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A B S T R A C T

As human recreation in natural areas increases, so does the potential for disturbance to

wildlife, and many factors (environmental, disturbance type, experience with humans)

influence the impact of disturbance. However, there exists no comprehensive examination

of the effects of human disturbance on ungulate escape responses. I conducted a compre-

hensive review of studies measuring Artiodactyl escape responses (e.g., flight initiation

distance, distance moved) to experimental harassment by humans and vehicles, and

meta-analyses aimed at predictive questions about the impact of human disturbance on

ungulate behavior under an optimization framework. I found evidence across studies that

ungulates pay attention to approacher behavior, have greater perceptions of risk when dis-

turbed in open habitats, and females or groups with young offspring show greater flight

responses than adult groups. Increased group size and the presence of hunting showed

weak but positive heterogeneous effects on flight behavior both between and within spe-

cies. Humans on foot were more evocative than other stimuli (vehicles, noises). Populations

in areas with higher levels of human traffic showed reduced wariness but a lack of alterna-

tive sites to move to may explain some of this effect. Hunted populations showed signifi-

cantly greater flight responses than non-hunted populations. Finally, I suggest five

factors to consider when forming predictive models of ungulate flight behavior: (1) how

seasonal variation in reproductive status and body condition effects wariness, (2) the rela-

tive impacts of lethal and non-lethal human contact, and (3) unique natural history traits

that may cause differences in flight behavior between populations, (4) the availability of

alternative sites, and (5) shorter distances between feeding sites and refugia can reduce

the impact of other factors on flight responses.

� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

With increasing urbanization, hunting, eco-tourism, and off-

road recreation, opportunities for engaging wild animals in

an inadvertently threatening manner as well as intentional

harassment have increased substantially in the last century.

However, some activities have a more negative impact than

others (Boyle and Samson, 1985; Pomerantz et al., 1988; Knight

and Cole, 1995). Anthropogenic stressors have sweeping

effects on wildlife species (Miller and Gunn, 1979; reviewed

by Kuss et al., 1990a; Knight and Gutzwiller, 1995; Olliff

et al., 1999; Festa-Bianchet, 2003; Reimers and Colman, 2006),

including short-term behavioral patterns (e.g., likelihood of

flight response: Stankowich and Blumstein, 2005; foraging

and maternal behavior: Fitzgibbon, 1998), long-term behav-

ioral patterns (e.g., distribution, mother-offspring behavior

patterns, activity patterns, habituation: Batcheler, 1968;

Dorrance et al., 1975; Swenson, 1982; Jeppesen, 1987; Kufeld

et al., 1988; Kilgo et al., 1998), and species biology (e.g., physi-

ology, reproduction, physical health: Geist, 1971a,b, 1978;

Gabrielsen and Smith, 1995). The generality of these impacts

both within and between ungulate species is unknown (n.b.,

a great deal of attention has been paid to impacts on caribou

and reindeer, Rangifer tarandus: reviewed in Reimers and

Colman, 2006), and managers are often left wondering if

information about disturbance effects in one species or popu-

lation is relevant or useful for making management decisions

about another species or population (Knight and Temple,

1995).

In recent years, wildlife managers and conservation biolo-

gists have developed several measures of human-induced

stress and fitness reductions (e.g., breeding success, mate

choice, flight response distances, glucocorticoids, and cardiac

response: Tarlow and Blumstein, 2007) and of ecological and

demographic impacts of human disturbance (e.g., changes

in time budgets: Duchesne et al., 2000; probability of re-

sponse: Borkowski et al., 2006; changes in space use: Manor

and Saltz, 2005). For example, several research teams recently

have focused their studies on the negative effects of human

infrastructure development and power lines on space use by

reindeer in Scandinavia and Finland (Nellemann et al., 2000;

Nellemann et al., 2001; Vistnes et al., 2001; Nellemann et al.,

2003; Skarin et al., 2004; Vistnes et al., 2004; Reimers and Col-

man, 2006, but see Reimers et al., 2007). Of the many studies

on the short-term effects of human activities on wildlife,

most utilize flight response distances (Knight and Cole,

1995; Miller et al., 2001), and it is not uncommon for species

to show short-term effects on flight behavior but suffer no

ill long-term effects (Richens and Lavigne, 1978). Neverthe-

less, more systematic research is needed on long-term effects

to fill in those knowledge gaps (Knight and Cole, 1995).

Flight initiation distance (FID), the distance between the

predator and prey when the prey flees, and other distance

metrics are accurate indices of fear in animals (Miller et al.,

2006) and are useful in the assessment of an animal’s welfare

state (Dwyer, 2004). However, the simple detection of a distur-

bance can induce increased alertness and heart rate, so the

‘‘range of disturbance’’ is likely to be much greater than FID

(Ward and Cupal, 1979). Some researchers (Gill and Suther-

land, 2000; Gill et al., 2001) suggest that behavioral measure-

ments like FID may not be the most accurate indicator of

human disturbance on wildlife because populations differ in

the quality of the disturbance site and the availability of alter-

native sites. For example, animals living in an area where there

are no alternative sites to move to when disturbed (Pop1), will,

all else being equal, allow closer approach than animals from

an area with alternative sites (Pop2). However, without knowl-

edge of alternative site availability, the impact of human dis-

turbance will be perceived as less in Pop1 than in Pop2, and

the reduced flight responses in Pop1 may lead to the incorrect

assumption that the animals in this population have habitu-

ated to the disturbance. For these reasons, composite metrics

(e.g., buffer zones) take into account multiple measures

including alert distance (AD: distance at which the prey be-

comes alert), FID, distance to roads, and resource use levels

(Gill et al., 1996; Fernández-Juricic et al., 2001, 2002).

Many factors influence the decision to flee in animals, and

flight decisions are economic insomuch as animals flee when

the costs of staying (i.e., not fleeing) exceed the benefits of

staying (Ydenberg and Dill, 1986; Frid and Dill, 2002; Stanko-

wich and Blumstein, 2005; Cooper and Frederick, 2007). Ani-

mals optimize this tradeoff in very general ways across

taxa, but the factors that influence flight decisions and the

disturbance level of a particular stimulus can vary both spa-

tially (with population and human density differences) and

temporally (with life history and seasonal differences in vul-

nerability), potentially leading to over- or under-mitigation

of human activity on wildlife populations. High levels of inter

or intra-species variation in the effect sizes of these factors

suggests that animals pay attention to multiple factors and

responses likely depend on the interactive effects of many

factors (Frid, 1997, 2003). However, very few studies explicitly
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quantify these interactive effects. Before exploring how these

factors interact with each other and to predict a priori which

factors are likely to be important and to interact in ungulate

flight decisions, we must understand (1) the relative impor-

tance of each factor in ungulate flight decisions, and (2) the

heterogeneity in the effects of each factor across species. A

provocative interaction that causes anxiety or distress in

members of one species or population, may be of little con-

cern for members of another species or population due to dif-

ferences in ecology or biology (Geist, 1978; Kuss et al., 1990a;

Whittaker and Knight, 1998).

