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Abstract

In areas devoid of carnivores, a frequent claim is that human hunters exert equal influence on prey behavior (i.e., there is functionally
redundancy) as non-human predators. [f this is true, then species that are hunted by humans and non-human predators should fear both equally.
Yet, prey species exhibit stronger reactions to human predators than to native carnivores. Therefore, the primary objective of our research was
to compare vigilance time of bison in protected and hunted populations. Data were collected from 14 study sites in South Dakota, North Dakota,
and Montana during the mating season (a period of heightened vigilance) over a period of 4 years. The only statistically significant effect in the
logistic regression model was for females; adult female bison were vigilant about 25% longer (n = 38 seconds) than adult males. In the gamma
portion of the model (i.e., a two-parameter continuous probability distribution used to model variables that are always positive and skewed),
number of vehicles/days was associated with a significant reduction in vigilance time. In contrast, human hunting was not associated with a
change in vigilance time between hunted and non-hunted bison. Additionally, observations from two bison populations with large carnivores
indicate that vigilance time in these populations was essentially equal to those without predators and with/without human hunting. Although
differences in vigilance between hunted and non-hunted bison were trivial, other evidence indicates that maybe the consequences of human
hunting are not. On 26 field days across 6 populations (hunted > 4 months/yr) we observed > 90%, if not all, bison moving together throughout
the day. This phenomenon was not observed in populations hunted < 4 months/yr. Basing inferences solely on vigilance, it appears that bison
vigilance is equal in hunted and non-hunted populations, including those with natural predators. Clearly more work is necessary to examine the
potential impact of human hunting on the behavior and ecology of American bison.
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Introduction
vigilant during the hunting season than during the non-hunting

In a world of declining large carnivores, can human hunters season Benhaiem et al. [3]; Red deer (Cervus elaphus) also showed

serve as functional surrogates? Berger [1], Sn_nth et al. [2]. In increased vigilance during the hunting season Jayakody et al. [4],
other words, do human hunters exert the same influence on prey
behavior as large, dangerous predators? If so, then potential
prey (i.e., ungulates) of large carnivores and humans should fear
both equally and thus exhibit similar behavioral responses. The
available data suggest, however, that vigilance tends to increase
when ungulates are hunted by humans compared to carnivores.

For example, Roe deer (Capreolus capreolus) spent more time

as well as outside of protected areas and reserves where hunting
was allowed Proudman et al. [5]. Additionally, Impala (Aepyceros
melampus), Mediterranean mouflon (Ovis gmelini musimonx;
Ovis sp.), Fallow Deer (Dama dama), Blue Sheep (Bharal: Pseudois
nayaur), and wild boar (Sus scrofa) all demonstrated higher
vigilance in areas exposed to human hunting Matson, et al. [6],
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Benhaiem et al. [3]. Impalas also increased vigilance time in areas
with elevated hunting frequency than in adjacent areas with
reduced hunting frequency Matson et al. [6].

Sarno et al. [7] reported that the proportion of vigilant bison
in groups was equivalent in hunted vs non-hunted populations.
However, individual vigilance time may differ due to size, age, and
reproductive status, among animals in the same population Berger
and Cunningham [8], Laundré et al. [9], Herndndez & Laundré
[10]. Furthermore, additional costs of vigilance Lima & Dill [11],
Lima [12], Matson et al,, [6], Benhaiem et al. [3], Pecorella et al.
[13] including time away from feeding and other social activities,
likely limit vigilance time. Additionally, because bison exhibit
strong constitutive defenses (i.e., large and hard to kill), they may
not prioritize vigilance regardless of the level of predation risk,
especially from a human predator located 100-200 m away.

Plains bison (Bison bison) exhibit a definable herd structure
in which cows, calves, and immature males form transient mixed-
sex and age groups. Mature bulls form smaller all-male groups or
remain solitary for much of the year Berger and Cunningham [14].
During the breeding season (rut) bison form large aggregations
where mature bulls join mixed-sex and age groups. Males exhibit
a linear dominance hierarchy, whereby larger, mature bulls are
dominant to smaller, younger bulls Roden et al. [15]. Dominant
males temporarily consort with cows prior to or during estrus and
attempt to keep all other bulls away by engaging in vocalizations,
threat displays, and fights Berger and Cunningham [14], R] Sarno
pers obs).

