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Introduction

Abstract

We studied group size, composition, and mating activities in American
bison (Bison bison) during rut on the Delta Junction Bison Range in inte-
rior Alaska, USA, in 1996 and 1997. Our purpose was to determine the
effects of large males (=5 yr old) on mating and associated activities.
Groups with large males were larger than those containing smaller
males. Most groups of bison were mixed-sex (90%), but large males
occurred in only one-half of all groups. Moreover, females in groups
with large males were more likely to copulate than those in groups with
smaller males, indicating a female preference for large males. Neverthe-
less, our results are consistent with large males seeking out adult
females for mating rather than vice versa. Mating peaked in mid-August
during both the study years and was highly synchronous. Scent marking
was coincident with mating, an outcome consistent with a hypothesis of
such behavior triggering ovulation. Scent marking by large male bison
occurred in both male-male and male—female contexts, but was associ-
ated most often with sexual activities. No differences in group size
occurred with changes in weather or among vegetation types occupied
by bison. Group size of bison, however, was larger with increasing dis-
tance from the forest edge, which likely was a response to predation risk
in this predator-rich environment.

cent animals (Maher & Byers 1987), with prime-
aged ungulates often exhibiting a concomitant

The American bison (Bison bison) is a sexually dimor-
phic ruminant (Berger & Peacock 1988; Weckerly
1998) that exhibits a tending-bond mating system in
which older, large-bodied, dominant males typically
mate more often than younger, small-bodied subor-
dinates (Lott 1974, 1979, 1981, 1985; Berger &
Cunningham 1994). Behavioral evidence of polygy-
nous mating is supported by genetic verification of
high wvariability in reproductive success of male
bison, with mature males mating more often than
younger individuals (Wilson et al. 2002; Roden et al.
2003). Reproductive success of male bison is greater
for prime-age individuals than for younger or senes-
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increase in male effort expended during rut (Bowyer
1981; Mysterud et al. 2004).

Our purpose was to quantify the group size and
composition of American bison during rut in relation
to environmental and social factors influencing tim-
ing and synchrony of mating in a population where
large males (=5 yr old) were uncommon. If large
males play a role in timing and synchrony of repro-
duction, or degree of sociality, responses of females
to males should be most pronounced under circum-
stances where large males are rare. Because of the
scarcity of large males, group size and composition
may be similarly affected by their presence, which

Ethology 113 (2007) 1048-1060 © 2007 The Authors
Journal compilation © 2007 Blackwell Verlag, Berlin



R. T. Bowyer et al.

might lead to differences in mating behavior of
bison.

Male mammals are known to influence reproduc-
tive behavior of females via pheromones in their
urine (Izard & Vandenbergh 1982; Menzies et al.
1992). Scent marking by dominant male ungulates,
in addition to other functions, has been hypothe-
sized to play a role in synchronizing and triggering
estrus or ovulation in adult females (Gosling 1985;
Bowyer & Kitchen 1987; Bakke & Figenschou 1990;
Miquelle 1991; Bowyer et al. 1994; Oechler et al.
1995; Massei & Bowyer 1999; Whittle et al. 2000;
Adams et al. 2001). American bison engage in scent-
marking behaviors, including wallowing and rubbing
of trees, which may serve those functions (Bowyer
et al. 1998a). Moreover, large male bison scent mark
more often than their smaller counterparts during
rut (Bowyer et al. 1998a).

Female ungulates may adjust timing of estrus and
dates of conception in relation to the age of avail-
able mates (Komers etal. 1999; Mysterud et al.
2002). Mating activities in populations composed of
young male ungulates lead to more females being
bred during their second estrus (Noyes et al. 1996,
2002). The absence of large male bison resulted in
more sexual and aggressive interactions by younger
males and excessive harassment of females (Komers
et al. 1994). Such harassment of females by young
males may have negative consequences for repro-
ductive females, as reported in other ruminants
(Singer & Zeigenfuss 2002). Consequently, there are
potential benefits to females that mate with large
males.

