
The Influence of Social Interactions, Environmental
Factors, and Predators on Behavior of Range Cattle

Item Type text; Electronic Thesis

Authors Kluever, Bryan Michael

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:26:14

Link to Item http://hdl.handle.net/10150/332838

http://hdl.handle.net/10150/332838


THE INFLUENCE OF SOCIAL INTERACTIONS, ENVIRONMENTAL FACTORS, 

AND PREDATORS ON BEHAVIOR OF RANGE CATTLE 

 

by 

 

Bryan Michael Kluever 

 

 

________________________ 

 

 

 

 

A Thesis Submitted to the Faculty of the  

 

SCHOOL OF NATURAL RESOURCES 

 

In Partial Fulfillment of the Requirements  

For the Degree of  

 

 

Master of Natural Resources 

With an Emphasis in Rangeland Ecology and Management 

 

In the Graduate College 

 

THE UNIVERSITY OF ARIZONA 

 

 

 

2007 



 2 

STATEMENT BY AUTHOR 

 

     This thesis has been submitted in partial fulfillment of requirements for an advanced 

degree at the University of Arizona and is deposited in the University Library to be made 

available to borrowers under rules of the library. 

 

     Brief quotations from this thesis are allowable without special permission, provided 

that accurate acknowledgement of source is made.  Requester for permission for extended 

quotation from or reproduction of the manuscript in whole or in part may be granted by 

the head of the major department or the Dean of the Graduate College when in his or her 

judgment the proposed use of the material is in the interest of scholarship.  In all other 

instances, however, permission must be obtained from the author. 

 

 

 

SIGNED:  ___________________________ 

 

 

 

 

APPROVAL BY THESIS DIRECTOR 

 

This thesis has been approved on the date shown below: 

 

 

__________________________________________          _______________________ 

Larry D. Howery                                                           Date 

                Chair of Thesis Committee 

 

 

__________________________________________          _______________________ 

Stewart W. Breck                                                           Date 

                Thesis Committee Member 

 

 

___________________________________________        _______________________ 

William W. Shaw                                                           Date 

                Thesis Committee Substitute



 3 

ACKNOWLEDGEMENTS 
 

 I thank Dr. Larry D. Howery, my major advisor, for his guidance, insight, and 

friendship throughout the duration of my research.  Larry’s calm demeanor, pleasant 

personality, and selfless attitude were positive aids to the preservation of my sanity when 

there were bumps in the road.  I thank my co-advisor, Dr. Stewart W. Breck, for the many 

roles he played during my graduate experience in Arizona.  Though based several 

hundred km away, Stewart provided me with constant guidance and encouragement.  

Stewart challenged me to be a more critical thinker, for which I am highly grateful, and 

was essential in mollifying issues dealing with funding, logistics, and my mishaps in the 

field.  Both Larry and Stewart played pivotal roles in the design and implementation of 

my research and all writings that are a result thereof. 

 I thank my committee member, Dr. Paul R. Krausman, for the guidance and 

support he provided, and the pleasant conversations during our meetings.  Paul’s office 

was always open to me regardless of his hectic schedule and, if not for him, I would have 

never been recommended for this research. I thank Dr. Willliam Shaw for serving as 

Committee Member at the last minute.  Many professors in the School of Natural 

Resources, including Drs. Bill Matter, Bill Mannan, Bob Steidl, Cecil Schwalbe, and Jeff 

Fehmi, deserve thanks for helping me become a more critical thinker and advancing my 

knowledge in the many of the fields associated with natural resources.   I also thank staff 

members Cecily Westphal, Dee Simons, Barbara Gibson, and Anne Hartley for the many 

enjoyable colloquies we shared. 

 The Arizona staff of Wildlife Services continually provided equipment and 

expertise for my research.  Gino Fornara became a friend and a trusted assistant in the 

field.  J. Brad Miller, J.R. Murdock, Sterling Simpson, Russ Files, and Blake Bell aided 

with research when my class schedule hampered my ability to be effective in the field.  

Tim Veenendaal and Chris Carrillo were always willing to interrupt their busy schedules 

to both help and entertain me during my visits to Phoenix.  Dave Bergman provided me 

with countless journal articles related to my research and played a paramount role in the 

successful completion of this research.  My field assistants, Sonja Smith and Jennifer 

Timmer, were more than I could have asked for.  Both Shannon and Jennifer earned my 

deep respect and friendship with their ability to multitask, work long hours, and, most 

importantly, put up with me.  

 I was fortunate enough to make many friends within and related to the School of 

Natural Resources.  I thank Kerry Nicholson, Geoffery Palmer, David Kahrs, Shannon 

Grubbs, John Hayes, Willie Sommers, Lisa Brewer, Anne Kretschmann, Byron Buckley, 

Meghan Maloney, Kathi Borgmann, Cori Dolan, Laura Opalka, Jason Marshal, Mags 

Rheude, Aleta Nafus, Sonja Steckler, Jolie Goldenetz, and Nate Gwinn for their 

freindship. 

 Foremost, I would like to thank my family.  The many forms of support that I 

have received from my siblings, father, step parents, and most importantly, my mother, 

have been undeniably critical to the successful completion of my research and schooling.   



 4 

TABLE OF CONTENTS 

 

ABSTRACT………………………………………………………………………….........5 

 

INTRODUCTION…………………………………………………………...……………6 

 

 Literature review…………………………………………………………………..7 

                       Vigilance in rangeland cattle: The influence of predation, social   

                       interactions and environmental factors……………………………....……7 

                   The effects of predator stimuli on cattle behavior……………………………10 

 Explanation of Thesis Format……………………...…………………………….13 

 

PRESENT STUDY………………………………………………………………………14 

 

Study Areas ………………………………………...………...………………………….14 

 Vigilance in rangeland cattle: the influence of predation,  

            social interactions and environmental factors……………………………………18 

 The effects of predator stimuli on cattle behavior………………………………..19 

 

 

CONCLUSION………………………………………………………………………….22 

 

LITERATURE CITED……………………………………………………………….….23 

 

APPENDIX A.  To be submitted to Rangeland Ecology and Management:  Kluever, B.M., 

S.W. Breck, L.D. Howery, P.R. Krausman and D.L. Bergman.  Vigilance in cattle: the 

influence of predation, social interactions and environmental factors………..28 

 

APPENDIX B.  To be submitted to Applied Animal Behaviour Science.  Kluever, B.M., 

L.D. Howery, S.W. Breck, D.L. Bergman, and P.R. Krausman.  The effects of predator 

stimuli cattle behavior……………………………………………………………………62 

 

 

 

 

  

   

 

  

  

 

 



 5 

ABSTRACT 

In wild ungulates vigilance is a critical behavior to guard against predation risk.  

Because large predators are expanding into habitats shared with domestic livestock 

understanding the factors that influence vigilance and other behaviors (i.e., foraging 

behavior, forage consumption rates, space use) will help to better manage livestock. My 

objective was to use observational and experimental techniques to: 1) examine the 

influence of predation events, social interactions, and environmental factors on vigilance 

of range cattle, and 2) determine if cattle behave differently when exposed to predatory 

stimuli representing different species.  In the observational field study, vigilance in range 

cattle was influenced by group size and whether or not a cow had a calf.  Cattle in large 

groups increased vigilance as visual obstruction increased.  Cattle whose calves were 

killed by predators increased vigilance and decreased foraging rates but behavior 

approached baseline levels after 10 to 12 days.  In the experimental study, cattle were 

more vigilant, foraged less, and avoided areas containing wolf stimuli.  My studies 

provide evidence that predators can have indirect effects on the behavior of cattle. 
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INTRODUCTION 

 

 

Literature Review 

 Vigilance in rangeland cattle: The influence of predation, social interactions and 

environmental factors. -- The ability to manage and conserve wild ungulates and 

improve productivity of domestic livestock has been heightened by research on foraging 

behavior (Murray 1991; Augustine and McNaughton 1998; Bailey et al. 1998; Ganskopp 

and Bohnert 2006).  Recently, many studies have specifically focused on scanning 

behavior, or vigilance, in ungulates (Cameron 2005; Du Toit and Yetman 2005; Loehr et 

al. 2005; Lung and Childress 2006).  Vigilance increases the probability an animal will 

detect a potentially adverse stimulus at a given time (Diamond and Lazarus 1974).  While 

vigilance may serve to detect a variety of relevant stimuli, its primary function appears to 

be detection and avoidance of predators (Pulliam 1973; Lima 1987; Quenette 1990; 

Hunter and Skinner 1998; Boland 2003). 

Vigilance increases in wild ungulates following the reintroduction of a predator.  

Impala (Aepyceros melanpus) and wildebeest (Connochatetes taurinus) increased 

vigilance levels following the reintroduction of African lions (Panthera leo) and cheetahs 

(Acinonyx jubatus) (Hunter and Skinner 1998).  Further, female elk (Cervus elaphus) and 

bison (Bison bison) increased vigilance levels after wolves were translocated and 

reestablished in Yellowstone National Park (Laundré et al. 2001). 

Vigilance also increases after the birth of young for roe deer (Capreolus 

capreolus) (Turner 1979), pronghorn (Antiliocarpa americana) (Lipetz and Bekoff 

1982), fallow deer (Dama dama) (Schall and Ropartz 1985), elk (Lung and Childress 
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2006) and African buffalo (Syncerus caffer) (Underwood 1982).  Lung and Childress 

(2006) concluded that the primary benefit for vigilant behavior in reproductive female elk 

is to detect potential predators of neonates. 

Vigilance in prey animals can be influenced by social and environmental factors 

other than the presence of predators or predation events per se, though many of these are 

likely correlated with predation risk (Lung and Childress 2006).  For some gregarious 

ungulates, vigilance of individual animals decreased as group size increased (Quenette 

1990) but this trend is not always apparent because it is likely confounded with other 

social and environmental variables (Elgar 1989).  Body mass appears to influence 

vigilance with larger species being less vigilant than smaller ones (Underwood 1982).  

Peripheral animals in a group or herd undergo a greater threat of danger and will react by 

displaying increased vigilance (Hamilton 1971), but empirical results supporting or 

refuting these predictions have been mixed (Underwood 1982; Lung and Childress 2006).  

Trees and shrubby vegetation in forested and woody habitats may hamper the 

ability of ungulates to scan their environment causing an increase in vigilance.  Mule deer 

(Odocoileus hemionus) were more vigilant in forested areas compared to open areas 

(Hernandez et al. 2005).  Mule deer were more vigilant at forest edges, an area where 

they may have been more susceptible to mountain lion (Puma concolor) predation, than 

within open and forested areas (Altendorf et al. 2001).  Fallow deer increased vigilance in 

open habitat compared to closed habitat (Schall and Ropartz 1985) while some African 

ungulates (Underwood 1982) and white-tailed deer (Odocoileus virginianus) reduced it 
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(Lagory 1986).  These studies with wild ungulates reveal varying results concerning how 

social and environmental factors may influence vigilance.    

 Domestic cattle (Bos taurus) are large ungulates that graze rangelands throughout 

much of the world.   When located on large expansive rangelands, cattle, like wild 

ungulates, are exposed to a host of social and environmental factors that may influence 

vigilance and foraging behavior.  However, none of the aforementioned factors that 

influence vigilance in wild ungulates have been researched in free-ranging domestic 

cattle.  Information is sparse on the indirect effects of livestock depredation on foraging 

behavior of cattle (Howery and DeLiberto 2004) but there are logical reasons to speculate 

that response to predators by domestic livestock could differ from that of wild ungulates.  

