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Group-size variation has been examined within a framework of costs and benefits to
ecological factors such as food limitations and risks from predators. Social interactions
between males from male–male competition might also influence group size particularly
in polygynous males. To explore the role of social and ecological factors on group size
outside the mating season I examined the influence of abundance on male grouping
patterns in a population of Roosevelt elk (Cervus elaphus roosevelti) in northwestern
California, USA. Male grouping patterns were complex, males often group with other
males, but they also can be transient members of female groups. Because male–
male competition is pervasive even outside of the mating season, sizes of groups
comprised of males only should be positive and linearly related to abundance of the
male population or frequency associated. Whereas the number of males in female
groups should be inversely related to female abundance or density associated. Males
associating with females is more likely at low female abundance because females might
still be reproductively active and per capita forage should be abundant. Across a 23-year
study I examined whether male or female abundance was related to male only group
sizes and the number of males in female groups. Size of male-only groups displayed a
positive, linear relationship with male abundance and the number of males in female
groups exhibited an inverse, linear relationship with female abundance. Uncovering
forces influencing male grouping patterns required using the appropriate metric of
abundance. Social factors likely influenced sizes of male-only groups and ecological
factors probably influenced male prevalence in female groups.

Keywords: density dependence, gregariousness, forage acquisition, frequency dependence, polygyny, predation
risk, redwood forest, ungulate

INTRODUCTION

Variation in group size usually is examined within a framework of costs and benefits to forage
acquisition and detecting and diluting predation risks in groups comprised of females or without
regard to group composition (Bell, 1971; Alexander, 1974; Jarman, 1974; Underwood, 1982; Pulliam
and Caraco, 1984; Wrangham and Rubenstein, 1986; Heard, 1992; Peterson et al., 2005; Proffitt
et al., 2012). Dynamics of male groups size, however, differ from those of females in many ungulate
populations (Clutton-Brock et al., 1982; Weckerly, 2001; Childress and Lung, 2003; Jedrzejewski
et al., 2006; Richardson and Weckerly, 2007; Winnie and Creel, 2007; Vander Wal et al., 2013;

Frontiers in Ecology and Evolution | www.frontiersin.org 1 July 2020 | Volume 8 | Article 204

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2020.00204
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fevo.2020.00204
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2020.00204&domain=pdf&date_stamp=2020-07-03
https://www.frontiersin.org/articles/10.3389/fevo.2020.00204/full
http://loop.frontiersin.org/people/795583/overview
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-08-00204 July 2, 2020 Time: 16:23 # 2

Weckerly Male Grouping Patterns

Marino and Baldi, 2014). As such, factors that dictate grouping
patterns in males might differ from those of females.

Male grouping patterns outside of the mating season are
complex. Adult males aggregate with other adult males or with
females. Groups comprised of adult males or male-only groups
are prevalent but mixed-sex groups also exist. The frequency
of mixed-sex groups and the number of males in those groups
appears to be dynamic (Ortega and Franklin, 1995; Thirgood,
1996; Weckerly et al., 2001; Chiyo et al., 2014; Galezo et al.,
2018; Wang et al., 2018; Meldrum and Ruckstuhl, 2019). But the
processes influencing male-only groups and the number of males
in mixed-sex groups have rarely been examined.

Male-only group sizes might be influenced by male–male
competition for access to females even outside of the mating
season (Weckerly, 2001; Childress and Lung, 2003; Winnie and
Creel, 2007; Vander Wal et al., 2012; Peterson and Weckerly,
2018). As a result of male–male competition, aggressive
interactions between males can be frequent (McCullough, 1969;
Weckerly et al., 2001). Male-only groups, therefore, are probably
not a cohesive collection of individuals. Rather, male-only groups
might display fusion-fission dynamics where individuals mix
with differing sets of males (Ortega and Franklin, 1995; Thirgood,
1996; Weckerly, 2001).