Here, I review the extensive literature on ungulate flight

responses and ask questions based on optimization theory

and impacts of human disturbance:

(1) Prey pay attention to variation in the behavior of preda-

tors to judge the relative level of threat that it poses

(Ydenberg and Dill, 1986). Given that the threat level

of humans to ungulates varies greatly temporally, spa-

tially, and between individual encounters, do ungulates

pay attention to changes in speed and directness of

approaching humans to judge their intent or level of

threat?

(2) Larger groups of ungulates may flee at greater distances

because they probably detect disturbances at greater

distances (increased collective vigilance) or are more

likely to contain a particularly wary/reactive individual.

On the other hand, individuals in larger groups may

have greater perceptions of safety and flee at shorter

distances (dilution effect) (discussed in Stankowich

and Coss, 2006, 2007). Are larger groups more sensitive

to disturbance than small groups and solitary animals,

or are solitary individuals and small groups more

responsive to disturbing stimuli?

(3) Different levels of vulnerability to human persecution

are associated with changes in the environment over

time and space, and habitat selection is one way an ani-

mal might behaviorally mediate the effects of human

interaction. Do environmental factors (e.g., season,

amount of cover, time of day) influence the impact of

disturbance stimuli on ungulates?

(4) Human disturbances might be particularly detrimental

during certain developmental periods, when males are

forced to give up defending or searching for mates to

flee, and when pregnant or guarding young offspring.

Does human disturbance negatively impact certain

sex, age, or reproductive classes more than others?

(5) There is variation in the relative levels of disturbance

caused by different types of anthropogenic stressors

(Kuss et al., 1990a; Knight and Cole, 1995; Reimers and

Colman, 2006). What types of stimuli cause the greatest

amount of disturbance and should thus be minimized

or more strictly regulated?

(6) Animals show decreased flight responses in areas with

larger human populations (Stankowich and Blumstein,

2005), and variation in disturbance typically is corre-

lated with the intent of activity: hunting and nature-

viewing individuals seek out direct interactions with

wildlife, as opposed to hiking, biking, or snowmobiling

individuals whose chief intent is not necessarily to

interact directly with wildlife. Do individuals habituate

or sensitize (i.e., perceive greater risk) to regular expo-

sure to non-lethal human disturbance or hunting

activity?

After answering these broad questions, I examine the role

of learning and habituation in ungulate flight responses, dis-

cuss our lack of knowledge of interaction effects and other

important gaps in ungulate escape theory, and provide rec-

ommendations for the development of predictive models for

ungulate responses to disturbing stimuli.

2. Materials and methods

I first gathered studies on Artiodactyls cited in Ydenberg

and Dill’s (1986) original review of flight behavior and

searched the Web of Science (isiknowledge.com) for all ref-

erences citing the review. I then searched Web of Science

for papers using the terms ‘flight distance,’ ‘flight initiation

distance,’ ‘approach distance,’ ‘reaction distance,’ ‘escape

distance,’ and ‘flush distance,’ since these are all common

ways of measuring flight responses on wild animals (Taylor

and Knight, 2003a; Stankowich and Blumstein, 2005). All pa-

pers collected were mined for older references that ap-

peared to measure flight responses in Artiodactyls but

may not show up on the searches performed. In total, I

found 59 references that examined the effects of different

factors that directly addressed the questions outlined above

on flight responses in Artiodactyls (Tables 1–3). I included

studies that presented empirical tests of the factors and

studies that simply reported an observational effect of a fac-

tor on flight behavior. The collection of papers is fairly

exhaustive but there are likely many studies that simply fell

outside the search parameters, are published in lesser-

known volumes, or have not been cited by later works. Re-

sults were organized into three tables: (1) Biological factors

(e.g., approacher behavior, group size, sex, habitat), (2) Dis-

turbance types (e.g., humans, automobiles, and aircraft),

and (3) Experience with humans (e.g., hunting status and

human activity level). For each study, where appropriate, I

report the effect (or no effect), the target species, the type

of harassment, and if the population was actively hunted

(if reported). Even though reindeer and caribou are all part

of R. tarandus, I noted the subspecies and origin of reindeer

populations and the location of caribou populations in the

table because different populations have different histories

of domestication and exposure to humans. To avoid confu-

sion, all distance terms used in the studies were converted

to ‘alert distance,’ ‘flight initiation distance,’ and ‘distance

moved’ (DM). The most common response metrics were

AD, FID, and DM, however others are reported as well. AD

is positively correlated with FID (Colman et al., 2001;

Stankowich and Coss, 2006) because animals likely accrue

time costs (e.g., lost foraging or mating opportunities) while

continuously monitoring an approacher (Blumstein, 2003;

Cooper and Frederick, 2007), but there is considerable inter-

species variation in the direction of the relationship be-

tween FID and DM (reviewed in Stankowich and Coss,

2007). Nevertheless, I associate greater AD, FID, and DM

with greater response to a stimulus.
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Table 1 – Factor effects on different types of harassment on ungulates

Factor effects Species Metric (r) Disturbance Status References

Approacher behavior

– Fast > Slow Black-tailed deer FID (0.21) M NH Stankowich and Coss (2006)

Moose FID M NH McMillan (1954)
Elk AD M H McCullough (1969)

– Direct > Indirect Black-tailed deer FID (0.31) M NH Stankowich and Coss (2006)

Dall’s sheep ProbFlt (0.31) A NH Frid (2003)
– No effect of directness of approach NL Caribou AD, FID, DM S NH Mahoney et al. (2001)

– No effect of directness of gaze Black-tailed deer FID (0.03) M NH Stankowich and Coss (2006)

Prey group size (r = 0.13; N = 10118)

– Large > Small/Solitary AL, YT Caribou Scale A U Klein (1974), McCourt (1974)

GD Caribou AD, FID, DM M H Aastrup (2000)

NT Caribou Scale A NH Miller and Gunn (1979)
Black-tailed deer DM (0.49) M NH Stankowich and Coss (2007)

White-tailed deer ProbFlt (0.11) M U Lagory (1987)

