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Radio-telemetry and scat analysis were used to investigate daily

and seasonal movement patterns and food selection of a protected coyote

population on Tulelake National Wildlife Refuge (TLNWR) and adjacent

Lava Beds National Monument (LABE) in northeastern California. Study

emphasis was on evaluation of movements on and off the sanctuary, and

movements and food selection relative to manipulated and undisturbed

sites.

Nineteen coyotes were trapped and fitted with either radio-

telemetry (12) or color-coded (7) collars between 1 November 1982 and 5

May 1983. Home ranges were estimated for eight sanctuary coyotes (two

composites) by two methods: (1) 95% minimum convex polygon (MCP) and

(2) 90% contour of the utilization distribution. Home ranges were small

(95% MCP's : 0.5 - 6.2 km2) and elongate, including portions of both

irrigated cropland (TLNWR SW Sump) and undisturbed rangeland (LABE)

habitats. Coyotes used cropland habitat primarily for foraging

purposes, and rangeland for resting and denning. Elongate shape

reflected movements back and forth between habitats. Territoriality

was demonstrated. Intensive monitoring of four coyotes from May

through September 1983 indicated coyotes used larger areas at night

(1700 to 0900) than in daytime (0900 to 1700) during pup-rearing (23

May to 8 August) and dispersal (15 August to 20 November) seasons.

Home ranges and core areas were larger for both diel periods in



dispersal season than in pup-rearing season. Variable patterns of

coyote use of irrigated cropland habitat were attributed to individual

energy demands, human activity, and vegetative cover. Only one

individual (adult male) was known to make daily excursions off the

protected area. Some seasonal migration off the sanctuary took place

in late fall, winter, and early spring. Spring migrations may relate

to human disturbance on agricultural lands.

Food habits analysis showed coyote diet was more diverse in all

seasons on the undisturbed rangeland (LABE) than on the irrigated

cropland (SW Sump). Montane voles, Nuttall's cottontails, and mule

deer were winter staples on LABE. Many other foods (sciurid and

heterornyid rodents, insects, berries, birds) entered LABE coyote diet

in late spring and summer. Montane voles were the dominant coyote food

year round on SW Sump. Birds entered SW Sump coyote diet in

substantial quantities only during pheasant and waterfowl hunting

seasons in late fall and winter.

A model for optimal use of a patchy habitat and its application to

coyote foraging strategy and use of manipulated (simple, homogeneous)

versus undisturbed (complex, heterogeneous) environments is discussed,

as are some management implications.



Food Selection, Home Range, and Movements of Coyotes

On and Of f a Sanctuary in Klamath Basin

by

Suzanne Shoemaker

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

Completed September 20, 1985

Commencement June 1986



ACKNOWLEDGEMENTS

I am indebted to many people for their support and assistance in

all phases of my graduate study. Special thanks goes to my major

professor, Dr. Dave deCalesta, for providing me the opportunity to do

interesting research, and for offering his advise, encouragement, and

friendship throughout my course of study. I thank my committee

members, Drs. Ed Starkey, Ted Kistner, and Scott Overton, for their

advise and editorial comments. Dr. Overton also provided his

statistical expertise throughout data analysis. I am grateful for

funds provided by the Oregon Order of the Antelope, and administered by

Dr. Richard A. Tubb, Fisheries and Wildlife Department Head, which made

this study possible. I would also like to thank Dr. B.J. Verts for

giving me a start in my graduate education.

Dr. Wendell B. Dodge, Unit Leader, Mass. Coop. Wildl. Res. Unit,

provided his electronics expertise and assistance in the construction

of radio-transmitters used in the study. I am grateful to him, and to

Ken Elowe for his technical assistance in their construction.

The National Park Service provided housing for my field assistants

and I during the course of field study. I am grateful to Ed Starkey

and Jim Sleznick, Park Superintendent, Lava Beds National Monument, for

arranging this support. I thank Jim and members of the 1982-84 Lava

Beds staff and maintenance crew for their assistance, in the field and

otherwise, and for making me feel a part of thier close community. I

am particularly grateful to Rick and Cindy Ott Jones, and Russell and

Cheryl Marsh, for their companionship. A special thank-you to Bob

Boring for his piloting service on radio-tracking flights, and for his

tracking assistance from the Schonchin Butte tower. The U.S. Forest

Service also provided housing during the course of field study.

The U.S. Fish and Wildlife Service provided a vehicle and fuel for

the duration of field work. I am grateful to Bob Fields, Refuge

Manager, Klamath Basin NWR's, for offering this support. I thank he

and members of the 1982-84 Refuge staff and maintenance crew for their

assistance, in the field and otherwise, and for their friendship during

my stay in Tulelake.



I am grateful for the field assistance I received from many

people. I especially thank Pat and Adeline Collins, who generously

gave their time and taught me all I needed to know about trapping

coyotes in lava country, and Gary Witmer, who provided his trapping

expertise and assistance. Martin Deiterich, Karen Meier, and Jeff

Foster, helped set coyote traps, and Martin helped trap small mammals

and track coyotes. I thank Sherry Churchill and Carol Bickford for

administering the small mammal field study, which provided me with prey

information.

I wish to thank Eric Rextad, Scott Lutz, and Bill Baber for

sharing their knowledge of program HOME RANGE with me, and for helping

me troubleshoot it. I am grateful to many other of my fellow students

for their friendship and support. Among them I give special thanks to

Carol Schuler, Rebecca Goggins, Patrick Mclntire, and Kevin Cooper. I

thank my friends in the AREc department as well.

Several people devoted time and effort in my behalf during the

final push to complete the thesis manuscript. I thank Carol Schuler

for typing, Ruth Miller for her artistic work on my figures, and Robin

Sether for transforming my scratch into presentable tables. I am

grateful to Ruth Jacobs for her technical assistance, for typing just a

little faster than the PC was deleting, and for her (and Jennifer's)

babysitting services; but mostly for her encouragement when I needed it

most.

Finally, I want to thank my parents, Barbara and Bix Shoemaker,

who taught me how to dream and gave me the confidence to pursue my

dreams; my husband, Jan Lewandrowskj, who gave me the incentive and

drive to pursue my dreams, and without whom they could not be realized;

and our daughter, Natasha, another dream come true.



TABLE OF CONTENTS

INTRODUCTION 1

STUDY AREA 5
LABE 5
TLNWR 7

Human Use 8

METHODS 9

Home Range and Movements 9
Capture and Collaring 9

Relocation
Data Analysis 11

Food Habits 14
Scat Collection and Analysis 14
Data Analysis 15

RESULTS AND DISCUSSION 18
Home Range and Movements 18

Capture Success 18
Relocations 19
Home Range 19
Territoriality 21
Daily Movements and Activity Patterns 23

Activity Patterns 23
Movement Patterns: Use of Manipulated Habitat 24
Movements Off-Sanctuary 25

Movements and Activity Patterns: PR Season 26
Activity Patterns 26
Movement Patterns: Use of Manipulated Habitat 27

Movements and Activity Patterns: DI Season 28
Activity Patterns 28
Movement Patterns: Use of Manipulated Habitat 29

Seasonal Changes: Movement Patterns 30
Seasonal Movements Off-Sanctuary 31

Food Habits
Annual Diet: LABE 35
Annual Diet: TLNWR 36
Seasonal Variations in Diet 37
Dietary Diversity 40
Diet Similarity Within Sites 41
Diet Similarity Between Sites 42
Cluster Analysis 43

General Discussion, Food Habits 44
Comparisons with Other Studies 44
Optimal Foraging Theory 47
Coyote Foraging Strategy 49

SUMMARY AND CONCLUSIONS 51

MANAGEMENT IMPLICATIONS 54



TABLE OF CONTENTS (Cont.)