For example, aggressiveness is a trait that is often intentionally or unintentionally 

selected against in domestic animals because it increases problems associated with 

handling and herding livestock.  Some argue that animal husbandry practices may result 

in lower behavioral sensitivity to predators over evolutionary time (Price 1999; Berger et 

al. 2001).  Further, the majority of documented predation events on cattle by large 

carnivores have been on calves (USDA/NASS 2001).  No studies have documented if the 

loss of a calf to predation alters foraging behavior of mother cows or how long such a 

change in foraging behavior might persist.  

Large carnivores have increasingly preyed on free-ranging domestic cattle, 

accounting for 147,000 deaths in the United States in 2000 (USDA/NASS 2001).  

Behavioral responses are likely to continue to evolve as cattle learn to cope with varying 

degrees of predator pressure, especially in areas where predators have been recently 



 9 

reintroduced. Social and environmental factors influence distribution and habitat use of 

cattle (Howery et al. 1998) but research examining whether these factors influence 

vigilance are non-existent.   A few studies have focused on responses to predators by 

livestock but they have been conducted under pen-like rather than free-ranging conditions 

(Hansen et al. 2001; Welp et al. 2004).  Gaining a better understanding of foraging 

behavior of free-ranging cattle can be important to ranchers and rangeland managers.  If 

cattle are found to forage more efficiently (i.e., spend less time scanning their 

environment and more time foraging) in certain areas or under certain conditions it may 

be beneficial to manage for those conditions to increase forage efficiency.  Conversely, 

cattle that regularly scan their environment may sacrifice foraging efficiency but be more 

likely to detect predators thus reducing the likelihood of them or their young being 

preyed upon.   In addition, furthering our knowledge of cattle foraging behavior will help 

us better understand the impacts of domestication on foraging behavior of ungulates. 

 Objectives of our research were to: 1) determine if cattle exhibit vigilant behavior, 

2) evaluate whether predation events influence vigilance rates of cattle, 3) determine 

whether social and environmental factors affect vigilance of cattle, 4) and offer 

ramifications for management. 

The effects of predator stimuli on cattle behavior. -- Animals deal with the threat 

of predation in a number of ways.  Sacrificing foraging efficiency to maintain a vigilant 

eye on a perceived threat is a tactic commonly used by prey species foraging in the 

presence of predators (Quenette 1990; Treves 2000; Brown 1999).  Ungulates may 
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reduce the amount of time spent in high quality habitats when predators are present 

(Brown 1999).    

One metric that researchers have recently used to gauge how animals balance 

foraging and predation risk is known as a giving up density (GUD; Brown 1988; Brown 

1998; Kotler et al. 2001; Ollson et al. 2002).  Giving up density is the mass or amount of 

food abandoned by a prey species in a high-quality food patch in response to a perceived 

threat by a predator (Brown 1999).  A GUD is usually calculated as the difference in 

mass of a food patch before and after an animal, or group of animals, utilizes the food 

patch (Brown 1988). 

 Prey species foraging in the presence of predators or in an area of high predation 

risk should exhibit higher GUDs than when foraging in areas where predators are missing 

or where predation risk is low.  Research with small mammals and birds supports this 

contention.  Fox squirrels (Sciurus niger) (Brown et al. 1992) grey squirrels (Sciurus 

carolinensis) (Brown and Morgan 1995), and chipmunks (Tamias striatus ) (Bowers et al. 

1993) had higher GUDs futher from tree cover apparently due to greater perceived 

predation risk in areas located further from escape cover.  Moreover, starlings (Sturnus 

vulgaris) had higher GUDs in a risky food patch (an agricultural plain) compared to a 

less risky patch (grazed grassland) (Olsson et al. 2002).   

A prey animal recognizes the presence or absence of a predator by utilizing the 

entire combination of its sensory modalities.  Therefore, visual and olfactory cues that 

mimic the presence of predators should illicit similar behaviors when compared to the 

presence of an actual predator.  When predatory scents are placed in or near food patches, 
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animals often react by displaying avoidance and reduced feeding behaviors (Kats and Dill 

1998).  Avoidance of predators, or cues related to predators, can be due to learned or 

innate behaviors.  While introducing odors and sounds representing grizzly (Ursus 

arctos) bears and wolves (Canis lupus), Berger (2001) found that moose (Alces alces), 

sympatric with these large carnivores, displayed significantly higher levels of vigilance 

when compared to moose from areas without large predators, indicating that vigilance 

was partly a learned behavior.  Swanson et al. (2002) demonstrated the innate nature of 

vigilance in pen-raised white-tailed deer (Odocoileus virginianus) fawns that increased 

vigilance in response to feces of sympatric predators compared to lower vigilance rates in 

response to feces of non-sympatric carnivores. 

 Several studies have examined the effects of predatory stimuli on domestic 

animals (Terlouw et al. 1998; Hansen et al. 2001; Welp et al. 2004) but none of these 

investigations exposed animals to a combination of olfactory and visual cues representing 

wild predators, or examined the learned behavioral responses of domestic animals 

occupying areas varying in predator composition.  Domestic ungulates are regularly 

handled by humans and are routinely placed in pastures or enclosures for a number of 

reasons (e.g., scheduled grazing, transporting, processing, health checkups).  

Aggressiveness is a trait that is often intentionally or unintentionally selected against in 

domestic animals because it increases problems associated with handling and herding 

livestock.  Some argue that animal husbandry practices may result in lower behavioral 

sensitivity to predators over evolutionary time (Price 1999; Berger et. al. 2001). 

However, large carnivores have increasingly preyed on free-ranging domestic cattle 
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accounting for 147,000 deaths in the United States in 2000 (USDA 2001).  Because cattle 

are still regularly preyed upon in some areas of the U.S., behavioral responses are likely 

to continue to evolve as cattle learn to cope with varying degrees of predator pressure.  In 

addition, cattle may react differently to the type of predator due to the varying attack 

methods that predator species display.  Furthermore, cattle that forage in areas where 

predators are abundant may behave differently than cattle residing in areas containing no 

large carnivores (Howery and DeLiberto 2004). 

The objective of this controlled pen study was to examine the effects of different 

predator stimuli on cattle.  Specifically, we examined how the presence of wolf and 

mountain lion stimuli affected 1) vigilance and foraging rates, 2)  intake and GUD of 

high quality foods, 3) use of high quality forage locations, and 4) whether cattle 

inhabiting areas varying in predator composition respond differently to predatory stimuli.  
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Explanation of Thesis Format 

The papers in the appendices of this thesis are the result of work I conducted as a 

M. S. student at the University of Arizona on the influence of predators, environmental 

factors, social interactions, and predatory stimuli on behavior of range cattle in Arizona.  

My major professor, co-advisor, and committee member served an advisory role for this 

thesis, but I was responsible for the research design, data collection, analysis of data, and 

synthesis of the results into this thesis.  I am the senior author on all papers that are 

produced from my thesis and coauthors include my committee members and additional 

individuals, all of whom contributed to different aspects of the research. 
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PRESENT STUDY 

 

 The methodology and results from my thesis are fully presented in the 

manuscripts found in the appendices.  A summary of the major results from the thesis are 

presented below. 

Study Areas 

Vigilance in rangeland cattle: the influence of predation, social interactions and 

environmental factors. -- The East Eagle (EEA) and Mud Springs (MSA) grazing 

allotments are located within the Sitgreaves Apache National Forest of Northeastern 

Arizona (32ºN, 109ºW).  The EEA and MSA grazing allotments encompass 

approximately 30,000 ha, range in elevation from 1,500 to 2,600 m, and contain mostly 

steep and rugged topography, ranging from thickly timbered areas to open meadows.  

Nearly 300 head of Angus-Hereford cross-bred cattle grazed the allotments during both 

years of this study.  Vegetation on the EEA and MSA grazing allotments is composed 

primarily of a mosaic of ponderosa pine (Pinus ponderosa) forest and pinyon pine (P. 

edulis) alligator-juniper (Juniperus deppeana) woodland.  Other woody species in the 

area include grey oak (Quercus grisea), silverleaf oak (Q. hypoleucoides), Gambel oak 

(Q. gambelii), and honey mesquite (Prosopis glandulosa).  Dominant grass species in the 

more open areas of the allotments include sideoats grama (Bouteloua curtipendula), blue 

grama (B. gracilis), hairy grama (B. hirsuta), purple grama (B. radicosa), sprangle top 

(Leptochloa spp.) and Lehmann lovegrass (Eragrostis lehmanniana).  The EEA and 

MSA grazing allotments are adjacent to one another and are relatively similar in 
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vegetation though the MSA contains less variation in topography and consists of more 

open grassy areas.   

Both grazing allotments are divided into several pastures.  All data were collected 

in the Robinson Mesa (370 ha, 8% of observations) and Maylay (3,515 ha, 24% of 

observations) pastures of the EEA, and the Southwest (1,135 ha, 57% of observations) 

and Big (1,070 ha, 17% of observations) pastures of the MSA.  While in a particular 

pasture, cattle had access to the entire area except riparian areas, which were fenced off. 

    The study area was located within the Sitgreaves Apache National Forest in 

eastern Arizona (32ºN, 109ºW) and within the Blue Wolf Recovery Management Area 

(BWRMA).   The area contains moderate to high densities of mountain lions (Puma 

concolor F.), black bears (Ursus americanus), and coyotes (Canis latrans) though precise 

density estimates are unknown (J.R. Murdock, United States Department of Agriculture, 

Wildlife Services, personal communication, 2007).  In addition, Mexican gray wolves (C. 

lupus baileyi) have been present at various densities since their translocation in 1998.  

Two adult cattle were attacked by predators in 2005-2006 , however, predation on calves 

ranged from 10 to 15% in 2005 and 2006 (Kluever 2007, unpublished data) and the 

allotment permittee reported predation on calves ranging from 15 to 50% in 2001 to 2004 

(D. Ely, EEA and MSA livestock permitee, personal communication).  In addition, 9 

adult animals were either killed by or destroyed as a result of attacks by predators during 

the same time frame (D. Ely, personal communication). 

The effects of predator stimuli on cattle behavior. -- All training and experimentation was 

conducted in a 0.25 ha dry-lot experimental pasture, located at the University of 
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Arizona’s West Campus Agriculture Center in Tucson, Arizona (IACUC protocol # 06-

010).  The experimental pasture was situated out-of-sight from the holding pens to 

prevent cattle from observing the pasture.  We established a grid system within the 

pasture by attaching labeled plywood squares to the fence at 10-m intervals.  The grid 

system allowed us to divide the pasture into 4 readily identifiable quadrants and to record 

animal locations and activities during the experiment.  

 Eighteen cattle were transported to the West Campus Agriculture Center in May 

of 2006.  All cattle were adult females (> 3 years) that had reproduced at least once in 

their lifetime.  Of these, 8 Angus-Hereford cross-bred animals (420 ± 24 kg) were from 

the Four Drag Ranch (FDR) where the observational field study was conducted within 

the BWRMA (described above and in Appendix A).  The remaining 10 animals (5 Red 

Angus Cross, 5 Hereford Cross) (451 ± 15 kg) were from the V Bar V Ranch (VBV) (34º 

N, 111ºW).  The VBV Ranch is located in central Arizona approximately 200 km from 

the nearest boundary of the BWRMA.  The area contains no known wolves and is 

believed to contain moderate densities of mountain lions, black bears, and coyotes (Dan 

Kaputo, Arizona Game and Fish Department, personal communication, April 2007).  

