avior

Ecology and Social Beh
of the Collared Peccary in
Big Bend National Park

John A. Bissonette




Ecology and Social Behavior
of the Collared Peccary in

Big Bend National Park, Texas

John A. Bissonette

Scientific Monograph Series No. 16

U.S. Department of the Interior
National Park Service
Washington, D.C.

1982



As the Nation’s principal conservation agency, the Department of the Interior

has responsibility for most of our nationally owned public lands and natural
resources. This includes fostering the wisest use of our land and water resources,
protecting our fish and wildlife, preserving the environmental and cultural

values of our national parks and historical places, and providing for the enjoyment
of life through outdoor recreation. The Department assesses our energy and
mineral resources and works to assure that their development is in the best
interests of all our people. The Department also has a major responsibility for
American Indian reservation communities and for people who live in Island
Territories under United States administration.

Library of Congress Cataloging in Publication Data

Bissonette, John A.

Ecology and social behavior of the collared
peccary in Big Bend National Park, Texas.

(Scientific monograph series; no. 16)

Bibliography: p.

Includes index.

1. Collared peccary—Behavior. 2. Collared
peccary—Ecology. 3. Social behavior in animals.
4. Mamimals—Behavior. 5. Mammals—Ecology.
6. Mammals—Texas—Big Bend National Park.
7. Big Bend National Park (Tex.) I. Title
II. Series: National Park Service scientific
monograph series; no. 16.

QL737.U59B57 1982 599.73’4 81-607577
AACR2

For sale by the Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C. 20402

il



Contents

ACKNOWLEDGMENTS vii
SUMMARY ix

Chapter 1
INTRODUCTION 1
The Study Area 3

Climate 4
Methods 6
Direct Observations 6

Identification of Individuals 7

Range Relationships 7

Food Habits 7

Availability and Use of Succulents 8
Calculation of Interaction Rate 8

Chapter 2
ACTIVITY PATTERNS 10
Time Budget of Peccaries 11

Chapter 3
BEHAVIOR 15
Senses 15
Auditory Communication 16
Aggressive Vocalizations 16
Submissive Vocalizations 18
Alarm Vocalizations 18
Integration of Peccary Vocalizations 19
Alert-Alarm Patterns 21
Behavior Patterns Used in Social Interactions 25
Non-Agonistic Patterns 25

iii



Sexual Patterns 28
Agonistic Patterns: Dominant Animal 31
Agonistic Patterns: Submissive Animal 33
Agonistic Patterns Used in Dominance Disputes 35
Contact Versus Noncontact Interaction 36
Interaction Rates 37

Chapter 4
SOCIAL ORGANIZATION AND POPULATION CHARACTERISTICS
Group Territories 38
Description 38
Territorial Marking 39
Group Stability 40
Defense of Territory 42
Establishment of New Territories 43
Territorial Group Hierarchy 44
Breeding Behavior 46
Description 46
Breeding Success in Males 46
Timing of Parturition 47
Population Dynamics 49
Birth Rate and Litter Size 49
Mortality Rates 49
Sex Ratios 52

Chapter 5
RANGE QUALITY AND PATTERNS OF UTILIZATION 53
Seasonal Preference for Habitat by Peccaries 53
Group Size Variation Over Time and Space 55
Range Quality 58
Availability and Utilization of Succulents 63
Use 63

Chapter 6

DISCUSSION 67
The Evolution of Group Living in Peccaries 67
Feeding Subgroup Variation in Time and Space 68
Determinants of Territorial Group Size 69

APPENDIX 71
REFERENCES 73
INDEX 77

38



—

—
[a—

12.
13.
14.
15,

16.

17.

18.
19.
20.
21,
22.

23.
24.

25.
26.

OO 90 SOV B s

Figures

Map of Big Bend National Park showing study area.

Study area of five territorial group ranges of peccaries.
Climate data for the study area.

Time of beginning of peccary activity.

Relationship of three call characteristics for 15 peccary calls.
Postures associated with alert-alarm interactions.

Nose up-sniff pattern.

Reciprocal grooming.

Reproductive behavior.

The dominant peccary has lunged at and bitten a conspecific who
responded with a yip yip and a sink-back submissive posture.