Therefore, our primary objective is to compare vigilance time
of bison in protected and hunted populations. We define vigilance
as an animal with its head raised at or above its shoulder while
remaining stationary. Given large body size, we predict that
vigilance time of bison in hunted and non-hunted populations
will be equal. Furthermore, we predict that hunting pressure
(measured as the number of hunt months/year and recent
hunting history) will also not be associated with bison vigilance
time. Although sample size is low, we will evaluate if human
hunting is functionally redundant Berger [1], Smith et al,, [2]) to
native carnivores. If so, bison vigilance time should be equal in
areas with/without hunting and with /without natural predators.

Materials and Methods
Study Sites

Data were collected from 14 study sites in South Dakota,
North Dakota, and Montana. South Dakota study sites included
Wind Cave National Park (WICA) (43.5724°N, 103.4416°W),
Custer State Park (CSP) (43.7638°N, 103.3703°W), Badlands
National Park (BNP) (43.8554°N, 102.3397°W), Pine Ridge
Reservation (PRR) (43.2731°N, 102.7445°W), Rosebud Sioux
Indian Reservation [(RSRH) (43.1875°N, 100.6257°W), and Sinte
Gleska University (SGLU) (43.3049°N, 100.6417°W)], and three

pastures on the Lower Brule Reservation [Big Game Unit (LBR-
BGU) Cherry Ranch Unit (LBR-CRU), and Huston Ranch Unit (LBR-
HRU) (44.08°N, 99.78°W)]. The Standing Rock Indian Reservation
(2 pastures SRR-N, SRR-W) (46.0869°N, 100.6301°W) was in
North Dakota. In Montana data were collected from The Flying
D Ranch (FLY-D) (45.4991°N, 111.3194°W), Blackfeet Indian
Reservation (BLKFTR; 48.6666° N, 112.9176° W) and National
Bison Range (NBR) (47.32500°N 114.22583°W).

Study areas varied in elevation from 498 to 1612 m. All
study populations were located within a mixed-grass prairie
ecoregion. While study sites were relatively level, the landscape
was undulating and at times bisected by steeply sloped drainages.
Common grasses include little bluestem (Schizachyrium
scoparium), blue grama (Bouteloua gracilis), big bluestem
(Andropogon gerardii), western wheatgrass (Pascopyrum smithii
Rydb.), buffalograss (Buchloe dactyloides), cheat grass (Bromus
tectorum), and needle-and-thread grass (Stipa comata). Rocky
Mountain juniper (Juniperus scopulorum), green ash (Fraxinus
pennsylvanica), (Populus deltoides),
Ponderosa pine (Pinus ponderosa), and white spruce (Picea
glauca) were the most common forest types, and dominated
the drier slopes, butte edges, and upper draws of the study
areas National Park Service [16], Suttie et al [17], South Dakota
Game Fish and Parks [18], Graham and Gingerich [19]. All study
sites occurred within a semiarid climatic zone. Average yearly

eastern cottonwood

precipitation varied from 400mm (Badlands National Park, SD)
to > 960 mm (FLY-D, MT), and most occurred between April and
September. Mean yearly temperatures varied from a low of 6.1°C
(FLY-D) to a high of 10.7°C (Custer State Park).

Hunting

Of the 14 sites, 4 were not hunted: BNP, NBR, SRR-WP and
WICA. The remaining 10 sites were hunted. Bison were hunted at
different frequencies per year at each site: 0 months/year (BNP,
NBR, SRR-WP, WICA), 2 months/year (FLY-D), 3 months/year
(SRR-N), 4 months/year (CSP, LBR-BGU, LBR-CRU), 5 months/
year (LBR-HRU), 6 months/year (BLKFTR) or 12 months/year
(PR-YB, RSRH, SGU-S). Recent hunting history differed by site and
was coded within the prior year; populations that were never
hunted (BNP, NBR, SRR-WP and WICA) were coded as a 0, other
sites that were most recently hunted during the current month
of data collection and for 12 months/year were coded as 12 (PR-
YB, RSRH, SGU-S), two months prior to the current month of data
collection were coded as 10 (LBR-HRU), 4.5 months prior to
the current month of data collection (CSP) were coded as 8.5, 6
months prior to the current month (BLKFTR) were coded as 6,
or > 7 months prior to the current month of data collection were
coded as 5 (LBR-BGU, LBR-CRU, SRR-N).