As the number of males in a population dictate the number
of potential interactors, sizes of male-only groups should be
associated with male abundance. A positive, linear relationship
or frequency associated relationship would be anticipated when
there are no dramatic changes in ecological factors such as forage
distribution and predation risks across a range of abundances
(Vander Wal et al., 2013). Two linear relationships are plausible.
There could be a 1:1 or isometric relationship between male
abundance and male-only group size. For each one animal
increase in abundance, there is also a one animal increase in
group size. All males are coalesced into one group which is
also the size of the male population. One large group might
improve forage detection and acquisition and mitigate individual
predation risks. An isometric relationship has been proposed
and observed when females inhabit an area where forage patches
such as meadows are embedded in forests that have little
forage (Street et al., 2013; Weckerly, 2017; McGuire, 2018;
Lesmerises et al., 2018).

The alternative frequency associated relationship is a small
group relationship, a possibility not previously considered. This
scenario should occur when male-only group sizes are fueled
by male–male competition and fusion–fission group dynamics
is prevalent at all male abundances. As a result, an isometric
relationship would not be possible and group sizes would be
smaller than male abundance. The regression of male abundance
on male-only group size would have a small slope (<1.0) and an
intercept of 0.0.

After the mating season mixed-sex groups are often ephemeral
and occur when individuals of one sex enter groups comprised of
the opposite sex (Galezo et al., 2018; Meldrum and Ruckstuhl,
2019). Polygynous males might enter and leave female groups
to forage or assess mating opportunities (Weckerly et al., 2001;
Galezo et al., 2018). But male entry should be conditional on
the environmental setting. One environmental setting would be

negative feedbacks between food supplies and female abundances
or an abundance associated relationship (McCullough, 1979;
Weckerly, 2017). Males should associate with females for fitness
returns perhaps when forage is less limited. At high female
abundance the more limited forage and the remote likelihood
that some females are in estrus limits fitness payoffs from visits to
female groups (Morrison, 1960; Guinness et al., 1971, 1978; Asher
et al., 2011; Keller et al., 2015; Johnson et al., 2019). Furthermore,
when males are aggregated with females, time in the group will
be transient because of foraging costs associated with aggregating
with females (Turner et al., 2005; Peterson and Weckerly, 2018.
Males might spend their time assessing and seeking mating
opportunities at the expense of feeding or female proximity, not
forage per se, limits or interferes with male foraging (Prins, 1989;
Turner et al., 2005; Peterson and Weckerly, 2018).

Herein I had two objectives. One, I determine whether the
male abundance–male-only group size relationship was isometric
or small group. Two, I examined if female abundance was
inversely related to the number of males in mixed-sex groups.
The study population was an unhunted and nonmigratory
population of Roosevelt elk that inhabited a landscape with a
stable composition of discrete forage habitats in an ecosystem
dominated by forest that had little forage. The mild climate
precluded climatic extremes from differentially affecting size
dimorphic females and males, which can prompt differential
habitat selection and affect group size (Aublet et al., 2009).
Across the 23-year study, female abundance changed by more
than a factor of three and male abundance changed by more
than a factor of four. These attributes made this study system
appealing for clarifying abundance associations with male
grouping patterns. To my knowledge, no one has examined forces
driving both male-only group size and number of males in mixed-
sex groups. Specifically, showing how male-male competition
can constrain male-only group sizes and a density-dependent
mechanism to maintain sex-specific groups. This research offers
new insights into the evolution of gregariousness in male groups.