. The submissive animal has exhibited a nose down-head low-turn

away pattern in response to an aggressive stare by the dominant
peccary.

Two peccaries feeding together with no apparent aggression.
Nature of intragroup encounters between peccaries.
Nonoverlapping territories of five peccary groups.

Feeding subgroup preferences for territory occupied by the Lone
Mountain herd.

Feeding subgroup preferences for territory occupied by the
Panther Canyon herd.

Comparison of three methods of estimating the conception dates
for the periods June-August, 1971 and June-May 1972-74.
Percent of young born per month relative to rainfall pattern.
Seasonal preference for habitat.

Influence of season on subgroup size.

Influence of habitat type on subgroup size.

Regression of peccary group size on percent total vegetation
cover.

Regression of peccary group size on percent woody cover.
Regression of peccary group size on percent composition of
Opuntia sp., Agave lechuguilla, and all forbs for five peccary
groups.

Percent composition of the major food items of peccaries.
Percent composition of the major plant components.

ST I N

20
22
22
26
30

32

33
34
36
39

41

41

48
48
54
56
57

61

62
65
65



N —

16.
17.

18.
19.

vi

SoxNawhw

Tables

Time partitioning of activities for collared peccaries.

Time partitioning of activities: Comparisons of percent time
allocated within and between sex for two time periods.

Ranking of 15 peccary calls for three sound characteristics.
Patterns associated with alert-alarm interactions.

Reciprocal grooming by sex and age class.

Nonreciprocated grooming by sex and age class.

Preliminary patterns by males associated with sexual encounters.
Aggressive patterns associated with feeding interactions.
Reaction of the recipient animal to the dominant pattern.
Male-female linear hierarchy for collared peccaries of the Lower
Mouse Canyon herd.

. Breeding success of males by hierarchial rank.

. Summary of the population dynamics for five peccary herds.

. Sex ratios of 11 herds of peccaries in Big Bend National Park.

. Habitat preference, by activity, for three seasonal periods.

. Relation of group size and group-range size to number of species

and percent relative abundance of four vegetation categories for
five peccary ranges.

Components of average diversity for five peccary ranges.
Availability of prickly pear, lechuguilla, and forbs on five
peccary ranges.

Comparison of use of Opuntia sp. by five peccary groups.
Preference of peccaries for plant part and position of leaf of
lechuguilla.

12

13
19
23
27
28
29
28
29

45
46
50
51
55

59
59



Acknowledgments

Financial support for this study was provided by a National Defense
Education Act Grant; the Rob and Bessie Welder Wildlife Foundation,
Sinton, Texas; the Big Bend Natural History Association, Big Bend
National Park; and the Museum of Zoology and the School of Natural
Resources at The University of Michigan, Ann Arbor, Michigan.

I am indebted to Dale R. McCullough for his invaluable help and
ideas throughout the study, as well as for unlimited consultation and
review. | am also indebted to my committee members R.D. Alexander,
A.B. Cowan, J.A. Kadlec, and G.R. Smith for their interest and advice and
for reviewing the manuscript.

Special thanks and appreciation go to Joe Carithers (Superintendent)
and to Bill Rabenstein (Chief Park Naturalist) at Big Bend National Park
for permission to use park facilities as well as for their help and encourage-
ment. I wish to extend a warm thanks to Ro Wauer (Chief, Natural
Sciences, Southwest Region, National Park Service) for his help and en-
couragement, as well as to Ray Dueser, Arnold van Pelt, John Clark, Dave
Kitchen, Dave Hirth, Steve Newhouse, Yvette McCullough, and Roy
McBride for useful discussion during the initial phases of the study. Well-
deserved thanks go to the Ranger Division, especially Al Truelock and
Cecil Garrett for their help in locating roadkills and to Mrs. Ruth Garrett
for relaying the information to me. I especially thank Richard Simmons,
Mack Waters, Jim Chambers, and Frank Grano of the Maintenance Staff
for their cooperation. Aspects of the study would have been much more
difficult without them.