Northern populations of bison typically rut in
August, although reproductive activity may extend
over longer periods; the estrous cycle of females is
approx. 23 d (Kirkpatrick et al. 1991). Length of ges-
tation in American bison ranges from approx. 262 to
293 d (Berger & Cunningham 1994; Towne 1999).
Some ungulates, including bison, are thought to
adjust gestation length (Rachlow & Bowyer 1991;
Berger 1992; Schwartz & Hundertmark 1993), but
timing and synchrony of copulation and insemina-
tion likely influence birth dates. Bison exhibit con-
siderable variation in dates of birth among
populations (Rutberg 1984; Shaw & Carter 1989;
Green & Rothstein 1993a; Berger & Cain 1999;
Gogan et al. 2005). There are, however, strong envi-
ronmental constraints on timing and synchrony of
births among northern ungulates (Bowyer 1991;
Rachlow & Bowyer 1991; Berger & Cunningham
1994; Hass 1997; Bowyer et al. 1998b; Rubin et al.
2000).
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Reproductive activities of bison become more syn-
chronous with increasing north latitude (Berger &
Cunningham 1994). This pattern is thought to result
from inhospitable conditions at the start of spring
selecting against early births. Moreover, a limited
time for late-born individuals to acquire resources
necessary to survive winter during a short growing
season selects against late births (Rachlow and Bow-
yer 1994). Neonates born late in the birthing season
tend to be smaller and suffer higher mortality than
those born earlier (Keech et al. 2000; C6té & Festa-
Bianchet 2001). There are persistent influences of
birth date on size, dominance, and reproductive suc-
cess in bison (Green & Rothstein 1993b). Conse-
quently, timing of mating by individuals likely is
under strong selection; when a female conceives
clearly is a critical component in the life-history tac-
tics of these large herbivores.

We postulated that if large males were triggering
estrus or ovulation, the timing of scent-marking
behaviors by large males would slightly precede or
be coincident with copulations. Scent marking
should occur principally in a male-female context
and take place frequently in groups with only one
large male, where fights between large males are not
possible. Moreover, we hypothesized that groups
with large males would be larger than those with
smaller males if large males are a critical component
of mating activities. Likewise, we predicted that the
presence of a large male in a group would lead to
more copulations than in groups containing younger
males. We further postulated that synchrony of
reproductive activities in bison would be greater in
Alaska than reported for populations inhabiting
more southerly latitudes. We recognize that other
hypotheses, which are not mutually exclusive, may
explain variation in group size of bison (sensu Alex-
ander 1974) and thereby affect mating activities.
Accordingly, we also tested for effects of vegetation
type, weather conditions, and predation risk on
group size of bison. We had a unique opportunity to
examine potential effects of predation risk on social-
ity of bison because of the large mammalian carni-
vores that co-occurred with this bison herd.

Materials and Methods

Study Area

We conducted research on American bison on the
Delta Junction Bison Range (63°50'N, 145°10’W) in
interior Alaska, approx. 260 km southeast of Fair-
banks, Alaska, USA. The Delta Bison Range is
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6500 ha, and portions of the range are managed
intensively by the Alaska Department of Fish and
Game to lure bison away from nearby agricultural
crops composed predominantly of barley and oats.
The study area is relatively flat and occurs at an ele-
vation of approx. 310 m.

The climate is characteristic of interior Alaska.
Mean annual temperature is —3.5°C and the area
receives 25-30 cm of annual precipitation. Summers
are short but hot, with temperature sometimes
reaching 30°C. Winters are harsh with snowfall typi-
cally occurring in late August and often persisting
for 8 mo; occasionally temperature fall below —40°C.
High winds may occur in any month.

In 1996, we observed bison on the Panoramic
(approx. 990 ha) and Gerstle (approx. 500 ha) fields;
observations were restricted to the Panoramic Fields
in 1997. Many of the fields on the Delta Junction
Bison Range were plowed, planted with oats and
blue grass, fertilized, burned, and some areas,
mowed, to make the fields attractive to bison. These
management activities were more intense on the
Panoramic than Gerstle fields. Areas surrounding the
fields were characterized by an overstory of black
spruce (Picea mariana) and aspen (Populus tremuloides)
with an understory of willows (Salix spp.). We
observed gray wolves (Canis lupus) and grizzly bears
(Ursus arctos) on the study area; both are predators
of bison, especially on young animals (McHugh
1972; Carbyn & Trottier 1987; Carbyn et al. 1993;
Smith et al. 2000; Wyman 2002).

Bison did not use the Delta Junction Bison Range
year-round, but groups of bison began migrating
into the area during mid- to late July (Bowyer et al.
1998a). Most dimorphic ruminants (Bowyer 2004),
including bison (Berger & Cunningham 1994; Post
et al. 2001; Mooring et al. 2005), sexually segregate
for much of the year, and form mixed-sex groups
predominantly during rut (Schuler et al. 2006). The
peak of rut for bison on our study area occurred in
August (Bowyer et al. 1998a); nevertheless, births
may be spread over >1 mo in some populations of
bison (Berger & Cunningham 1994; Berger & Cain
1999).