MATERIALS AND METHODS

Study Area
The study population inhabited the lower part of the Prairie
Creek drainage in Redwood National and State Parks, Humboldt
County, California USA (41.2132◦N, 124.0046◦W). The prime
habitat for foraging by elk was the Boyes and Davison meadow
complexes, which had flat topography and were about 3 km apart
(Peterson and Weckerly, 2017). Boyes meadow was 51 ha and the
Davison meadows were 50–60 ha in total area. For the first 19
years of the study from 1997 to 2015, Davison meadows were
50 ha. In late 2015 an adjacent 10 ha meadow to the south of
Davison meadows that was privately owned was purchased by
a non-profit organization and deeded to Redwood National and
State Parks. Under private ownership elk were hazed when they
ventured onto the parcel. Hazing ceased in late 2015 and elk
began using the meadow in early 2016, which continued into 2019
(McGuire, 2018; Koetke, 2019). Summers were generally cool and
dry, and winters were mild and wet. Precipitation mostly fell from
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October to April, usually 120–180 cm. Snow was rare; respective
mean minimum and maximum winter temperatures were 2 and
10◦C. In summer, the respective mean minimum and maximum
temperatures were about 10 and 20◦C (Starns et al., 2015). Forage
in meadows was mostly annual and perennial grasses with some
forbs. Green-up of meadow vegetation began with autumn rains;
plants grew slowly into late winter and more rapid growth began
in early spring. Vegetation biomass peaked in May or June (Starns
et al., 2015). Discrete meadows were surrounded by second-
and old-growth redwood (Sequoia sempervirens)-conifer forests
that dominated the area. Elk were non-migratory and not legally
hunted in Redwood National and State Parks. Mountain lions
(Puma concolor) and black bears (Ursus americanus) inhabit the
parks. Mountain lions can prey on elk of all ages whereas black
bears mostly prey on neonatal elk (Weckerly, 2017).

Surveys and Groups
Systematic surveys were conducted in January to collect data
on group sizes and estimate abundances. January is roughly 3
months after the mating season when most conceptions occur
(Weckerly, 2017). Although rare, copulations and conceptions do
occur 3 months after the mating season (Guinness et al., 1978;
Johnson et al., 2019). Furthermore, males still had developed
antlers in January (Weckerly, 2017). Beginning at dawn, surveys
were conducted for 1.75 h. The route was driven in a vehicle
and all elk that were detected (solitary or in groups) were
counted and classified as adult females (≥1 year old), juveniles,
subadult, or yearling males (1–2 years), and adult males (≥2
years). Age classifications were delineated based on body size
of females and juveniles and antler dimensions of subadult
and adult males. Subadult males had unbranched antlers and
adult males had branched antlers. Elk were grouped when two
or more individuals displayed coordinated movement which
meant they were often within 50 m of one another. When
necessary to obtain an accurate count, I exited the vehicle
and approached elk to within 10–200 m. Elk in the Prairie
Creek drainage were accustomed to people and thus did not
flee at my approach. In 1997 and 2000–2019, 10 surveys
were conducted in each year. In 1998 and 1999, 5 surveys
were conducted in each year. Field procedures were approved
under animal care and use protocols approved through Texas
State University (KSMJK6_02, 0735_1106_07, 1035_1112_31,
1019_1031_23, IACUC20168174611, A4147-01).

Up to 1 month before surveys began in January, I searched
both Boyes and Davison meadow complexes for elk that I could
uniquely identify from morphological distinctions (scars, ear
slits, antler and pelage anomalies, and sometimes ear tags). These
“naturally” marked elk also were noted during systematic surveys.
The frequency of naturally marked elk and count data were
used to estimate male abundances with Bowden’s mark-resight
estimator when the count data in a year indicated that individual
males were missed during surveys (Bowden and Kufeld, 1995;
Weckerly, 2017). I was likely to miss known individual males
if there were unmarked males counted during surveys. Later in
the time series when males were less abundant, I usually was
able to uniquely identify all males based on antler and pelage
anomalies and thus the tally of marked males was my index of

male abundance. Adult females, juveniles, and subadult males
were socially bonded and formed a cohesive group, hereafter
referred to as the Davison herd. Individuals in the Davison herd
had high sighting probabilities (>0.80) so I used the highest
count as the index of female abundance (Peterson and Weckerly,
2017; Weckerly, 2017).