Many people helped with the study: Bob Calhoun and Steve Berwick
with tagging peccaries; Donn Critchell with vegetation, Bill Burke, Mark
Igo, Dave Easterla, Mike Rabenstein, Mark Rabenstein, and “Mo”
provided field specimens; Syd Radinovsky and John Young took
photographs; and Carolyn Wilson and Dave Krauskop provided
information of peccary sightings. Becky Anderson prepared most of the
figures, Veda Holyoak typed the tables. Bette Owens spent innumerable

vii



hours correcting my mistakes while typing the manuscript. I express
gratitude for their help. Without the continued help of the secretaries in the
zoology department at Arizona State University: Madeline Johnson,
Veda Holyoak, Quinn Lacy, and Paula Currie, I would not have met the
required deadlines. I sincerely thank them.

I thank Dr. Barton Warnock for his help in identifying plant
specimens. Without his aid, this part of the study would have been most
difficult.

Paul Krausman helped with nearly all aspects of the study and
provided companionship and intellectual stimulation throughout my stay
in Big Bend. I am deeply indebted to him.

A very special thanks and my deepest appreciation go to my wife,
Mary, whose constant support and encouragement helped when I needed it
most. I apologize to my daughter, Nicole, and son, Gabriel, for not
spending more time with them during this period.

John A. Bissonette
The University of Michigan

viii



Summary

A behavioral and ecological study was conducted on collared
peccaries for 23 months in Big Bend National Park, Texas. The behavior
results were based on 380 hours of direct observation. Five groups were
studied intensively.

Activity patterns consisted primarily of feeding and resting. Onset and
cessation of active periods was correlated strongly with temperature.
Minimum daily temperature accounted for 61.8% of the variation in
termination of feeding, and a running minimum daily mean for the
previous 6 days accounted for an additional 9%. Maximum daily
temperatures and a running mean maximum temperature for the previous
6 days accounted for 39.7% and 14.0% of the variation, respectively, in
onset of feeding.

Time budgets were investigated by dividing behavior patterns of active
peccaries into feeding activities (feeding, walking and searching, and
stopped and searching for food items) and other categories. Feeding
activities accounted for most of the active time of peccaries. Adult males,
adult females, and juveniles spent 78.6%, 77.9%, and 86.7% of their active
time, respectively, in activities associated with feeding. Statistically
significant differences existed between certain sex and age classes for time
allocated for some activities. The results suggested that the time spent
feeding was related to the different reproductive roles of males and females.

Behavior was quantified during the study by sex and age class; 1,166
interactions were recorded from a total of 1,927 peccary observation units.
A peccary observation unit is equal to one animal observed during any
observation period.

Vocalizations were (1) aggressive; (2) submissive; and (3) alert. Calls
have three fundamental characteristics: (1) pitch; (2) intensity; and (3)
continuity. Submissive and alert calls were intermediate in intensity
compared to aggressive calls. Continuity ranking indicated that submissive
calls were not highly broken, but that alert calls were intermittent.



Submissive calls were the highest in pitch of all vocalizations whereas
alarm calls ranked from intermediate to low.

Five alert-alarm patterns were recorded: (1) cautious approach; (2)
stationary alert; (3) slow departure; (4) cautious departure; and (5) fast
departure. In 56% of the cases the peccaries could be observed following
alert, and in 87% of these they regrouped. Of the remaining 13%, peccaries
did not disperse but stayed tightly grouped. On only one occasion did they
scatter and not regroup.

Behavioral patterns used in social interactions were grouped into (1)
nonagonistic; (2) sexual; (3) agonistic (dominant animal); (4) agonistic
(subordinate animal); and (5) agonistic patterns used in dominance
disputes. Twenty-eight distinct or linked patterns were recorded. Contact
interactions were found to comprise over 66% of all interactions. However,
less than 449 of all interactions were aggressive and, of these, less than 18%
were contact interactions. Interaction rates varied from 0.125 to 0.598
interactions per active animal per hour, with a mean of 0.312.

Peccaries were found to hold group territories with little or no overlap
by adjacent groups. They marked vegetation and rocks with scent gland
excretions, and scat piles were observed scattered along boundary lines.
Active defense with dominance reversals at a boundary line was seen on
two different occasions.

Groups of peccaries were stable throughout the year, although feeding
subgroups were formed regularly by all groups studied. From 1971 to 1974
two new territorial herd formations were recorded. The nuclei for the new
groups were the feeding subgroups.