The Delta Junction bison herd was established with
a translocation of 23 plains bison (B. b. bison) from
the National Bison Range in Moise, Montana, USA,
in 1928. Wood bison (Bison bison athabascae), how-
ever, occurred naturally in Alaska into recent times
(Guthrie 1990). The Delta Junction bison herd num-
bered approx. 450 animals during our study, and
both sexes were harvested annually under a permit
system administered by the Alaska Department of
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Fish and Game. That harvest produced a skewed sex
ratio in which large male bison were uncommon
(Bowyer et al. 1998a). Hunting did not occur until
after the periods when we observed bison.

Sampling Methods

Sampling methods differed markedly between the
study years. We sampled bison from Aug. 7 to Sep.
7, 1996 to obtain detailed records of scent marking
and courtship behaviors, including copulations (Lott
1974), using an all-occurrences log (Altmann 1974).
We distributed our sampling effort throughout the
rut to obtain a representative sample, recording
behaviors of bison for approx. 3 d/wk. Our proce-
dure was to search until we encountered a large
mixed-sex group of bison that could be observed at
close distances (30-75 m) from a vehicle by a pri-
mary observer, who recorded data on a check sheet,
and a secondary observer, who helped with timing
of sampling intervals. Observations were made with
10x binoculars or the unaided eye of a particular
group for as long as possible. We subdivided our
observations into 15-min intervals to examine asso-
ciations between the types of behaviors we recorded.
We sometimes did not obtain a complete count of
animals or categorize the entire group into sex and
age classes; our observations were focused primarily
on focal animals engaged in courtship, scent-mark-
ing, and aggressive behaviors. We also sampled the
physical and spatial characteristics of wallows and
rubbed trees, and described scent-marking behaviors
by sex and age classes of bison (Bowyer et al.
1998a). All methods used in this study were in keep-
ing with the procedures subsequently adopted by
the American Society of Mammalogists for research
on wild mammals (Animal Care and Use Committee
1998).

In 1997, we concentrated our efforts on obtaining
detailed estimates of group size and composition
throughout rut, and continued to sample mating
activities. This change in sampling protocol was initi-
ated because we recognized that mating activities
were influenced by group dynamics, which were not
sampled adequately in 1996. The change also was
necessary to test hypotheses concerning the role of
large vs. small males in mating success, which
required detailed data on group composition. We
observed bison, weather and logistics permitting, by
driving a fixed route of 17.2 km each morning and
evening from Aug. 8 to 27, 1997, with samples
collected on approx. 4 d/wk. We sampled during
mornings and evenings, because bison mate most

Ethology 113 (2007) 1048-1060 © 2007 The Authors
Journal compilation © 2007 Blackwell Verlag, Berlin



R. T. Bowyer et al.

often during these periods (personal observations).
The direction in which the route was traveled was
changed with each sampling effort. Our route was
located along the periphery of the Panoramic Field,
which allowed a good view of bison in the open,
manipulated areas. Samples in which some animals
were obscured by vegetation or occasionally topo-
graphic relief were not included in analyses.
All observations were made from a vehicle with the
unaided eye, 10x binoculars, or a 20-60x spotting
scope over distances of 30-300 m; data were
recorded in the same manner as in 1996. Great care
was taken not to disturb bison, and data collection
was terminated if bison took flight, which occurred
rarely (approx. one group per transect). We were
not able to gather data on fleeing bison, which typi-
cally moved quickly into the nearby forest. Data
were not included in analyses unless we obtained a
complete count of bison composing a particular
group, although sometimes we were unable to accu-
rately assign all individuals to a sex and age class;
such animals were categorized as ‘unknowns.’

We defined a group as =1 animal that was <50 m
from one another and tended to move as a cohesive
unit (Bowyer 1984; Bowyer et al. 2001). If any
question arose as to whether an animal was a mem-
ber of a particular group, we watched that individual
until it either joined a group, or failed to do so, by
the time we terminated observations. We watched
bison groups carefully to be sure that we obtained a
complete count, especially for groups near the forest
edge. We included lone individuals in our analyses
to encompass the complete range of sociality exhib-
ited by this species (Bowyer et al. 2001; Monteith
et al. 2007).

In both study years, we categorized bison by sex
and age primarily on the basis of body size and horn
characteristics (Fuller 1959, 1960; Berger & Cunn-
ingham 1994). Male bison could be assigned into
five age classes based on these criteria (1 to =5 yr
old). We divided male bison into 1-2, 3-4, and =5 yr
olds because of similar behavior patterns within
these age classes, and to increase sample sizes for
some statistical analyses. A few males attain sexual
maturity as yearlings, approx. 33% do so as 2 yr
olds, and the remainder is sexually mature by 3 yr
of age (Fuller 1961; Helbig et al. 2007). The large
size and distinctive characteristics of horns for large
males (=5 yr olds) made it possible to determine if a
particular group contained those individuals in all
but one instance. We acknowledge, however, that
males may not reach full size until 8-11 yr old
(Berger & Cunningham 1994), which makes our
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analysis of the influence of large males on mating
activities conservative.

