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Abstract

Preliminary data from GPS-collared wolves (Canis lupus) in the Superior National Forest of northeastern Minnesota
indicated wolves had low association rates with packmates during summer. However, aerial-telemetry locations of very high
frequency (VHF)-radioed wolves in this same area showed high associations among packmates during winter. We analyzed
aerial-telemetry-location data from VHF-collared wolves in several packs (n=18 dyads) in this same area from 1994-2012 by
month, and found lowest association rates occurred during June. While other studies have found low association among wolf
packmates during summer, information on differences in association patterns depending on the wolf associates’ demographics
is sparse. During May-July, association rates were greatest for breeding pairs, followed by sibling dyads, and lowest for parent–
offspring dyads. Our findings improve our understanding of how individual wolf relationships affect monthly association
rates. We highlight some important remaining questions regarding wolf packmate associations.
Key Words: Canis lupus, Dyad Associations, Minnesota, Gray Wolf, VHF collars, Wolf Pack Cohesion.

Introduction
Although gray wolves (Canis lupus) generally travel as a pack
during winter (summarized by Mech 1970), in summer they
often forage individually, and generally each pack wolf returns
to the pack’s den or rendezvous site each day or so (Murie 1944;
Harrington and Mech 1982;Ballard et al. 1991;Mech and Merrill
1998). In Denali National Park, Alaska, some 78% of 275
observations of wolves away from dens during summer were of

single wolves (Mech et al. 1998), and on Ellesmere Island, Canada,
wolves often returned singly to dens (Mech and Merrill 1998). In
the Superior National Forest (SNF) of northeastern Minnesota,
3 packmates were >100 m apart in 94% of ~1,000 locations/wolf
during summer (Demma et al. 2007), and in another study 2
packmates were >50 m apart in ~99% of >12,000 summer locations
(Palacios and Mech 2010).
Although coarse seasonal differences in wolf pack cohesion when
away from dens appear well known, finer-scale association rates and
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the factors influencing them need further study. In southwestern
Québec, Canada, yearling and adult females spent more time
separated from their packs and alone than males, and yearlings
were the most loosely associated pack members (Messier 1985).
Prey size significantly influenced pack association around carcasses
during summer, and age class and pack size were important
variables during winter (Metz et al. 2011). These findings do not
necessarily reflect wolf associations during travel because once a
wolf makes a kill, other packmates may join them there (Palacios
and Mech 2010; Mech, unpublished data). Similar to Messier
(1985), the highest association rates of 6 canid dyads (including
C. lupus, C. lycaon and C. latrans and some hybrids) during winter
were between 2 males, but 2 other packs with similarly high
cohesion included females (Benson and Patterson 2015). Winter
association rates were highest among packs with larger prey,
similar to Metz et al. (2011), but in contrast, pack size was not
correlated with cohesion (although this finding could have been
because of a small sample). Benson and Patterson (2015:39) stated,
“Investigating how sex, age, and breeding status inf luences the
degree to which individuals associate with other wolves in the pack
will be a valuable next step for achieving a better understanding of
pack cohesion.”
Because most wolf studies suffer from small samples (few wolf
dyads to analyze), information on how demographics inf luence
pack-member association remains sparse. Thus we analyzed
location data from very high frequency (VHF)-collared wolves
in the SNF from 1994-2012 by month and dyad demographics
to determine (1) whether the observed lower summer association
rates among packmates in the 2 earlier SNF studies were typical
of SNF wolves; (2) when SNF packmate associations increase and
decrease during the annual cycle; and (3) how association rates
differ depending on wolf demographics.