Predation of calves on the VBV from 2001 to 2006 ranged from 0 to 1.5% and 1 adult 

cow was killed over the same time period (D. Schafer, personal communication, March 

2007).  Cows from the VBV were all lactating.  Thus, there were two groups of animals 

used in this experiment: the 8 FDR animals that we will refer to as “predator-savvy” 

cattle, and the 10 VBV animals that we will refer to as “predator-naïve” cattle.  
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  Both groups of cattle were housed in two separate pens (20 X 30m).  All cattle 

underwent a 12-d adaptation period where they were allowed to feed in an experimental 

pasture (50 X 50m) for 10 minutes each day.  We placed feed in all 4 quadrants of the 

experimental pasture.  Three of the 4 quadrants contained a low quality food source (150-

200 g wheat straw per quadrant) while the remaining quadrant contained a high quality 

(1000-1100 g steam flake corn and 250-300 g alfalfa) food source.  Foods were placed in 

rubber feed bowls (25.4 cm diameter, 10.16 cm depth) and oriented in the center of each 

respective quadrant.  The order in which each of the 4 quadrants contained the high 

quality food source was randomly selected during 3 consecutive 4-day intervals.  Once a 

quadrant contained the high quality food source during a 4-day interval it was not re-

selected until the next 4-day interval.  To prevent animal satiety throughout the 

experiment, cattle were fed 25% of an ad libitum daily alfalfa hay ration in the morning 

(0500-0600) before adaptation and exposure to treatments, and 75% afterwards (1800-

1830).  Animals were exposed in pairs during days 1-6 and as individuals during days 7-

12.  

We simulated the presence of two predatory animals and one non-predatory 

animal using olfactory and visual cues.  Visual cues included target mounts of a wolf 

(HD Wolf, Delta Sports, LLC, Reinbeck, IA), mountain lion (3D Puma, Longhorn 

Targets, Orange, CA), and deer (HD 10 Deer, Delta Sports, LLC).  Fecal samples of 

wolves were obtained from the Wildlife Science Center, Forest Lake, MN.  Deer and 

mountain lion scats were collected from the Arizona-Sonora Desert Museum, Tucson, 

AZ.  Mountain lion and wolf urine was acquired from Leg Up Enterprises Inc., Lovell, 
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ME.  We obtained deer urine from Mrs. Doe Pee/American Outdoors, Mt. Pleasant, IA.  

The purpose of the non-threatening treatment (i.e., deer) was to test for the possibility 

that cattle were reacting to the novelty of carnivore treatments rather than the perception 

of an actual predatory threat. 

Vigilance in rangeland cattle: the influence of predation, social interactions and 

environmental factors. -- I studied vigilance behavior of range cattle from May and 

August of 2005 and 2006 using focal animal sampling (Altman 1974).  I made 213, 10-

minute observations on female cows with Angus-Hereford cross breeding.  I report 

results as % arithmetic means ± SE.  Overall, all cows allocated 3.0 ± 0.19% of their time 

to vigilant behavior, 86 ± 1.35% to foraging, 3.8 ± 0.55% to traveling, 2 ± 0.8% to 

resting, and 4.9 ± 0.74% to standing/not scanning during peak foraging hours.  Slope and 

whether or not a group contained calves did not affect vigilance (P > 0.16).  Vigilance 

levels were influenced by reproductive status (χ2 = 20.56, df = 1, P < 0.001).  Vigilance 

rate of cows with calves (4.5% ± 0.46) was over twice that of cows without calves (2.0% 

± 0.27).  Cattle were more vigilant in the smallest groups (i.e., 1-5) then in groups of 6-20 

or groups of >20 (χ2 = 7.32, df = 2, P = 0.0256; Fig. 3).  Cattle in groups >20 animals 

showed a positive relationship between vigilance and visual obstruction (χ2 = 15.63, df = 

2, P = 0.018).  Otherwise visual obstruction was not an important explanatory variable.           

 Vigilance of mother cows before losing calves to predation (n = 5) was similar to 

levels for all other cattle observed (3.5 ± 0.22% vs. 3.0 ± 0.19%, respectively) (1-way 

ANOVA, t217= 0.30, P = 0.70).  Similarly, mother cows before losing calves foraged at a 

similar rate when compared to other observed cattle (86.0% ± 1.35 vs. 88.5% ± 1.69) 
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(t217= 0.38, P = 0.70).  However, mother cows whose calves were killed exhibited a 

marked increase in vigilance (F1,8 = 12.24, P = 0.008) and a decrease in foraging (F1,8 = 

13.13, P = 0.007).   Mother cows exhibited a 3 to 48% increase in vigilance within 3 days 

after their calves were killed (Fig. 5).  Conversely, mother cows reduced foraging during 

this time period from 88.5 ± 1.69% to 43.5 ± 11.4% (Fig. 5).   Mean vigilance by mother 

cows was similar to baseline levels 10 days following predation events (F1,8 = 2.76, P = 

0.15).  A similar return to baseline was found for foraging rates of mother cows (F1,8 = 

0.285, P = 0.61).    

  Mother cows whose calves were alive, but not observed near their mothers, were 

vigilant 5.1 ± 0.5% of the time.  I was unable to quantify how long these calves had been 

out of sight from their mothers.  I did, however, document that these neonates were alive 

as they were confirmed with their respective mothers the next time they were observed.  

Mother cows whose calves were killed exhibited much higher vigilance rates for 1-3 days 

compared to mother cows whose calves were merely missing but still alive (t17= 5.73, P < 

0.001).  After 10-12 days following a predation event, mother cows who had lost their 

calves to predation exhibited similar vigilance levels to mother cows whose calves were 

missing but alive (t17 = 1.77, P = 0.2108).   

The effects of predator stimuli on cattle behavior. -- I studied the behavior of cattle in 

relation to exposure to predator stimuli in July and August of 2006.  For all 4 response 

variables (vigilance, foraging rates, GUD, and space use) cattle from both ranches 

consistently had the strongest response to the wolf treatment. Vigilance showed 

significant differences among treatments (F3,68 = 4.3, P = 0.008) and was highest when 
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cattle were exposed to wolf stimuli (12% ± 3) and least when deer stimuli were in the 

pasture (4% ± 1).  Vigilance rate for the lion treatment did not differ from controls or 

deer stimuli (Linear Contrast, F1,64 = 1.03, P = 0.31).   

Foraging rates were significantly different among treatments (F3,68  = 3.59, P = 

0.018; Fig. 3) with cattle foraging the least when in the presence of wolf stimuli (76% ± 

3) and most during deer treatments (85% ±1).  Foraging rates of cattle exposed to control 

and lion treatments were nearly identical, i.e., 78% ± 2 and 76 ± 3, respectively.  Cattle 

foraging rates were higher than all treatments when deer stimuli were in place (Linear 

Contrast, F1,64 = 6.89, P = 0.01). 

Cattle visited the high quality food source in 100% of the trials but ignored the 

low quality food source in 73% of the trials.  Therefore, we used only high quality forage 

intake data in the GUD analyses.  Cattle exhibited highest GUD (i.e., lowest intake of 

high quality forage) when exposed to wolf stimuli (F3,68 = 2.89, P = 0.042; Fig. 4).  GUD 

for wolf treatments differed from control and deer treatments (Linear Contrast F1,64 = 

0.7.47, P = 0.008) but when exposed to mountain lion stimuli cattle GUD did not differ 

from the deer treatment or control (Linear Contrast F1,64 = 1.58, P = 0.21).     

 Treatments affected the amount of time cattle spent in the high quality quadrant 

(F3,68 = 4.58, P = 0.006; Fig. 5).  Cattle spent the least amount of time (%) in the high 

quality quadrant when the wolf treatment was applied, and the most amount of time when 

the deer treatment was applied.  High quality quadrant use during wolf treatments was 

lower than deer treatments and controls (Linear Contrast F1,64 = 4.32, P = 0.041).  High 
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quality quadrant use during exposure to deer stimuli was higher than all other treatments 

(Linear Contrast F1,64 = 10.95., P = 0.0015).          

Ranch origin influenced overall GUDs between predator-naïve and predator-

savvy cattle (F1,70 = 37.4, P < 0.0001).  Predator-naïve cattle consumed 93% ± 0.1 of high 

quality forage while predator-savvy cattle consumed only 76% ± 0.1 of high quality 

forage.  However, there was no interaction between ranch origin and treatment (F3,68 = 

0.272, P = 0.98).   Similarly, cattle from different ranches did not differ in vigilance rates 

(F3,68 = 1.82,  P= 0.153), foraging rates (F3,68 = 0.867, P = 0.463), or time spent in the 

high quality quadrant (F3,68 = 0.544, P = 0.65) so data were pooled across ranches for 

those dependent variables.   
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CONCLUSION 

 My field study provides the first evidence that cattle react to environmental 

factors and social interactions by reducing or increasing vigilance levels.  Further, my 

research found that cattle modify foraging and vigilant behavior, at least on a short term, 

when their calves are preyed upon.  My research has opened the door for a number of 

related research topics related to my study.  Future research should focus on the potential 

and actual indirect impacts of predators on vigilance of cattle, and other environmental 

and social factors not addressed in this study (i.e., position in herd, age of cattle, male vs. 

female, vegetation type, animal productivity).  

 Other studies have demonstrated that ungulates reduce or avoid feeding in the 

presence of fecal and urinary odors of predators (Műller-Shwartze 1972; Poindron 1974; 

Pfister et al. 1990; Arnould and Signoret 1993), but none of these studies showed a 

difference in foraging among predator stimuli (i.e., wolves vs. mountain lions).  I found 

consistently stronger responses by cattle to wolf stimuli compared to lion stimuli.  The 

reasons for these stronger responses could be due to a number of factors including the 

evolutionary history of cattle (Van Vuure 2005), different predatory tactics employed by 

lions and wolves (Nowak 1999), and the presence of dogs on both ranches.  Cattle 

reacted to deer stimuli but in a manner converse to wolf stimuli (i.e., increased foraging, 

decreased vigilance, lower GUDs).  The presence of stimuli representing the presence of 

a deer, a familiar, non-threatening animal found on both ranches, may have elicited a 

“comfort response” in cattle.  
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ABSTRACT 

Vigilance in wild ungulates is critical to guard against predation.  However, few studies 

have examined vigilant behavior in domesticated ungulates.  Considering the expansion 

of large predator populations, understanding vigilant behavior and factors that influence it 

will help with the management of livestock.  We observed adult cows (Bos taurus L.) in 

open-range conditions where large predators (wolves [Canis lupus L.] and lions [Puma 

concolor F.]) were common threats during summers of 2005 and 2006 in eastern Arizona.  

This study was designed to determine: 1) to what extent cattle exhibit vigilant behavior 

compared to published data on wild ungulates, 2) whether predation events influence 

vigilance rates of cattle, and 3) whether social and environmental factors effect vigilance 

of cattle.  Cows exhibited vigilant behavior (3 ± 0.2%) but at a lower rate than wild 

ungulates.  Cows with calves were more than twice as vigilant (4.5 ± 0.5%) as those 

without calves (2.0 ± 0.3%).  Single cows and groups of 2 to 5 exhibited higher vigilance 

rates (4.2 ± 0.8%) than groups of 6 to 20 (2.5 ± 0.3%) and groups of > 20  (3.0 ± 0.4%).  

Cows in groups of > 20 increased vigilance as visual obstruction increased.  Mother cows 

whose calves were preyed upon (n = 5) increased vigilance from 3 to 48% within 3 days 

after their calves were killed; this rate returned to near baseline levels after 10 days.  

