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Linking Wolf Diet to Changes in Marine and Terrestrial Prey Abundance
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ABSTRACT. Since most wolf (Canis lupus) diet studies have been conducted in inland ecosystems, comparatively few data
are available on diets of wolves in coastal systems. We investigated the diet of wolves in Glacier Bay, Alaska, from 12 May to
28 June in both 2010 and 2011. Although we identified 12 different prey species, including birds and small to medium-sized
mammals, in wolf scats, moose (4lces alces) was the most frequent food item, observed in 80% of all scats. In contrast, a
study conducted in 1993 in an area 37 km away found harbor seal (Phoca vitulina richardii) in 41% of wolf scats. Although we
cannot account for differences in sampling design between the two studies, wolf diets may have changed between the two time
periods.

Key words: wolves, Canis lupus, diet, Glacier Bay, Alaska

RESUME. Puisque la plupart des études sur le régime alimentaire des loups (Canis lupus) ont été réalisées dans des
écosystemes situés a I'intérieur des terres, relativement peu de données existent sur le régime alimentaire des loups évoluant
dans les environnements cotiers. Nous avons étudié I’alimentation des loups de Glacier Bay, en Alaska, du 12 mai au 28 juin
2010 et 2011. Bien que nous ayons retrouvé 12 proies différentes, y compris des espéces aviaires et des mammiféres de taille
petite ou de taille moyenne dans les déjections de loups, ’aliment le plus fréquemment rencontré, dans une mesure de 80 %,
a ¢té l'orignal, aussi appelé élan (Alces alces). Par contraste, une étude effectuée en 1993 dans une zone située a 37 kilometres
de distance a permis de découvrir du phoque commun (Phoca vitulina richardii) dans 41 % des déjections de loups. Bien que
nous ne soyons pas en mesure de prendre en compte les différences d’échantillonnage entre les deux études, il est possible que
le régime alimentaire des loups ait changé entre ces deux périodes.

Mots clés : loups, Canis lupus, régime alimentaire, Glacier Bay, Alaska
Révisé pour la revue Arctic par Nicole Giguére.

Tesuc. borpmuHCTBO HccnenoBannii panuona Bonka (Canis lupus) IpOBOANIOCH HA BHYTPUMATEPHKOBBIX TEPPUTOPHSIX, B
TO BpeMs KaK MMEEeTCsl CPABHUTEIHFHO HEOOIBIIOE KOJIMYSCTBO JAHHBIX 110 PAIlHOHY BOJKA B MPHOPEKHBIX IKOCUCTEMAX.
Exeronno ¢ 12 mas mo 28 uronst 2010-2011 rr. Hamieil Tpymnmnoi MpOBOAMINCH MCCICAOBAHMS PAl[HOHA BOJKOB B OyXTe
I'netituep-beii, Ansicka. HecMoTpst Ha TO, 9TO HaMu OBLIO ONpeeseHo 12 pa3IuYHBIX BUIOB, UCIIOJIB3YEMBIX BOJIKAMH B
KadecTBe JOOBIYH, BKITIOUAs MTHUL, a TAK)KE MEIKUX U CPETHUX MIIEKOUTAIONINX, OCTAHKH Jocs (Alces alces) BcTpeyannuch B
80% 3KCKpEMEHTOB BOJIKOB, YKa3bIBas Ha TO, YTO JAHHBIN BUJI SIBJISACTCS HAUOOJIEE YaCThIM MUIIEBBIM 0O BEKTOM BOJIKA.

B oTnnumne oT IaHHBIX Pe3yJIbTaTOB, SKCIIEPUMEHT, IPOBeNeHHBIH B 1993 T. Ha y4yacTke, yAaJeHHOM OT Hamero Ha 37 KM,
00Hapy’KMJ HAIMYUE OCTAaHKOB TIoNeHs (Phoca vitulina richardii) B 41% dkckpeMeHTOB BOJKOB. HecMOTpst Ha TO, 9YTO MBI
HE MOXXEM OOBSICHUTH Pa3iNurs B BBIOOPKE MO Ka)JIOMY M3 HCCIIEIOBAHNHN, HX PE3yIbTaThl YKa3bIBAIOT HAa TO, YTO B IIEPUOJ
MEXy ABYMS HCCIIEIOBAaHUSIMU B PAI[HOHE BOJIKOB MOTJIU TPOU30UTH N3MEHEHUSI.