MATERIAL AND METHODS
As part of a long-term wolf research project (Mech 2009),
our study area comprised 2,060 km 2 in the SNF, Minnesota,
USA (48° N, 92° W - see Nelson and Mech 1981 for a detailed
description). Vegetation was predominately conifers, e.g., jack pine
(Pinus banksiana), white pine (P. strobus), red pine (P. resinosa),
black spruce (Picea mariana), white spruce (P. glauca), balsam fir
(Abies balsamea), white cedar (Thuja occidentalis), and tamarack
(Larix laricina) in the forest overstory, which was interspersed
with white birch (Betula papyrifera) and quaking aspen (Populus
tremuloides) (Heinselman 1996). Elevations ranged from 325
to 700 m above sea level and included swamps, uneven upland,
and rocky ridges. Temperatures rarely exceeded 35°C and average
monthly temperatures ranged from approximately 4 to 18°C during
May – October and approximately -18 to 2°C during November –
April (Heinselman 1996). Snowfall averaged 150 cm during mid-
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November through mid-April (Nelson and Mech 2006).
During 1988–2011, mean wolf density was 31/1,000 km 2
(Mech 2009, and authors’ unpublished data). Generally, in the
northeastern portion of our study area, the wolf ’s primary prey was
moose (Alces alces) and in the southwestern portion, white-tailed
deer (Odocoileus virginianus) (Frenzel 1974; Mech 2009).
We captured wolves with modified foot-hold traps (either
Newhouse 14 or Livestock Protection Company’s EZ Grip 7)
(Mech 2009) following guidelines of the American Society of
Mammalogists (Gannon and Sikes 2007) during capture and
processing (see Barber-Meyer and Mech 2014 for details). We
anesthetized trapped wolves with a standard dose of 250 mg
ketamine (Ketaset®, ketamine hydrochloride, Fort Dodge Animal
Health, Fort Dodge, IA, USA) (1988-1991) or 250 mg telazol®
(tiletamine hydrochloride and zolazepam hydrochloride, Pfizer and
Fort Dodge Animal Health, Fort Dodge, IA, USA) (1992-2011)
and 37 mg xylazine (Anased®, Llyod Laboratories, Shendandoah,
IA, USA) given intramuscularly. We recorded standard
morphological measurements, collected specimens, applied ear tags
and a VHF radiocollar (Telonics, Inc., Mesa, AZ). Beginning in
2000, we estimated wolf age by tooth wear comparing with the
chart in Gipson et al. (2000). Prior to 2000, unless the age of the
wolf was known (i.e., captured as a pup), we assigned a knownminimum age of 1 year and updated it if a wolf was recaptured.
We generally did not collar pups until they were ~5-months old.
We administered antibiotics and an antagonist to the anesthetic,
and handled wolves for approximately 1 h. We located wolves
approximately weekly via aerial radio-telemetry, and we considered
locations accurate within 400 m. We calculated winter pack counts
as the maximum pack size observed during weekly locations during
December-March each year.
We analyzed locations of wolf dyads (2 VHF-collared wolves
from the same pack) from 1994 to 2012. Because we were interested
in seasonal comparisons, we only included dyads where we had
at least some association data from May – August and also from
December – March. We categorized dyads as breeders, siblings,
or parent–offspring. Assumed breeding pairs included males that
were older than 1 yr old and whose testis length measured at least
2.5 cm (Gese and Mech 1991), and females whose teats were not
“inconspicuous” (Barber-Meyer and Mech, in press). Sibling dyads
included 2 immature (i.e., not assumed breeders) wolves from the
same pack. Parent–offspring dyads included 1 assumed breeder
and 1 immature wolf. In addition, at least some of our radioedwolf dyads could sometimes have represented more than a dyad,
because, as with earlier studies, not all members of each pack were
radiocollared.
We recorded the percent-together locations for each month for
each dyad and averaged these for each month within each type
of demographic pair. Once a particular dyad association dissolved
(e.g., one wolf dispersed or died), we no longer included their data
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in the monthly summaries.