LITERATURE CITED 89

APPENDIX 93



LIST OF FIGURES

Figure page

Map of Study Area. 56

Scat Collection Routes (dotted line) in Lava Beds National
Monument and Tulelake National Wildlife Refuge. 58

One hundred percent and 95% minimum convex polygon home
ranges of eight sanctuary coyotes (two composites). 60

Ninety percent utilization contour home ranges and activity
centers of eight sanctuary coyotes (two composites). 61

Core areas and activity centers of eight sanctuary coyotes
(two composites). 62

Daytime and nighttime core areas and activity centers of
three sanctuary coyotes during pup-rearing season. 63

Daytime and nighttime core areas and activity centers of
two sanctuary coyotes during dispersal season. 64

Monthly core areas and activity centers of four sanctuary
coyotes during pup-rearing season. 65

Monthly core areas and activity centers of two sanctuary
coyotes during dispersal season. 66

Seasonal core areas and activity centers of two sanctuary
coyotes for pup-rearing and dispersal seasons. 67

Seasonal movements off-sanctuary of five coyotes from
Tulelake National Wildlife Refuge and Lava Beds National
Monument, defining a total area of potential use. 68

Seasonal cooccurrence and niche breadths of the 15 most
common food taxa in coyote diets at Tulelake National
Wildlife Refuge (SW Sump) and Lava Beds National Monument. 70

Percentage occurrence by month of certain food taxa in
coyote diet at Lava Beds National Monument 71

Percentage occurrence by month of certain food taxa in
coyote diet at Tulelake National Wildlife Refuge (SW Sump). 72

Monthly dietary diversity (1-a) of coyotes at Lava Beds
National Monument and Tulelake National Wildlife Refuge (SW
Sump). 73



LIST OF FIGURES (Cont.)

Figure page

Similarity (SIMI) of coyote diet between months at Tulelake
National Wildlife Refuge (SW Sump). 74

Similarity (SIMI) of coyote diet between months at Lava Beds
National Monument. 75

Similarity (SIMI) of coyote diet between sites (Tulelake
National Wildlife Refuge SW Sump, Lava Beds National
Monument) in different months. 76

Approximate locations of scat collections (dotted line) in
1939 study of coyote food habits on Lava Beds National
Monument (adapted from Bond 1939:121). 77



LIST OF TABLES

Table page

Home range areas of sanctuary coyotes in northeastern
California. 79

Daytime and nighttime home ranges and core areas of
sanctuary coyotes during puprearing (PR) and dispersal (DI)
seasons 80

Daily shift in activity centers and percent difference and
overlap of core areas of sanctuary coyotes during pup-
rearing and dispersal (DI) seasons. 81

Mean percentage of coyote locations in manipulated
(irrigated cropland) and undisturbed (rangeland) habitats
separated by time of day and season. 82

Home ranges and core areas of sanctuary coyotes by sampling
period, and seasonal composites. 83

Monthly and seasonal shift in activity centers and percent
difference and overlap of core areas of sanctuary coyotes
during pup-rearing (PR) and dispersal (DI) seasons. 84

Mean percentage of coyote locations in manipulated
(irrigated cropland) habitat by sampling period and season,
and seasonal composite. 85

Dates of recovery and distance of dispersal movements or
migrations of coyotes off the sanctuary. 86

Coyote foods, expressed as percentage occurrence in scats
by season, identified in 295 scats collected on LABE during
January-December 1983. Number of scats sampled per season is
indicated. 87

Coyote foods, expressed as percentage occurrence in scats by
season, identified in 290 scats collected on TLNWR (SW Sump)
during January-December 1983. Number of scats sampled per
season is indicated. 88



FOOD SELECTION, HOME RANGE, AND MOVEMENTS OF COYOTES

ON AND OFF A SANCTUARY IN KLAMATH BASIN

INTRODUCTION

Tulelake National Wildlife Refuge (TLNWR) and adjacent portions of

Lava Beds National Monument (LABE) support and protect a dense and

highly visible population of coyotes (Canis latrans). Refuge managers

and park administrators receive numerous complaints each year from

local ranchers who contend that these coyotes are responsible for

livestock depredation on surrounding lands. The problem is not unique

to this area. Ranchers in many parts of the west believe refuge

coyotes routinely make excursions to prey on livestock, and return to

the safety of sanctuaries before control attempts can remove them.

Others argue that coyotes disperse from areas where control is

prohibited to outside areas where livestock depredation is a problem

The goal of this study was to determine the degree to which sanctuary

coyotes, by sallies or dispersal, can provide the potential for

predation on livestock grazed on areas adjacent to sanctuaries.

Though much research has been devoted to the study of coyote home

range and movements, few studies have addressed the question of coyote

movements on and off sanctuaries. A taggingrecapture study conducted

by Robinson and Cummings (1951) reported that about half of the coyotes

in Yellowstone National Park, primarily juveniles, migrate to lower

elevations off the park before winter. These are replaced by coyotes

from higher elevations to the south. They found that the majority of

adults and a few young return to the park the following spring. Bond

(1939) suggested that a similar seasonal migration affects coyote

numbers in LABE. He estimated that the coyote population expanded from

roughly a dozen breeding pairs in early May to something over 100

individuals in midwinter. Bond attributed this increase in coyote

numbers to a downward migration of coyotes into and through the

monument with the onset of snowfall in neighboring highlands. The

migration reversed before the birth of pups, and he reasoned that lack
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of water on the monument in summer was probably responsible.

Long term studies of other protected populations have reported

enduring home range fidelity of adult coyotes. Bowen (1982) found that

seven radio-tagged coyotes, and eight others identified by pelage

coloration, maintained home ranges for periods of up to three years in

Jasper National Park, Alberta. Camenzind (1978) reported that a

portion of the resident coyote population in the National Elk Refuge

maintained exclusive, high density territories, and in some areas they

remained unchanged for five years.

Results of most radio-telemetry studies of coyote home range show

little consistency. Coyotes may be responding to different ecological

conditions over their native range. However, Laundre and Keller (1984)

argued that much of the variation may be a consequence of different

sampling designs, sample sizes, and/or analyses of radio-telemetry data

rather than inherent differences among sample populations. Other

research provided evidence that the size of an area used by coyotes may

vary seasonally due to changes in requirements relative to reproduction

(Andelt and Gipson 1979, Laundre and Keller 1981, Smith et al. 1981,

Springer 1982). Some of the variation may therefore be explained by

differences in season(s) of data collection. In any case,

generalizations about coyote home range size are not possible based on

current knowledge.