Kurouessie cnosa: Bonku, Canis lupus, n3meHenune paiuona, [ neiimep-beit, Ansicka

INTRODUCTION

Throughout much of their North American range, wolves
(Canis lupus) are considered predominantly ungulate pred-
ators (Peterson and Ciucci, 2003). As opportunistic carni-
vores, however, wolves are known to consume a diverse

assemblage of prey species (Carnes, 2004). For example,
studies from Alaska and coastal British Columbia have
demonstrated that wolves may augment their diets with
non-ungulate prey, such as seasonally abundant salmon
(Onchorynchus spp.) (Szepanski et al., 1999; Darimont et
al., 2008; Adams et al., 2010), whereas other studies have
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shown that carrion from various terrestrial and marine spe-
cies may serve as an important component of wolf diets
(Forbes and Theberge, 1992; Wilmers et al., 2003; Watts et
al., 2010). Consequently, the diet of wolves may vary spa-
tially and temporally across the landscape in response to
variation in the distribution, density, and seasonal availabil-
ity of local food resources.

Since the late 1800s, wolves have been documented in
Glacier Bay, Alaska (Muir, 1915), but little information is
available on the food habits of wolves in this region. Con-
tinuous landscape change in Glacier Bay due to glacial
retreat and primary succession of nearly 1500 km? of newly
emergent coastal land (Hall et al., 1995) has influenced the
distribution, abundance, and diversity of potential wolf prey
species. For example, moose (Alces alces) colonized this
coastal landscape in the mid-1960s (Streveler and Smith,
1978; Dinneford, 1990), and moose abundance has since
increased markedly (White et al., 2006). Salmon also have
colonized recently deglaciated watersheds in Glacier Bay
(Milner et al., 2007). In addition, the spatial distribution of
harbor seals (Phoca vitulina richardii) has changed over the
past two decades, and the number of harbor seals in Glacier
Bay has decreased substantially since 1992 (Mathews and
Pendleton, 2006; Womble et al., 2010). Thus, the potential
terrestrial and marine prey base of wolves in Glacier Bay
has changed considerably over the past several decades.

Our objective was to evaluate the late spring—early sum-
mer diet of wolves in Glacier Bay, an area where wolves
inhabit the marine-terrestrial interface. Specifically, we
sought to determine whether moose had become an impor-
tant component of wolf diets in this region. As few data
are available on the diet of wolves in Glacier Bay, we con-
trast our results with the findings presented in an unpub-
lished report by Meiklejohn (1994) that described the diet
of wolves in southeastern Glacier Bay. We interpret these
results in the context of changing prey abundance in this
rapidly deglaciating coastal ecosystem.

METHODS

We investigated wolf diet in the Glacier Bay area of
Alaska (58°27' N, 13543 W) from 12 May to 28 June in
2010 and 2011 (Fig. 1). The 600 km? study area included the
southeastern portion of Glacier Bay National Park and Pre-
serve (hereafter, Glacier Bay) and the coastal community
of Gustavus (population 442; U.S. Census Bureau, 2013).
Field observations, aerial surveys, camera trap imagery,
and GPS-collar data indicate that at least one pack of 8—12
wolves and one solitary female wolf occupied the study area
(N. Barten, Alaska Department of Fish and Game [ADFG],
pers. comm. 2010). The territory of this wolf pack encom-
passed the East Arm of Glacier Bay, which included more
than 320 km of shoreline (Fig. 1). We overlaid a 900 x 900
m grid across the study area using a geographic information
system and then each year obtained wolf scats by searching
50 randomly selected grid cells. We searched each cell for
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FIG. 1. Study areas where wolf diets were examined in southeastern Glacier
Bay, Alaska, during the current study (2010—11) and in 1993 (Meikeljohn,
1994). The wolf home range (95% fixed kernel utilization distribution) is from
a GPS-collared adult female wolf tracked during 2010—11 (N. Barten, ADFG,
unpubl. data). Current harbor seal haulout site locations occupied during
summer within the wolf home range are from Womble and Gende (2013).