Data Collection and Variables Description

Vigilance was defined as the proportion of the observation
an adult bison kept its head at or above shoulder level while
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stationary. Adults were defined as animals greater than 1 year old
(when marked) or by body size (when not marked). We measured
the amount of time that a focal individual maintained vigilance and
all focal observations lasted up to 10 minutes. Observations were
made during the rut (July/August). Group size and composition
were defined by the number of animals within 50 m of each other
Sarno et al. [7]. We attempted to minimize pseudo-replication by
identifying adults based on tag numbers and/or natural markings.
When adults could not be distinguished by natural markings or
ear tags, we visited different groups for each observation and
focal individuals were selected haphazardly. We observed bison
as close as we could safely approach them throughout the day
(50 m), while attempting to avoid oversampling during any time
of day. Bison did not appear to be bothered by the presence of
our vehicle in any of the study sites as cows and calves routinely
passed within 3 m of our parked vehicle. Bulls also passed by our
parked vehicle within 3-5 m while bellowing and fighting other
bulls as well as accompanying cows. Therefore, we do not believe
that the data were influenced by our presence Sarno [7].

In total, we recorded data on 6 predictor variables across 3
levels of the data hierarchy. At the bottom level, we recorded focal-
animal sex. At the middle level, we recorded group size for each
group included in the study. At the highest level, we recorded the
following population characteristics: hunting status, number of
hunt months, recent hunting history, focal animal sex, bull: cow
ratio, and average number of motor vehicles/day. To fit the model,
the values of the following predictors were coded in the data as
explained below. The predictors bull-cow ratio and group size
were included in the model as numeric (continuous) predictors.

» o«

Sex of focal animal was coded as “Female”, “Male” or “Unknown”.
Hunting status was coded as either “Yes” for a hunted population
or “No” for a non-hunted one. Recent hunting history of a bison

population was coded as mentioned above.
Statistical Methodology

Unlike many ecological studies Creel et al. [20], Liley and Creel
[21], Aho et al. [22], we did not formulate multiple competing
models with the aim of comparing them based on an information
criterion such as AIC to choose a “best” model. Instead, guided by
biological rather than statistical considerations, we formulated
a single statistical model relating to our response and predictor
variables. This model reflected our specific biological hypotheses
and allowed us to test each of these hypotheses within a unified
framework Bolker [23]. Given that the response variable,
vigilance, was expressed as a proportion of the observation, taking
values in the bounded range [0,1], and to adjust for substantial
zero-inflation in the outcome variable (percent of time vigilant),
the probability of zero values was modeled using a logistic
regression. Non-zero positive values were modeled with a gamma
general linear moderation model (suitable for strictly positive

continuous values). This two-part procedure approximates a
hurdle model for continuous values. Included in the zero-inflation
and in the gamma, model were effects for hunting recency, sex,
group size, and average number of passing cars per day, and an
interaction effect for sex and hunting recency. These predictors
were regressed on proportion of observation time vigilant as
the outcome variable. All data were analyzed using statsmodels
package (version 0.14.5) in Python 3.11.13.

Results
Descriptive Statistics

In total, we observed 698 adult bison in 189 groups among
14 populations. Most bison (81.1%; n=587) were observed for 10
minutes. Among remaining bison, 12.6% (n=88) were observed
between 5-9 minutes, and 3.3% (n=23) were observed for at least
3 minutes. Of the 14 populations, SRR-WP contained the smallest
number of bison groups (n= 1) while FLY-D contained the largest
number of bison groups (n= 39). Across the 189 groups, the
number of bison per group ranged from 1 to 36.