Conversely, mother cows reduced foraging from 89 to 44% within 3 days after their 

calves were killed; foraging rate also returned to near baseline levels after 10 days.   

Cattle exhibit vigilance at lower levels compared to wild ungulates, but this behavior, as 

for wild ungulates, appears to be at least partially an antipredatory behavior.  Our 

findings provide support that predators can have indirect effects on cattle behavior.  
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Ranchers can employ a variety of techniques to reduce cattle predation but the feasibility 

of these methods hinge upon the characteristics of individual ranching operations.  

INTRODUCTION 

The ability to manage and conserve wild ungulates and improve productivity of domestic 

livestock has been heightened by increasing our understanding of ungulate foraging 

behavior (Murray 1991; Augustine and McNaughton 1998; Bailey et al. 1998; Ganskopp 

and Bohnert 2006).  Many studies have specifically focused on scanning behavior, or 

vigilance, in ungulates (Cameron and DuToit 2005; Du Toit and Yetman 2005; Loehr et 

al. 2005; Lung and Childress 2006).  Vigilance increases the probability an animal will 

detect a potentially adverse stimulus (Diamond and Lazarus 1974).  While vigilance may 

serve to detect a variety of relevant stimuli, its primary function appears to be detection 

and avoidance of predators (Pulliam 1973; Lima 1987; Quenette 1990; Hunter and 

Skinner 1998; Boland 2003). 

Vigilance increases in wild ungulates following the reintroduction of a predator 

species (Hunter and Skinner 1998; Laundré et al. 2001).  Vigilance also increases after 

the birth of young for several ungulates (Turner 1979; Lipetz and Bekoff 1982; Schall 

and Ropartz 1985; Lung and Childress 2006; Underwood 1982) but this relationship is 

not always confirmed (Ruckstuhl and Festa-Bianchet 1998; Ruckstuhl et al. 2003).  The 

primary benefit for vigilant behavior in reproductive female elk (Cervus elaphus F.) is to 

detect potential predators of neonates (Lung and Childress 2006). 

Vigilance in prey animals can be influenced by social and environmental factors 

other than the presence of predators or predation events, though many of these may be 
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correlated with predation risk (Lung and Childress 2006).  For some gregarious 

ungulates, vigilance of individual animals decreased as group size increased (Quenette 

1990) but this trend is not always apparent (Elgar 1989).  Trees and shrubby vegetation 

may hamper ungulates’ ability to scan their environment, causing an increase in 

vigilance.  Mule deer (Odocoileus hemionus R.) were more vigilant in forested areas 

compared to open areas (Hernandez et al. 2005) and were more vigilant at forest edges, 

an area where they may have been more susceptible to mountain lion (Puma concolor F.) 

predation, than within open and forested areas (Altendorf et al. 2001).  Other studies 

reveal varying results on the effects of habitat on vigilance of ungulates (Underwood 

1982; Schall and Ropartz 1985; Lagory 1986).  

 Domestic cattle (Bos taurus L.) and other large ungulates are exposed to a host of 

social and environmental factors that may influence foraging behavior.  However, none 

of the aforementioned factors that influence vigilance in wild ungulates have been 

researched in free-ranging domestic cattle.  Information is sparse on the indirect effects of 

predation on foraging behavior of cattle (Howery and DeLiberto 2004) but there are 

logical reasons to speculate that response to predators by domestic livestock could differ 

from wild ungulates due to domestication (Price 1999; Berger and Person 2001).  The 

majority of documented predation events on cattle by large carnivores have been on 

calves (United States Department of Agriculture 2002).  No studies have documented if 

the loss of a calf to predation alters foraging behavior of mother cows or how long such a 

change in foraging behavior might persist.  
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Large carnivores accounted for 147,000 deaths of free-ranging domestic cattle in 

the United States in 2000 (United State Department of Agriculture 2002).  Social and 

environmental factors influence distribution and habitat use of cattle (Howery et al. 1998) 

but research examining whether these factors influence vigilance has not been published.  

A few studies have focused on responses to predators by livestock but they have been 

conducted under pen-like rather than free-ranging conditions (Hansen et al. 2001; Welp 

et al. 2004).  Gaining a better understanding of foraging behavior of free-ranging cattle is 

important to ranchers and rangeland managers.  If cattle are found to forage more 

efficiently (i.e., spend less time scanning their environment and more time foraging) in 

certain areas or conditions it may be beneficial to manage for those conditions to increase 

forage efficiency.  Conversely, cattle that regularly scan their environment may sacrifice 

foraging efficiency but be more likely to detect predators and thus reduce the risk of 

predation.  Our objectives were to determine: 1) to what extent cattle exhibit vigilant 

behavior compared to published data on wild ungulates, 2) whether predation events 

influence vigilance rates of cattle, and 3) whether social and environmental factors effect 

vigilance of cattle. 

MATERIALS AND METHODS 

We made 213, 10-minute observations of Angus-Hereford cross-bred cows between 12 

May and 2 August of 2005 and 2006.  This time frame encompassed the entire summer 

cattle grazing season on our study area.  All data were collected on the East Eagle (EEA) 

and Mud Springs (MSA) grazing allotments within the Apache-Sitgreaves National 

Forest of northeastern Arizona (32ºN, 109ºW).  Percentage of total observations made on 
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the EEA and MSA grazing allotments were 68 and 32%, respectively.  The EEA and 

MSA grazing allotments encompass approximately 30,000 ha, range in elevation from 

1,500 to 2,600 m, and contain mostly steep and rugged topography, ranging from thickly 

timbered areas to open meadows (Fig. 1).  Approximately 300 head of Angus-Hereford 

cross-bred cattle grazed the allotments during both years of the study.  Vegetation on the 

EEA and MSA is composed primarily of a mosaic of ponderosa pine (Pinus ponderosa P. 

& C. Lawson) forest and pinyon pine (P. edulis Engelm.)-alligator juniper (Juniperus 

deppeana Steud.) woodland.  Other woody species include gray oak (Quercus grisea 

Liebm.), silverleaf oak (Q. hypoleucoides A. Camus), Gambel oak (Q. gambelii Nutt.), 

and honey mesquite (Prosopis glandulosa Torr.).  Dominant grass species in more open 

areas of the allotments include sideoats grama (Bouteloua curtipendula [Michx.] Torr.), 

blue grama (B. gracilis ex Kunth.), hairy grama (B. hirsuta Lag.), purple grama (B. 

radicosa [Fourn.] Griffiths), sprangle top (Leptochloa spp. Beauv.) and Lehmann 

lovegrass (Eragrostis lehmanniana Nees).  The EEA and MSA are adjacent to each other 

and are similar in vegetation, though the MSA contains less variation in topography and 

consists of more open grassy areas.   

Both grazing allotments are divided into several pastures.  All data were collected 

in the Robinson Mesa (370 ha, 8% of observations) and Malay (3,515 ha, 24% of 

observations) pastures of the EEA, and the Southwest (1,135 ha, 57% of observations) 

and Big (1,070 ha, 17% of observations) pastures of the MSA.  While in a particular 

pasture, cattle had access to the entire area except riparian areas, which were fenced off. 
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    The area contains moderate to high densities of mountain lions (Puma concolor 

F.), black bears (Ursus americanus Pallas), and coyotes (Canis latrans Say) though 

precise density estimates are unknown (J.R. Murdock, USDA-APHIS, Wildlife Services, 

personal communication).  In addition, Mexican gray wolves (C. lupus baileyi F.) have 

been present at various densities since their translocation into the within the Blue Wolf 

Recovery Management Area (BWRMA) in 1998.  Two adult cattle were attacked by 

predators in 2005-2006 (Kluever 2007, unpublished data) however, predation 

on calves ranged from 10 to 15% in 2005 and 2006 (Kluever 2007, unpublished data) and 

the allotment permittee reported predation on calves ranged from 15 to 50% in 2001 to 

2004 (D. Ely, EEA and MSA livestock permitee, personal communication).  In addition, 

9 adult animals were either killed by or destroyed as a result of attacks by predators 

during the same time frame (D. Ely, personal communication). 

We used spotting scopes (Swarovski STS 65) and binoculars (Swarovski SLC 

10x42) to make observations on adult cows.  Individual cows and calves were readily 

identifiable by ear tags.  Cow-calf pairs were confirmed by observing suckling.  We did 

not collect foraging behavior on any adult cow more than once.  Cows >1.5- years-old 

were considered adults.  Animals < 6 months old and between 6 and 18 months of age 

were considered calves and yearlings, respectively, and were not sampled.   

We used focal animal sampling (Altman 1974) to gather data on individual 

animals.  Sampling units were defined as focal animal observation periods lasting 10 

minutes where an animal’s behavior was recorded every 15 s for a total of 40 scans per 

observation (n = 8,520 total scans).  Sampling took place between 0500-0900 and 1700-
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2100 hrs.  These times coincided with peak foraging hours of domestic ungulates during 

summer in the western U.S. (Warren and Mysterud 1991; Lynch et al. 1992; Howery et 

al. 1996).  We located cattle by systematically hiking or driving on trails in the pasture 

that cattle were grazing.  Once a group of cows were located we assigned each adult a 

number and randomly selected a focal animal to sample.  To avoid observer fatigue, we 

sampled no more than 3 animals within 1 hour. Observation periods during which a focal 

animal’s behavior was interrupted through detection of an observer were rare and not 

included in our analyses.   Calves were not always in the same group as their mother but 

were typically observed with her when re-observed at a later time. 

 Cow behavior was divided into 5 categories that were immediately discernible at 

15 sec scan intervals: foraging, scanning, traveling, standing/not scanning, and resting.  

Foraging was defined as standing or walking slowly with the head below shoulder level.  

Scanning was defined as standing with the head at or above shoulder level.  Traveling 

was defined as walking, trotting, or running with the head at or above shoulder level.  

Standing/not scanning was defined as nursing, licking or scratching.  Resting was any 

behavior that took place while an animal was lying.  Scanning behavior was our estimate 

of vigilance.  Vigilance has been defined in previous studies with wild ungulates as when 

an animal stands with its head raised while looking around, and is not lying, feeding, 

moving to another feeding spot, or engaged in a maintenance behavior (e.g., grooming or 

nursing) (Hunter and Skinner 1998; Laundré et al. 2001).  Although animals may be 

engaged in activities other than vigilance while scanning (e.g., chewing, ruminating, 

monitoring calves and other herd mates), scanning behavior as defined in our study has 
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been the most common behavior used to measure vigilant behavior in wild ungulates 

(Lung and Childress 2006). 

 To determine factors that affected vigilance, we quantified the following variables 

during or immediately after each sampling effort: group size (1-5 animals, 6-20 animals, 

>20 animals), % visual obstruction, slope (<5 or >5%), reproductive status (with or 

without calf), and group type (with or without calves).  A group was defined as an 

aggregation of cattle with a nearest neighbor distance of ≤ 100 m from the randomly 

selected focal animal.  Individuals located > 100 m from the focal animal were not 

considered part of the group.  Percent visual obstruction near eye level of cattle (1.5 m) 

was quantified using a modified line-intercept method (Canfield 1941).  Woody 

vegetation <3 m of either side of a 30 m tape placed where animals were centrally 

observed foraging was considered visual obstruction.  Our rationale for measuring visual 

obstruction was that it was a better metric than canopy cover when measuring vigilance 

rates.  Cattle are likely to be more influenced by the architecture and thickness of 

vegetation at eye level rather than above or below their line of sight.  We recorded slope 

with a compass (Silva Ranger 15CL).     