one hour and collected all fresh wolf scats. Each fresh scat
was identified by its moisture and by insect activity, which
decreases markedly after about 10 days (D. Person, ADFG,
pers. comm. 2010). We also collected all fresh wolf scats
we found while traveling throughout the study area, includ-
ing those we observed while searching previously identi-
fied wolf travel routes leading to and along the Gustavus
beach. Scats smaller than 30 mm in diameter were excluded
to avoid including coyote (C. latrans) scats in analyses
(Weaver and Fritts, 1979). We used standard methods to
collect, prepare, and identify prey items (Carnes, 2004).
Whole scats were placed in 0.95 L plastic bags labeled with
date and location and frozen until completion of fieldwork
each year. Scats were then transferred to nylon bags and
washed by hand or in a clothes washing machine to remove
fecal debris (Carnes, 2004). We air dried undigested prey
remains (e.g., bone, teeth, and hair) and identified each to
the lowest taxonomic level possible using a reference col-
lection and dichotomous keys (e.g., Moore et al., 1974). To
describe wolf diets, we calculated percent frequency of
occurrence (FO) (100 x no. of occurrences of a food item/
total no. of occurrences of all food items) for each food item
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FIG. 2. Percent frequency of occurrence of food items identified in 55 wolf
scats from southeastern Glacier Bay, Alaska, in May and June of 2010 and
2011. Food items observed only once were combined in the “Other” category.

identified in wolf scats (Carnes, 2004). Food items identi-
fied only once were combined in the category “other.”

RESULTS

We collected 55 wolf scats (47 in 2010 and 8 in 2011),
of which 24 were located within the randomly selected grid
cells. We identified 71 food items (Fig. 2). In 11 cases, we
could identify food items only to genus (e.g., Microtus) or
class (e.g., Aves, hereafter bird); thus, the number of identi-
fied food items is conservative. Scats contained 1 -3 differ-
ent food items (mean = 1.3 = 0.7 standard deviation). Moose
was the most common food item (80% FO), followed
by bird (11% FO), vole (Microtus spp., 9% FO), porcu-
pine (Erethizon dorsatum, 7% FO), snowshoe hare (Lepus
americanus, 7% FO), and Pacific salmon (4% FO). Beaver
(Castor canadensis), river otter (Lontra canadensis), red
squirrel (Tamiasciurus hudsonicus), coyote, three-spined
stickleback (Casterosteus aculeatus), and harbor seal were
observed once each. Strawberry (Fragaria chiloensis) was
the only plant matter identified in wolf scats. Too few sam-
ples were collected during 2011 to compare scat contents
between sampling years; however, moose was the most fre-
quently observed food item in both years.

DISCUSSION

Our data suggest that since moose colonized south-
eastern Glacier Bay in the mid-1960s, moose has become
an important component of the diet of wolves whose ter-
ritory includes the Gustavus forelands. Although moose
density has varied since colonization (Fig. 3), this high-
density moose population will likely continue to serve as
an important food source for wolves. Moose calves, for
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FIG. 3. Moose and harbor seal population trends in Glacier Bay, Alaska, from
1992 to 2011. Estimates of harbor seal population (non-pups only) are derived
from data collected at terrestrial haulout sites (see Mathews and Pendleton,
2006; Womble et al., 2010). Moose population estimates were derived from
data collected on the Gustavus forelands winter range. The value for 1993 is
based on unpublished observations (Glacier Bay National Park and Alaska
Department of Fish and Game files). Values for 19982011 are from moose
data collected during aerial surveys; estimates were adjusted on the basis
of sighting probabilities derived from mark-resight data (K. White, ADFG,
unpubl. data).

example, are most vulnerable to predation during the first
several weeks of life (Ballard et al., 1981), which coincided
with our sampling period. Adult moose with calves also
suffer greater mortality than those without calves (Testa,
2004). Furthermore, at the high density observed dur-
ing the sampling years of this study (i.e., ~2.5—3.1 moose/
km? on moose winter range), the Gustavus moose popula-
tion exhibited poor body condition attributed to nutritional
constraints imposed by habitat carrying capacity and intra-
specific competition (White et al., 2006). This poor condi-
tion may have resulted in greater overwinter mortality due
to malnutrition. Thus, expanding moose populations not
only provide increased predation opportunities, but also
may result in increased carrion biomass through non-preda-
tory mechanisms. Therefore, it is not surprising that moose
has become an important component of the late spring—
early summer (May—June) diet of wolves in southeastern
Glacier Bay.

In contrast to our study, a study conducted in 1993 that
evaluated the diet of wolves in Adams Inlet, an area 37 km
north of our study area, showed that moose occurred in
less than 3% of wolf scats classified as moderate age (i.e.,
representing late spring-early summer wolf diets; n = 68),
whereas harbor seal was observed in 41% of wolf scats
(Meiklejohn, 1994). The high frequency of occurrence of
harbor seal in wolf scats coincided with a period before
dramatic declines were observed in harbor seals. After
the grounding of Muir Glacier in the East Arm of Glacier
Bay around 1993 (Hall et al., 1995), the glacier no longer
produced icebergs that seals could use as resting sites
(Mathews, 1995). Before the grounding of the glacier, more
than 1300 seals were documented in Muir Inlet (Streveler,



146 « D.J.R. LAFFERTY et al.