Most workers agree, however, that coyotes routinely venture from

established home ranges to "explore" new territories. Hibler (1976)

reported that sallies may be of considerable length and duration.

These movements, and the activities that engage the animals enroute,

have not been well studied. Sally activity is of particular relavence

to the problem of coyote movements on and off a sanctuary.

A second aspect of this study deals with food selection of coyotes

in manipulated and undisturbed habitats. Most studies of coyote food

habits have centered around the coyote-livestock controversy. Results

have shown that rodents and rabbits usually represent at least half

(and often considerably more) of the coyote diet, while livestock is a

relatively unimportant item. This information in itself, however, is
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not sufficient for an evaluation of the coyote-livestock problem.

Livestock depredation can be of substantial economic impact even where

livestock are relatively unimportant to the coyote. Fitch (1948) noted

that just a few problem individuals may cause serious loss of livestock

at times. Knowledge of coyote foraging strategies and predator-prey

relations, as well as information on food habits, are necessary before

the coyote-livestock problem can be completely understood and

satisfactorily resolved.

Several studies have elucidated these aspects of coyote ecology.

Three main factors emerge as important influences on coyote food

habits, movements, and densities. Where coyotes rely on one or a few

prey items, (1) staple prey abundance, and (2) prey vulnerability

appear to influence coyote density over both space and time. Coyotes

tend to concentrate activities in habitats where food is abundant

(Hilton 1976, Johnson and Hansen 1979, Litvaitis and Shaw 1980, Ozoga

and Harger 1966, Reichel 1976) and easily procured (Danner and Smith

1980, Reichel 1976). Clark (1972) reported that jackrabbit (Lepus

californicus) densities appear to influence coyote population trends

where jackrabbits constitute a major portion of the diet. Niebaur and

Rongstad (1975) suspect that severity of winter weather, which

influences prey vulnerability, may be a dominant factor controlling

coyote numbers in Wisconsin.

Where (3) complexity of the biota is high, no prey species

dominates food habits, and no relationship between densities of coyotes

and prey has been observed (Meinzer et al. 1975, Niebaur and Rongstad

1975). Such areas have a sufficiently diverse food base that

reductions in availability of one food are offset by increases in

another, and the net effect on coyote numbers is minimal.

Thus, coyote-prey relations are a local phenomenon, depending on

local ecological conditions. Clearly, human activities influence

coyote-prey relations where they reduce biotic complexity or affect the

prey base. The extent to which human activities have altered coyote

food selection and movements has never been investigated. The Klamath

Basin study area offered a unique opportunity to investigate these
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aspects of coyote-prey relations in manipulated and undisturbed

habitats.

Agricultural practices in TLNWR have drastically simplified

habitat conditions and altered the prey base there. Sport hunting has

a seasonal effect on pheasant and waterfowl prey abundance,

availability, and vulnerability to the coyote. The adjacent LABE

remains a largely undisturbed complex natural environment.

The specific objectives of this study were to:

(1) Investigate daily and seasonal movement patterns of a

protected population of coyotes, emphasizing evaluation of:

daily movements and seasonal migrations on and off the

sanctuary

daily and seasonal movements relative to manipulated and

undisturbed habitats on the study area

(2) Document and compare diets and major prey species of

sanctuary coyotes on two major habitat types: (1) irrigated

cropland (TLNWR), and (2) undisturbed rangeland (LABE)

Fullfillment of these objectives will supply answers to western

ranchers as to the predation potential of sanctuary coyotes on adjacent

lands, and lead to a better understanding of coyote foraging strategy.

Ultimately, it is hoped that this study will contribute to an

ecologically sound and satisfactory settlement of the coyote-livestock

controversy.



STUDY AREA

Lava Beds National Monument

Lava Beds National Monument is located approximately 72 km south

of Klamath Falls, Oregon in extreme northern California, east of the

Siskyou mountains (Fig.1). LABE, established in 1925 for its

historical significance and geological features, is administered by the

National Park Service, U.S. Dept. of Interior. LABE is the site of the

only major indian war fought in California, the Modoc War of 1872-73.

Its unique geology is the result of recent (within the last 1600 years)

volcanic activity.

The climate of the area is temperate semi-arid. Mean annual

precipitation is 36.8 cm, with most occurring as snow at higher

elevations during winter and spring. Rain is more common below 1400 m.

Winter daily high temperatures average between 5 and 10 C, with lows

between 0 and -7 C. Fog is frequent. Summers are warm and dry, with

daytime high temperatures averaging 24 to 27 C, and lows between 5 and

10 C. Summer precipitation averages only 3.2 cm or less per month.

LABE encompasses approximately 18,600 ha. It lies at the northern

flank of the Medicine Lake Highlands, a shield volcano which erupted

about 100,000 years ago. More recent volcanic activity has left a

variety of formations (cinder cones, spatter cones, craters, and lava

tubes) scattered throughout the area. Much of the landscape is covered

with lava flows which create a rough, broken terrain. Older lava flows

and lava tubes are overlayed with a thin volcanic ash and pumice soil.

Elevation rises gradually from about 1200 m in the Tulelake Basin along

the northern boundary, to about 1700 m in the southwest corner at the

base of the Medicine Lake Highlands.

Johnson and Smathers (1974) divided the plant communities of LABE

into three physiographic zones which are separated altitudinally. The

northern two thirds of LABE (1200 in to 1370 in) is characteristic of a

shrub steppe. Dominant shrubs include big sagebrush (Artimesia

tridentata), rabbitbrush (Chrysothamnus nauseosus and C.Viscidiflorus),

5
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and horsebrush (Tetradymia canescens). Antelope bitterbrush (Purshia

tridenta), current (Ribes cereum) and gooseberry (R. velutinum) are

also present but are less abundant. Common native bunchgrasses include

bluebunch wheatgrass (Agropyron spicatum), needlegrasses (Stipa

thurberiana and S.occidentalis),Sandberg's bluegrass (Poa secunda),

Idaho fescue (Festuca idahoensis) and squirreltail (Sitanion hystrix).

Two exotics, cheatgrass (Bromus tectorum) and tumbling mustard

(Sysimbrium altissimum) are also abundant, particularly along the

northern boundary.

The shrub-steppe community merges into a juniper chaparral with

increasing elevation in the southern one third of LABE. The dominant

species are western juniper (Juniperus occidentalis), curleaf mountain

mahogany (Cerocarpus ledifolius), sagebrush, rabbitbrush, and

bitterbrush.

At the highest elevations, along the southern border, the

chaparral gives way to a coniferous forest dominated by ponderosa pine

(Pinus ponderosa), white fir (Abies concolor), and incense cedar

(Libocedrus decurrens). The understory consists largely of bitterbrush

and snowbrush (Ceanothus velutinus) (Schnoes 1977).