Peccaries have a linear dominance hierarchy including both sexes.
Dominant animals were always male, with males or females in lower
positions in an order determined largely by size. Young less than 3 months
were not included in the hierarchy but were defended by their mothers,
while older, nondefended young ranked low.

Alpha males did not allow subordinate males to approach an estrous
female. However, subordinate males did not leave the group during the
breeding season and did not form separate bachelor groups. Breeding
success in males was influenced by hierarchical position. The dominant
male in a group did virtually all of the breeding. Subordinate males had a
greater probability of being successful if more than one female came into
estrous at a time since short tending bonds were formed.

Parturition was seasonal and correlated with the period of onset of
heavy rainfall. The mean litter size per adult female was 1.3 young.

Mortality was high in every group studied, ranging between territorial
groups observed from 50 to 100% per year of all young produced. The
highest mortality occurred on the poorest ranges. Recruitment was
relatively low in all groups studied although there was some variation
between herds. Sex ratios of 11 herds in Big Bend did not deviate
significantly from 1:1.
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Peccaries in Big Bend showed a seasonal preference for habitat.
Habitats with dense vegetation were used significantly more during the
summer months, whereas the more open areas were used during the winter.

Peccaries partitioned their activities differently over four habitat types
due in part to ambient temperatures. Foraging activities were concentrated
on the bajada during winter and in dense vegetation during summer.
Periods of bedding showed a similar pattern.

Territorial group size was stable throughout the year but sub-groups
did occur. Significantly smaller subgroups occurred during the summer,
whereas during the breeding season in December and January, territorial
groups tended to remain together. Habitat type also influenced group size.
Significantly larger groups were observed in open, less dense areas, whereas
smaller subgroups tended to use denser, more shaded habitats.

Range quality varied between group territories and with elevation.
Ranges with higher proportions of the preferred forage species were found
at higher elevations. Territorial group size was found to be positively
correlated (r2 = 0.980) with percent vegetative cover and percent
composition of prickly pear, lechuguilla, and forbs (r2=0.927) but was
negatively correlated with percent woody cover (r2 = 0.868). Prediction of
carrying capacity can be made accurately by assessment of range cover and
percent composition of preferred forage species.

Lechuguilla was the most abundant preferred food item; prickly pear
ranked second. Although these two items were the major food sources of
peccaries, use in relation to their availability was low. Use of prickly pear
varied from 1.7 to 5.4% of that available, while one range sampled for
lechuguilla indicated 2.6% use. These figures probably are underestimates
because of preference of peccaries for certain plants. Marked prickly pear
plants were selected randomly but may not have represented a random
sample of those plants actually preferred.

Peccaries showed a preference for certain vegetative parts of
lechuguilla. Generally, only the core leaves and basal parts of the modified
leaves and the root were eaten.

Food habit studies indicated a strong preference for prickly pear
throughout the year, and especially when the fruits were ripe. Lechuguilla
was used most heavily during the spring and fall. Seeds of woody plants,
fruits, and forbs were preferred and taken when available.
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1
Introduction

Collared peccaries (Dicotyles tajacu) are social animals and interesting
biologically for many reasons. They are the only Tayassuid found in North
America (Texas, New Mexico, Arizona, and Mexico). Their unique form
and food habits suggested an interesting evolutionary history.

Little behavioral work (Schweinsburg 1969; Sowls 1974) has been
done on collared peccaries. Most published papers deal with one of the
following: techniques (Bigler 1966; Day 1972c, 1974c; Neal 1959a; Sowls
1961; Kirkpatrick 1957; Kirkpatrick and Sowls 1962); population
determinations (Day 1962, 1964, 1965, 1966, 1967a, b, 1968; Householder
1958; Knipe 1942); reproductive biology (Low 1970; McCulloch 1955;
Sowls 1960, 1964, 1966; Smith and Sowls 1975); feeding habits (Eddy
1961); studies such as scent gland morphology (Epling 1956) and milk
composition (Sowls et al. 1961; Brown et al. 1963), taxonomy (Woodburne
1968, 1969); general natural history (Day 1971b, 1972b, 1974b; Knipe
1957; Neal 1959b; Mauermann 1943; Jennings and Harris 1953); home
range determinations (Ellisor and Harwell 1969; Schweinsburg 1971);
activity patterns (Bigler 1974; Day 1970, 1971a, 1972a, 1974a); or
management (Day 1971c, 1972d, 19744d).