Group Metrics and Analyses
I used an animal focused metric of male-only group size, typical
group size (Jarman, 1974). Typical group size is calculated
as

∑
G2
i /

∑
Gi where G is the number of individuals in the

ith group. Solitary elk were included in typical group size
calculations. Another reason why I selected typical group size is
that this metric will be the same as the arithmetic mean of group
sizes when all groups are the same size (Heard, 1992). When there
is variability, typical group size is smaller than mean group size
and the deviation between typical and mean group sizes increases
with greater variation in group sizes. These features between
mean and typical group sizes were convenient for assisting in
distinguishing the two kinds of frequency associated group sizes,
isometric and small-group relationships.

One tacit assumption about typical group size is that all
animals in the population are detected (Jarman, 1974). This
assumption was not met in every survey of my male-only groups
so group-size estimates might be biased. To circumvent the
detection issue, I only used survey data where the sum of all
male-only group sizes and number of males in mixed-sex groups
equaled the estimated male abundances. In years when Bowden’s
estimates of male abundance were necessary, I used surveys
where the sum was at least the lower bound of the 95 percent
confidence interval of estimated abundances.

To assess whether fusion-fission grouping occurred I
calculated the proportion of groups observed during surveys
that were comprised of unique compositions (Sueur et al., 2011).
In a year when two or more surveys occurred where all males
were detected, unique compositions were either when there
were different-sized groups or when group sizes were the same,
but groups had unique combinations of known individuals.
In 20 of the 23 years there were a total of 98 surveys that met
these criteria. The range in number of surveys in a year with
unique combinations was 2–10 (median = 3.5). My metric of
fusion-fission grouping was the proportion of the 98 surveys
with unique compositions.

I estimated the number of males in mixed-sex groups (Davison
herd) in two ways. I calculated the median of the number of
males in the Davison herd in each year. I chose the median
over the mean because the distribution of group sizes tend to
be skewed right (Reiczigel et al., 2008). I also reported the high
count of males in the Davison herd across the surveys conducted
in each year. If the number of males in the Davison herd is
ephemeral, then I expected the high count of males to be more
strongly related to herd abundance than median number of
males. I assumed that when males were in the Davison herd they
were readily detected because I observed the herd repeatedly at
close distances.

Least-squares regressions were estimated between abundances
(Davison herd, male population) and response variables (median
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FIGURE 1 | Time series of abundances of the Davison herd (female) and male population. Error bars are 95 percent confidence intervals for years when male
abundances were estimated using Bowden’s mark-resight estimator.

number and high count of males in Davison herd). Because
there were unequal number of male-only groups across years
(Supplementary Material), I estimated a regression weighted by
number of male-only groups in each year (Ryan, 1997). Weights
were positively related to number of male-only groups.

I considered likely changes in K (environmental carrying
capacity) that occurred across the 23 years of the study (Weckerly,
2017; Koetke, 2019). Because of a population irruption that
began in 1991 a correction in density-dependent herd growth
associated with a population decline likely occurred in the first
9 years of the study from 1997 to 2005. From 2006 to 2016
density-dependent growth was emerging, and from 2017 to 2019
when a new 10-ha forage patch became available to the herd
(McGuire, 2018). Beginning in 2017 a new, higher K likely was
emerging. I used a nested models analysis (Sokal and Rohlf,
2012) to assess if relationships between abundance and number
of males differed between 1997–2005 and 2006–2016 or if one
relationship across the 20 years would suffice. Data in 2017–
2019 were excluded from regression analysis because of few data
points. Regressions were estimated from 10,000 bootstrapped
samples of data and I reported 95 percent confidence intervals
of regression coefficients.

RESULTS

Abundance of the Davison herd declined from 1997 to 2006
(Figure 1). The abundance in 2006 was also the year of lowest
abundance (17 elk) for the herd across the 23-year time series.
After 2006 the herd steadily increased but there was a noticeable

increase in herd abundance between 2017 and 2018. The
abundances in 2018 and 2019 were the largest (62) documented
in the time series. The temporal pattern in male abundance was
strikingly different. The highest abundance of 33 was early in the
time series (1997) and then progressively declined to a low of 7
in 2015 and 2016.