Grazing by domestic livestock and fire suppression have played

important roles in shaping the present ecosystem of LABE. Large

numbers of cattle and horses were brought into the area following the

Modoc War of 1872-73. Domestic sheep replaced most cattle at the turn

of the century and heavy grazing continued into the 1940's.

Overgrazing was a major factor allowing the establishment of cheatgrass

in the northern parts of LABE (Cronemiller 1935, Knox 1953). Domestic

livestock are no longer permitted within LABE boundaries.

A strict policy of fire suppression was in effect on LABE from the

late 1800's until the initiation of a prescribed burning program in

1973. As a result of fire suppression, mountain mahogany and

bitterbrush invaded the southern ponderosa pine forest and developed

dense understory shrub communities. These shrubs, along with juniper

and sagebrush, have increased in the central portion of LABE. The

original bunchgrass and sagebrush community in the northern portion has
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been invaded by cheatgrass and juniper, and sagebrush has become more

dominant (Johnson and Smathers 1974).

LABE is bounded on the west, south, and east by Modoc National

Forest, and to the northeast by private land. TLNWR abutts LABE to the

north.

Tulelake National Wildlife Refuge

TLNWR was established in 1928 as a migratory waterfowl refuge and

is administered by the U.S. Fish and Wildlife Service, U.S. Dept. of

Interior (Fig.1). The refuge encompasses 15,400 ha, comprised mostly

of open water and croplands. The croplands are part of the drained bed

of the former Tule lake.

The Water and Power Resources Service (WPRS) administers the cash

leasing of 7,000 ha of croplands, most of which are planted in barley

and oat. Potatoes, alfalfa, and onion are also grown. Field size

averages about 29 ha but grainfields often abutt each other.

Generally, large tracts of barley and oat grow interspersed with

smaller fields of potatoes and alfalfa. Locations and relative

acreages of these crops vary from year to year. The farmers remove

their entire crop. The USFWS plants an additional 800 ha of crops

around the borders of water areas to provide food and cover for

wildlife and help reduce waterfowl depredations on nearby agricultural

lands. Tumbling mustard grows wild along irrigation ditches and other

border areas.

Tule lake was reduced from approximately 40,500 ha to its present

5,300 ha in the early 1900's. The lake is shallow throughout, and much

of the shoreline is filled in with Tule bulrushes (Scirpus

californicus). Tules have also created several "islands" in the lake.

Cheatgrass has invaded the surrounding uncultivated uplands where

sagebrush also dominates. Dense stands of choke cherry (Prunus

virginiana) and serviceberry (Amelanchier alnifolia) are found locally

near the natural lakeshore of Sump 1B, adjacent to the eastern north

boundary of LABE.



Human Use

Human use of the two study areas contrasts sharply. Users of LABE

are strictly non-consumptive. They are typically interested in

exploring caves and learning the geologic and human history. Roughly

two thirds of LABE is designated wilderness and visitation is highly

regulated. Vehicles are restricted to a single paved road which

bisects LABE north-south, and an access road to the Medicine Lake

Highlands (Fig.1). Hunting, gathering specimans, and collecting

souvenirs are prohibited. Hunting camps are not permitted, and all

weapons must be broken down or cased. Pets must be leashed at all

times.

TLNWR permits consumptive and non-consumptive use of natural

resources. Farmers have year-round access to all the cultivated lands.

Croplands are well roaded and easily accessible. Heavy farm equipment

is used off-road during spring planting and fall harvest, and

irrigation personnel travel throughout the area day and night during

the growing season. Dogs without leashes often accompany farmers.

Sport hunting for pheasant is permitted for three weeks in

November and December on SW Sump (Fig.1), and waterfowl hunting is

permitted during regular state season on other portions of TLNWR.

Hunter vehicles are limited to certain designated access routes.

Camping and overnight parking are prohibited. Hunting dogs without

leashes accompany hunters.

Non-consumptive users of TLNWR are interested in wildlife

observation and photography. Visitors are encouraged to use the

designated refuge trails and tour routes. A 16 km long auto tour is

located on TLNWR along the lakeshore (Fig.1). The tour route is over

improved gravel roads.

8



MATERIALS AND METHODS

Home Range and Movements

Capture and Collaring

Coyotes were trapped during 1488 trap-nights between 1 November

1982 and 5 May 1983. Victor no. 1.75 coil spring leg-hold traps with

offset jaws and filed edges were used to capture coyotes. Early in the

trapping period, no. 3 Oneida-Victor steel spring leg-holds were used,

but they caused serious injury to feet and were discarded. Tranquil-

izer tabs (Balser 1965) were used on traps beginning in early December.

Coyotes were anesthetized with ketainine hydrochloride combined

with xylazine hydrochloride in doses of 1.0 ml and 0.5 ml respectively,

per 10 lbs (4.5 kg) estimated body weight. Penicillin was administered

in doses of 1.0 ml per 10 lbs (4.5 kg) body weight to trap-injured

coyotes, and open wounds were cleaned and bandaged.

Sex and age of coyotes were estimated based on tooth wear (Gier

1968). Weight and body measurements (total length, tail length, hind

foot length, ear from notch) were recorded, and general physical

condition and trap injury were noted for all captured coyotes.

Individuals were ear-tagged and fitted with either a radio-telemetry

(frequency range 151.14-151.30 MHz.) or color-coded collar. Color

collars were made of 3.8-cm-wide neoprene impregnated nylon machine

belting coded with two colors of plastic tape.

Relocation

Relocation of transmitting coyotes was accomplished

with portable Telonics TTR-1 and TTR-2 receivers with hand-held two-

element Yagi antennas. Locations were determined by triangulation of

two or more "peak signal" bearings taken less than 15 minutes apart

from established receiving stations. Receiving stations were generally

0.5 to 1.5 km apart, and distances of less than 1.5 km from

9
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transmitting collars were typically achieved. Tracking range varied

between transmitters from about 1.0 to 2.5 km on flat ground, with

reception at up to 7.0 km from high elevations. Color-coded collars

were identified visually using a 20-60 power spotting scope or 10 power

binoculars. Identification was possible from up to 1 km on flat open

ground.

Intensive monitoring of radio-collared coyotes was conducted

between 23 May and 23 September 1983 (and from 24 April to 6 May, 14 to

16 October and 16 to 18 November with lower intensity). Monitoring was

conducted six days per week, three weeks per month. Coyotes were

paired according to their relative proximities for monitoring

efficiency. Relocation of two coyotes was then attempted hourly during

8-hour daily shifts (0400 to 1200, 1200 to 2000, 2000 to 0400, and

changed weekly so that over a 3-week period all 24 hours were covered).

Weekly order of 8-hour shifts was changed each month to reduce bias

(e.g. due to moon phase) inherent to the schedule. The coyote pair

monitored was alternated daily.

Several radio-collared coyotes were lost during the course of the

study. Efforts to locate missing coyotes were conducted from high

elevations in peripheral and surrounding areas, and during four flights

of 1.5 hour duration over the study area and surrounding lands with a

fixed-wing, single engine plane. These attempts located some of the

missing coyotes. However, it was concluded, and later confirmed, that

for at least a few missing animals the transmitters failed or

malfunctioned.