Females were categorized as yearlings or adults
(=2 yr old). Adult females were grouped into a single
age class because they are capable of conception at
2 yr of age (Shaw & Carter 1989; Green & Rothstein
1991; Wolff 1998), and because we could not dis-
criminate age classes of adults during field observa-
tions. Young were animals of either sex <1 yr old.

For each group of bison encountered in 1997, we
recorded, date, time, weather condition (clear, over-
cast, and rain or snow), location (Universal Trans-
verse Mercator, UTMs), vegetation type in which the
group predominantly occurred (oats, un-mowed
bluegrass, and mowed bluegrass), the number of
individuals and, where possible, their sex and age
class. We visually estimated (nearest 5 m) the dis-
tance from the nearest side of the group to the edge
of the forest as an index to predation risk (Bowyer
et al. 2001), and the maximum distance across the
group. We used the body length of bison (Berger &
Cunningham 1994) and a map of the study area
with UTM benchmarks to aid in this process. We
divided the maximum distance across the group by
group size to obtain a crude index of the clumping
and cohesion of individuals within the group. For
groups that we were able to observe clearly for
215 min, we noted the number of adult females
with their tails held erect and with an enlarged
vulva, which are reliable indicators of copulations
occurring within the previous 6 h (Berger & Cunn-
ingham 1994; Wolff 1998). Observation times for
groups of differing size were nearly equal.

The Alaska Department of Fish and Game previ-
ously captured and fitted 11 adult female bison with
VHF radiocollars. In 1997, we surveyed each group
we encountered, both visually and with radioteleme-
try equipment, for the presence of animals equipped
with radiocollars. These data allowed us to obtain a
crude index of what proportion of the bison herd we
sampled, and how often we were sampling the same
individuals within or among days.

Data Analyses

In 1997, we subdivided bison into three group-size
categories based on natural breaks in quantiles of
the distribution of group sizes: small (<15 animals),
medium (16-39 animals), and large (=40 animals)
groups. We created categories of group size for two
reasons. First, categories are useful for data in which
a large portion of samples falls within a small range,
but may have valid extreme values (Johnston et al.
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2001) that can have undue leverage on continuous
models (Rousseeuw & Van Zomeren 1990). Second,
categories may reveal non-linear relationships more
easily than continuous data (Schmidt et al. 2007).

We categorized groups of bison according to the
method of Hirth (1977), Bowyer (1984) and Bleich
et al. (1997). Mixed-sex groups had at least one
adult male (=2 yr old) and one adult female, but
could contain other sex and age classes. Male groups
contained only males >1 yr old and female groups
were composed of adult females, and also could con-
tain yearlings and young. Groups of male or female
yearlings, or young included only those age classes.

In both years, we determined timing and syn-
chrony of mating by bison, based on observations of
copulations and the number of adult females with
tails held erect. We used the method of Johnson
et al. (2004), which allowed us to calculate a robust
estimate of the mean (timing) and a corrected esti-
mate of the SD of the distribution of events that are
valid for determining synchrony. Moreover, this pro-
cedure allows for sampling with unequal time inter-
vals (bin sizes), which heretofore has not been
possible (Johnson et al. 2004). This technique also
allowed a valid comparison between the years where
sampling methods differed markedly, because sam-
pling intervals and intensity need not be equal.
We employed the same technique to examine the
temporal distribution of scent marking by large
males in 1996. Copulations could have a time lag of
up to 6 h (e.g. those inferred from tails held erect),
but scent-marking behaviors were observed directly
over much shorter time intervals. Consequently, we
pooled data on timing of these behaviors by day to
avoid a temporal bias.

We analyzed data on sex and age composition of
the bison herd with one-way analysis of variance
(anova) after completing an arc-sine square-root
transformation on percentages (Zar 1999). A Bonfer-
roni correction was applied to unplanned contrasts.
We eliminated one group of bison from analyses of
group composition because, although we obtained a
count of bison, we categorized too few individuals to
sex and age class.

Data on the observed and expected distributions of
large males and adult females in small, medium, and
large groups were examined with the multiway y*-
test (Zar 1999). We used the G-test, following Yates
correction, for examining differences in the number
of tails held erect (copulations) in groups with and
without large males. We used linear regression to
test for relationships between distance from the edge
of the forest with group size and cohesion.
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We employed one-way ANOVA to compare group
sizes among habitat types. Differences in size of
groups with and without large males and timing of
life-history events were examined with t-tests (Zar
1999). An o = 0.02 was adopted for these statistical
tests, all of which were two-tailed. We arbitrarily
reduced alpha from 0.05 to 0.02 to help correct for
effects of inflating sample size by making repeated
observations on the same bison, most of which could
not be identified as individuals.