  Calf mortalities caused by predators that took place during summers of 2005 and 

2006 were confirmed by United States Department of Agriculture-Animal and Plant 

Health Inspection Service-Wildlife Services personnel and linked to mother cows via ear 

tags.  We conducted field necropsies to determine cause of death based on condition of 

the carcass, presence or absence of wounds and subcutaneous hemorrhaging, blood trails, 

signs of struggle, and evidence of predators such as tracks, scat, predator specific 



 38 

wounds, canine spacing, and distinctive consumption patterns.  We were unable to locate 

all calf mortalities in time to determine cause of death. 

 We used a before-after/control impact (BACI) design (Green 1979; Morrison et 

al. 2001) to evaluate the influence of predation-caused calf mortalities on vigilance 

behavior of cows.  In the BACI design, vigilance observations are made before and after 

a predation event.  If predation influenced vigilance in mother cows in our study, we 

expected it to appear as an interaction between the difference in mean vigilance rates 

during the “impact” and “reference” periods, i.e., before and after a predation event 

(Morrison et al. 2001).  Two reference periods for our study were > 1 week prior and 10 

to 12 days following a predatory event.   The impact period was 0-3 days immediately 

after a predation event.  For the BACI design, we limited our sampling to mothers who 

had experienced confirmed predation events on their calves.  We assumed mothers of 

calves killed were in the vicinity of the predation event.  Sampling procedures for mother 

cows whose calves were preyed upon was identical to previous sampling except these 

animals were specifically targeted for additional sampling rather than being randomly 

selected.   

Mother cows may show an increase in vigilance whenever their calves are 

missing regardless of the cause.  Thus, we also compared vigilance rates of cattle whose 

calves were alive but temporarily missing to those that were missing due to a predation 

event.  We were able to determine if a calf was missing by scanning the group and noting 

the individuals within a group.  If a calf was missing, but seen with her mother at a later 

date, the calf was classified as temporarily missing but alive. 
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Statistical Analyses 

Social and environmental data were analyzed using the GENMOD procedure (SAS 

version 9.1.3).  The response variable was percent time vigilant, which can be considered 

a rate variable.  Therefore, we initially modeled the response variable using a Poisson 

distribution, but because of overdispersion in the variance we fit a negative binomial 

regression model.  We log transformed scanning data to meet the assumptions of this 

model.  The main effects (explanatory variables) included percent visual obstruction, 

reproductive status, group size, slope, and group type.  All main effects were categorical 

except for visual obstruction, which was continuous.  One explanatory variable, group 

size, had multiple categories (n = 3) and we used linear contrasts to test for differences 

among categories.  We analyzed interactions involving all possible combinations of main 

effects.  Explanatory variables were considered significant at a probability of P < 0.05.  

We analyzed BACI data (n = 5 predation events; 4 lion, 1 wolf) using a multi-way 

analysis of variance (ANOVA).  We used linear contrasts to test for differences between 

reference and impact observations.  

RESULTS 

We report results as % arithmetic means ± SE.  Overall, all cows allocated 3.0 ± 0.19% 

of their time to vigilant behavior, 86 ± 1.35% to foraging, 3.8 ± 0.55% to traveling, 2 ± 

0.8% to resting, and 4.9 ± 0.74% to standing/not scanning during peak foraging hours.  

Slope and whether or not a group contained calves did not affect vigilance (P > 0.16).  

Vigilance levels were influenced by reproductive status (χ2 = 20.56, df = 1, P < 0.001).  

Vigilance rate of cows with calves (4.5% ± 0.46) was over twice that of cows without 
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calves (2.0% ± 0.27) (Fig. 2).  Cattle were more vigilant in the smallest groups (i.e., 1-5) 

then in groups of 6-20 or groups of >20 (χ2 = 7.32, df = 2, P = 0.0256; Fig. 3).  Cattle in 

groups >20 animals showed a positive relationship between vigilance and visual 

obstruction (χ2 = 15.63, df = 2, P = 0.018; Fig. 4).  Otherwise visual obstruction was not 

an important explanatory variable.           

  Vigilance of mother cows before losing calves to predation (n = 5) was similar to 

levels for all other cattle observed (3.5 ± 0.22% vs. 3.0 ± 0.19%, respectively) (1-way 

ANOVA, t217= 0.30, P = 0.70).  Similarly, mother cows before losing calves foraged at a 

similar rate when compared to other observed cattle (86.0% ± 1.35 vs. 88.5% ± 1.69) 

(t217= 0.38, P = 0.70).  However, mother cows whose calves were killed exhibited a 

marked increase in vigilance (F1,8 = 12.24, P = 0.008) and a decrease in foraging (F1,8 = 

13.13, P = 0.007).   Mother cows increased vigilance from 3 to 48% within 3 days after 

their calves were killed (Fig. 5).  Conversely, mother cows reduced foraging during this 

time period from 89 to 44% (Fig. 5).   Mean vigilance by mother cows was similar to 

baseline levels 10 days following predation events (F1,8 = 2.76, P = 0.15).  A similar 

return to baseline was found for foraging rates of mother cows (F1,8 = 0.285, P = 0.61).    

 Mother cows whose calves were alive but not observed near their mothers, were 

vigilant 5.1 ± 0.5% of the time.  We were unable to quantify how long these calves had 

been out of sight from their mothers.  We did, however, document that these neonates 

were alive as they were confirmed with their respective mothers the next time they were 

observed.  Mother cows whose calves were killed exhibited much higher vigilance rates 

for 1-3 days compared to mother cows whose calves were merely missing but still alive 
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(t17= 5.73, P < 0.001).  After 10-12 days following a predation event, mother cows who 

had lost their calves to predation exhibited similar vigilance levels to mother cows whose 

calves were missing but alive (t17= 1.77, P = 0.2108).   

DISCUSSION 

Comparison of vigilance rates with wild ungulates 

Adult female cattle in our study site exhibited lower baseline vigilance rates (~3%) than 

comparable female wild ungulates.  For example, vigilance in bison (Bison bison F.) 

ranged from 9.6 to 18.9% (Laundré et al. 2001) and from 4.2 to 5.6% in African buffalo 

(Syncerus caffer Sparrman) (Underwood 1982).  Vigilance in female elk varied from 12 

to 30% (Lung and Childress 2006, Laundré et al. 2001) while giraffe (Giraffa 

camelopardalis F.) scanned their environment at a rate of 18 to 25% (Cameron and Du 

Toit 2005).  Comparison with wild ungulates from our study area would be more 

appropriate but such findings have not been published. 

The reason for lower vigilance rates in cattle is unknown but is likely due to the 

process of domestication, though it is also possible that species in the genus Bos have 

inherently lower vigilance.  Unfortunately this is a difficult issue to resolve as cattle’s 

wild ancestor, the auroch (Bos primigenius Bojanus), is extinct (Van Vuure 2005).  

Related species in the Bos genus, such as the gaur (Bos frontalis Hamilton Smith), 

banteng (Bos banteng Wagner), kouprey (Bos sauveli Urbain) and wild yak (Bos 

grunniens F.) are rare (Nowak 1999) and we are not aware of any studies conducted to 

examine vigilance rates of these animals. 
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Our results show that vigilance behavior in cattle is plastic; cattle in our study 

adjusted their level of vigilance depending on a variety of factors (discussed below).  

This plasticity demonstrates the adaptability of behavior in cattle.  Because we studied 

cattle in areas with where large carnivores are present and prey on cattle it is possible that 

the vigilance rates we documented could be higher than areas where livestock predation 

rates are lower.  There are also likely to be behavioral differences between breeds of 

cattle (Landaeta-Hernandez et al. 2005) 

Reproductive status 

Cows with calves exhibited higher vigilance rates than cows without calves. This was 

evident despite the fact that total energy expenditure by lactating female mammals is 4 to 

7 times greater than their basic metabolic rate (Robbins 1983).  This result agrees with 

previous findings on several wild ungulate species (Lipetz and Bekoff 1982; Underwood 

1982; Schaal and Ropartz 1985; Burger and Gochfield 1994; Lung and Childress 2006) 

though reproductive status apparently does not influence vigilance rates in all ungulate 

species (Haviernick 1996; Ruckstuhl and Festa-Bianchet 1998; Ruckstuhl et al. 2003; 

Cameron and DuToit 2005).   

  Lactating cows might compensate for increased vigilance by foraging longer 

each day, increasing their bite rate, selecting higher quality foods and habitats, or some 

combination of these factors, but they can engage in these strategies only up to a point 

(MacWhirter 1991, Ruckstuhl and Festa-Bianchet 1998).  Ruminants face special 

restraints of foraging and processing that may not allow them to compensate for elevated 

vigilant behavior by increasing the amount of time allocated to foraging.  Forage intake 
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and therefore foraging time in ruminants depends on the rate at which plant tissue can be 

processed (Renecker and Hudson 1993; Spalinger et al. 1988).  Rumen size, turnover 

rate, and forage quality limit intake and digestive capacity of ruminants (Robbins 1983; 

Schmidt-Nielsen 1990; Weckerly 1993).  Ingested food has to be retained in the rumen 

for some time to break down cellulose (Schmidt-Nielsen 1990).  Lactating cattle may be 

able to compensate for elevated vigilance better than wild ruminants because their overall 

vigilance rate was considerably lower than that reported for their wild counterparts, and 

as a result, they may be able to allocate comparatively more time to foraging.   

Vigilant rates of reproductive mammalian females decreases as the age of young 

increases (Caro 1987; Leighton-Shapiro 1986).  This relationship has not been examined 

in large herbivores but it seems plausible that a similar trend would be expected.  

Generally, susceptibility to predation in ungulates is reduced as age and body size 

increase (Underwood 1982).  Moreover, as young ungulates age, they gradually obtain 

more of their nutrients from forage species than from mother’s milk (Schmidt-Nielsen 

1990).  We did not examine the influence of age of calves on vigilance in cattle but this 

area deserves further attention.   

Predation of calves 

Mother cows whose calves were killed by predators increased vigilance and decreased 

foraging rates immediately following a predation event.  Vigilance rates in these cows 

were >10 times higher than mother cows temporarily separated from their calf.  We 

assumed that mothers were present, or at least in the vicinity, when their calf was preyed 

upon.  Ungulates elevate vigilance levels after the translocation of a large carnivore 
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species (Hunter and Skinner 1998; Laundré et al. 2001).  Increases in individual acts of 

predation are the likely cause for such an increase.  Our study did not examine whether 

the translocation of predators influenced vigilance but cattle that lost their calves to 

predators showed a dramatic behavioral response.  Our study would have been bolstered 

if we could have compared vigilance of mother cows that lost calves to other forms of 

mortality (i.e., disease) with those lost to predation.  However, even if mother cows 

reacted similarly to all forms of calf mortality, predation of calves would contribute to 

elevated vigilance levels of the entire herd if vigilance due to predation mortality is 

additive (see Mrlík 1998).   