Results
We considered more than 45 radio-collared wolf dyads for analysis.
However, because of lack of complete data or because we could not
assign them definitively to a demographic group, we analyzed 18
(3 breeding pair, 6 sibling, and 9 parent–offspring dyads) (Table 1).
The 6 sibling dyads consisted of 3 male dyads and 3 male-female
dyads (Table 1). The parent–offspring dyads included 4 dyads with
a male adult (3 with a female offspring), and 5 with a female adult
(3 with a male offspring) (Table 1). Eleven of the dyads lived in the
primarily “deer economy” area of our study area, whereas 7 lived in
the primarily “moose economy” area (Table 1).
Mean wolf packmate association rates by month were lowest
in summer (Figure. 1). During May – July, association rates were
highest for breeding pairs, followed by siblings, and lowest for
parent–offspring dyads (Figure 1). Mean association rates for breeder
pairs ranged from 34% in June to 95% in January; for sibling dyads,
from 26% in June to 87% in December; and for parent–offspring
dyads, from 11% in June to 91% in January. Average association rates
among demographic groups generally declined gradually from winter
to summer (Figure 1). Due to data limitations, we were unable to
statistically compare the effects of gender, age, pack size and prey
type on association rates but we report summary association rates in
June and January for each dyad to illustrate the variability even within
a particular wolf pair (Table 1). We also found wide variation in
monthly mean association rates within demographic groups (average
SD of annual mean wolf-association rates among siblings=32.9,
parent–offspring=30.5, and breeders=31.5) that we suspect may be
driven partly by the timing of individual dyad dissolutions (Table
1) that larger samples might resolve. Notwithstanding the variation,
within particular dyads, the annual trend of greater association rates
within the winter versus summer held.

Discussion
Our findings confirmed the more-limited GPS-data from the
same area (Demma et al. 2007; Palacios and Mech 2011) that wolf
packmate foraging associations are lowest in summer. During
summer, young prey are smallest, most numerous, and easier to
catch than when they are older and more mobile (Mech et al.
2015). Thus it would be more efficient for wolves to hunt singly or
in smaller groups in summer than in winter when all these factors
are the opposite. In addition, wolves may also travel together more
often during winter because it is more efficient to travel single-file
in a group through deep snow than for each wolf to have to “break
trail” individually (Mech 1966). Also, larger prey can be more
efficiently consumed (rather than lost to scavengers) by several
wolves than by an individual (Vucetich et al. 2004). Furthermore,
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larger prey tend to be riskier for wolves to hunt (Murie 1944; Mech
et al. 2015), and we hypothesize that – up to a point – having more
wolves to potentially join in the attack (MacNulty et al. 2012, 2014)
may reduce the probability of injury per wolf and/or allow for pack
persistence and provisioning even when one wolf is severely injured
and cannot hunt (in support of this hypothesis, see Almberg et al.
2015 for evidence that group living in wolves mitigates the impacts
of chronic disease). Due to data limitations we could not test
whether association rates differed among demographic dyads that
primarily preyed on deer (smaller prey) versus moose (larger prey).
A number of important spatial questions remain regarding wolf
association rates during summer when association is lowest. How is
the pack’s territory used by each type of wolf? Do breeders use the
entire territory separately? Do juveniles use separate core sections?
Also, general rotational-use (Jedrzejewski et al. 2001) questions
persist regarding territory use by individuals throughout the year
(Demma et al. 2007; Demma and Mech 2009). Depending on wolf
demographics, how does summer territory use compare with winter
use? How do association rates differ in warmer climes without snow?
Unfortunately, we did not have enough data with our VHF- locations
to construct meaningful individual ranges between or among dyads.
Additional data from GPS-studies similar to those of Benson and
Patterson (2015) but expanded and deploying several collars/pack
would best resolve these kinds of questions.
Our association rates were generally higher than those of GPSbased studies, at least partly because our study relied on VHF
location data that were accurate only to within 400 m. In addition,
at least some of our radioed-wolf dyads could sometimes have
represented more than a dyad because, as with earlier studies,
not all members of each pack were radiocollared. Nevertheless,
our results basically support earlier findings that wolves tend to
travel singly during summer. Our findings better quantify the
seasonal-association history of wolf-pack members throughout
the year, and represent the first categorization of average monthly
dyad association rates by demographic group. Because these
types of data are rare in most studies, even these results add
new information to our understanding of factors related to wolf
association rates as Benson and Patterson (2015) suggested.
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Table 1. Demographics, winter pack count, main prey, and June and January association rates of the VHF-radioed-wolf dyads in the Superior National Forest, Minnesota, USA, 1994-2012.
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Figure 1. Wolf dyad mean association rates by month among differing demographic groups (siblings, n=6; parent–offspring pairs, n=9; breeders,
n=3) in the Superior National Forest, Minnesota, USA, 1994-2012.
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