Zervanos (1972) and Zervanos and Hadley (1973) reported on
biological adaptation and energy relationships, and Schilling and Stone
(1969) completed a cardiovascular study. Phelps (1971) detailed some
thermoregulatory relationships for peccaries.

The purpose of this study was to elucidate some of the relationships of
resource structure, quality, and availability to social behavior and
organization of peccaries. Alexander (1974) stated that predation, highly
localized and limited resources, and facilitated food gathering are the only
three selective forces necessary to explain the evolution of group living in
animals. Predation probably is responsible for group formation in
peccaries when resources are not localized or limiting, and since individual
peccaries are able to feed without help from conspecifics. Once social
groups have been established, selection should maintain a minimum size
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large enough to withstand predation. No active group defense has been
reported for peccaries and the advantage of numbers may help individuals
to escape predation. Individuals may use the group as cover (Alexander
1974) or may cause other group members to be more susceptible to
predation (Alexander 1974; Hamilton 1971). Group sizes larger than the
minimum necessary to withstand predation should be influenced less by
predation pressures and more by available resources. In other words,
maximum group size in peccaries is density dependent and influenced by
the availability of preferred resources.

McNab (1963) suggested some interesting relationships between social
organization and resource use, and stated that for animals to live socially,
resources must be abundant enough to allow group living. Increasing the
group-range size may compensate in part for a lower resource quality on a
given range; however, there should be an upper limit to range size if the
area is defended as Schweinsburg (1969) and Sowls (1974) have suggested.
As territories approach their maximum defendable size, group size of
peccaries should increase to the carrying capacity of that range. However,
group size should not affect directly the size of the territory that could be
defended. Increased range size entails a higher caloric expenditure by
foraging animals. Additionally, if food resources are less abundant per unit
area, intragroup competition for these resources increases. The benefits
from increased group-range size may involve: (1) Establishment of an area
large enough to sustain the minimum group size necessary to withstand
predation. Increased range size implies increased resource abundance. (2)
Inclusion within the range of an area rich in required resources, at least
temporally.

If grouping is the response to predation and if the benefits to
individuals of group living are a result of increased numbers of closely
associated conspecifics and not group defense, then selection should
increase group size of peccaries to the maximum possible for any range.
However, the maximum group size possible on any range should be mostly
a function of available food resources, although establishment of minimum
group sizes must be the result of predation pressures. The carrying capacity
in peccaries, however, will be determined by availability of preferred
resources.

I have designed the study to test the null hypothesis that group size at
carrying capacity in peccaries is not affected by availability of preferred
resources. During the field work and in subsequent analyses I attempted to:
(1) Establish a quantitative basis for peccary behavior. (2) Determine the
pattern of resource use by peccaries. (3) Assess the effect of habitat type on
subgroup composition and stability. (4) Determine the precise relationship
between range quality, measured by the relative abundance of preferred
forage species, and territorial group size and home-range (group-range)
size.
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Fig. 1. Map of Big Bend National Park showing study area.

The Study Area

This study was conducted in Big Bend National Park (Fig. 1), which is
located in southwestern Texas on the U.S.-Mexican border. Big Bend is
situated in the northeastern portion of the Chihuahuan Desert and is
comprised of the forested Chisos Mountains, low desert, and riparian
vegetation along the Rio Grande, the southern boundary of the Park. The
Chisos Mountains are isolated in approximately the center of the Park and
are surrounded by desert.

The study site encompassed an area of desert and foothills adjacent to
the northeastern portion of the Chisos, with associated canyons and
arroyos (Fig. 1). Although peccaries were found throughout the park, field
work was restricted to two main vegetation types: (1) Lechuguilla-
Creosote-Cactus Association, and (2) Sotol-Grassland Association.
Characteristics of Big Bend vegetation have been described by Muller
(1937), Taylor et al. (1944), Denyes (1956), and Gelbach (1966). More
recently, Wauer (1971) described six vegetation associations for Big Bend.