Fallow & Roe deer FID (0.20) M H de Boer et al. (2004)
Muskoxen Scale (0.35) A NH Miller and Gunn (1979)

Dall’s Sheep ProbFlt (0.31) Ahelicopter NH Frid (2003)

Mouflon FID (0.18) M NH Ciuti et al. (2008)
– No effect YT Caribou FID (0.01)

FDr (0.27)

C U Horejsi (1981)

AL Caribou FID A U Calef et al. (1976)

Svalbard reindeer AD (0.02) M H Colman et al. (2001)
R.t.p. – unknown FID (0.03)

origin DM (0.09)

Black-tailed deer FID (0.05) M NH Stankowich and Coss (2006)
Muskoxen AD (�0.12) S NH McLaren and Green (1985)

Moose FID M H Altmann (1958)

Guanacos FID (0.05) M H Donadio and Buskirk (2006)
Gazelles FID M NH Manor and Saltz (2005)

Dall’s Sheep ProbFlt (�0.11) Aairplane NH Frid (2003)

FID Ahelicopter

– Small/Solitary > Large Vicuñas FID (�0.03) M H Donadio and Buskirk (2006)
Feral reindeer FID (�0.19) M H Reimers et al. (2006)

R.t.t. DM (�0.23)

Chamois FID (�0.13) M NH Cederna and Lovari (1985)
Impala FID (�0.24) M H Matson et al. (2005)

Bighorn sheep Scale M NH Hicks and Elder (1979)

Mountain sheep HR (�0.36) M H MacArthur et al. (1982)
Fallow deer ProbFlt (�0.23) M NH Recarte et al. (1998)

Season

– Summer > Spring AL Caribou Scale A U Klein (1974)
– Early > Late summer Feral reindeer

R.t.t.

FID (0.54) M H Reimers et al. (2006)

GD Caribou DM M H Aastrup (2000)
Mouflon FID (0.24) M NH Ciuti et al. (2008)

– Midsummer > Early & Late Summer NT Caribou Scale (0.29) A NH Miller and Gunn (1979)

Feral reindeer
R.t.t.

DM (0.45) M H Reimers et al. (2006)

– Calving = Winter > Other seasons AL Caribou FID A U Calef et al. (1976)

Wild reindeer

R.t.t.

Scale Various U Thomson (1972)

Blesbok FID M U Rowe-Rowe (1974)

– Rut = Other seasons Blesbok FID M U Rowe-Rowe (1974)

– Winter < Other seasons Chamois FID, DM Various H Hamr (1988)
Gazelles FID (0.89) M NH Manor and Saltz (2005)

– No effect Svalbard reindeer Scale A U McCourt (1974)

R.t.p. – unknown origin

Habitat Type (r = 0.15; N = 1580)

– Open > Closed terrain Svalbard reindeer FID (0.25) S U Tyler (1991)

R.t.p. – unknown origin
Blesbok FID (0.58) M U Rowe-Rowe (1974)

Moose FID M H Altmann (1958)

YT Caribou FID (0.25) C U Horejsi (1981)
FDr (0.10)

Fallow & Roe deer FID (0.43) M H de Boer et al. (2004)

– Closed > Open terrain NT Caribou Scale A NH Miller and Gunn (1979)
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Table 1 – continued

Factor effects Species Metric (r) Disturbance Status References

– Grass > Grass with scrub Black-tailed deer DM (0.44) M NH Stankowich and Coss (2007)

AL Caribou FID A U Calef et al. (1976)

– No effect Feral reindeer
R.t.t.

FID, DM M H Reimers et al. (2006)

NL Caribou AD, FID, DM S NH Mahoney et al., 2001

White-tailed deer FID C NH Halloran (1943)
White-tailed deer ProbFlt (0.03) M U Lagory (1987)

– Rugged > Flat terrain Fallow deer ProbFlt (0.16)� M NH Recarte et al. (1998)

Time of day

– Dusk/Dawn > Other times Moose FID M H Altmann (1958)

Elk FID M H Altmann (1958)

Mule deer FID M H Altmann (1958)
– Evening > Morning Gazelle FID C NH Walther (1969)

Mule deer AD M, B NH Taylor and Knight (2003b)

– Morning > Evening Mule deer DM M, B NH Taylor and Knight (2003b)
Bison FID M, B NH Taylor and Knight (2003b)

– Day > Night White-tailed deer ProbFlt S U Eckstein et al. (1979)

Elk FID (0.10) M, C NH Schultz and Bailey (1978)
– Positive effect of min after sunrise Chamois DM (0.76) B, Mjog NH Gander and Ingold (1997)

– Negative effect of min after sunrise Chamois DM (�0.84) Mhike NH Gander and Ingold (1997)

– No effect Chamois FID (0.11) B,M NH Gander and Ingold (1997)

Age/Sex

– Calves > Other Ages AL Caribou FID A U Calef et al. (1976)

– Calves = $$ > Bulls NT Caribou Scale A NH Miller and Gunn (1979)
Muskoxen Scale (0.10) A NH Miller and Gunn (1979)

– ## > $$ Elk FID (�0.12) M H Bender et al. (1999)

– $$ > ## NL Caribou FID M H Bergerud (1974)
Wild reindeer

R.t.t.

Scale Various U Thomson (1972)

Gazelle FID (0.23) C NH Walther (1969)

Fallow deer ProbFlt (0.18) M NH Recarte et al. (1998)
Chamois FID, DM Various H Hamr (1988)

– Adult # < Subadult # Gazelle FID (�0.23) C NH Walther (1969)

– Adult # > Subadult # Chamois DM (0.81) M NH Gander and Ingold (1997)
– No effect of sex Elk FID (0.07) M, C NH Schultz and Bailey (1978)

YT Caribou FDr (0.31) C U Horejsi (1981)

FID (0.13)
– No effect of age Chamois FID (0.10) B,M NH Gander and Ingold (1997)

DM (0.47) B NH Gander and Ingold (1997)

Reproductive status
– #: In Velvet > Pre-rut > In Rut Moose FID M H Altmann (1958)

– #: Wandering > Bachelor > Territorial Gazelle FID (0.23) C NH Walther (1969)

– $$ w/calves > ## AL Caribou Scale A U Klein (1974)
NT Caribou Scale A NH Miller and Gunn (1979)

Mouflon FID (0.17) M NH Ciuti et al. (2008)

– $ w/newborn > $ w/calf Moose FID M H Altmann (1958)
– $$ groups w/calves > w/o calves NL Caribou AD (0.24) M H Bergerud (1974)