The distributions of observed values of vigilance for the 180
non-hunted bison and 518 hunted bison looked similar in shape
(Figure 1), with most of the observations concentrated at the lower
end of the [0%, 100%] range. Among non-hunted bison, 36.1%
(n=65) were not vigilant (i.e., vigilance = 0%), 1.1% (n=2) were
vigilant for 10 minutes; the remaining 61.9% (n=113) exhibited
different levels of vigilance over the observation period (i.e.,, 0%
< vigilance < 100%). Among hunted bison, 39.4% (n=204) were
not vigilant, 1.7% (n=9) were vigilant for 10 minutes, while the
remaining 58.9% (n=213) displayed varying levels of vigilance.
Mean vigilance was 17.5% for non-hunted bison and 21.3%
for hunted bison. Converting these proportions to seconds per
10-minute observation period, on average, non-hunted bison
spent 105 seconds and hunted bison 128 seconds being vigilant.
Consequently, hunted bison were vigilant 4% longer (n= 23
seconds) than non-hunted bison over the course of 10 minutes.

Model Results

The only statistically significant effectin the logistic regression
model (predicting zero values for vigilance) was for females
(b = 0.7419, p = 0.021, 95% CI = [0.110, 1.374]). Female bison
exhibited longer vigilance time than male bison (Figure 2, Table
1). In the gamma portion of the model, number cars/day showed
a significant negative effect on the percentage of observation
time vigilant (b = -0.0014, p < 0.001, 95% CI = [-0.002, -0.001])
(Table 2); all other effects were non-significant. The model had
a pseudo-r-squared value of 0.07, indicating the model explained
approximately 7% of the variance in vigilance (Table 1). A model
without the interaction effect (female sex * recent hunting history)
showed a similar pattern of results (Table 2).
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Table 1: Moderation analysis for vigilance of adult bison in hunted and non-hunted populations in South Dakota, North Dakota, and Montana.

Coefficient Std. Err Z-score P>|z| [0.025 0.975]

Intercept 0.4641 0.2562 1.8115 0.0701 -0.038 0.9661
Hunting_Recency 0.006 0.0306 0.1956 0.845 -0.054 0.0659
Female 0.7419 0.3225 2.3006 0.0002 0.1098 1.3739
Hunting_Recency: Female -0.0463 0.0394 -1.1742 0.2403 -0.1236 0.031
Group_Size 0.0009 0.0011 0.8122 0.4166 -0.0013 0.0031

# Cars/day -0.0005 0.0005 -0.9032 0.3664 -0.0015 0.0006

The [0.25 0.975) columns denote the lower and upper bounds of the 95% confidence interval for the estimate.

Table 2: Gamma portion of a logistic regression analysis for vigilance of adult bison in hunted and non-hunted populations in South Dakota, North

Dakota, and Montana.

Coefficient Std. Err Z-score P>|z| [0.025 0.975]

Intercept -0.8167 0.135 -6.0491 1.457 -1.0813 -0.5521
Hunting Recency -0.0125 0.01293 -0.9629 0.3356 -0.0378 0.0129
Females 0.0373 0.1022 0.3647 0.7153 -0.1631 0.2376
Group Size -0.0004 0.0006 -0.7438 0.457 -0.0015 0.0007

# Cars/day -0.0014 0.0003 -4.8158 0.0001 -0.002 -0.0008

The [0.25 0.975) columns denote the lower and upper bounds of the 95% confidence interval for the estimate.

Table 3: Reduced logistic regression analysis for vigilance of adult bison in hunted and non- hunted populations in South Dakota, North Dakota,

and Montana.

Coefficient Std. Err Z-score P>|z| [0.025 0.975]
Intercept -1.2737 0.0768 -16.5913 8.0588 -1.4241 -1.1232
Hunting Recency 0.0226 0.009 2.5198 0.0117 0.005 0.0402

The [0.25 0.975) columns denote the lower and upper bounds of the 95% confidence interval for the estimate.

Table 4: Reduced logistic regression analysis for vigilance of adult bison in hunted and non-hunted populations in South Dakota, North Dakota,

and Montana.

Coefficient Std. Err Z-score P>|z| [0.025 0.975]

Intercept 0.4767 0.2176 2.1905 0.0285 0.0502 0.9031
Hunting_Recency -0.0038 0.0208 -0.1818 0.8557 -0.0446 0.037
Cars 7.654 0.0005 0.1572 0.8751 -0.0009 0.001

The [0.25 0.975) columns denote the lower and upper bounds of the 95% confidence interval for the estimate.