The study site consisted of five peccary group ranges of approximately
220 ha (550 acres) each (Fig. 2). The entire study area was about 1,100 ha
(2,750 acres). The area was selected to allow an assessment of the effects of
varying resource characteristics on groups of peccaries. Elevation varied
from 1,000 to 1,370m (3,280 to 4,500 ft.). In addition, the five ranges varied
greatly in relief. The Panther Canyon and West Hill territories are located
in the Sotol-Grassland Association and are characterized by rugged
topography (1,200-1,370m or 3,940-4,500 ft. elevation), with canyons and
arroyos comprising the greater part of the ranges. The Lower Mouse
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Fig. 2. Study area of five territorial group ranges of peccaries.

Canyon range is intermediate in elevation and represents a transition zone
between the high ranges and the two lower elevation ranges. The Lone
Mountain and KBar territories range from 1,000 to 1,160m (3,280 to 3,810
ft.) in elevation. They are characteristic of the Lechuguilla-Creosote-Cactus
Association.

In terms of species abundance and percent cover, vegetation
characteristics varied considerably between the five ranges, with highest
quality found in the high elevation ranges. Additionally, the number of
bedding sites varied in quality and quantity. The best sites were found in
the canyon ranges. Free water was found on the West Hills, KBar, and
Lower Mouse Canyon ranges.

Climate

Precipitation patterns in Big Bend are characterized by a summer and
fall rainy season, with little or no rain during the rest of the year.
Characteristically, rains begin in May and last through October although
precipitation may occur unpredictably in other months (Fig. 3). From 1958
to 1973, rainfall ranged from a yearly low of 21.6 cm (8.5 inches) in 1969 to
a high of 48.0 cm (18.9 inches) in 1970. The mean for the 16 year period was
33.5 cm (13.2 inches). During the study, precipitation was slightly below
average, with values of 32.0 cm (12.6 inches) and 30.2 cm (11.9 inches)
recorded for 1972 and 1973, respectively, giving a mean rainfall of 31.2 cm
(12.3 inches). Rainstorms tend to be localized rather than general in extent.
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Fig. 3. Climate data for the study area. Top. For temperature, the dark, heavy line
is the long-term mean. The light curves are data recorded during the study. Botrom.
For rainfall, the dark bars are the long-term means. The open bars are from the
study.

Rainfall varied with elevation, mountains receiving the most and foothills
and desert receiving progressively less.

Seasonal temperatures vary greatly, with the hottest monthly
temperatures recorded from May through August (Fig. 3). For the period
1958-73, mean maximum temperatures from May to August varied from
36.5°C (98°F) in July 1968 to 26.4°C (80°F) in June 1973. Mean maximum
temperatures for the months of November through February ranged from
10.5°C (51°F) in December 1965 to 0.3°C (33°F) in January 1973. The
highest temperature recorded during the 16-year period was 41°C (106°F)
in July 1958. Extreme temperatures of over 38°C (100°F) were recorded in
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every year since 1958 except 1971. The highest temperature that year was
37.2°C (99°F) in June and again in July. The lowest temperature for the
period was —=15.6°C (4°F) in January 1972.

The highest mean temperature recorded during the study period was
33.2°C (92°F) in June 1972. The lowest mean temperature was 0.3°C
(32°F) recorded in January 1973. Extreme temperatures recorded during
1972-73 were 40°C (104°F) in June 1972 and -12°C (10°F) in February
1973.

Mountain temperatures average about 3°C (5°F) cooler than
temperatures recorded in the foothills at park headquarters. Temperatures
at the lowest elevations along the Rio Grande are 3 to 5 degrees hotter than
those recorded in the foothills.

Methods

Direct Observations

Peccaries were located in their natural environment and observed with
least disturbance, usually downwind and at distances of 10 to 245 m (30 to
800 feet). Movement of the observer was slow and relaxed and kept to a
minimum.