We used the two-sample Z-test to compare differ-
ences in the proportion of scent marking that co-
occurred with sexual or other scent marking (e.g.
both sexes scent-marked together) with instances
where no scent marking occurred but where we
observed sexual behavior. For this test, the number
of 15-min intervals in which we made observations
was the sampling unit. This test is especially appro-
priate for this comparison because it allows sampling
with replacement (Schork & Remington 2000), and,
as noted previously, some of our intervals contained
observations on the same animals.

Results

Group Size and Composition

We made detailed behavioral observations on 20
mixed-sex groups of bison during 1996. We observed
three of those groups that were >100 bison on the
Panoramic Field, one of which included 197 individu-
als that composed >43% of the entire population.
Bison groups were much larger in 1996 than in 1997,
where the largest group included 86 individuals.

We observed 41 groups of bison composed of 1210
animals on the Panoramic Field in 1997. Mean
(£SD) group size during rut was 29.5 £+ 23.8
(range = 1-86 animals; CV = 81%). Groups contain-
ing large males (=5 yr old) were significantly
(tss = 5.10, P <0.0001) larger (44.3 + 24.50,
range = 8-86, n = 20) than groups without them
(14.1 £10.01, range = 1-34, n = 20). Moreover,
mean (£SE) group size differed significantly
(F2,37 = 18.16, p < 0.0001) among groups with zero
(14.1 £ 3.91, n = 20), one (40.1 = 4.24, n = 17), or
two large males (68.0 = 10.10, n = 3). Overall, only
50% of bison groups contained large males. We
observed a little variation in group composition dur-
ing the observation periods.

We located 7 of 11 radiocollared females in our
study area using radiotelemetry and direct observa-
tions. These seven bison were observed a mean of
3.9 times each during 1997, with a maximum of
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seven collared females present on any day. We
detected some collared bison on all but 2 d of sam-
pling. Only once, however, we sampled the same
collared individual in both morning and evening
surveys. We observed a mean (£SD) of 134.5 £+
46.23 animals each day, approx. 30% of the esti-
mated 450 bison in the Delta Junction herd.

In 1997, 40 groups of bison occurred in mixed-sex
(90%) or female groups (10%); we observed no
male-only groups, or groups of young or yearling
females without adult females. The overall sex ratio
of large males to smaller males (1-4 yr old) to adult
females was 6:64:100, respectively. Indeed, groups
were composed predominantly of adult females;
young were distributed across all categories of group
size, with proportionately fewer young in small
groups (Fig. 1). Males were a small percentage of all
groups; large males (=5 yr old) were particularly
uncommon in any size of bison group, but occurred
across all group sizes (Fig. 1).

Large male (partial x* =12.03, p < 0.01) and
adult female (partial x*, = 116.14, p < 0.0001) bison
occurred disproportionately in large groups and less
often in small ones compared with their expected
distributions (Fig. 2). This pattern, however, was
more pronounced for large males than for females
(x*s = 128.18, p < 0.0001). These outcomes on
group composition ostensibly occurred because large
males composed such a small proportion of the total
herd (Fig. 1), and there were many groups without
large males.

Effects of Vegetation Type, Weather, and Predation
Risk

Mean (£SE) group size of bison did not vary
(F2,36 = 1.24, p = 0.30) with the type of manipulated
vegetation they occupied: oats (34.6 £ 5.11, n = 19);
un-mowed bluegrass (23.8 &+ 5.96, n = 14); and
mowed bluegrass (22.5 £ 9.10, n = 6) during 1997.
Likewise, weather conditions: clear (29.3 £ 8.85,
n = 7); overcast (31.8 & 5.52, n = 18); and rain or
snow (28.8 & 11.71, n = 4) had no effect on group
sizes of bison in 1997 (F, ¢ = 0.05, p = 0.96).
Overall, 41 groups of bison occurred a mean
(£SD) distance of 65.0 £ 62.05 m (range = 1—
220 m) from the forest edge in 1997. Distance from
the forest to the nearest edge of a bison group was
positively related to group size (Fig. 3). Mean (+SD)
distance across the group (n =35 groups) was
79.1 £ 66.87 m (range = 3-300 m) in 1997. The
composite variable representing clumping (distance
across the herd/group size: 3.3 + 1.58, range = 1.3—
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Fig. 1: Mean (+SE) sex and age composition of 40 groups of Ameri-
can bison subdivided in to small (<15 animals), medium (16-39 ani-
mals), and large (>40 animals) groups for (a) males and (b) females
and young, observed on the Delta Junction Bison Range in interior
Alaska, USA, during Aug. 1997. Composition of sex and age classes
sum to 100% across all group sizes. Differences in age composition
were tested with anova (females and young, p < 0.0001; males,
p = 0.003). Different capital letters above error bars indicate significant
differences (p < 0.02) following pairwise comparisons and a Bonferroni
correction.

