packs (P = 0.30, Table 1) and years
(P=0.37, Table 1).

Wildberries (mainly blueberry,
Vaccinium angustifolium) were an impor-
tant part of the diet of both packs in 1996 (P
=(0.13, Table 1) butdropped significantly in
1997 (P =0.05, Table 1).

Prey Consumption

Moose (primarily adults) constituted
more than 95% of the total animal biomass
ingested in both years by the Malbaie pack
(Table 2). In the summer of 1996, it repre-
sented a relative number of 8.2 adult moose
and < 1 calf for the pack. In 1997, with 2
more wolves in the pack, these estimates
rose t0 9.5 and 2.6, respectively. Although
beaver formed the bulk of the volume in the
Grands-Jardins pack, it only contributed
33.2% of the total biomass eaten in 1996
and 13.3% in 1997. On the other hand,
beaver were the most frequent individual
prey harvested by the Grands-Jardins pack.
When expressed in terms of total biomass
ingested, moose were also an important
food source for the Grands-Jardins pack.
With 5 more wolves, the relative number of
adult moose eaten by this pack rose from
2.7 in 1996 to 5.3 in 1997, and for calves
from 0.7 to 1.6. The proportion of large
prey eaten by the Grands-Jardins pack (to-
tal biomass) was even higher in 1997, pri-
marily due to predation on caribou. Caribou
consumption was also slightly higherin 1997
for the Malbaie pack although the relative
number of estimated prey did not reach a
complete adult or calf.

Other prey rarely exceeded 1% of the
total animal biomass consumed, except for
black bear in the Malbaie pack (1996).
However, when relating the proportion of
black bear content in scats to the relative
number eaten, it never exceeded 0.1 indi-
viduals.
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DISCUSSION

Mech (1970) reviewed wolf food habit
studies from the 1940s to the 1960s and
reported that animals the size of beaver or
larger composed 59 -96% of'the food items,
expressed as percent of occurrence in scats.
In Table 3 we report moose, caribou, deer,
and beaver consumption from several gray
wolf food habit studies that corrected for
prey digestibility following the equation de-
veloped by Floyd et al. (1978) and Weaver
(1993); those species constituted 88 - 100%
of the total biomass consumed. During
winter, when 2 ungulate species are present,
especially in the deer-moose system (bea-
ver are usually not available then), the
smaller, more vulnerable, prey normally are
predominant in wolf diets (Pimlott et al.
1969, Van Ballenberghe et al. 1975, Voigt
et al. 1976, Créte et al. 1981, Fritts and
Mech 1981, Messier and Créte 1985, Potvin
et al. 1988, Forbes and Theberge 1996)
even when their availability is low (type II
functional response; Potvin et al. 1988,
Forbes and Theberge 1996). In summer,
wolves appear to adjust their prey intake to
the availability of ungulates and beaver (type
III functional response; Voigt et al. 1976,
Potvin et al. 1988, Forbes and Theberge
1996). In a caribou-moose system,
Spaulding et al. (1998) suggest that vulner-
ability of the prey species may also explain
differences in summer diet of wolf packs in
Alaska.

The 2 packs monitored in this study,
although occupying partly overlapping terri-
tories, presented significant differences in
their summer diet. Yearly variations of the
summer diet were also observed in both
packs. Data on prey availability in each
pack territory are not powerful enough to
explain yearly variations but may give some
insight into differences observed among
packs.

Moose contributed a large proportion of
the biomass of food ingested in summer by
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wolvesin the study area. The important use
of moose, especially adults, by the Malbaie
pack exceeded results reported elsewhere
(Table 3) while the biomass of moose eaten
by the Grands-Jardins pack is included in
the range of results reported from studies
where 2 ungulate species are sympatric
(Scott and Shackleton 1980, Potvin et al.
1988, Spaulding et al. 1988, Forbes and
Theberge 1996). On the other hand, cari-
bou consumption was relatively low in the
Lac Jacques-Cartier highlands during sum-
mer compared to other studies where this
prey is reported (Table 3). Where caribou
are scarce relative to moose, wolves may
functionally not seek this species as prey, as
predicted by the type III functional re-
sponse curve. The curve predicts that the
presence of a vulnerable prey at low density
may preclude active hunting of this prey,
which implies adjustment of search images,
hunting area, and hunting techniques
(Carbyn 1987).

In this context, it may appear
counterintuitive that the local availability
index for the Malbaie pack (8.9 hunting-
days/harvested moose) is twice as high as
in the Grands-Jardins (4.1 hunting-days/
harvested moose) suggesting lower abso-
lute moose availability in the former. How-
ever, the moose availability in the Malbaie
pack territory may still have exceeded the
level below which it is no longer optimal to
maintain an active search strategy for this
prey. We suggest that the prey species
availability hypothesis can explain the im-
portance of moose in the summer diet of
both packs. Another explanation refers to
the kin selection hypothesis (Schmidt and
Mech 1997). According to this hypothesis,
the inclusive fitness of a pair could be raised
by sharing with their offspring the surplus of
kills resulting from pair predation on large
mammals. Until they gain physical maturity
and sufficient experience, the young wolves
could obtain more food, as well as experi-

0.439+0.008X.

and Créte 1985) * 61-day period * % biomass / weight of individual prey species.
SAssumed weight: adult moose 350 kg, newborn calf moose 30 kg, grown calf moose 60 kg (Messier and Créte 1985).

and Créte 1985) * 45-day period * % biomass / weight of individual prey species.
‘For pup initiation (1996), derived by equation: summer wolf population (Malbaie: 13, Grands-Jardins: 8) * consumption rate (2.6 kg/wolf/day; Messier
kg/scat for grown calf moose.