To probe further the influence of the inclusion of different
main effects, namely, the highly correlated hunting recency and
cars/day variables (Pearson r = -0.64), a hierarchical model

building process was conducted.
This process included running reduced models with
a) only hunting recency as a predictor
b)

only hunting recency and cars/day as predictors.

In model a) (when only hunting recency was included as a
predictor), hunting recency had a significant positive association
with vigilance (b = 0.0226, p < 0.001, 95% CI = [0.005, 0.040])
in the gamma part of the model, but not the zero-inflation model

(Table 3); however, on adding cars as a predictor (model b) the
hunting recency effect was no longer significant (Table 4).

Discussion

We investigated vigilance (i.e., proportion of observation
time a focal bison was vigilant) of bison in non-hunted and
hunted populations as well as among hunted populations that
were subjected to different hunting pressure. The proportion of
observation time a focal bison was vigilant was similar regardless
of hunting pressure. Hunted bison were vigilant only 4% longer
(n= 23 seconds) than non-hunted bison over the course of 10
minutes.
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Figure 1: Distribution of observed vigilance values of adult bison across 14 populations (N=4 protected, 10 hunted) in Montana, North
Dakota, and South Dakota.
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Figure 2: Distribution of observed vigilance values of adult male and female bison across 14 populations (N=4 protected, 10 hunted) in
Montana, North Dakota, South Dakota.
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Increased vigilance in ungulates appears to be universally
associated with human hunting Matson et al. [6], Podgdrski et
al. [24]. For example, Roe deer (Capreolus capreolus) exhibited
increased vigilance during the day (hunters active) compared to
night (hunters not active) and spent more time vigilant during
the hunting season than outside of it Benhaiem et al. [3], Popova
et al. [25]. During the hunting season, overall vigilance of Red
Deer (Cervus elaphus) was higher than the non-hunting season
Jayakody et al. [4]. Impala ((Aepyceros melampus), greater kudu
(Tragelaphus strepsiceros), and sable antelope (Hippotragus
niger) were also more vigilant in a hunted area compared to an

Populations Influenced by Large Boday Size?. Ecol Conserv Sci. 2026

adjacent national park Crosmary et al. [26].

Although it has been hypothesized that vigilance will be
inversely associated with group size, we did not see this in our
study. Furthermore, the relationship between the two is not so
clear. While Siberian Ibex (Capra sibirica) and Tibetan Wild Ass
(Equus Kiang) show decreasing vigilance with increasing group
size, bison, elk (Cervus elaphus), zebra (Equus quagga), wildebeest
(Connochaetes taurinus), Grant’s gazelle (Nanger granti), impala,
and giraffe (Giraffa camelopardalis) all demonstrate somewhat
complex associations between vigilance and group size. Clearly,
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in social species there are factors- other than group size, that
influence vigilance behavior Childress and Lung [27], Creel et al.
[28], Han et al. [29], Wang et al. [30].

Female bison were more vigilant than males in our study.
Laundré et al. [9] reported the same trend. In fact, they reported
that adult females (regardless of reproductive status) increased
vigilance, while adult males were least vigilant. Among sexually
dimorphic ungulates, females are generally more vigilant than
males because they are smaller and prone to greater predation
risk Clutton-Brock et al. [31], Main et al. [32]. Although this trend
would seem to be expected, it is not always the case Shorrocks and
Cokayne [33], Dalmau et al. [34]. Depending on the time of year,
male Li and Jiang [35] or female Przewalski’s gazelle (Procapra
przewalskii) can be most vigilant. During the birth season,
females of various ungulate species with young are more vigilant
because they have offspring Ferretti et al. [36], Beauchamp [37].
Conversely, during rut, male-male competition for access to mates
requires elevated vigilance to survey potential rivals Li and Jiang
[35].

It can be hypothesized that the risk of predation by human
predators could induce stronger reactions by ungulate prey than
by large carnivores Proffitt et al. [38], Ciuti et al. [39]. Indeed,
inducible defenses (i.e., responses activated through a previous
encounter with a predator that improves ability to thwart
subsequent attacks), like vigilance, therefore may be strongest
when humans behave as functional predators Palumbi [40], Ordiz
etal. [41], Clinchy et al. [42].