7.5) was inversely, but not significantly, related to
distance to the forest edge (r* = 0.05, p = 0.211).

Timing and Synchrony of Mating

In 1996, we directly observed 26 copulations, fol-
lowed by female bison immediately holding their
tails erect, and inferred copulation from a female
with an erect tail. In 31 instances of mating behavior
by adult females in 1997, we directly observed nine
copulations; the remainder was inferred from
females with their tails erect.

Bison exhibited extreme synchrony in mating,
but timing was nearly identical between years.
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Fig. 2: Percent occurrence of large male (=5 yr old) and adult female
(>2 yr old) American bison in small (<15 animals), medium (16-39 ani-
mals), and large (>40 animals) groups observed on the Delta Junction
Bison Range in interior Alaska, USA, during Aug. 1997. Expected val-
ues were obtained by allocating the overall mean number of large
males or adult females in all groups to bison in small, medium, or
large groups.
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Fig. 3: Linear relationship (Y =16.95 + 0.19x) between group size
and distance to the forest edge for all groups of American bison with
large males (open circles) and without large males (closed circles)
observed on the Delta Junction Bison Range in interior Alaska, USA,
during Aug. 1997.

Mean (£SD) date of mating in bison was Aug.
18 +5.1d (n=27) in 1996, and Aug. 20 + 6.2 d
(n =31) in 1997. Timing of mating was not signifi-
cantly different between years (ts; = 1.33, p = 0.19).
Robust, unbiased estimates of the SD indicated that
67% of mating occurred in approx. 10 d, and 95%
in approx. 20 d in 1996. In 1997, 67% of mating
occurred in approx. 12 d, and 95% in approx. 24 d.
Variation in timing of mating within years differed

1054

R. T. Bowyer et al.

little (1996 CV =22%; 1997 CV =27%) further
indicating strong synchrony in this behavior. Over-
all, mating activity was highly concentrated in
August.

Effects of Large Males on Mating

The presence of a large male (=5 yr old) bison had a
profound effect on mating behavior of adult females.
Females were more likely to mate when a large male
was present compared with groups where only smal-
ler males (1-4 yr old) occurred. We observed 26
females with tails held erect in 18 groups containing
large males, but only on five occasions were tails
erect in 14 groups with smaller males (G, = 164.44,
p < 0.0001).

We observed 45 bouts of scent marking by large
male bison in 1996 (40 wallows and five tree rubs).
We evaluated the presence or absence of scent
marking in sexual and aggressive behaviors in bison
by examining those behaviors in 15-minute intervals
(n = 90). All rubbing of trees by large males was
accompanied by wallowing. We documented the co-
occurrence of wallowing (n = 23 intervals), includ-
ing simultaneous wallowing by large males and adult
females, and sexual behaviors by large males (tend-
ing, licking of females, flehmen, and copulation).
Intervals involving wallowing were compared with
instances during which no wallowing occurred
(n =49) but sexual behaviors were observed.
The proportion of wallowing by large males followed
by sexual activities (0.74) was significantly greater
(Z=2.68, p=0.007) than for the proportion of
intervals in which no wallowing was observed but
sexual behavior occurred (0.43). We observed only
three fights among large males; two were accompa-
nied by wallowing and one was not; sample sizes
were too small for statistical analysis, but these were
the only instances where >1 large male was in the
same group. Most scent marking occurred in a male—
female context.

Mean timing (Aug. 20 +9.7d, CV =42%) of
scent marking by large males during 1996 was not
different from the chronology of mating (t7o = 0.99,
p = 0.33). Scent marking, however, was somewhat
less synchronous than copulations (CVs =42% vs.
22%, respectively).

Discussion

Our observations likely reflect the overall behavior
of bison we studied because of our systematic
sampling scheme. We also employed an analytical
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technique (e.g. Johnson et al. 2004), which allowed
comparisons of behaviors between years with differ-
ent sampling intervals. Other evidence that our sam-
ples are likely representative of the Delta Junction
herd includes the large groups of bison we observed
in 1996, which in one instance constituted >40% of
the herd. We also consistently located the most
telemetered females and observed approx. 30% of
the herd in daily surveys in 1997. Consequently, we
believe our data are representative of the behaviors
for that herd.