/ total kg of all species eaten.
3For den attendance (1996), derived by equation: spring wolf population (Malbaie: 6, Grands-Jardins: 3) * consumption rate (3.3 kg/wolf/day; Messier

""Forden attendance (1997), derived by equation: spring wolfpopulation (Malbaie: 8, Grands-Jardins: 6) * consumption rate (3.3 kg/wolf/day; Messier

and Créte 1985) * 45-day period * % biomass / weight of individual prey species.
ZFor pup initiation (1997), derived by equation: summer wolf population (Malbaie: 15, Grands-Jardins: 13) * consumption rate (2.6 kg/wolf/day; Messier

19Assumed weight: lynx 9.6 kg, striped skunk 1.7 kg, porcupine 6.4 kg, woodchuck 2.5 kg (Banfield 1987).
and Créte 1985) * 61-day period * % biomass / weight of individual prey species.

'Derived from Weaver’s (1993) equation: Y
*Derived for each prey species by averaging over den attendance and pup initiation periods the results of the following formula: kg/scat * %volume

"Assumed weight: adult caribou 145 kg, calf caribou 12.1 kg, beaver 12.1 kg, snowshoe hare 1.8 kg (Ballard et al. 1987).

8Assumed weight: black bear 90 kg (H. Jolicoeur, unpublished data).
*Assumed weight: red fox 3.9 kg (M. Créte, unpublished data).
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ence, by remaining with their parents. By
doing so, parents could invest in higher post-
dispersal survival probabilities for their off-
spring, especially at low prey densities.
Higher complexity of the pack structure
thus induces higher requirements, which
could explain why the Malbaie pack con-
sumed more adult moose. This hypothesis
could also explain part of the variation ob-
served in 1997 when beaver consumption
tended to decrease in the Grands-Jardins
pack while caribou became more important
in the diet in parallel with the growth of the
pack from 7 to 13 wolves.

Young ungulates are often reported to
be selected by wolves in summer (Pimlott
et al. 1969, Van Ballenberghe et al. 1975,
Voigt et al. 1976, Fritts and Mech 1981,
Messier and Créte 1985). Both the Malbaie
and Grands-Jardins packs had a relatively
low proportion of moose and caribou calves
in their diet which is not in agreement with
results from other studies. As pointed out
by Potvin et al. (1988) from elsewhere in
Québec, the low incidence of young cervids
in the summer diet could be attributed to the
low availability of these prey. In the higher
elevation of the Lac Jacques-Cartier high-
lands, the productivity of both moose (39
calves/100 females in winter; St-Onge et al.
1995) and caribou populations (32 calves/
100 females in winter; Banville 1996) is
considered to be low (Courtois et al. 1994,
Courtois and Lamontagne 1999).

Forbes and Theberge (1996) suggested
that beaver can be an important secondary
prey item when ungulates are not abundant.
The consumption of beaver by the Malbaie
pack was lower than results reported in
most studies reviewed, but only one of these
studies mentioned higher beaver biomass
than what we observed for the Grands-
Jardins pack (Potvin et al. 1988; Table 3).
This suggests that the availability of this
prey for the Malbaie pack was too low to
maintain an active search strategy. Indeed,
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the beaver local availability index was lower
for the Malbaie pack (0.2 colonies/10 km?)
than for the Grands-Jardins pack (0.4 colo-
nies/10 km?).

Species other than moose, caribou, or
beaver contributed little to the summer diet
of the Malbaie and the Grands-Jardins wolf
packs. The low consumption of smaller
prey suggests that these prey were not
actively hunted but may have been the
result of opportunistic predation events or
eating of carrion. Ballard et al. (1981)
reported that high densities of small mam-
mals could be an important food supplement
under some circumstances.

Finally, we observed a relatively high
occurrence of wildberries (especially blue-
berry) in diets of the Malbaie pack. In
Alaska, Ballard et al. (1987) reported an
occurrence of 3.2% of wildberry in scats
(adults and pups combined) while itreached
8.0% in the La Vérendrye Wildlife Reserve
(adults and pups combined; Messier and
Créte 1985). Fuller (1989) reported only
traces of wildberry in Minnesota wolf scats.
For coyote (Canis latrans), the high occur-
rence of wildberry may be related to a
shortage of animal prey (Créte and Lemieux
1994) or to the higheravailability of wildberry
(Serafiniand Lovari 1993). However, since
pup scats were not discriminated from adult,
the high occurrence of wildberry may also
be related to higher consumption by pups.

At low prey density, the relative avail-
ability of prey species seems to explain
variations in the summer food habits of the
Malbaie and the Grands-Jardins wolf packs.
Energetic requirements of the pack, ac-
cording to the kin selection hypothesis, may
influence the use-availability relation. Based
on our results, we conclude that caribou,
evenifitis considered as a more vulnerable
prey than the moose, is not selected by
wolves occupying their range because they
are too scarce. But from a management
standpoint, the summer predation on cari-
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bou, although light, is sufficient to reduce
the growth rate of the herd in some years.
Iflogging brings substantial habitat modifi-
cations and causes an increase of the moose
density in the study area, local wolf density
should be maintained (or adjusted) accord-
ing to the caribou management plan (Banville
1998), to alevel that will not affect the small
reintroduced caribou herd of the Grands-
Jardins provincial park. We expect that
wolves would concentrate their diet on the
more available moose, thereby releasing
pressure on the caribou population.
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