FID (0.70)

Mouflon FID (0.14) M NH Ciuti et al. (2008)

– Groups w/calves < w/o calves NL Caribou FID (0.21) S NH Mahoney et al., 2001
– $ w/young < Other $$ Gazelle FID (0.23) C NH Walther (1969)

– Groups w/more young > w/fewer young Chamois FID M NH Cederna and Lovari (1985)

– No effect of group composition NL Caribou AD (0.12) S NH Mahoney et al., 2001
DM (0.04)

FDr (0.08)

Dall’s Sheep ProbFlt (0.06) Ahelicopter NH Frid (2003)
ProbFlt (�0.04) Aairplane

Abbreviation Key:

Metrics: AD (Alert distance), AT (Assessment time) DM (Distance moved), FID (Flight initiation distance), FDr (Flight duration), Fspeed (Flight

speed), HR (Heart rate), Obs (Observational report), ProbFlt (Probability of flight), Scale (Artificial scale of flight response: e.g., no reaction – rapid

flight). Statistics: r = effect size (given when available for individual studies and the total for all studies in the analysis), N = sum of sample sizes of

all studies included in the analysis. Disturbance Type: A (Airplane and/or Helicopter), Various (multiple harassment types including humans,

animals, and moving vehicles), B (Bicycle), C (Car/Automobile), D (Dog), M (Human; when explicitly tested, M was split into two groups:

Mjog = Jogger, Mhike = Hiker), S (Snowmobile), Pred (Predatory model or different real predators). Hunting Status: F (Commercially/farm raised), H

(Hunted); NH (Not hunted), U (Unspecified in the paper). Species: R.t.t. (Rangifer tarandus tarandus), R.t.p. (R. t. platyrhynchus), AL (Alaska), GD

(Greenland), NL (Newfoundland), NT (Northwest territories) YT (Yukon). �Not included in meta-analysis for this section.
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I then identified a list of factors to be analyzed with meta-

analysis. For the analyses, I identified factors that (i) seemed

to have some consistency (i.e., low experimental variation;

Osenberg et al., 1999) in the way they were measured (e.g.,

consistent: the factor ‘group size’ is typically a simple correla-

tion between number of individuals in the group and the de-

gree of flight response; inconsistent: numerous ways of

classifying of age and sex groups) and (ii) had empirical data

available from at least 5 studies. The final list of factors on

which I ran formal meta-analyses included: Group size, hab-

itat type, anthropogenic disturbances, human activity, and

hunting.

Following Stankowich and Blumstein (2005), I selected the

Pearson’s product-moment correlation coefficient, r, as the

appropriate measure of effect size (Hunter et al., 1982; Rosen-

thal, 1991). The r coefficient has been shown to be appropri-

ate for analyzing results from psychological and behavioral

studies (Fiske et al., 1998; Møller and Saino, 2004; Segerstrom

Table 2 – Effects of different types of harassment on flight responses of ungulates

Disturbance effects Species Metric (r) Status References

Anthropogenic disturbance (r = 0.58; N = 3171)

– Human = Mine Noise > Undisturbed Elk calves DM (0.38) U Kuck et al. (1985)

– Human > Military Noise Moose FID (0.72) H Andersen et al. (1996)

– Human = Military Noise Moose DM (0.26) H Andersen et al. (1996)

– Human = Car Elk FID NH Schultz and Bailey (1978)

– Human > Car Giraffe Obs U Kearton (1929)

– Human or Car w/light < w/o light Elk FID (0.10)� NH Schultz and Bailey (1978)

– Human > Horseback = Car White-tailed deer FID (0.46) NH Kucera (1976)

– Human > Bicycle = Cars Bighorn sheep DM (0.83) NH Papouchis et al. (2001)

FDr (0.99)

ProbFlt (0.13)

– Human > Bicycle Mule deer FID NH Taylor and Knight (2003b)

– Human = Bicycle Bison, Pronghorn AD, FID, DM NH Taylor and Knight (2003b)

– Jogger = Hiker = Bicycle Chamois FID (0.30) H Gander and Ingold (1997)

– Skier > Snowmobile Reindeer FID (0.26) NH Reimers et al. (2003)

DM (0.33)

– Snowmobile > Skier Reindeer AD (�0.38) NH Reimers et al. (2003)

– Gunshots = Humans > Cars = Airplanes= Elk HR, ProbFlt F Ward and Cupal (1979)

Motorcycles

– Airplane = Helicopter AL Caribou Scale U Klein (1974)

– Airplane > Helicopter AL Caribou FID U Calef et al. (1976)

– Helicopter > Airplane AL, YT Caribou Scale U McCourt (1974)

– Airplanes/Helicopters > Humans Muskoxen Obs NH Gray (1973)

– No effect of maternal stress type Sheep FID F Roussel et al. (2006)

Aircraft altitude

– Low > High AL, YT Caribou Scale U Klein (1974), McCourt et al. (1974)

NT Caribou Scale (0.37) NH Miller and Gunn (1979)

Muskoxen Scale (0.23) NH Miller and Gunn (1979)

Moose Scale U McCourt (1974)

– No effect Dall’s Sheep ProbFlt (0.14) NH Frid (2003)

Animals

– Human > Wolves NL Caribou FID H Bergerud (1974)

– Human > Dogs Chamois DM H Hamr (1988)

Muskoxen Obs H Hone (1934)

– Human = Dog Elk FID (0.27) NH Kloppers et al. (2005)

– Human w/dog > w/o dog Mule deer AD, DM NH Miller et al. (2001)

Mouflon FID (0.31) H Martinetto and Cugnasse (2001)

Muskoxen Obs H Hone (1934)

– Human w/dog = w/o dog Chamois Obs H Hamr (1988)

– Carnivores > Non-threatening stimuli Sheep DM (0.46) F Hansen et al. (2001)

– Wild dog > Cheetah > Lion > Hyena > Jackal Gazelle FID (0.16) NH Walther (1969)

Humans in context

– Human off trail > on trail Mule deer DM NH Miller et al. (2001), Taylor

and Knight (2003b)

– Human off trail = on trail Mule deer AD, FID NH Miller et al. (2001)

– Human w/dog off trail > on trail Mule deer FID NH Miller et al. (2001)

– Human w/dog off trail = on trail Mule deer AD NH Miller et al. (2001)

– Familiar < Unfamiliar human Moose FID NH McMillan (1954)

See Table 1 for Abbreviation and Reference Keys.
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and Miller, 2004) and this study addresses questions of

immediate effects (Osenberg et al., 1999) on flight decisions.