One problem we encountered was not being able
to consistently recognize individual bison. We com-
pensated for this shortcoming in several ways. First,
where possible, we used statistics that allowed sam-
pling with replacement for tests involving differences
in proportions (Schork & Remington 2000). Second,
although sample size was small, telemetered females
were seldom sampled twice in the same day, indicat-
ing that groups likely changed composition between
sampling transects, and many of our analyses used
the group as the sampling unit. Finally, we reduced
alpha from 0.05 to 0.02 to compensate for inflating
sample size by resampling the same individuals on
some occasions.

Data on timing of mating revealed a high degree
of synchrony, with little between-year variation.
Berger & Cunningham (1994) likewise observed lit-
tle among-year variation in timing of births for
bison, but Green & Rothstein (1993a) noted more
interannual variability. Our data on mating of bison
in Alaska indicate somewhat greater synchrony than
Berger & Cunningham (1994) reported, and consid-
erable more synchrony than Green & Rothstein
(1993a) described for parturition, an outcome consis-
tent with the hypothesis of greater synchrony in
reproductive activities with increasing north latitude
(Berger & Cunningham 1994). Mating by bison in
Alaska was highly clumped within August, with very
small standard deviations (synchrony) in both years.
Such synchrony in reproductive activities is typical
for ungulates living in the far north (Eastland et al.
1989; Rachlow & Bowyer 1991; Bowyer et al.
1998b; Barton et al. 2001).

Gestation lengths in bison are variable (Berger
1992). Factors such as nutritional status and the
presence of disease may affect timing of births (Ber-
ger & Cain 1999; Keech et al. 2000) — timing and
synchrony of mating clearly have a strong influence
on when neonates are born. Consequently, mating
and its effects on timing of parturition are critical
components in the fitness of individual northern un-
gulates (Green & Rothstein 1993b; Keech et al.
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2000; CoOté & Festa-Bianchet 2001). Bison births
may occur over >1 mo (Green & Rothstein 1993a;
Berger & Cunningham 1994). Nonetheless, data on
survivorship of these young are sparse, especially for
populations where predation still is an important
component in mortality of young bison. The timing
of mating we observed in August likely indicates an
adaptive advantage to such synchronous mating.

The occurrence of large groups of bison in the
Delta Junction herd in 1996 compared with 1997
did not significantly alter timing of mating. This out-
come indicates that more than just social facilitation
(sensu Asher etal. 1996) associated with large
groups affected these reproductive activities, at least
for the sizes of groups that we observed. We hypoth-
esize that the presence of large males was an impor-
tant factor in timing of mating behavior. Indeed,
females in groups with large males were far more
likely to copulate than those in groups with smaller
males. This outcome indicates that females prefer to
mate with large males, even when these individuals
are rare.

Large males occurred disproportionately in large
compared with small groups (Fig. 2), and composed
only 50% of all groups we observed in 1997. These
outcomes are in keeping with a pattern of large
males seeking female groups rather than vice versa.
We would have expected females to have concen-
trated around rare, large males if they were primar-
ily responsible for formation of mixed-sex groups —
there were many groups of female bison without
large males. Large males occurring across all sizes of
groups (Fig. 1) also may indicate that these males
were evaluating the reproductive potential of some
females and directing their courtship activities
accordingly (Berger 1989). These hypotheses, how-
ever, require additional testing with more concen-
trated observations on group formation and
movements of sexes among groups. We could not
evaluate changes in group formation because group
composition of bison changed little during our obser-
vation periods.

Wallowing and rubbing of trees by American bison
may have additional functions, but these behaviors
clearly are used for scent marking by large males
during rut (Bowyer et al. 1998a). Scent urination is
common among male ungulates (Bowyer & Kitchen
1987; Miquelle 1991), and the association of urinat-
ing and wallowing by large male bison links these
behaviors with the pattern observed in other species
(Bowyer et al. 1998a). Rubbing of trees and shrubs
likewise is widely recognized as a form of scent
marking (Bowyer & Kitchen 1987; Benner &

1055



Mate Choice and Timing of Mating in Bison

Bowyer 1988; Bowyer etal. 1994; Oechler et al.
1995; Massei & Bowyer 1999; and many others).
Had wallowing functioned predominantly for pur-
poses other than scent marking, we would not have
expected large male bison to have engaged in this
behavior more often than other sex and age classes
(Bowyer et al. 1998a). Likewise, we would not have
predicted such strong concordance in timing of scent
marking and mating.