Group size and vegetation obstruction 

Group size influenced vigilance of cattle.  Groups of >5 animals displayed lower 

vigilance rates than smaller groups of one to five animals.  These findings correspond 

with the majority of wild ungulate studies (Elgar 1989; reviewed in Quenette 1990; Lima 

and Dill 1990; Lung and Childress 2006).  Conversely, some research has not found 

group size to influence this behavior or has found vigilance to actually increase with 

group size (Cameron and DuToit 2005; Molvar and Bowyer 1994).  Our results support 

the idea that individual animals benefit from the collective scanning effort of group 

members (Pulliam 1973).  The “many eyes” hypothesis posits that the probability of 

detecting predators increases with increasing group size due to an overall increase in 

vigilance when accounting for all group members.  On an individual basis, animals 

within larger groups can devote less time to scanning and more time to foraging because 

animals within larger groups “take turns” scanning for potential threats.  Group members 
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can sense when an individual herd member detects a predator (Mrlík 1998).  The 

dilemma with proving such theory is that most studies on ungulates are observational 

(i.e., no controls) which makes causal inference inappropriate.   

 Vigilant behavior in groups has largely been attributed to the apparent need to 

detect and reduce risk of predation (Pulliam 1973; Lima 1987).  However, there is 

increasing evidence and theory that points to other explanations for the relationship 

between group size and vigilance.  One explanation is that of competition within groups 

for forage.  As group size increases, competition for a limited food source also increases.  

Competition for forage is therefore more likely in larger groups.  An increase in 

competition for forage may cause animals to devote less time to vigilant behavior and 

more time to foraging up until the point that forage becomes limiting (Elgar 1989), after 

which cattle in large groups may scan the environment at a higher rate to track suitable 

food patches (Roberts 1996).  This theory is difficult to prove in ungulates and has not 

been investigated in vigilance studies that address group size and forage availability 

(Mrlik 1998; Cameron and DuToit 2005; Lung and Childress 2006).    

 Another potential advantage of increasing vigilant behavior as group size 

increases is to avoid conspecific aggression (Elgar 1989; Beauchamp 2001; Robinette 

and Ha 2001).  In animals with complex social hierarchies vigilance may be associated 

with social interactions among conspecifics (Friend and Polan 1978; Boissy et al. 2001; 

Lung and Childress 2006).  Lung and Childress (2006) found that the primary benefit of 

vigilance for male elk is to monitor conspecifics (social monitoring vigilance) while the 

primary benefit of vigilance for female elk is to detect potential predators (antipredatory 
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vigilance).  Because our study involved only female cattle, it is more likely that vigilance 

was related to an antipredator response rather than conspecific aggression. 

 Cattle in groups of >20 animals showed a slight increase in vigilance as visual 

obstruction increased but this relationship was not evident for cattle in smaller groups 

(Figure 4).  If the primary function of vigilance is predator detection (Pulliam 1973; Lima 

1987), increased woody vegetation should increase vigilance for cattle of all group sizes, 

as the ability to scan for predators would be hampered by woody vegetation.  The 

interaction we observed between group size and visual obstruction may indicate an 

increase in social vigilance as group size and visual obstruction increases.  Mother cows 

in larger groups in thicker cover may elevate vigilance to keep track of their calves and 

other herd mates (Beauchamp 2001).  Conversely, cattle in smaller groups may not 

elevate vigilance as woody cover increases because these groups have fewer conspecifics 

to monitor.  In addition, increases in woody vegetation are correlated with lower levels of 

herbaceous forage that could also result in a decrease in foraging behavior and an 

increase in scanning behavior.   

MANAGEMENT IMPLICATIONS 

Our study suggests that cattle react to predators in a similar fashion to wild ungulates 

although overall vigilance levels were somewhat lower than in wild ungulates.  

Reproductive status, group size, and visual obstruction apparently interact across space 

and time to influence vigilance and foraging behavior of free-ranging cattle.  Vigilance in 

mother cows was strongly influenced by actual predation events (at least in the short 

term). 
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Reducing predation of calves by predators will reduce the number of herd 

members that increase vigilance levels and ostensibly increase foraging and intake rates.   

Ranchers suffering livestock predation can adopt several nonlethal management practices 

that may reduce predation events.  Fencing off areas where cattle are more susceptible to 

predation such as large forested patches and very steep slopes (Hornocker 1970) could 

reduce predation events.  The use of guard dogs (Andelt 1999, Hansen and Smith 1999) 

and aversion conditioning, such as electric fences and use of nauseating substances 

(Gustavson et al. 1976; Andelt et al. 1999; Huygens and Hayashi 1999) have also been 

employed with varying levels of success.  Calves are more susceptible to predation than 

adults (US Department of Agriculture, National Agriculture Statistics Service 2001).  As 

a result, ranchers that focus their animal husbandry techniques on protecting calves will 

likely see a reduction in overall losses.  Managing for a pulsed birthing season and using 

maternity pastures in areas where high amounts of monitoring or shepherding is possible 

could be effective in reducing calf losses (Michalski et al. 2006).  The probability of 

success of these methods hinges upon a host of factors (i.e., ranch size, predator 

abundance and composition, resources available to ranchers) and should therefore be 

addressed on a ranch by ranch basis.   

Our study was not designed to address whether changes in vigilance indirectly 

impacted production levels in cattle.  Productivity of wild and domestic ungulates is 

largely a function of forage intake.  Therefore, further research (i.e., observational 

studies, manipulative experiments, conceptual modeling) is needed to quantify whether 

vigilance in cattle influences forage intake, and if so, to what extent.   
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 Further research should focus on the potential and actual indirect impacts of 

predators on vigilance of cattle, as well as other environmental and social factors not 

addressed in this study (i.e., position in herd, age of cattle, male vs. female, vegetation 

type, animal productivity).  Finally, there may be important differences between 

predators (e.g., lions vs. wolves) in the indirect impact they have on cattle and other 

ungulates.  Chasing/harassing predators may increase vigilance rates of entire groups of 

prey species compared to stalking/ambushing predators.  Understanding these differences 

may be important for livestock management practices. 
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Figure 1.  Map of Arizona showing location of study site within the Apache-Sitgreaves 

National Forest (data courtesy of United States Forest Service).    

 

Figure 2.  Percent of time ( x   SE) adult female cattle exhibited vigilance during peak 

foraging hours in relation to reproductive status.  Reproductive statuses were cattle 

without (n=84) and with (n=130) calves.  Cattle without calves were pregnant or had 

recently weaned their calf. 

 

Figure 3.  Percent of time ( x   SE) adult female cattle exhibited vigilance during peak 

foraging hours in relation to group size.  Groups sizes were 1-5 animals (n=32), 6-20 

animals (n=98), and >20 animals (n=84). 

 

Figure 4.  Percent of time adult female cattle exhibited vigilance during peak foraging 

hours in relation to the interaction between visual obstruction and groups of > 20 animals 

(n=89).  Parameter estimates for interactions between visual obstruction and the other 

two group sizes (i.e., 1-5 or 6-20 animals) were not significant (P>0.158). 

 

Figure 5.  Percent of time ( x   SE) mother cows were vigilant and foraging during peak 

foraging hours in relation to their calves being killed by predators (n=5; 4 lion, 1 wolf) 

using a BACI design (see text).  The first reference is behavior of cattle > 1 week before 

a predatory act.  The second reference is behavior of cattle > 10 days after a predatory 

act.  The impact is behavior of cattle 1 to 3 days following a predatory act.  
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APPENDIX B.  To be submitted to Applied Animal Behaviour Science.  Kluever, B.M., 

L.D. Howery, S.W. Breck, D.L. Bergman, and P.R. Krausman.  The effects of predator 

stimuli on cattle behavior. 
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Abstract 

  

Wild and domesticated ungulates modify their behavior in the presence of olfactory and 

visual cues of predators.  However, investigations have not exposed animals to a 

combination of olfactory and visual cues representing wild predators, or examined the 

behavioral responses of domestic animals occupying areas varying in predator 

composition.  Our study with range cattle was designed to test how the presence of wolf 

(Canis lupus) and mountain lion (Puma concolor) stimuli affected 1) vigilance and 

foraging rates, 2) intake and giving up density (GUD) of high quality foods, 3) use of 

high quality forage locations, and 4) whether cattle inhabiting areas varying in predator 

composition responded differently to predatory stimuli.  Using an experimental pasture, 

we exposed 2 groups of cattle (i.e., predator naïve vs. predator-savvy) to 3 visual and 

olfactory stimuli, deer (a non-threatening animal), wolf, mountain lion, and a control (no 

stimuli).  Wolf stimuli significantly impacted cattle behavior via increasing vigilance, 

reducing foraging rate, reducing intake of high-quality forage (increased GUDs), and 
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causing avoidance of high-quality forage areas containing wolf stimuli.  Cattle responses 

to lion stimuli did not statistically differ from control and non-threatening stimuli.  Cattle 

foraging rate and use of high quality forage locations were higher for deer stimuli than 

controls, suggesting a “comfort response” by cattle when deer stimuli were in place.  

Ranch origin did not influence how cattle reacted to predatory stimuli for all response 

variables except for overall GUD; however, cattle physiological condition likely played a 

significant role.  Overall, our results suggest that cattle exhibited a stronger behavioral 

response to wolves than mountain lions.  This finding might be explained by the 

evolutionary history of cattle with wolves, interactions that cattle had with domestic 

canine species (i.e., dogs), and the different predatory tactics exhibited by wolves versus 

mountain lions.    

 

Keywords:  Foraging behaviour, Giving up density, Livestock predation, Range cattle, 

Vigilance  

 

1. Introduction 

Animals deal with the threat of predation in a number of ways.  Sacrificing 

foraging efficiency to maintain vigilance on a perceived threat is a tactic used by prey 

foraging in the presence of predators (Quenette, 1990; Treves, 2000; Brown, 1999).  

Ungulates may also reduce the amount of time spent in high quality habitats when 

predators are present (Brown, 1999).    

One metric that gauges how animals balance foraging and predation risk is giving 

up density (GUD) (Brown, 1988; Brown, 1998; Altendorf et al., 2001; Ollson et al., 

2002).  Giving up density is the mass or amount of food abandoned by prey in a high-
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quality food patch in response to a perceived threat by a predator (Brown, 1999).  A GUD 

is calculated as the difference in mass of forage in a patch before and after an animal, or 

group of animals, uses the patch (Brown, 1988). 

Prey species foraging in the presence of predators should exhibit higher GUDs 

than when foraging in areas where predators are missing. Research with small mammals 

and birds supports this contention.  Fox squirrels (Sciurus niger) (Brown et al. 1992) grey 

squirrels (Sciurus carolinensis) (Brown and Morgan, 1995), and chipmunks (Tamias 

striatus ) (Bowers et al., 1993) had higher GUDs further from tree cover due to greater 

perceived predation risk in areas located further from escape cover.  Moreover, starlings 

(Sturnus vulgaris) had higher GUDs in a risky food patch (an agricultural plain) 

compared to less risky patch (grazed grassland) (Olsson et al., 2002).   

Prey species recognize the presence or absence of a predator by using all sensory 

modalities.  Therefore, visual and olfactory cues that mimic the presence of predators 

should illicit similar behaviours when compared to the presence of a predator.  When 

predatory scents are placed in or near food patches, animals often react by displaying 

avoidance and reduced feeding behaviours (Kats and Dill, 1998).  Avoidance of 

predators, or cues related to predators, can be due to learned or innate behaviors.  While 

introducing odors and sounds representing grizzly (Ursus arctos) bears and wolves 

(Canis lupus), Berger et al. (2001) found that moose (Alces alces), sympatric with these 

large carnivores, displayed significantly higher levels of vigilance when compared to 

moose from areas without large predators, indicating that vigilance was partly a learned 

behaviour.  Swanson et al. (2002) demonstrated the innate nature of vigilance in pen-

raised white-tailed deer (Odocoileus virginianus) fawns that increased vigilance in 
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response to feces of sympatric predators compared to lower vigilance rates in response to 

feces of non-sympatric carnivores. 