For this study, r typically is the magnitude on the effect on

perceived risk of moving from a low-threat situation (control)

to a high-risk situation (treatment). Coefficients were ob-

tained for each study, when possible, in the following ways:

(i) direct reporting of r, R2, or partial correlation; (ii) mean

and variance data (SE or SD) reported in the paper and con-

verted to r using methods in Rosenthal (1991); (iii) other test

statistics (e.g., F, U, t) and P-values converted to r using Meta-

Analysis 5.3 (Ralf Schwarzer: http://userpage.fu-berlin.de/

~health/meta_e.htm). Tests that reported that P-values were

less than a stated value (e.g., P < 0.05; P < 0.001) were conser-

vatively assigned that P-value (P < 0.01 was assigned P = 0.01)

and converted to r. Studies simply stating that there ‘was an

effect’ or there ‘was no effect’, P > 0.05, or only stated obser-

vationally that there was or was not a difference in response

were excluded from analyses. Effect sizes from all studies

providing enough information to calculate r are listed in

Tables 1–3. I performed formal weighted meta-analyses by

the Schmidt–Hunter method on the five factors listed above

(Hunter and Schmidt, 1990); weighted tests are the most pre-

cise and powerful meta-analytic procedures (Gurevitch and

Hedges, 1999). I report the weighted mean r ± SD (Hunter

and Schmidt, 1990), the results of Z-tests of significance

(Rosenthal, 1984), the number of studies used in the analysis

(k), and the sum of the sample sizes for all studies in the test

(i.e., total sample size for the test: N). For each weighted

mean r, I calculated the number of additional studies with

an overall mean r � 0 that would need to be filed away

Table 3 – Effect of harassment experience on ungulate flight behavior

Status effects Species Metric (r) Disturbance References

Human activity (r = �0.15; N = 2697)

– High < Low snowmobile traffic Svalbard reindeer FID (�0.20) S Tyler (1991)

R.t.p. – unknown DM (�0.21)

origin

– High < Low human traffic Blesbok FID (�0.58) M Rowe-Rowe (1974)

Gazelle FID C Walther (1969)

Elk FID (�0.86) M Cassirer et al. (1992)

Moose FID M Denniston (1956)

Svalbard reindeer AD (�0.21) M Colman et al. (2001)

R.t.p. – unknown FID (�0.36)

origin DM (�0.42)

Fallow deer ProbFlt (�0.12) M Recarte et al. (1998)

– Low < High human traffic Muskoxen Obs M Hone (1934)

Bighorn sheep DM (0.30) M King and Workman (1986)

– No effect of human traffic level Elk DM (0.09) M Cassirer et al. (1992)

Ibex FID M Alados and Escos (1988)

– High < Low wolf activity Elk FID (0.47)� M, D Kloppers et al. (2005)

Repeated exposure

– Later > Earlier exposures Beef cattle FID (0.33) M Kilgour et al. (2006)

Dall’s Sheep ProbFlt (0.36) Ahelicopter Frid (2003)

– Earlier > Later exposures Wild reindeer Scale Various Thomson (1972)

R.t.t.

Moose FID M McMillan (1954)

– No effect of exposure order Dall’s Sheep ProbFlt (0.14) Aairplane Frid (2003)

Svalbard reindeer AD (0.00) M Colman et al. (2001)

R.t.p. – unknown FID (0.03)

origin DM (0.09)

– Before < After harassment treatment Elk FID (0.67) M, D Kloppers et al. (2005)

Hunting (r = 0.17; N = 2096)

– Experienced > Not experienced Moose FID M Altmann (1958)

GD Caribou AD, FID M Aastrup (2000)

– After hunting > Before hunting Elk FID (0.32) M Bender et al. (1999)

– More hunted > Less or non-hunted areas White-tailed deer FID (0.09) M Behrend and Lubeck (1968)

FSpeed

Vicuñas FIDrp (0.52) M Donadio and Buskirk (2006)

Bighorn sheep DM (0.30) M King and Workman (1986)

Roe deer FID (0.41) M de Boer et al. (2004)

Impala FID (0.71) M Matson et al. (2005)

– No effect of presence of hunting Guanacos FID (0.01) M Donadio and Buskirk (2006)

White-tailed deer FID C Grau and Grau (1980)

Svalbard reindeer AD (0.02) M Colman et al. (2001)

R.t.p. – unknown FID (�0.06)

origin DM (�0.11)

See Table 1 for Abbreviation and Reference Keys.
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(i.e., unpublished) in order to reduce the observed r to a crit-

ical 0.05 level (kfs; Orwin, 1983). While no formal guidelines

exist for how large kfs must be in order to achieve a robust

effect, given the small number of studies in this review

(59), I judged the effect to be robust if kfs > 2k; therefore, it

would take two times as many studies with a mean r = 0 than

were found to reduce the overall effect size to 0.05. This is a

subjective assessment as benchmarks of robustness using kfs

have not been set previously. All meta-analyses were com-

puted using Meta-Analysis 5.3. To test for the heterogeneity

(i.e. the amount of constancy or variation in r-scores) of

results across studies, I calculated by hand the I2 statistic

(following Higgins et al., 2003), where 0% signifies no hetero-

geneity (little variation in individual r-scores) and 100%

signifies great heterogeneity (high variation in individual

r-scores).

3. Results

In most cases, I found weak (Cohen, 1988) estimates of effect

size, little robustness, and high heterogeneity in individual r-

scores. For factor effects not tested with meta-analyses, some

appeared directionally consistent across species, while for

others, there was wide variation in the direction of the effect.

Below I discuss the results of the main questions.

3.1. Are ungulates sensitive to changes in speed and
directness of approach of disturbing stimuli?

While very few studies have been conducted on the effects of

approacher behavior on ungulate flight decisions, the consis-

tency of the effects of approacher behavior on ungulate flight

found here (Table 1) match those of previous reviews on other

taxa (Ydenberg and Dill, 1986; Stankowich and Blumstein,

2005): when the approacher appears more threatening (faster,

more direct), prey will flee at greater distances.

3.2. Are larger or smaller groups more sensitive to
disturbance?

There was a very weak, non-robust overall effect for larger

groups to show greater flight responses (Table 1; r = 0.13 ±

0.22, Z = 12.70, P < 0.00001, k = 21, N = 10118, kfs = 32, I2 =

96%), and there was extremely high heterogeneity across

studies and both between and within species.