Bearings were plotted on a Tulelake Irrigation District map of

TLNWR and surrounding basin lands (1:48000), and a National Park

Service map of LABE and surrounding National Forests (1:48000; composed

of portions of four USGS quadrangles). Intersections were referenced

on a 0.24 km2 acetate grid overlay.



Data Analysis

Home ranges were estimated for eight individuals, based on 11 or

more relocations each (Table 1). Four of these coyotes were also

paired to provide two composite home range estimates. Composite

AM1/AN3 involved two adult male radio-collared coyotes that were often

located together. They were observed together on one occasion on 27

January 1983 with four unmarked coyotes. Composite SAN4ISAF5 involved

two subadult (one male, one female) color-collared coyotes that were

observed together on eight occasions, often with unmarked coyotes.

Mean home range values were calculated using composite (rather than the

respective individual) home range estimates when possible. Composites

were deemed a better representation of true home range area because of

larger sample sizes. It was assumed that both coyotes had free use of

the common home range.

Home ranges of sanctuary coyotes were delineated using two

methods. The Minimum Convex Polygon (MCP) method (Mohr 1947) was used

to facilitate comparisons with other studies of coyote home ranges, and

comparisons between individuals in this study. The method was modified

to include only 95% of relocation points. The 100% MCP frequently

encompasses large areas where no observations are recorded. A stepwise

removal of the 5% of relocation points that added the most to home

range area (Meier 1983), eliminated much of these areas of low or no

use from the estimated home range. Bowen (1982) used a similar

modification for the same reason. MCP areas were measured three times

using an SAC ultrasonic digitizer, and the mean value was reported.

A computer program entitled HOME RANGE (Samuel et al. 1983), based

on a modification of the harmonic mean measure of animal activity

(Dixon and Chapman 1980), was used for further home range analyses.

This method involved the calculation of a utilization distribution

(Anderson 1982, Van Winkle 1975). It was selected for its appeal as a

more realistic representation of the animals' space use pattern. The

90% utilization contour (UC) was deemed the best representation of the

coyotes' home range as it encompassed most relocation points without

11
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enclosing large areas in which the coyote was not observed. Statements

regarding home range areas apply to both methods unless a home range

method is specified.

Determination of a UD facilitated analysis of the "internal

anatomyt' of home ranges (Adams and Davis 1967). Particularly, the

identification of core areas (areas of concentrated use) and activity

centers. Program HOME RANGE (Samuel et al. 1983) identified core areas

by comparing the observed space use pattern with that expected from a

uniform pattern (Samuel et al. 1985). The activity center was located

where the harmonic value was a minimum, i.e. at the harmonic mean

center (Dixon and Chapman 1980). Outlier locations were identif led by

a standard statistical confidence interval test (Samuel et al. 1983),

but were not excluded from the analysis without biological justifica-

tion. Two sets of loci identified as outliers were judged as explora-

tory movements outside established home ranges and were excluded from

home range analyses (Table 1).

Data from the intensive monitoring period were segregated by time

of day, 3-week sampling period, and season to examine movement and

activity patterns of coyotes. Days were divided into two time periods:

1) daytime (0900 to 1700, or the 8 hour period falling midway between

sunrise and sunset), and 2) nighttime (1700 to 0900, or the 16 hour

period following daytime).

The sampling design permitted convenient separation by 3-week

period and season. The monitoring period was divided into five 3-week

sampling periods (each separated by 1 week of no data). Data from

shorter periods of lower intensity sampling were included with first

and last 3-week periods. Combined sampling periods made up two seasons

in the reproductive cycle of coyotes (Smith et al. 1981): 1) pup-

rearing (PR): 24 April to 7 August, and 2) dispersal (DI): 17 August to

20 November. Inclusive dates of sampling periods were as follows: PR1:

24 April to 6 May and 23 May to 10 June; PR2: 21 June to 9 July; PR3:

19 July to 7 August; Dli: 15 to 31 August; D12: 12 to 23 September, 14

to 16 October, and 18 to 20 November.

Sizes and locations of core areas were compared among diel
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periods, 3-week periods, and seasons for each intensively monitored

coyote to elucidate patterns of movement. Program HOME RANGE requires

selection of the density of grid points at which harmonic values are

calculated. Samuel et al. (1983) recommend using a grid density that

achieves an average of one observation per grid point. This criteria

was used to first calculate "optimum" grid densities for each data set

and subset. Then, where comparisons were to be made, the highest

calculated grid density among subsets to be compared was used to

analyze all of these subsets. The "optimum" grid density was used for

all individual data sets, and these densities varied. The harmonic mean

measure of animal activity areas is relatively insensitive to grid size

(Dixon and Chapman 1980). Nonetheless, variations in the grid density

used makes comparisons among UC estimates tentative. Mean 90% UC home

range size was not calculated for this reason. Distances between

activity centers and overlap of core areas were measured three times

using an SAC ultrasonic digitizer, and the mean value was reported.

The X2 test of independence was used to test whether differential

coyote use of manipulated (irrigated cropland) versus undisturbed

(natural rangeland) habitats was related to diel period, 3-week period,

and/or season of coyote use. This test involved the construction of

contingency tables. The expected frequencies were found by multiplying

row (habitat type) totals by column (time period) totals, and dividing

by sample size. The assumption of independent observations was

addressed by eliminating observations taken less than 50 minutes apart.

This was deemed an appropriate sampling interval because the coyote

could easily cover its entire home range territory within this time

period. The level of significance for all statistical tests was set at

p<O.OS, unless otherwise noted.



Food Habits

Scat Collection and Analysis

Approximately 25 scats were collected monthly on roads along

established transects in both TLNWR SW Sump and LABE from January to

December 1983 (Fig.2). Coyote scats were identified by form and odor.

The identity of every scat was not certain, however, number of scats

other than coyotes was believed to be negligible. Bobcats (Lynx rufus)

and badgers (Taxidea taxus)(whose scats could be confused with coyotes)

occurred on the study area, but our observations (sightings, tracks)

and those of park rangers indicated their numbers were few relative to

coyotes. Secondly, scats were always collected on exposed road

surfaces where bobcats and badgers were unlikely to deposit scat.

Coyotes were occasionally observed depositing scats along these roads,

while bobcats and badgers were not. Third, during summer months, scats

collected along transects in LABE contained large quantities of berries

and insects, unlikely components in the diet of bobcat or badger.

Finally, scats often occurred in clusters, and where they were

collected, fresh ones were deposited within days. These deposition

sites probably were scent posts, marked by the same individual or group

of coyotes. All scats were labelled with the date of collection and

site, and identified by a number. They were placed in a dessicating

oven at 50 C for 24 hours prior to storage.

Samples of hair and feather contents were removed from each scat

prior to soaking in a 2 molar sodium hydroxide (NaOH) solution and

washing in a sieve to clean macrofragments (Green et al. 1986). NaOH

dissolves keratin (hair and feathers) but not chitin (insects). Food

items were identified through comparison with a reference collection of

mammal bones and berry seeds. Mammals and berries were identified to

species when possible. Species identification was not attempted for

insects and birds.