Males in male-only groups displayed fusion-fission dynamics
as there were unique compositions in 78 of the 98 surveys (80%).
Among the 220 surveys conducted in 23 years there were 154
surveys (70%) with males in the Davison herd (i.e., mixed-sex
groups). Across these 154 surveys, the proportion of males from
the male population that were in the Davison herd ranged from
0.03 to 0.89. The respective 25th, 50th, and 75th percentiles were
0.08, 0.10, and 0.22. In roughly 25% of surveys, a substantial
part of the male population was in the Davison herd on the
Davison meadow complex.

Male abundance, but not Davison herd abundance, displayed a
relationship with male-only group sizes (Table 1). Abundance of
the Davison herd was weakly related to median number of males
in the Davison herd but more strongly related to high count of
males in the Davison herd. Male abundance, however, had little
influence on either of the two measures of number of males in
the Davison herd.

Male abundance displayed a frequency associated, small-
group relationship with male-only group size (Figure 2). The
estimated intercept of the regression passed through the origin
and the estimated slope (0.42) was < 1.0. There was an abundance
associated response, however, between Davison herd abundance
and high count of males in that herd between 1997 and 2016
(Figure 3). Considering likely changes in K between 1997
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TABLE 1 | Coefficients of determination (r2) from bootstrapped regressions.

Group metric

Abundance Male-only Median number of
males

High count in number
of males

Female 0.02 0.14 0.37

Male 0.63 0.001 0.05

Regressions weighted by number of male-only groups were estimated between
female or male abundances and typical size of male-only groups. Simple linear
regressions were estimated between female or male abundances and median
number of males in the female (Davison) herd and high count of number of males
in female herd.

and 2005, and from 2006 to 2016 did not affect the inverse
relationship between herd abundance and high count of males
[F(2,16) = 1.9, P = 0.175].

DISCUSSION

There were three novel aspects to my study. One, I examined
abundance relationships in the two possible male grouping
patterns, male-only groups and males in mixed-sex groups
(Davison herd). Two, I uncovered the metric of abundance
that was related to each of the group types. Three, I
described frequency and density associated relationships that
were used to identify when social and ecological factors were
likely affecting male grouping patterns. These outcomes are
important to understanding the evolution of male gregariousness,
which is complex.

As expected, male abundance was related to male-only group
size, which displayed a small-group relationship. Thus, social
factors likely played a role in influencing male group sizes after
the mating season. Males presumably interact with other males
to learn social skills or to maintain a high social status once that
is attained (Weckerly, 2001). As male abundance determines the
number of possible interactors, it was more strongly related to
male-only group size than was female abundance. The constant
fusion-fission group dynamics means that group size is less than
the largest possible group size, precluding the manifestation
of an isometric relationship. An isometric relationship was
displayed by the Davison herd (Weckerly, 2017). These females
and juveniles are in one cohesive group presumably because
it improves forage acquisition and lessens risks from predators
when discrete forage patches are embedded in forests that have
little forage (Street et al., 2013). The small-group relationship
is consistent with social and not ecological factors influencing
male-only group sizes because an isometric relationship was
not found and the fusion-fission group size dynamics. Male–
male competition, a driver of fusion-fission dynamics, is constant
across male abundances and constrains their group sizes.

Small male-only group sizes in polygynous and group-living
herbivores is common outside of the mating season (Hirth,
1977; Owen-Smith, 1993; Winnie and Creel, 2007; Li et al.,
2012; Vander Wal et al., 2013; Weckerly and Ricca, 2014).
Small male-only group size can ostensibly be attributable to
fewer adult males relative to adult females in populations. Males

typically have shorter longevity than females probably because
of sexual selection and large body size (Owen-Smith, 1993;
Toïgo and Gaillard, 2003; Tidiere et al., 2015). Nonetheless,
when considering abundance of males and the number of males
that potentially could be grouped, I observed that male-only
group sizes were still small. Small male-only group size is likely
because of fusion-fission dynamics brought about by male–
male competition and because males occurred with females at
times. The implication is that male-only group sizes should be
small because male–male interactions to improve reproductive
success should be constantly occurring across a variety of
environmental settings.