1979). More recently, however, substantially fewer seals
have been counted in the East Arm of Glacier Bay, with the
primary haulout areas for seals restricted to Adams Inlet,
McBride Inlet, and Wachusett Inlet (Womble et al., 2010).
From 1992 to 2011, harbor seals at terrestrial sites in Glacier
Bay declined at a rate of 9.3% per year (Fig. 3) (Mathews
and Pendleton, 2006; Womble et al., 2010; J.N. Womble,
unpubl. data).

Harbor seals occur in Glacier Bay throughout the year
(Womble and Gende, 2013); however, their numbers
increase substantially during the May-June pupping season
(Mathews and Pendleton, 2006; Womble et al., 2010), when
young seals are most vulnerable to terrestrial predators.
Young harbor seals likely are vulnerable when hauled out
at terrestrial sites where wolves can access them. Meikle-
john (1994) reported that the small claws of harbor seal
pups were common in wolf scats collected in Adams Inlet,
a well-known terrestrial haulout site used by harbor seals.
Carnes (2004) and Klein (1995) also reported the presence
of harbor seal in summer diets of wolves in northern and
southern Southeast Alaska, respectively. Thus, naive harbor
seal pups hauled out at terrestrial sites may have been an
important seasonal prey for wolves before the recent harbor
seal population decline in Glacier Bay.

Differences in sampling methods and potential differ-
ences in local prey assemblages between sampling loca-
tions do not allow for a direct comparison of our study
with Meikeljohn’s (1994) study. However, existing data
suggest that during Meikeljohn’s study, moose were pre-
sent at moderate density in Adams Inlet (Robus, 1996) and
had not yet irrupted on the Gustavus forelands (White et
al., 2006). Harbor seal haulout sites have been found in the
Beardslee Islands in our study area (Mathews and Pendle-
ton, 2006; Womble et al., 2010), and observations from our
ground surveys confirmed that harbor seals were present
in 2010—11. These records and diet data demonstrate that
both moose and harbor seal were present in each study area
at the time of that study. Although differences in the fre-
quency of occurrence of moose and harbor seal in the diet
of wolves in these two studies may be due to differences in
local prey availability, they may also be a consequence of
changes in primary prey densities through time, resulting
in prey switching behavior by wolves (Murdoch, 1969).

Because of rapid landscape change in Glacier Bay (Hall
et al., 1995), coastal wolves likely will exhibit a dietary
response to continuing changes in prey populations. For
instance, as salmon continue to colonize streams in Glacier
Bay (Milner et al., 2007), they may become an important
seasonal food for wolves, as demonstrated in coastal British
Columbia (Darimont et al., 2008), other areas of Southeast
Alaska (Szepanski et al., 1999), and interior Alaska (Adams
et al.,, 2010). In our study, it is likely that scat analysis
resulted in an underrepresentation of salmon in wolf diets
not only because these fish are highly digestible (Hilder-
brand et al., 1999), but also because scat collection occurred
before the peak of spawning season. Thus, wolf use of
salmon may have been greater than suggested by our results.

Recent dramatic increases in sea otters (Enhydra lutris)
(Esslinger and Bodkin, 2009), Steller sea lions (Eumeto-
pias jubatus) (Mathews et al., 2011), and humpback whales
(Megaptera novaeangliae) (Hendrix et al., 2012) in the Gla-
cier Bay region may also provide subsidies to wolves via
increased scavenging opportunities. In 2010, for example,
we observed wolves in western Glacier Bay scavenging a
humpback whale carcass over several months, as well as
members of a wolf pack scavenging the remains of a male
Steller sea lion on Lester Island. Increasing marine mam-
mal subsidies through predation or scavenging may influ-
ence the survival and fitness of wolves in Glacier Bay and
buffer this coastal wolf population from seasonal fluc-
tuations in preferred prey availability (Watts et al., 2010).
Given ongoing climate change and glacial retreat, as well as
continued shifts in potential primary prey abundance and
the importance of wolves to predator-prey dynamics in this
system, continued monitoring of wolf diets in Glacier Bay
appears warranted.
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