Food items were reported by percentage occurrence in scats.

Apparent number of individuals per scat was determined for rodent and

14
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lagamorph species by counting left and right incisor teeth. The

largest number counted on a side was the apparent number of individuals

in the scat. Percent volume classifications (1-5) were applied to

insect, berry, and vegetative parts. Categories were: 1) 0-5% (trace),

2) 5-25%, 3) 25-50%, 4)50-75%, and 5) 75-100%. Insect and berry

contents were excluded from further analysis when they occurred in

trace amounts. Grass and leaves were excluded from initial analysis

due to inability to identify by species or genera; the NaOH process

rendered most cellulose plant matter unrecognizable. Samples of plant

matter were removed from later scats prior to NaOH processing, but

percent volume estimates were inaccurate and presence/absence data

biased as a result.

Data Analysis

Food habits data were compiled by site (TLNWR SW Sump, LABE),

month, and season (spring: March, April, May; summer: June, July,

August; fall: September, October, November; winter: December, January,

February). A computer program entitled AID (Analysis of Information

and Diversity, Overton 1971), was used to investigate composition of

coyote diets and compare diets among months, seasons, and collection

sites. Four measures were used to describe diet composition and

elucidate relationships among samples and food taxa. Simpson's lambda

(probability that two randomly selected foods belong to the same

taxon), was used to calculate Simpson's Diversity Index, 1-a.

Simpson's Diversity Index is a measure of the samples species richness

(total number of food taxa) and evenness (relative distribution of

occurrences among taxa in the sample). Overton's Similarity Index,

SINI (analagous to correlation), was used to examine similarity of

samples (among seasons, within and between sites) based on their

species composition and relative abundances. A high SIMI index

indicated two samples were similar with regard to these parameters.

Niche breadth, NB, was used to examine distribution of the more common

food taxa across seasons. Overton's ESIMI index (same as SIMI except
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comparisons are between food taxa based on their sample distributions)

was used to examine coccurrence of coyote food taxa across seasons. A

high ESIMI index indicated two food taxa were distributed similarly

among sample seasons. Mathematical formulae for these measures are

given in Appendix III.

A clustering algorithm was used to examine distributional patterns

of coyote food taxa relative to 2 sites and 12 months of collection.

This was done to determine discreteness of coyote diet (monthly and

overall) between the two study sites, and to elucidate seasonal

patterns of food habits within sites. The 24 samples (months x sites)

were clustered over 22 dimensions (food taxa). The clustering algo-

rithm is an iterative approach which terminates when no observation can

be shifted to another group and the within cluster variance reduced

(Mclntire 1973). Simpson's diversity and Overton's similarity indices

(AID program) were then used to interpret cluster composition, and

elucidate relationships between clusters, respectively. Together,

these measures helped to infer why samples were grouped accordingly,

and how groups fit together to form patterns among months and between

sites.

Relative availability of major prey species was estimated by

synthesis of information from several sources. A study of the small

mammal communities in six representative habitats on LABE and TLNWR SW

Sump was conducted concurrent with scat collections (D.S.deCalesta

pers.comm.) The habitats included (1) low elevation sagebrush, (2) low

elevation cheatgrass, (3) high elevation juniper-bunchgrass, and (4)

high elevation mountain mahogany in LABE, and (5) cultivated barley,

and (6) cultivated alfalfa in TLNWR SW Sump (Fig.1). The study

involved the mark-recapture of small mammals using 19 Sherman live

traps and 6 Tomahawk Havaharts placed 25 rn apart along transects, with

two replicate transects run in each habitat sampled. Trapping was

conducted during three 3-week periods in spring (March), summer (June-

July), and fall (November). The fall trapping period was shortened due

to bad weather. Lagamorph pellets were counted in five 1-rn-diameter

plots per transect, once during each trapping period after clearing.
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Other sources of prey information included results from studies of

small mammals conducted on LABE (Frenzel 1978, B. Hayward, pers.comm.)

and TLNWR ( R.Schwab, pers.comm.), and records of visitor observations

kept by LABE staff for over 20 years.



RESULTS AND DISCUSSION

Home Range and Movements

Capture Success

Nineteen coyotes were trapped and fitted with collars (12 radio-

telemetry, 7 color-coded). Of these, 17 [3 adult male (AN), 3 subadult

male (SAN), 2 young of year male (YOYM), 4 adult female (AF), 2

subadult female (SAF), 3 young of year female (YOYF)] were captured

during the first 361 trap-nights (12 nights) on TLNWR. The remaining

two (1 AM, 1 SAF) were captured on 26 April 1983 after 873 trap-nights

on LABE.

Several factors probably contributed to the disparity of capture

success between the two areas. Coyote density was probably higher on

TLNWR SW Sump in fall than on LABE in winter. The irrigated cropland

of SW Sump supports an abundant prey resource which likely is highly

vulnerable to predation due to the openness of the habitat. There is

also ample water on SW Sump, whereas a lack of standing water may limit

coyote numbers on LABE. A higher density of coyotes on SW Sump was

also indicated by a much higher frequency of observations. The

openness of the habitat no doubt contributed to the higher visibility

of coyotes on SW Sump. Coyote signs (scats and tracks) were more

evident on SW Sump than on LABE.

Trapping conditions were better on SW Sump in fall than on LABE in

winter. The rugged, rocky terrain of LABE necessited the use of drags

rather than stakes to hold captured coyotes. Rock drags with wire

attachments were difficult to conceal: high winds blew off camouflage.

Traps were hard to conceal due to the difficulty of digging. Weather

conditions (high winds, snow, freezing rain) prevented traps from

operating properly, and probably obscured scents used to draw coyotes

to trap sets.
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Relocations

A total of 620 locations was recorded for 17 different coyotes (4

AN, 3 SAN, 2 YOYM, 3 AF, 3 SAF, 2 YOYF) between 3 November 1982 and 17

April 1984. Of these, 48 were excluded from analysis [accuracy was

suspect (bearings more than 15 minutes apart, or angle less than 30 or

greater than 60 ); or less than 50 minutes elapsed between subsequent

relocations of the same animal], leaving 572 relocations of 17 coyotes

for data analysis. During intensive monitoring of coyotes between 23

May and 23 September 1983, 465 locations of four different coyotes (2

AN, 1 SAN, 1 AF) were recorded. The remaining 107 locations were

recorded as daily locations or during lower intensity monitoring (up to

3 locations per day).

Sixteen locations were of 11 individuals for which too little data

were accumulated for proper estimation of home range. One individual

(SAF2), had not been relocated since her initial capture in TLNWR SW

Sump on 6 November 1982. She was found in TLNWR on 6 April 1983 (just

2 km from her capture site), dead for 2+ months. Trap injury, which

resulted in the loss of her left front foot, may have been a

contributary cause of death.

Two transmitters malfunctioned (intermittent pulse) during the

monitoring period. One (on AN2) was confirmed on 6 June 1983, and

subsequently lost on 9 July. The other (on AM1), lost on 30 April

1983, was confirmed on 1 July (the only other signal received). A

third transmitter (on AF3) was confirmed a failure on 28 June 1983

(coyote was seen but no signal received).