Ecological factors probably have a role in male-only group
sizes outside of the mating season (Winnie and Creel, 2007; Chiyo
et al., 2014). Boyes and Davison meadow complexes are rather
small forage patches (51–60 ha) situated in expanses of forests
that presumably provide much less forage for elk. Consequently,
females and males frequent the same meadows and are often
in proximity (Weckerly, 2017). Consequently, the patchiness of
forage habitat might have influenced the high frequency (70%)
across all years that one or more males were in the Davison herd
(mixed-sex groups). When the landscape is comprised of more
open forage habitat, frequency of mixed-sex groups appears to
be lower (Conradt, 1999; Peterson and Weckerly, 2017). Males
associating with female groups is probably filtered through local
environmental settings (Bleich et al., 1997).

An inverse relationship between female abundance and
number of males in mixed-sex groups provides a mechanism
for females, which are subordinate to males, to reduce male
entry into female groups (Weckerly et al., 2001). At low female
abundance, relative to K, food limitations should be lessened
and, consequently, males might seek females to assess mating
possibilities. Males entering female groups probably receive little
interference to group entry from individual females. Although
my study was conducted 3 or so months after the mating
season, estrous females might exist at that time (Guinness
et al., 1978; Weckerly, 2017; Johnson et al., 2019), generating
the motivation for males to enter female groups. At high
female abundance, relative to carrying capacity, males are
reluctant to seek out and associate with females because per
capita food resources are low. Additionally, there is the cost
of reduced foraging time when males aggregate with females
because males have low tolerance for foraging animals in close
proximity or because males are assessing and possibly courting
females which I did observe (Prins, 1989; Turner et al., 2005;
Peterson and Weckerly, 2018).

Because I did not detect an influence of a likely change
in K on the relationship between Davison herd size and
number of males in that herd it calls into question whether
food limitations have a pronounced impact on male entry
into the Davison herd (Koetke, 2019). The Davison herd
presumably went through a four-stage irruption between 1991
and 2016 (Weckerly, 2017). The first two stages, rapid growth
and peak of the irruption, occurred from 1991 to 1997, the
third stage, herd decline occurred from 1998 to 2006, and
the fourth stage, emergence of a new K, occurred between
2006 and 2016. Between 1997 and 2005 there might not have
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FIGURE 2 | Scatterplot of data and weighted regression estimating relationship between male abundance and male-only group size. The regression coefficients, r2,
and lower and upper 95% confidence intervals for each regression coefficient are also reported. The dashed line represents an isometric relationship.

FIGURE 3 | Scatterplot of data and regression estimating high count of males in the Davison herd from Davison herd abundance for 1997–2016 (solid diamonds).
The years 2017–2019 have open diamonds. Data in those years were not included in analysis because the herd expanded use into a new forage habitat and the
result is likely to be an increase in K carrying capacity.

been a large enough range in herd sizes to detect a change
in the relationship between herd abundance and number of
males in the herd.

Perhaps males are more strongly cued to females that possibly
are in or going to be in estrus. The “female in estrus” possibility
seems more likely at low herd abundance when females are likely
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to be in a higher nutritional plane which should improve the
chances that females are reproductive. This possibility might
also be playing out after 2015. In late 2015 a new forage patch
became available. In a matter of months after the patch became
accessible, the Davison herd was using the new patch (McGuire,
2018). Inclusion of this forage patch presumably alleviated forage
limitations among females in the Davison herd as recruitment
increased for the next 2 years (McGuire, 2018; Koetke, 2019).
A new and elevated K seemed likely from 2017 to 2019. In
2017 there might have been more females in better physiological
condition than in 2018 and 2019. In turn, more males entered
the Davison herd in 2017 than in the other 2 years. K and
influences on males associating with females, outside the mating
season, might be less than the influence of K on prevalence of
reproductively active females.