3.3. Do environmental factors influence the impact of
disturbance stimuli on ungulates?

Individuals in more open habitats fled more readily than indi-

viduals in closed, wooded habitats (Table 1; r = 0.15 ± 0.18,

Z = 6.09, P < 0.00001, k = 7, N = 1580, kfs = 14, I2 = 90%), however

this effect was weak, only somewhat robust, and highly het-

erogeneous. The effect of season showed little consistency

across studies, but the variation in the manner in which it

has been categorized makes generalization even more diffi-

cult. In hunted populations, individuals appeared to be more

fearful at dusk and dawn compared to other times of the day,

while in non-hunted populations, there is no clear effect of

time of day on flight responses.

3.4. Does human disturbance negatively impact certain
sex, age, or reproductive classes more than others?

There was no consistent qualitative effect of age or sex across

studies (Table 1: Age/Sex), but females and young animals ap-

pear to flee at greater distances than males. Similarly, females

with more vulnerable offspring by their side exhibit greater

flight responses than males and other females (Table 1:

Reproductive Status).

3.5. What types of stimuli cause the greatest amount of
disturbance and should thus be minimized?

There was a strong, highly robust, yet heterogeneous effect of

the type of disturbance on flight behavior (Table 2; r = 0.58 ±

0.37, Z = 35.93, P < 0.00001, k = 11, N = 3171, kfs = 116, I2 = 100%),

where humans on foot were far more evocative than terres-

trial vehicles, aircraft, or anthropogenic noise (Anthropogenic

Disturbances). Low-flying aircraft were nearly universally

more disturbing than high-flying aircraft (Table 2: Aircraft

Altitude), and humans had more or equally evocative effects

on ungulates than Canids (Table 2: Animals). Finally, humans

in a predictable hiking context (i.e., on trails) were less threat-

ening than humans hiking off trails (Table 2: Humans in

Context; Miller et al., 2001).

3.6. Do individuals habituate or sensitize to regular
exposure to non-lethal human disturbance or hunting
activity?

Overall, there was a weak yet robust habituation response of

ungulates to increased human activity (Table 3; r = �0.15 ±

0.18, Z = �8.06, P < 0.00001, k = 10, N = 2697, kfs = 21, I2 = 90%),

where ungulates in areas with higher rates of exposure to

humans had reduced flight responses. There was high varia-

tion in responses to repeated exposures: some species showed

greater responses on later exposures, some on earlier expo-

sures, and some showed no difference in response between

sequential exposures to humans. Hunting had a weak yet

robust effect on flight responses (Table 3; r = 0.17 ± 0.22, Z =

7.89, p < 0.00001, k = 10, N = 2096, kfs = 24, I2 = 93%), where

ungulates in areas with hunting activity had greater flight

responses than non-hunted areas. However, this effect was

highly heterogeneous and several studies found very little

or no effect of hunting on flight behavior.

4. Discussions and conclusions

The results of both the review and the meta-analyses suggest

that environmental factors, and experience with humans and

their recreational activities have significant impacts on ungu-

late behavior. However, a large degree of heterogeneity in the

size and direction of the effects make generalizations about

many factors difficult for ungulates in general. This heteroge-

neity is likely due, in part, to interactive effects of different

factors where the effect size of one factor changes non-addi-

tively with changes in another factor (e.g., Frid, 1997); this is

discussed further below. While some specific effects are ubiq-

uitous (e.g., approacher behavior), others are species- or pop-

ulation-specific (e.g., group size).
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When approachers behaved in a more threatening man-

ner, ungulates fled at greater distances. Relative to other taxa

(Stankowich and Blumstein, 2005), this effect is understudied

in ungulates, but nearly all studies indicated that rapidly or

directly approaching humans are more evocative than slowly

or indirectly approaching humans. Clearly, animals pay atten-

tion to the behavior of the approacher, looking for cues as to

whether or not it has spotted the individual or intends to

attack.

While a large number of studies have measured the effect

of group size on flightiness in ungulates, the overall trend for

larger groups to have greater flight responses was very weak

and not at all robust (Table 1: Group Size). Individual studies

showed strong responses in either direction (e.g., large > s-

mall groups: Stankowich and Coss, 2007, r = 0.49; small > large

groups: MacArthur et al., 1982, r = �0.36) and many showed

no effect at all. Looking within the directional effects, there

is no apparent effect of stimulus type, type of measurement

of flight response, or hunting status on group size effects,

and there are even disagreements within species on the pres-

ence and direction of the effect. For example, in hunted pop-

ulations of R. tarandus (caribou and reindeer) that were

harassed by humans on foot and where measurements of

FID and DM were taken, Aastrup (2000) found larger groups

to be more wary, Reimers and colleagues (2006) found smaller

groups to be more wary, and Colman and colleagues (2001)

found no effect at all. While these results were from different

populations with different histories with humans, there were

no major differences in the levels of hunting or recreation de-

scribed in these reports; however, there was often an interac-

tion between group size and season where group size effects

changed during the hunting season and when tourism rates

were greater. Larger groups can be expected to have greater

FID and DM because the presence of a particularly wary ani-

mal is more likely in a larger group, and typically the move-

ments of the most wary group member have a contagious

effect on the rest of the group (e.g., in mule deer, O. hemionus

spp.: Dasmann and Taber, 1956; Lingle and Wilson, 2001;

Stankowich and Coss, 2007). Smaller groups can be expected

to have greater FID and DM because of higher per capita risk

due to a lack of the ‘dilution effect.’ This intraspecific varia-

tion when other major factors are controlled for indicates

that effects of group size on flightiness may not be species-

specific and their presence and direction might depend on

the history of the population/subspecies (e.g., feral, domestic,

or wild), season, the level of exposure to humans in a recrea-

tional context, ruggedness of the landscape, or some other

social or environmental factor (e.g., feeding competition or

reproductive/social status within the group).

Openness of habitat had a weak but consistent effect on

ungulates’ flight responses (Table 1: Habitat Type), which

agrees with the results from other taxa (reviewed in Stanko-

wich and Blumstein, 2005). When there is little cover or dis-

tance to refuge is great, risk is greater and animals flee at

greater distances. Open areas may be optimal feeding or mat-

ing sites and voluntary withdrawal due to disturbance often

involves movement to areas with more cover that may be

smaller in area and/or less favorable for these activities

(e.g., Batcheler, 1968; Dorrance et al., 1975; Swenson, 1982;

Jeppesen, 1987; Kufeld et al., 1988). If alternative habitat is

not available, prey experience an increased cost of leaving

their current habitat, which could influence migration or

the probability of flight, and ultimately lead to an underesti-

mation of the level of disturbance and stress (Gill et al.,

2001). There is a tradeoff between the level of protective cover

and perceptual constraints, prey may flee as soon as they de-

tect a threat, and reduced flight distances in closed habitats

also may be due to limited ability to detect a threat at longer

distances. However, an economic approach to questions

about flight behavior has been shown to be more parsimoni-

ous given the evidence from the literature (Ydenberg and Dill,

1986).