 Several studies have examined the effects of predatory stimuli on domestic 

animals (Terlouw et al., 1998; Hansen et al., 2001; Welp et al., 2004) but none of these 

investigations exposed animals to a combination of olfactory and visual cues representing 

wild predators, or examined the learned behavioural responses of domestic animals 

occupying areas varying in predator composition.  Domestic ungulates are regularly 

handled by humans and are routinely placed in pastures or enclosures for a number of 

reasons (e.g., scheduled grazing, transporting, processing, health checkups). 

Aggressiveness is a trait that is often intentionally or unintentionally selected against in 

domestic animals because it increases problems associated with handling and herding 

livestock.  Some argue that animal husbandry practices may result in lower behavioural 

sensitivity to predators over evolutionary time (Price, 1999; Berger et. al., 2001).  

However, large carnivores have increasingly preyed on free-ranging domestic cattle (Bos 

taurus) accounting for 147,000 deaths in the United States in 2000 (US Department of 

Agriculture, National Agriculture Statistics Service 2001). 

Cattle may react differently to the type of predator due to the varying attack 

methods that predator species display.  Furthermore, cattle that forage in areas where 

predators are abundant may behave differently than cattle residing in areas containing no 

large carnivores (Howery and DeLiberto, 2004).  The objective of our study was to 

examine the effects of different predator stimuli on cattle. More specifically, we 

examined how the presence of wolf and mountain lion (Puma concolor) stimuli affected: 

1) vigilance and foraging rates, 2)  intake and GUD of high quality foods, 3) use of high 
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quality forage locations, and 4) whether cattle inhabiting areas varying in predator 

composition respond differently to predatory stimuli.  

 

 

2. Materials and methods 

2.1. Experimental pasture 

All training and experimentation was conducted in a 0.25 ha dry-lot experimental 

pasture, located at the University of Arizona’s West Campus Agriculture Center in 

Tucson, Arizona (IACUC protocol # 06-010).  The experimental pasture was situated 

out-of-sight from the holding pens to prevent cattle from observing the pasture.  We 

established a grid system within the pasture by attaching labeled plywood squares to the 

fence at 10-m intervals.  The grid system allowed us to divide the pasture into 4 readily 

identifiable quadrants and to record animal locations and activities during the experiment 

(Fig. 1).  

2.1. Animals  

 Eighteen cattle were transported to the West Campus Agriculture Center in May 

2006.  All cattle were adult females (> 3 years) that reproduced at least once in their 

lifetime.    Of these, 8 Angus-Hereford cross-bred animals (420 ± 24 kg) were from the 

Four Drag Ranch (FDR).  Cows from the FDR were dry.  The FDR, located within the 

Sitgreaves Apache National Forest in eastern Arizona (32ºN, 109ºW), lies within the Blue 

Wolf Recovery Management Area (BWRMA).   Mexican wolves (Canis lupus baileyi.) 

have been present in the area at various densities since 2001.  This area also contained 

mountain lions, black bears (Ursus americanus), and coyotes (Canis latrans); precise 

density estimates are not available (J.R. Murdock, USDA, APHIS, Wildlife Services, 
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personal communication March 2007).  Predation of calves on the FDR ranged from 10 

to 50% from 2001 to 2006.  In addition, 11 adult animals were killed by or destroyed as a 

result of attacks by predators during the same time frame (D. Ely, personal 

communication, March 2007).   

The remaining 10 animals (5 Red Angus Cross, 5 Hereford Cross) (451 ± 15 kg) 

were from the V Bar V Ranch (VBV) (34º N, 111ºW).  The VBV Ranch is located in 

central Arizona approximately 200 km from the nearest boundary of the BWRMA.  The 

area contains no known wolves but supports some mountain lions, black bears, and 

coyotes (Dan Kaputo, Arizona Game and Fish Department, personal communication, 

April 2007).  Predation of calves on the VBV from 2001 to 2006 ranged from 0 to 1.5% 

and 1 adult cow was killed over the same time period (D. Schafer, personal 

communication, March 2007).  Cows from the VBV were all lactating.  Thus, there were 

two groups of animals used in this experiment: the 8 FDR animals that we will refer to as 

“predator-savvy” cattle, and the 10 VBV animals that we will refer to as “predator-naïve” 

cattle. 

2.3. Adaptation  

  Both groups of cattle were housed in two separate pens (20 X 30m).  All cattle 

underwent a 12-d adaptation period when they were allowed to feed in an experimental 

pasture (50 X 50m) for 10 minutes each day (Fig. 1).  We placed feed in all 4 quadrants 

of the experimental pasture.  Three of the 4 quadrants contained a low quality food source 

(150-200 g wheat straw per quadrant) while the remaining quadrant contained a high 

quality (1000-1100 g steam flake corn and 250-300 g alfalfa) food source.  Foods were 

placed in rubber feed bowls (25.4 cm diameter, 10.16 cm depth) and placed in the center 



 69 

of each respective quadrant.  The order in which each of the 4 quadrants contained the 

high quality food source was randomly selected during 3 consecutive 4-day intervals 

(Table 1).  Once a quadrant contained the high quality food source during a 4-day interval 

it was not re-selected until the next 4-day interval which resulted in each quadrant being 

selected as the high quality location an equal number of times.  To prevent animal satiety 

throughout the experiment, cattle were fed 25% of their ad libitum daily alfalfa hay ration 

in the morning (0500-0600) before adaptation and exposure to treatments, and 75% 

afterwards (1800-1830).  Animals were exposed in pairs during days 1-6 and as 

individuals during days 7-12 (Table 1). 

2.4. Experimental trials 

We simulated the presence of 2 predatory animals and one non-predatory animal 

using olfactory and visual cues.  Visual cues included target mounts of a wolf (HD Wolf, 

Delta Sports, LLC, Reinbeck, IA), mountain lion (3D Puma, Longhorn Targets, Orange, 

CA), and deer (HD 10 Deer, Delta Sports, LLC).  Fecal samples of wolves were obtained 

from the Wildlife Science Center, Forest Lake, MN.  Deer and mountain lion scats were 

collected from the Arizona-Sonora Desert Museum, Tucson, AZ.  Mountain lion and 

wolf urine was acquired from Leg Up Enterprises Inc., Lovell, ME.  We obtained deer 

urine from Mrs. Doe Pee/American Outdoors, Mt. Pleasant, IA.  The purpose of the non-

threatening treatment (i.e., deer) was to test for the possibility that cattle were reacting to 

the novelty of carnivore treatments rather than the perception of an actual predatory 

threat. 

As during the adaptation period, a low quality food source was placed in 3 

quadrants of the experimental pasture while a high quality food source was placed in the 
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remaining quadrant.   Type, mass, and orientation of low and high quality food sources 

were the same as the adaptation period.  The location of the high quality food source was 

randomly selected among the 4 quadrants of the experimental pasture (Table 1).  Order of 

treatments was also randomly selected so that no treatment was repeated during a weekly 

session.  Predator and deer treatments were randomly balanced so that each one (wolf, 

lion, and deer) occurred in association with each high quality food location, and so that 

each one appeared an equal number of times during the experimental trials (Table 1).  

Animal cues were systematically placed 2 m upwind from the high quality food source.  

High quality food locations also were randomly balanced so that each location appeared 

an equal number of times during the experimental trials (Table 1).  Control days, when no 

stimuli were introduced, were implemented between each treatment to reduce carry-over 

effect from treatments.  For each control day, the location of the high quality food was 

the same as during the subsequent treatment so that animals became accustomed to the 

high quality food source being located in the same area as it was for the next treatment 

(Table 1).  Each cow was exposed to a treatment once per day during experimental trials 

lasting 10 consecutive minutes.  Animals from both ranches were exposed to similar 

environmental variables (i.e., wind direction, temperature, cloud cover) over which we 

had no control.  Each animal was exposed to the experimental pasture 24 times during the 

experiment (428 trials).   

Sampling units were defined as focal animal trials lasting 10 min where animal 

location and activity was recorded every 15 s for a 40 scans per trial.  Cattle activities 

were divided into 5 categories that were immediately discernable at 15 sec scan intervals: 

foraging, scanning, traveling, standing/not scanning, and resting. We defined foraging as 
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standing or walking slowly with the head below shoulder level.  Scanning was standing 

with the head at or above shoulder level.  Traveling was walking, trotting, or running 

with the head at or above the shoulder level.  Standing/not scanning was nursing, licking 

or scratching.  Resting was any behaviour that took place while an animal was lying.  We 

recorded animal location by noting which quadrant the animal was in during each 15-sec 

observation. We calculated GUD as the percentage mass of high-quality food remaining 

after each 10-min trial. 

Of the activities measured in our study, foraging and scanning rates in ungulates 

have been shown to be most influenced by the presence of predators (Lima and Dill, 

1990; Hunter and Skinner, 1998; Kluever et al. 2007).  For instance, foraging rates 

typically decrease and vigilance rates increase when wild ungulates forage in the 

presence of predators (Hunter and Skinner, 1998; Laundré, 2001).  Scanning behaviour 

was our estimate of vigilance.  We defined vigilance as when an animal stands with its 

head raised while looking around, and is not lying, feeding, moving to another feeding 

spot, or engaged in a maintenance behaviour (e.g., grooming or nursing) (Hunter and 

Skinner, 1998; Laundré et al., 2001).  Although animals may be engaged in social 

activities other than vigilance while scanning (e.g., chewing, ruminating, monitoring 

calves and other herd mates), scanning behaviour as defined in our study has been the 

most common behaviour used to measure vigilant behaviour in wild ungulates (Lung and 

Childress, 2006).   

 We collapsed our data to individual animals and treatments where each animal 

had 1 mean response for each of the 4 treatments.  For each response variable (i.e., 

vigilance and foraging rates, GUD of high quality food, and time spent in high quality 
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quadrant) we ran analysis of variance tests (ANOVA) using program JMP IN (SAS 

Institute Inc.).  Factors were identical for each response and included 4 stimuli 

treatments, (control, wolf, deer, lion,) cattle type (predator-savvy vs. predator-naïve), and 

interactions.  We preformed Linear Contrasts to examine differences between individual 

treatments when main effects were significant (P < 0.10).  We Logit transformed all 

proportional response data to better meet the assumptions of parametric statistical tests.  

3. Results 

3.1. Experimental Treatments 

For all 4 response variables (vigilance, foraging rates, GUD, and space use) cattle 

from both ranches consistently had the strongest response to the wolf treatment. 

Vigilance showed significant differences among treatments (F3,68=4.3, P=0.008; Fig. 2) 

and was highest when cattle were exposed to wolf stimuli (12% ±3) and least when deer 

stimuli were in the pasture (4% ±1).  Vigilance rate for the lion treatment did not differ 

from controls or deer stimuli (Linear Contrast, F1,64=1.03, P=0.31).   

Foraging rates were significantly different among treatments (F3,68 =3.59, 

P=0.018; Fig. 3) with cattle foraging the least when in the presence of wolf stimuli (76% 

± 3) and most during deer treatments (85% ± 1).  Foraging rates of cattle exposed to 

control and lion treatments were nearly identical (i.e., 78% ± 2 and 76 ± 3, respectively).  

Cattle foraging rates were higher than all treatments when deer stimuli were in place 

(Linear Contrast, F1,64=6.89, P=0.01). 