Home Range

Ninety-five percent MCP home range areas ranged from 0.5 to 6.0

km2 for six male and two female coyotes (Table 1). The mean 95 MCP

home range for all male and female coyotes was 3.5 1.89 km2. The mean

for six male coyotes was 2.8± 2.01 km2, while that for two females was

0.28 km2. Home range size difference between sexes was not tested
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for statistical significance due to the small number of females in the

sample. However, variation among individuals of the same (male) sex

was at least as great as that between sexes, so home range size

differences between sexes are probably not significant.

Utilization contour (UC) home range and core areas were calculated

for four coyotes and composites of AM1/AN3 and SAN4/SAF5 (Table 1).

Ninety percent UC home range areas ranged from 1.0 to 11.2 km2.

Associated core areas ranged from 0.4 to 4.7 km2.

UC estimates of home range size were considerably larger than

those derived by the 95% MCP method. This was due to larger areas of

low or no use being included in the 90% UC than in the 95% MCP. Ninety

percent contours were typically drawn well outside most peripheral

loci. However, contours were better able to represent the animal's

space use pattern than 95% MCPs. Core areas encompassed most loci

without including areas of no use. Core areas were more comparable in

size to 95% MCP home ranges than were the 90% UC home ranges.

Home ranges estimated by the 95% MCP method for sanctuary coyotes

were considerably smaller than those reported in most other studies of

coyote home range using the MCP method (Andelt and Gipson 1979, Berg

and Chesness 1978, Bowen 1982, Danner 1976, Danner and Smith 1980,

Edwards 1975, Hibler 1976, Laundre and Keller 1981, Litvaitis and Shaw

1980, Rucker 1975, Smith et al. 1981). Only a study on the National

Elk Refuge in Jackson Hole, Wyoming (Camenzind 1978) gives comparable

home range estimates. Meier's (1983) modification of the MCP method

(used in this study) gives a more conservative home range estimate than

those given in most reports. However, this alone cannot account for

such a wide disparity.

The majority of locations used in my home range estimates were

recorded between late April and late September. Scant data from other

seasons indicated sanctuary coyotes increased exploratory movements in

late fall, early winter, and spring (discussed later). Other studies

indicated an increase in home range size and exploratory movements

outside established home ranges in late fall and winter (Andelt 1976,

Andelt and Gipson 1979, Hawthorne 1971, Hibler 1976, Laundre and Keller
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1981, Springer 1982). Thus the bulk of my home range data may have

been collected in a season when coyote home range is typically small.

Cameazind (1978) hypothesized that the small size of resident

coyote territories on the National Elk Refuge may have been a

consequence of an abundant food supply which satisfied all the coyote's

needs in a small area. The TLNWR/LABE study area also provides the

ecological requirements of resident coyotes in a small area. Food and

water resources are abundant on TLNWR and prey are likely vulnerable

due to open habitat. There is ample protective cover for den sites in

the rugged, rocky habitat of adjacent portions of LABE. The

combination of these factors would favor a high concentration of

coyotes. Population density has also been suggested as an important

factor affecting home range size (Calhoun 1955). As density increases,

home ranges of individuals within the population decrease.

Coyote home ranges were generally elongate with the long axis

perpendicular to the nearest TLNWR/LABE boundary (Figs.3 & 4). Home

ranges typically included portions of LABE and the irrigated cropland

habitat of TLNWR SW Sump. The elongate shape is reflective of

movements along travel routes to SW Sump from LABE and back again.

This was particularly evident for coyote AF4 whose core area was

disjunct (Fig.5). The LABE portion encompassed the den site.

Observations indicated that she used the SW Sump portion primarily for

foraging. A similar situation was evident for SAN1 (Fig.5). His home

range was more compact, but had the same elements as that of AF4. SAN1

was not actively involved in pup-rearing but was probably associated

with a den site in the LABE portion of his home range. He, too, was

frequently observed hunting on SW Sump, as were many other coyotes,

marked and unmarked.

Territoriality

While the 90% TJC home ranges show large areas of overlap between

individuals (Fig.4), the juxtaposition of 95% MCP home ranges and core

areas suggests territorial behavior among sanctuary coyotes (Figs.3 &



5). (Composite home ranges of coyotes AN1/AM3 and SAN4/SAF5 were

considered, rather than the respective individual home ranges, as they

belonged to the same family groups.) Even the overlap indicated

between home ranges and core areas of AN2 and AF4 is misleading. In

her travels between the den site (south of AN2's home range) and SW

Sump, AF4 always respected the territorial boundary of AN2 and skirted

it.

Territoriality may be a necessity for the peaceful coexistence of

large numbers of coyotes in a small area. In SW Sump, a large prey

population is concentrated in a small area. Coyotes frequent the area

in large numbers to hunt. High visibility and the high level of

activity of coyotes probably leads to a high degree of intraspecific

contact. Territorial behavior may reduce the number of confrontations

between coyotes from different family groups by establishing

boundaries. Energy that would be wasted during unproductive encounters

with strange coyotes may instead be used for hunting. Thus

territoriality might help to parcel out the scarce resource (land) so

that the abundant resource (food) may be used more fully and

efficiently. Springer (1982) suggested that social stability should

produce stable territorial boundaries. A protected population of

coyotes may have more opportunity to develop a stable social

organization than an exploited population. Coyotes would tend to live

longer in a protected population, enabling them to encounter more

different coyotes and establish social hierarchies. Family groups and

social hierarchies would not be disrupted by constant removal of

members. There was evidence of a stable social organization and

territoriality among the protected coyotes of the National Elk Refuge

(Camenzind 1978), as well as in this study of sanctuary coyotes.

Family groups or "packs" were observed on numerous occasions in SW

Sump. These included marked coyotes, and unmarked coyotes with and

without marked coyotes. Coyotes SAM1, AF1, and SAM5, like AN1/AN3 and

SAN4/SAF5, were observed in close proximity without contention. I

witnessed a confrontation involving SAM4/SAF5 (with 2 unmarked coyotes)

and AF4 (with 2 unmarked coyotes and 2 pups) along their mutual
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territorial boundary on the southeast side of Hovey point (Figs.3-5).

The AF4 group was chased back across the road into the lava beds. They

emerged later (when the SAN4/SAF5 group disappeared), and travelled,

uncontested, along the same boundary. Additional evidence of

territoriality, urination and defecation along home range boundaries,

was observed on several occasions.