Scent marking by large males was less synchro-
nous than mating. Moreover, scent marking was
timed such that it is unlikely that this behavior was
involved in priming estrus (at least for the first
estrous cycle), which is approx. 23 d in bison
(Kirkpatrick et al. 1991). The near-identical timing
of scent marking and mating by large males,
however, is consistent with the hypothesis of males
triggering ovulation, especially because scent
marking was linked more strongly with sexual
behavior than male-male aggression, and was
preformed more often by large than smaller males
(Bowyer et al. 1998a).

Scent marking occurred in many groups that con-
tained only one large male bison, where there was
no opportunity for scent marking to be involved in
aggression between large males. Other behaviors by
large males might influence timing of reproduction.
Nevertheless, this possibility would not explain the
strong relationship we observed between scent
marking and sexual behavior in bison, or the well-
established role of male pheromones influencing
reproductive behavior in female mammals (Izard &
Vandenbergh 1982; Rasmussen 1988; Menzies et al.
1992; Rasmussen & Perin 1999). We believe our
observations offer support for scent marking by large
males influencing reproductive activity of females,
but a critical test of this hypothesis likely would
require experiments on the physiology and behavior
of captive bison.

Sociality often is promoted by an intensified risk
of predation (Alexander 1974). Plains bison histori-
cally occurred mostly in open habitats (McHugh
1972), although some bison also inhabited forested
mountains (Fryxell 1928). Our data indicated that
distance to the forest edge was related to group size
and that cover may allow bison to elude predators in
forested environments. Bison that we disturbed uni-
formly fled to the forest. Van Vuren (1983) also
reported that group size in bison increased as they
occupied more open habitats. Nevertheless, smaller
groups of bison may have been present in forested
areas where we could not observe them. Indeed,
Melton et al. (1989) reported comparatively small
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group sizes for bison, ostensibly because they used
the forest for feeding during autumn.

In some instances, the forest edge also may offer
cover for stalking wolves (Kunkel & Pletscher 2001).
Moreover, cervids may perceive forest edges as risk-
ier than open areas (Altendorf et al. 2001). Nonethe-
less, cervids often are confronted with ambush
predators such as mountain lions (Puma concolor),
near forest edges, but coursing predators, such as
wolves and coyotes (Canis latrans) still can promote
group formation at increasing distances from con-
cealment cover (Dale et al. 1994; Molvar & Bowyer
1994; Bowyer etal. 2001; Pierce etal. 2004).
Our results (Fig. 3) are consistent with an increase
in group size with increasing distance from escape or
concealment cover as an adaptation to reduce preda-
tion, a pattern common to many social ungulates
(Hirth 1977; Berger 1978, 1991; Underwood 1982;
LaGory 1986, Molvar & Bowyer 1994; Rachlow &
Bowyer 1998; Bowyer et al. 2001).

Hunting also may have affected grouping patterns
of bison. Nevertheless, sport hunting and predation
can have quite different effects on social behavior
and demographics of ungulate populations (Berger
2005). We foresee little advantage to bison forming
large groups in open areas in response to human
hunting, which involves modern high-powered
rifles and ammunition. Although factors such as
predation risk clearly influenced group size in bison,
benefits from the presence of large males also
played a strong role in mating activities. The pres-
ence of large males may be critical to the dynamics
of some ungulate populations (Mysterud et al.
2002; Rankin & Kokko 2007). We hypothesize that
large groups of bison offer a reduced risk from pre-
dation and an added benefit related to timing of
mating for individual females that occur with large
males.

Several aspects of our study are unique and pro-
vide general insights into the behavior of bison.
Because large males were exceptionally scarce, we
were able to clearly document that females preferred
to mate with large compared with smaller males,
although males likely sought out groups of females
rather than vise versa. Moreover, large males played
an important role to the degree of sociality exhibited
by bison — groups with large males were larger than
those without them. Scent-marking behavior by
large males was more frequent than for smaller
males (Bowyer et al. 1998a), and occurred primarily
in a male-female context. Timing of scent marking
was concordant with highly synchronous mating
activities by bison, which supports the hypothesis
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that scent marking triggers ovulation in females.
Research on captive animals, however, may be nec-
essary to fully test this hypothesis. Nonetheless,
quantitative and unbiased data on timing of life-his-
tory events are rare, and our method provides an
illustration of how to compare timing and synchrony
of social behaviors that play a critical role in the
reproductive success of these unique large mammals.
In addition, behavioral observations of bison in envi-
ronments with a complete complement of natural
predators are uncommon. In this predator-rich eco-
system, we demonstrated that group size of bison
was directly related to distance to the forest edge,
ostensibly a response to predation risk. This relation-
ship likely plays an important role in the evolution
of sociality for this gregarious large mammal.
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