Cattle visited the high quality food source in 100% of the trials but ignored the 

low quality food source in 73% of the trials.  Therefore, we used only high quality forage 

intake data in the GUD analyses.  Cattle exhibited highest GUD (i.e., lowest intake of 
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high quality forage) when exposed to wolf stimuli (F3,68=2.89, P=0.042; Fig. 4).  Giving 

up density for wolf treatments differed from control and deer treatments (Linear Contrast 

F1,64=0.7.47, P=0.008) but when exposed to mountain lion stimuli cattle GUD did not 

differ from the deer treatment or control (Linear Contrast F1,64=1.58., P=0.21).     

 Treatments affected the amount of time cattle spent in the high quality quadrant 

(F3,68=4.58, P=0.006; Fig. 5).  Cattle spent the least amount of time (%) in the high 

quality quadrant when the wolf treatment was applied and the most amount of time when 

the deer treatment was applied (Fig. 5).  High quality quadrant use during wolf treatments 

was lower than deer treatments and controls (Linear Contrast, Linear Contrast F1,64=4.32, 

P=0.041).  High quality quadrant use during exposure to deer stimuli was higher than all 

other treatments (Linear Contrast F1,64=10.95., P=0.0015).          

3.2. Predator-naive vs. predator-savvy cattle 

Overall, ranch origin influenced GUDs between predator-naïve and predator-

savvy cattle (F1,70=37.4, P<0.0001).  Predator-naïve cattle consumed 93% ±0.01 of high 

quality forage while predator-savvy cattle consumed only 76% ±0.03 of high quality 

forage.  However, there was no interaction between ranch origin and treatment 

(F3,68=0.272, P=0.98).   Similarly, cattle from different ranches did not differ in vigilance 

rates (F3,68=1.82, P=0.153), foraging rates (F3,68=0.867, P=0.463), or time spent in the 

high quality quadrant (F3,68=0.544, P=0.65) so data were pooled across ranches for those 

dependent variables.   

4. Discussion 

4.1. Predatory Treatments 
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Other studies have demonstrated that ungulates reduce or avoid feeding in the presence of 

fecal and urinary odors of predators (Műller-Shwartze, 1972; Poindron, 1974; Pfister et 

al., 1990; Arnould and Signoret, 1993), but none of these studies showed a difference in 

foraging among predator scents (i.e., wolves vs. mountain lions).  We found consistently 

stronger responses by cattle to wolf stimuli compared to lion stimuli.  

 Vigilance has been shown to serve as a useful measure of fear in cattle (Welp et 

al., 2004; Terlouw et al., 1998).  Cattle in our study typically reacted more strongly to 

wolf and lion stimuli than deer stimuli when using vigilance as a metric though this 

difference was not as pronounced when examining foraging rates (Figs. 2 and 3).  Cattle 

were most vigilant (12.5%) when wolf stimuli were present (Fig. 2).  Foraging rates were 

not significantly different though there was a trend showing foraging rates lower with 

wolf stimuli (%) than lion stimuli (Fig. 3).  Cattle generally responded to wolf stimuli by 

becoming much more vigilant (Fig. 2) and by foraging less (Fig. 3) compared to deer 

treatment, lion treatment, and controls.   

The reasons for stronger responses of cattle to wolf vs. lion stimuli could be due 

to a number of factors.  First, there could be an innate response of cattle to wolves.  The 

auroch (Bos primigenius), cattle’s wild ancestor, evolved with wolves in Eurasia (Van 

Vuure, 2005), but remains of mountain lions have not been found outside of North and 

South America (Nowak, 1999).  Thus, ancient cattle evolved with and were preyed upon 

by wolves over the millennia (Van Vuure, 2005) and evolution may have engendered an 

innate behavioural response by cattle to wolves.  The auroch is extinct (Van Vuure 2005) 

which makes evolutionary responses by cattle impossible to quantify.  Related species in 

the Bos genus, such as the guar (Bos frontalis), banteng (Bos banteng), kouprey (Bos 
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sauveli), and wild yak (Bos grunniens) are rare (Nowak 1999) and there have apparently 

been no studies conducted to examine the effects of predators or predatory stimuli on 

behaviour of these ungulates.  Alternatively, the different predatory tactics of wolves and 

mountain lions could help explain the different responses to these two predators observed 

in our study.   Chasing/harassing predators such as wolves (Nowak, 1999, pp. 818-820) 

may incite greater behavioural responses compared to stalking predators such as 

mountain lions (Nowak, 1999, pp. 663-669) that pick off individuals. 

Cattle reaction to wolf stimuli may also have been influenced by domestic dogs, 

which were occasionally used as management tools on both ranches.  Cattle were not 

preyed upon by ranch dogs at the FDR (D. Ely, FDR permitee, personal communication) 

or the VBV (D. Schaefer, VBV manager, personal communication).  However, dogs were 

occasionally used to rotate cattle between pastures on the VBV and for herding cattle 

away from predator “hot spots” on the FDR.  This planned, non-lethal, but aversive 

management practice of using a domestic canid to move cattle may have buttressed study 

animals reaction to wolf stimuli. 

Predator-prey theory and observational data suggest that an animal should leave a 

high quality forage patch when the predation risk of staying in a patch outweighs the 

forage benefit of remaining in the patch (Brown 1988; Brown et al. 1992).  Overall, cattle 

in our study consumed less high quality forage (higher GUDs) and spent the least amount 

of time in the high quality forage quadrant when exposed to wolf stimuli.  Similarly, wild 

ungulate studies have suggested that the reintroduction of wolves cause elk to reduce 

foraging in riparian areas, a high quality forage area, and increase foraging in areas 

containing poorer forage (Ripple and Larsen, 2000; Ripple and Beschta, 2002).  Ferguson 
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et al. (1988) found that caribou (Rangifer tarandus) moved to Pic Island in Lake Superior 

to escape wolf predation on the mainland even though the mainland provided higher 

quantity and quality forage.  When mountain lions were nearby, bighorn sheep moved to 

areas where escape terrain was abundant but forage productivity was low (Berger, 1991).  

After wolves were reintroduced in Yellowstone National Park, elk use of riparian areas 

decreased while elk use in more open marginal habitats increased, apparently because 

riparian habitats, while high in forage quantity and quality, also provided more hiding 

and ambush cover for wolves and other predators (Ripple and Larsen, 2000; Ripple and 

Beschta, 2003). 

 4.2. Non- Predatory Treatments 

 Cattle in our study showed a general trend to spend more time foraging, less time 

vigilant, and more time near deer stimuli (and the high-quality food) compared to the 

other three treatments.   The presence of stimuli representing the presence of a deer, an 

ungulate found on both ranches, may have elicited a “comfort response” in cattle.  Cattle 

have been found to reduce foraging when in the presence of novel, unfamiliar (potentially 

harmful) stimuli (Cibils et al., 2004).  Conversely, cattle can use familiar (safe) visual 

cues to track food locations in order to increase foraging rates (Howery et al, 2000).  

Cattle may have perceived olfactory and visual cues representing deer as a non-

threatening, familiar stimulus, which would explain their response to also exhibit lowest 

GUD when another “ungulate” (albeit a replica) was in the experimental pasture. 

4.3. Predator-savvy vs. predator-naïve cattle 

  Predator-savvy and predator-naïve cattle reacted alike to predator stimuli, even 

though predator-savvy cows foraged on a ranch where wolves were present and where 
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overall predation rates on livestock were estimated to be much higher than for predator-

naïve cattle.  However, predator-naïve cattle had calves while predator-savvy cattle did 

not.  The fact that cattle groups differed in their reproductive status may have confounded 

our findings.  Mammals that are lactating have higher nutritional requirements than those 

that are not (Robbins, 1983).  In addition, cows with calves exhibit higher vigilant rates 

than cows without young (Kluever et al., 2007).  Our inability to detect treatment 

differences between cattle groups may be attributed to predator-naïve animals both 

increasing vigilance and the amount of forage consumed due to their reproductive status.  

 On average, predator-savvy cattle consumed about 20% less of the high quality 

forage offered compared to predator-naïve cattle across al 10-min trials.  Thus, predator-

savvy cattle exhibited higher GUDs (i.e., lower high quality food intake) than predator-

naïve cattle.  However, there was no difference between predator-savvy and predator-

naïve cattle for any of the dependent variables measured in our study across all 4 

treatments.   Thus, we conclude that lower high quality food intake by predator-savvy 

cattle was largely due to these animals being dry and weighing, on average, 7% less than 

lactating, predator-naive animals.   

5. Conclusion  

 Cattle may not react to predators as strongly as wild ungulates because 

domestication and animal husbandry practices may have dampened domesticated 

animals’ need to keenly monitor predation risks (Hunter and Skinner, 1998; Laundré et 

al., 2001; Kluever, unpublished data).  Further, antipredatory reactions would likely have 

been different and stronger towards actual wild carnivores rather than olfactory and 

visual replicas of predators.   Our data support that evolutionary forces may be the 
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driving force behind cattle reaction to predator stimuli, especially wolves.  Over time, we 

would expect cattle to exhibit increasing levels of vigilance as they gain experience with 

the consequences associated with foraging in the presence of predators.   For example, a 

recent field study conducted within the BWRMA demonstrated that mother cows 

dramatically increased vigilance rates for several days immediately after their calf was 

killed by a predator (Kluever, unpublished data).  This elevated rate, however, was time 

dependent and the mother cows approached their baseline vigilance rate after 10 to 12 

days of calves being killed (Kluever, unpublished data)   There will be an ongoing need 

for additional field and controlled studies to parse the underlying mechanisms of 

predator-prey behavioural relationships (Hansen et al., 2001).  
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Table 1.  Experiment Schedule.  During the 2-week adaptation period, animals were 

exposed to the experimental pasture in pairs during week 1 and as individuals during 

week 2.  Animals were exposed as individuals during all 4 treatment weeks.  Order of 

treatments was randomly balanced so that no treatment was repeated during any weekly 

session.  Predator and deer treatments were randomly balanced so that each one (wolf, 

lion, and deer) occurred in association with each high quality food location and so that 

each one appeared an equal number of times (n = 4) during the experimental trials.  High 

quality food locations were also balanced so that each quadrant was represented an equal 

number of times (n = 6) throughout the experiment.  H in Q1-4 = High quality food in 

quadrants 1, 2, 3, or 4. 
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Figure 1.   Representation of experimental pasture on a day where the high quality food 

source was positioned in quadrant #1.  Predator and prey cues were systematically placed 

upwind of the high quality food source. Intersecting lines represent 4 quadrants that were 

used to record cattle location.  Cattle were allowed to freely move throughout the 

enclosure during 428, 10-min trials.   

 

Figure 2.  Percent of time observations cattle exhibited vigilance (mean ± SE) when 

exposed to visual and olfactory cues representing predatory and nonpredatory animals.  

Treatments included a control, deer, mountain lion, and wolf. 

 

Figure 3. Percent of observations cattle foraged (mean ± SE) when exposed to visual and 

olfactory cues representing predatory and nonpredatory animals.  Treatments included a 

control, deer, mountain lion, and wolf. 

 

Figure 4.  Percent of high quality forage abandoned by cattle (i.e., GUD mean ± SE) 

when exposed to visual and olfactory cues representing predatory and nonpredatory 

animals.  Treatments include a control, deer, mountain lion, and wolf. 

 

Figure 5.  Percent of observations cattle spent in the quadrant containing a high quality 

food source when exposed to visual and olfactory cues representing predatory and 

nonpredatory animals.  Treatments included a control, deer, mountain lion, and wolf.    
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