The inverse relationship between Davison herd abundance
and number of males in that herd is not likely because
of increased vulnerability to predators at small group sizes
when population abundance is also low (Thirgood, 1996;
Meldrum and Ruckstuhl, 2019). In my study population,
group size is a weaker correlate of vigilance in females
and males than proximity of individuals across a range of
abundances (Peterson and Weckerly, 2018). When individuals
lift their heads when grazing it is more likely to be in
response to conspecific interactions than to risks from predators.
Moreover, in the open, flat meadows of the study area
individual vulnerability to attack and capture by mountain
lions or black bears is probably less than in nearby forests
(Weckerly, 2017).

An abundance-associated mechanism for reducing male entry
into female groups is useful to explaining intersexual habitat
use, population level phenomenon like sexual segregation,
and reducing the prospect of male harassment (Parker, 1979;
McCullough, 1999; Wearmouth et al., 2012). Ultimately, females
should aggregate in habitat with abundant and nutritious forage
for fitness returns as should males. Although resource use
and selection by size-dimorphic females and males differs,
there remains considerable niche overlap, particularly at low
abundances, which means that females and males can be in
proximity (Kie and Bowyer, 1999; Long et al., 2009). The
abundance-associated relationship uncovered herein offers a
proximate mechanism to preclude males from aggregating with
females as well as reduce male harassment.

The inverse relationship between Davison herd (female)
abundance and number of males in the herd was weaker than the
male abundance–male-only group size relationship. Perhaps the
inverse relationship was spurious. A spurious correlation might
manifest if only young sexually mature but socially immature
males associated with females more than older males (Owen-
Smith, 1993; Bleich et al., 1997; Wang et al., 2018). I did not know
the age structure of the male population or the age of males that
frequented the Davison herd. But, about 25 percent of the time,
a substantial part of the male population was aggregated with
females. On those occasions it seemed unlikely that most of the
male population was comprised of young and socially immature
males. It was plausible that more than just young and socially
immature males aggregated with females.

The relationship between Davison herd abundance and
median number of males in the Davison herd was weak. Because
males are transient members of female groups, my measure of
central tendency, the median, failed to capture the dynamic
of males entering the Davison herd and the length of time
males remained in the herd. As such, measures of central
tendency probably cannot capture that dynamic across weekly or
monthly time scales.

Male grouping patterns from small to large total abundance
are complex because male-only groups and males in mixed-
sex groups associate with different measures of abundances.
Furthermore, female and male abundances do not have to be
strongly connected. Male abundance was highest early in the
time series, which might have been associated with dispersing
males seeking forage and assessing mating opportunities (Loe
et al., 2009). Davison meadow became available to elk in 1991 and
there was rapid growth of both female and male abundances until
1997 when the Davison herd peaked in abundance (Weckerly,
2017). After 1997 male abundance steadily declined as did the
Davison herd abundance. Herd abundance began to rebound
in 2007 but male abundance did not. After 2006, male survival
might have declined. Alternatively, males typically disperse from
natal herds as yearlings. Therefore, the rate that males dispersed
into Boyes and Davison meadow complexes from the Davison
and other herds in the region might have declined because
of forage limitations in the Davison meadows (Peterson and
Weckerly, 2017). Perhaps there were few males to disperse to the
Boyes and Davison meadow complexes. Whatever the possible
mechanism(s), lower male abundance when female abundances
were high also has been documented in two other populations
of C. elaphus that were not hunted (Coulson et al., 2004;
Cobb, 2010).

Male grouping patterns 3 months after the mating season
were influenced by both ecological and social factors. Ecological
factors influenced prevalence of males in female groups and
social factors had a large influence on size of groups comprised
of adult males. Uncovering the roles of ecological and social
factors required the appropriate metric of abundance. In the
past, abundance–group size relationships used total abundance
(females and male), but in this study the male abundance–male-
only group size and Davison herd abundance–number of males
in the herd relationships were more informative. Uncovering the
appropriate metric of abundance was needed to directly examine
why male and female group sizes display such different dynamics.
Information that was needed to provide additional insights into
the evolution of male gregariousness.
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