Reproductive status and sex in ungulates have large con-

sistent effects on the decision to flee. In general, males are

less wary than females, and this is especially true when they

are guarding or competing for access to females (Table 1).

Similarly, females are most wary when they are guarding

newborn offspring or young, which are more vulnerable to

predation. These effects appear to be consistent within spe-

cies (e.g., caribou) and are unaffected by stimulus type or

hunting status. While we know that hunting increases wari-

ness in general (see discussion below), I found no study that

measured the effect of sex-selected hunting (e.g., only males

are hunted) on sex differences in seasonal wariness; one

explanation for this lack of data is that males might be more

secretive during hunting season, and therefore it would be

difficult to get sufficient amounts of data to show an effect.

Clearly flight behavior factors like sex and reproductive status

may influence inter- and intraspecific vulnerability to hunting

and other forms of harassment, and this inherent variation in

flight response influences the degree to which species, popu-

lations, or particular demographic groups are susceptible to

overexploitation by recreational or subsistence hunting (Fitz-

gibbon, 1998).

Animals assign different levels of risk to different types of

predatory threat and disturbance. Loud noises (e.g., mine or

military noises) that do not precede a true harassment event

are equal or lesser in effect to a human approacher (Table 2:

Anthropogenic Disturbance). In general, humans on foot are

the most disturbing and are more evocative than humans

on horseback, on bicycles, or in cars; this suggests that hu-

man disturbance on wildlife can be minimized with these lat-

ter types of interactions. When used in a harassing manner,

airplanes and helicopters are equally as disturbing, and all

studies using aircraft found that low-altitude flyovers were

much more disturbing than high-altitude passes, causing ra-

pid flight and distress in ungulate groups.

The appearance of a human on foot is more frequently

associated with targeted harassment (e.g., hunting) than hu-

mans in vehicles; therefore they are treated as more threaten-

ing. Both humans and canids are disturbing to ungulates, but

the flight response tends to be stronger towards humans (Ta-

ble 2: Animals). This trend may be explained by the larger rel-

ative size difference between domestic dogs and the

particular ungulate species studied: larger predators tend to

be more evocative than smaller predators (Stankowich and

Blumstein, 2005). Alternatively, the more effective hunting

skills of humans over small dogs also may contribute to this

effect. There is evidence (Miller et al., 2001; Taylor and Knight,

2003b) that humans off trails are perceived as more threaten-
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ing than on trails (Table 2: Humans in Context). A human ex-

posed on a trail is unlikely to be followed by a dangerous con-

sequence (e.g., gunshot or chase), whereas when humans

leave the trail, the likelihood that they intend to approach

or harass the individual probably increases exponentially.

Hunting has wide, sweeping effects on all aspects of ungu-

late biology. Not surprisingly and in agreement with evidence

from avian species (Fox and Madsen, 1997), ungulate popula-

tions that experience higher hunting activity are more wary

than less habituated populations (Table 3: Hunting). But this

effect was highly heterogeneous in ungulates (I2 = 93%). No ef-

fect of hunting status was found in white-tailed deer (Odocoi-

leus virginianus: Grau and Grau, 1980), however the

disturbance stimulus used in the study was an automobile

and unless hunters shoot from automobiles, we would not

expect population differences in how deer treat automobiles.

Colman and colleagues (2001) attribute their lack of effect of

hunting activity on flight responses of caribou to the popula-

tions becoming habituated to humans during non-hunting

seasons due to high human recreation traffic. Therefore a

temporary, seasonal burst of hunting activity in an area

where human recreation is already allowed year-round may

not have a significant negative impact on caribou survival.

When animals experience a disturbance frequently, they

tend to become habituated to it, and the degree of habituation

may vary among individuals in a population (Picton, 1999).

Ungulates in areas with frequent contact with humans

showed reduced flight responses compared to those in areas

where human contact is rare, which is in agreement with

studies of other taxa (Stankowich and Blumstein, 2005),

including lizards (e.g., Labra and Leonard, 1999; Cooper

et al., 2003) and birds (e.g., Cooke, 1980; Blumstein et al.,

2003). While resource scarcity and lack of alternative sites to

move to may explain some of this apparent ‘‘habituation’’ (Gill

et al., 2001), the ubiquity of the effect across studies suggests

that ungulates do habituate to humans in heavily populated

areas. Two studies, however, found the opposite effect. If

ungulates are completely naı̈ve to humans, we can expect

to them to treat humans as curiosities and not as threatening,

much like predator naı̈ve animals on islands (e.g., Galápagos

Islands) show no fear of humans. Naı̈ve prey probably learn

quickly to recognize bipedal approachers as dangerous when

they are associated with harassing or deadly consequences.

Alternatively, isolation on islands, not fewer predators, may

be responsible for this island effect (Blumstein and Daniel,

2005): island living may select against highly ‘reactive’ (Sih

et al., 2004) individuals and this selection can impact anti-

predator responses. This is the likely explanation for the re-

sults of Hone (1934), while the negative results of King and

Workman (1986) were likely heavily influenced by greater

hunting activity in the high human density site compared

to the low density site.

It has long been recognized that learning plays a major

role in the manner and degree to which ungulates respond

to humans (Geist, 1971a). If animals associate human pres-

ence with food, they will be attracted to human settlements,

but if they are hunted, stalked, or subjected to repeated

harassment, they will flee from humans (e.g., sheep: Ovis

spp; Dwyer, 2004). However, habituation to even low impact,

nonconsumptive, human stressors (e.g., hiking and mountain

biking) may take many years or never occur at all (Fairbanks

and Tullous, 2002). Nevertheless, animals in general show de-

creased flight responses in areas with larger human popula-

tions (Stankowich and Blumstein, 2005). Many ungulate

populations become too habituated to human presence and

encroach on human settlements. This ‘‘refuge effect’’ can

have negative impacts on human settlements (reviewed in

Kloppers et al., 2005), often attracting natural predators to-

wards settlements or causing an outright loss of prey when

predators will not enter settlements.