In our study, bison did not alter vigilance substantially,
regardlessif, orhow often, they were hunted by people. While these
results contradict some previous work Matson et al. [6], Benoist et
al. [43], Podgérski etal. [24], Jayakody et al. [4], Benhaiem et al. [3],
Popova et al. [25], observations of bison in areas with and without
natural predators may provide some insight. While female bison
increased vigilance in areas with wolves, males generally showed
no response Laundré etal. [9]. Furthermore, our data (notincluded
in this study), from two bison populations with wolves and/or
grizzly bears indicate that vigilance was essentially equal between
these populations and those without predators and with/without
human hunting. Berger and Cunningham [8] also reported that
in an area with four sympatric native North American ungulates
([bison, pronghorn antelope (Antilocapra americana), Bighorn
sheep (Ovis canadensis), and mule deer (Odocoileus hemionus),
smaller-bodied ungulates were more vigilant than larger-bodied
ones. They also reported that bison vigilance was not altered in
areas with wolves (Canis lupus).

Given that body mass accounts for interspecifc differences
in vigilance times - and bison were least vigilant Berger and
Cunningham [8], perhaps it should not be surprising that bison did
not elevate vigilance when stalked by human hunters in our study:.
Strong constitutive defenses (i.e., large and hard to kill) coupled

with the considerable distance from which human hunting occurs
may interact to suppress inducible defenses Tollrian and Harvell
[44]. Another feature of bison that may dampen differential
reactions to human hunters and carnivores is feeding ecology.
Vigilance is costly due to associated reductions in feeding time
Jennings & Evans [45], Underwood [46], Berger and Cunningham
[8], Lima [12], Abramsky et al. [47], Fortin et al. [48] as animals
need to balance antipredator behavior and foraging efforts across
varying levels of risk Lima and Bednekoff [49]. Because bison
need to satisfy large daily energy requirements, they may be
particularly limited with respect to how much they can increase
vigilance.

Although hunted bison were about 4% more vigilant/hr than
non-hunted bison, is this seemingly trivial difference trivial?
Other evidence indicates maybe not. On 26 field days across
6 populations - that were hunted > 4 months/yr - we observed
> 90%, if not all, bison moving together throughout the day.
This phenomenon was not observed in populations hunted <
4 months/yr. Hunters used motor vehicles (pickup trucks and
ATV’s), so bison had temporary refuge during hunting events even
in heterogeneous landscapes. Even non-hunting days when bison
spotted our vehicle - even from several hundred yards away - they
often fled. Reduced reproductive output resulting from chronic
predation risk and elevated stress is possible Pauli and Buskirk
[50], French et al. [51], Schmidt and Kuijper [52]. Based on these
initial data that we have gathered from herd managers and park
biologists, calving rate of bison in year-round hunted populations
varies between 20-56%; calving rate in populations that are
hunted < 6 months/year is 70-90%. Nutrient deficiencies Corah
and Ives [53] may also depress bison reproduction. Regardless of
the cause, the disparity in calving rates between these populations
requires more scrutiny. We are assessing fecal-glucocorticoid
levels to investigate stress in populations subjected to different
hunting pressures. Clearly, more work is necessary to illuminate
changes in bison behavior and ecology in populations where they
are hunted.
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invaluable assistance in the field and insights about bison on the
Pine Ridge Reservation. Eddie Childers went out of his way to
accommodate my time in Badlands National Park. Greg Schroeder
and Angela Jarding issued permits and answered all my questions
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Wind Cave. Mark Hendrix was of great assistance while working
Custer State Park. Phil Baird - provost at Sinte Gleska University

was one reason why I was successful on the Rosebud Reservation.
Sidney Baily - herd manager on Standing Rock, was of great help.
He answered numerous questions on numerous occasions. Carter
Kruse and Danny Johnson of Turner Enterprises, Inc. permitted
access to the FLY-D. Danny offered data, enthusiastically showed

me around, and answered my numerous questions. Ervin Carlson,
Director of the Blackfeet Buffalo Program on the Blackfeet Indian
Reservation provided assistance during my time working on the

re

servation.
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