Behavioral interactions were recorded on prepared data sheets
whenever two or more peccaries were seen or heard reacting to each other
or to any other peccary. In addition to these overt behavioral interactions,
the following data were taken at 10-minute intervals: (1) number of
animals; (2) habitat type occupied; (3) activity category; and (4) location by
map coordinates. The activities were grouped into general, easily
recognized categories of: (1) feeding; (2) feeding and walking; (3) walking;
(4) standing at alert; (5) resting; and (6) resting and feeding. The habitat
was classed into four types: (1) dense wash; (2) open wash; (3) bajada; and
(4) drainage. With aerial photographs of the area, it was possible to locate
groups of peccaries to within 18 m (60 feet) of their true position.

To assess time budgets by season, activities of individual peccaries
were recorded second-by-second for a given sex and age category for two
periods: spring-summer (March-July), and fall (October-November) 1975.
A total of 31,484 seconds or 8.75 hours was accumulated. A portable tape
recorder was used in the field and tapes were subsequently transcribed.
Adult males, adult females, and juveniles were observed individually for
varying lengths of time. Behavior was classed into the following categories:
(1) feeding; (2) walking in search of food; (3) stopped and searching for
food items; (4) standing at alert; (5) walking but not looking for food
items; (6) lying down; (7) self-grooming; (8) interactions (which were
recorded in their entirety) and (9) miscellaneous (a category allowing for
the recording of unusual or infrequent behavior). Total elapsed time of
each individual observation was recorded. Individual observations were
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terminated if any one class of behavior persisted for more than 5 minutes.
These data allow for testing variation of activity (1) by season; (2) by
influence of habitat on behavior; (3) between territorial groups; (4) by
number of animals present; (5) by sex and age class; and (6) by category of
behavior.

Identification of Individuals

To facilitate recognition of individuals, an entire group of 23 pecca-
ries (Lower Mouse Canyon herd) was ear-tagged. Two different types of
tags were used to allow identification in the event of loss of any one tag.
The animals were drawn into a small enclosure with bait, forced into a
corner, and captured with a wire net. In addition, distinctive natural marks
on individual peccaries from four other groups were recorded for future
identification. It was possible to distinguish approximately half of all
untagged animals by natural marks.

Range Relationships

After the extent of the range of each peccary group was determined, it
was mapped on an aerial photo. Vegetation was stratified from aerial
photos and verified on the ground. Each stratum was then sampled by a
plotless toe-point method. Starting points and transect line direction were
selected randomly. As boundaries were approached, transect directions
were reselected. The sampling procedure involved walking the transect
lines with a measured step and, at every second step, recording as a “hit”
the item in contact with a point on the toe of my right boot. Plants were
recorded by genus and species. Hits on nonvegetated areas were classed as:
(1) silt; (2) sand; (3) gravel; (4) cobble (over 50 mm or 2 inches diameter);
(5) solid rock; (6) litter; or (7) feces. Each vegetative type was sampled until
the relative proportions of the four major species ceased to vary more than
2% with each increase in sample size of 100 hits. By this method each
stratum of five different ranges was sampled for species composition,
relative abundance, and percent ground cover. The Shannon Index (Lloyd
and Ghelardi 1964) was used to calculate diversity indexes.

Plant phenologies were recorded for all species found in the study
area. Data were taken on the times of (1) greening; (2) flowering; (3)
fruiting; (4) seed drop; and (5) decay. Specimens were collected, mounted,
and identified.

Food Habits

Five freshly dropped scats were collected per week for a period of 1
year. They were washed through a 1.0-mm mesh screen, frozen, and
analyzed with a 10-point sampling frame for frequency of occurrence and
percent composition of components. Food items in the scats were identified
to genus and species where possible and to major plant group (succulents,
grasses, forbs, woody, and other) when not. They were also recorded by
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plant part: (1) root; (2) stem; (3) leaf; (4) bark-dermis; (5) fruit; (6) seed; (7)
seed pod; (8) flower; (9) fiber, (10) glochid; (11) spine; or (12) other.

Availability and Use of Succulents

To assess production of prickly pear cactus and its use by peccaries,
350 plants, located over the five ranges of peccary groups, were selected
randomly. Random points were located on the range map and transect
lines selected randomly. Distances were chosen randomly but were always
less than 100 paces. Only plants within 3 m (10 ft) of the line were selected.
On each plant 20 cladophylls were marked. The cladophylls were measured
for length and width and recorded for: (1) height from ground; (2) age; (3)
terminal or nonterminal position; (4) number of fruits; (5) accessibility; (6)
number of bites removed; (7) size class of bites; (8) presence of insect
damage; and (9) presence of storm damage. The plants were reassessed a
year later and the following measurements recorded: (1) presence or
absence of cladophyll; (2) percent utilization; (3) number of new fruits; and
(4) number of new pads on each marked cladophyll.