4.1. Interactions between factors and unresolved
questions

All meta-analyses showed high levels of heterogeneity across

studies in the size and direction of the effects. However, when

animals pay attention to two or more factors simultaneously,

these factors may not be additive in their effects on flight re-

sponses and responses may depend on the multiplicative or

dynamic effects of multiple factors. For example, Frid (2003)

found that the probability of Dall’s sheep (Ovis dalli dalli) flee-

ing from a helicopter was lower during indirect approaches,

but this effect was more pronounced when sheep were on

rocky slopes, which provide safety, than when sheeps were

farther from rocky slopes. Similarly, Frid (1997) showed that

group size has a strong effect on vigilance in sheep when

groups are far from the safety of cliffs, but there is little effect

of group size on vigilance when groups are near cliffs. These

interactions may mask or reduce the effect size of certain fac-

tors depending on the conditions under which animals were

tested, and they are sorely lacking in the studies reviewed

here (but see Cooper, unpublished manuscript for a review

of factor interactions in lizard escape behavior). Potentially

interesting interactions with management implications in

ungulates and potential to contribute to the optimization

framework in escape theory include: sex · season (i.e., hunt-

ing vs. non-hunting), hunting effects · recreation effects,

group size · season, group size · distance to refuge or habitat

type, directness of approach · type of disturbance, and repro-

ductive status or presence of calves · distance to refuge or

habitat type.

Human disturbances can be particularly detrimental dur-

ing certain critical periods of an animal’s life or during the

year when animals are in poor condition or more vulnerable

to injury (e.g., pregnancy, calving, and fly season: Geist,

1971a,b; Kuss et al., 1990a; Phillips and Alldrege, 2000). Beale

and Monaghan (2004) showed that birds (turnstones: Arenaria

interpres) in good condition (i.e., received food supplementa-

tion) flushed at greater distances, had increased scanning

rates, and moved greater distances when flushed compared

to birds that did not receive food supplementation. When ani-

mals are in poor condition, there is a greater cost of leaving a

site where food is present, resulting in decreased flight dis-

tances. There also may be an interaction between food abun-

dance in a site and body condition where animals in good

condition always flee at greater distances regardless of food

abundance, but animals in poor quality may be more sensi-

tive to food abundance, fleeing at shorter distances when food

is present. While it is known that ungulates in poor condition

are targets of predators (Mech, 1970; Huggard, 1993; Gese and
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Grothe, 1995; Mech et al., 1995; Gese, 1999; Husseman et al.,

2003), they may also suffer disproportionately from human

disturbance, but this has never been quantified formally.

Therefore, when a population contains individuals in poor,

malnourished condition, using distance metrics alone to

quantify disturbance would be misleading and disturbance

models must take into account both individual condition

and resource abundance (Beale and Monaghan, 2004).

4.2. Management implications

Blumstein and colleagues (Blumstein et al., 2005) suggest that

in order to develop predictive models of how different avian

species will respond to disturbances, managers need three

things: (1) multiple indicators of disturbance, (2) identification

of the degree of interspecific variability, and (3) life history,

natural history, and other ecological correlates with the

behavioral responses of interest. This study supports those

recommendations and builds on them. From the data sum-

marized here, several generalizations can be made in devel-

oping predictive models for ungulate responses to harassing

stimuli. First, it is important to identify ways in which re-

sponses vary between sexes, between different stages of their

reproductive cycle, and with individual body condition. Sec-

ond, the impact of hunting activity (when seasonal) on ungu-

lates may vary depending on the level of exposure to humans

in a non-threatening recreational context (e.g., vehicles and

hikers on trails). Third, it is necessary to examine the ways

in which the population of concern differs in natural history

and exposure to other sources of predation from other popu-

lations under consideration as predictive indicators for re-

sponses to disturbance. Fourth, when judging the impact of

a disturbance and the level of habituation, it is important to

consider the availability of alternative sites. Fifth, as shown

by Frid (1997, 2003), distance to safety and habitat type may

determine the impact of other factors (e.g., disturbance type,

group size, presence of young) on response level.

The first step in visitor impact management of wildlife

(Kuss et al., 1990b) is to review what is already known about

the species and issues of interest. Management of wild

ungulates requires reasonable knowledge of the total biology

of the species, its behavioral adaptations, and its local his-

tory of human contact. Some studies reviewed here make

specific recommendations for how to reduce behavioral

reactions to human recreation and disturbance. For exam-

ple, managers may restrict off trail movements of humans,

prohibit dogs from critical areas, partition the landscape into

recreation zones to allow certain human activities in some

areas but ban them in others, and educate visitors about

how their actions influence wildlife (Miller et al., 2001). The

results of this review and meta-analysis suggest that infor-

mation on behavioral responses to disturbance can be useful

in the formation of predictive models of human impacts on

wildlife.

The behavior of ungulates toward humans is likely to be

the sum of the effects of all human activities (Jeppesen,

1987). While hunting has clear effects on flight responses in

most species, nonconsumptive recreation may buffer these

effects and seasonal hunting may not impose enough nega-

tive stimuli towards humans to override habituation (Colman

et al., 2001). Moreover, the negative impacts of hunting may

be minimized further if ungulates that are not killed do not

experience negative stimuli from hunters (i.e., hunters shoot

and clean their take without being notice by other ungulates).

Several studies have shown that ungulates may not show

behavioral differences in response to hunting if they also

experience humans in a non-threatening context (Behrend

and Lubeck, 1968; Grau and Grau, 1980; Kufeld et al., 1988).

Therefore, ungulates that routinely encounter humans in

non-threatening contexts to which they can habituate, may

only suffer minimal impacts on their behavior towards hu-

mans if exposed to seasonal hunting.

Given the frequency of intraspecific variation in factor ef-

fects on flight behavior (e.g., Group Size, Time of Day), it is

important to recognize that populations may differ in the

way they respond to human disturbance. These differences

might stem from variation in experience with humans (types

of recreation, presence of hunting, history of exposure, etc.),

availability of alternative habitats, population size, presence

of other predators, and physical terrain. Therefore, whatever

prior information is available on responses to anthropogenic

disturbance from other populations of the focal species’ must

be discounted or adjusted for differences in natural history

and ecology.

In summary, by examining the results of empirical re-

search on flight responses of ungulates with reference to dif-

ferent types of environmental factors, harassment types, and

exposure to hunting, I have identified: key factors that reliably

affect flight response and types of disturbance most likely to

cause the greatest increase in stress. I suggest that interac-

tions between multiple factors explain a significant amount

of the heterogeneity across studies, and propose specific

interactions to examine in future studies. From these results,

I generated testable management predictions about flight re-

sponses that can help managers understand and regulate hu-

man recreation and disturbance in ways that can enhance

wildlife fitness and human experiences.
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