Lechuguilla (Agave lechuguilla) was also sampled to assess use by
peccaries. Random transect lines were selected and all plants within 1 m (3
ft) on each side were sampled for: (1) total number of lechuguilla plants; (2)
number of plants dead; (3) number alive; and (4) subjective estimate of the
degree of usage. In addition, an area 20x 10m (66x33 ft), located in the
study area and selected subjectively for its heavy use by peccaries, was
sampled completely to test for preference of plant part. Data recorded
included: (1) total number of lechuguilla on the plot; (2) number of plants
used; (3) number of leaves used; (4) extent of use; and (5) whether the
chewed leaves were core, intermediate, or lateral in position on the plant.

Calculation of Interaction Rate

The small size of peccaries and the nature of the habitats in which they
are found made direct observation of interactions difficult and sometimes
impossible. However, it was possible to record interactions that were seen
partially and interactions that were not seen but were heard.

During any observation period there were vocal and nonvocal
interactions. Because interactions were brief and the vegetation dense,
hearing interactions did not make the animals more visible. However,
vocalization may have brought my attention to an interaction I would have
missed otherwise. I have no way of assessing this effect.

In order to arrive at an estimation of the total number of interactions
and to represent more exactly the interactive frequency of peccaries, I
grouped interactions into: (1) interactions seen and heard (ISH); (2)
interactions seen but not heard (ISNH); (3) interactions heard but not seen
(IHNS). Interactions not heard and not seen (INHNS) were calculated as
follows:
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There is a ratio of ISH to ISNH during any period of activity. Hence,
both vocal and nonvocal interactions were recorded for every observation
period. Because of this, the following relationship is possible. JHNS bear
the same relationship to /INHNS as ISH bear to ISNH.

ISH:ISNH
IHNS:INHNS

INHNS = (ISNH ® [HNS)/ISH )

(M

Equation (2) was used to calculate the total number of interactions per
animal per unit time.



2
Activity Patterns

In desert habitats, peccaries show seasonal variation in their
movement and feeding patterns (Eddy 1961; Ellisor and Harwell 1969;
Schweinsburg 1969; Bigler 1974). In Big Bend during the summer months
when daily temperatures were highest, peccaries were inactive and
remained in shaded beds during the day. Foraging was initiated in the early
evening and continued through the night. The animals retired to dense
vegetation in drainages and arroyos early the next morning. During
September, October, and November, cooler daytime temperatures
prevailed. The animals fed progressively longer in the morning and started
activity earlier in the afternoon. During the winter months, when daily
temperatures were much lower, peccaries spent more time feeding in the
morning and afternoon. As a result, less time was spent in the beds during
the day. As nightly temperatures approached freezing, peccaries ceased
nocturnal activity and huddled together for warmth, at least during part of
the night, as previously reported (Zervanos and Hadley 1973). With the
approach of spring, mean temperatures increased and peccaries again
began feeding through the night. Feeding in the late morning and early
afternoon decreased only with the advent of high daily temperatures in late
April and early May.

Analyses of the seasonal activity pattern data (Fig. 4) indicated that
cessation of feeding activity in the morning was correlated mainly with
minimum daily temperature (r = =0.736). In Big Bend the daily minimum
temperatures generally occurred about 05:00 to 06:00. Stepwise regression
analyses of the times when feeding activity stopped against (1) minimum
temperature, and (2) a running mean minimum daily temperature for the
previous 6 days gave a correlation coefficient of 0.841 (r2 = 0.708).
Minimum temperature accounted for 61.8% of the variation (r2 = 0.618),
while the running mean accounted for an additional 9.0% (r2 = 0.0899).

Onset of feeding activity in the afternoon was correlated with
maximum daily temperature (r = 0.644). A stepwise regression analysis of
the time of onset of activity against (1) maximum daily temperature, and
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