Daily Movements and Activity Patterns

Activity Patterns

Home range and core areas were consistently smaller for daytime

relocation data than for nighttime data during both PR and DI seasons

(Tables 2 & 3). The 90Z UC of SAM1, which gives a slightly larger

estimate for nighttime versus daytime home range during PR season, is

the only exception to this pattern (Table 2). For 95Z MCP home ranges,

which is sample size biased, differences may be due in part to the

smaller samples used in daytime estimates. Sample size should not have

the same effect on UC estimates, however. Results of other studies

have suggested that coyotes restrict daytime activities to smaller

areas during PR and DI seasons (Andelt 1976, Laundre and Keller 1984,

Smith et al. 1981, Woodruff 1977). Laundre and Keller found that this

daily pattern held true only for male coyotes during DI season,

however, and Gipson and Sealander (1972) found a more even distibution

of activity for two females during DI season. Because my DI season

data are for two male coyotes only, I can only concur with findings

that male coyotes travel more extensively at night than in daytime

during DI season. The one female (AF4) that was tracked during PR

season, however, had the smallest percent difference between day and

night core areas (+7%, Table 3). AF4 was actively involved in the

rearing of three young pups. Perhaps the energy demands of pup-rearing

did not allow her the luxury of long rest periods, day or night.

Daytime core areas were larger during DI season than during PR

season for the two male coyotes, SAN1 and AN4 (Table 3). Home range
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size does not follow this pattern for SAM1, however (Table 2).

Nighttime home range and core areas of SAN1 and AM4 were also larger

during DI season (Tables 2 & 3), indicating a higher level of activity

over all diel periods during DI season, rather than just in daytime.

Thus, differences in daily patterns of activity between the two seasons

are somewhat obscured. Other studies have indicated increased daytime

activity during DI season (Laundre and Keller 1984, Hibler 1976).

Movement Patterns: Use of Manipulated Habitat

Core area overlap and activity center shift indicate sanctuary

coyotes may concentrate activities in quite different areas during

daytime than at night (Table 3). The most marked differences involved

coyotes with heterogeneous seasonal home ranges. Three of four coyotes

monitored during PR season (AM2, AF4, SAM1) had home ranges that

included both irrigated cropland and undisturbed rangeland (Fig.6).

Both coyotes monitored during DI season (AN4, SAM1) had seasonal home

ranges including portions of irrigated cropland and undisturbed

rangeland (Fig.7). Data collected from AN2 were insufficient to

estimate a daytime core area, but he was found predominantly in the

undisturbed rangeland by day and night (Table 4). Coyote AF4 was

located predominantly in the irrigated cropland habitat throughout the

day and night. She (and often her mate and a subadult coyote) spent

much of the 24-hour period either in the cropland of SW Sump or in

transit to and from her den site in LABE. Numerous visual observations

indicated she used SW Sump primarily for foraging. Chi-square tests of

independence found no significant relationship between use of

manipulated habitat and time of day for either AM2 or AF4. AF4 did

shift her core area and activity center further into the irrigated

cropland habitat during daytime, however (Fig.6). AF4 appeared

indifferent toward human presence, as did others in her family group,

indicating a high degree of habituation. Such nonchalant behavior was

exhibited by few other coyotes on SW Sump during the study. A high

tolerance of human presence enabled AF4 to use SW Sump day and night to
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meet the high energy demands of pup-rearing.

On the other hand, coyote SAN1 during PR season (Fig.6), and both

SAM1 and AM4 during DI season (Fig.7), shifted their core areas and

activity centers away from the irrigated cropland and into the

undisturbed rangeland during daylight hours. During DI season, their

shifts were similar in magnitude, as well as direction relative to

habitat type (Table 3). SAN1 and AN4 were both located in irrigated

cropland with a higher percent frequency during night monitoring than

during the day, when their home ranges included this habitat type

(Table 4). Chi-square tests of independence indicated that use of

manipulated versus undisturbed habitats was related to time of day for

both individuals, and for their combined DI season data. The levels of

significance were 0.07, 0.04, and 0.008, for SAN1 during DI season, AN4

during DI season, and for their combined DI season data, respectively.

Neither SAN1 nor AN4 appeared to be involved in pup-rearing

activities, and both were observed to be solitary on several occasions.

Without the extra energy demands of pup-rearing, these two males may

have been free to respond with more caution to the high level of human

activity on the irrigated cropland habitat during daytime by seeking

protective cover on LABE. The rocky habitat of LABE no doubt provided

a cooler environment as well, during hot summer days.

Movements Off-Sanctuary

Seven of eight home ranges fell entirely within sanctuary

boundaries. Only AN4 was located on and off the sanctuary on a daily

basis. Between 13 September and 19 November 1983 (when monitoring

ceased), seven off-sanctuary locations of AN4 were recorded. All seven

locations were on privately owned irrigated cropland east of LABE and

south of Tule lake Sump (Figs.3-5). No livestock were present. The

longest daily distance travelled from a sanctuary was 1.5 km.

Five locations were recorded between 2300 and 0400 hours. The

last two off-sanctuary locations, one in October and the other in

November, were recorded at midday. In October, AM4 was located 1.5 km
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east of the LABE east boundary, resting in a horseradish field. In

November, he was located within 1 km of the TLNWR southeast boundary,

but well outside his established home range. The next (and last)

location of AN4 fell within TLNWR boundaries, but again was well

outside his home range. November locations were recorded shortly after

the onset of sport hunting season on TLNWR. This fact, together with

his proximity to a major irrigation ditch and the Tule lake shore,

suggested AN4's November movements were in response to hunter presence,

and/or the availability of hunter-crippled birds.

Sheep were present in the Modoc National Forest west of TLNWR

(Crumes allotment), from 16 February to 15 June 1983, with a brief

period of removal in late May for lambing. None of the monitored

coyotes moved into the area during this, or any other time.

Movements and Activity Patterns: PR Season

Activity Patterns

Male coyotes SAN1 and AN4 exhibited different monthly patterns of

activity as PR season progressed. Both males, however, used

considerably smaller areas in PR3 than they had in PR1. SAM1 reduced

the size of his home range and core area between PR1 and PR2, and

maintained a small area of use during PR3 (Tables 5 & 6). AM4

increased the size of his home range and core area between PR1 and PR2,

but then drastically reduced his area of use during PR3. PR2 to PR3

was the only period that showed a mean percent decrease in core area

size (-12± 29.3%). This is misleading, however, as AN4 was the only

individual to actually decrease his area of use between PR2 and PR3.

Adult female AF4 maintained roughly the same size 90% UC home

range and core area throughout PR season. Differences in monthly

patterns among these coyotes are probably not attributable to sex,

however, as AF4 was often observed with her mate on hunting forays in

SW Sump. It is more likely that differences relate to the

responsibilities and energy demands of pup-rearing. Daily temperatures
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reached annual highs during PR3, and food resources were abundant and

diverse. A lack of responsibility for pups may have permitted SAN1 and

AM4 to respond to the heat by limiting activity, while AF4 and her mate

could not afford this luxury.

Adult male AN2 showed an increase in his 90% UC home range and

core area between PR1 and PR2, while his 95% MCP home range decreased

in area (Tables 5 & 6). Overall though, AN2's PR home range was so

small in comparison to other coyotes, as to make consideration of

monthly changes in his home range size less important than

consideration of the small overall size. AN2 was associated with a den

containing at least one pup , but was apparently not involved in

securing food for pups. He was an old coyote (6+ years), and it is

possible that younger members of his family group took primary

responsibility for the pup(s).

Movement Patterns: Use of Manipulated Habitat

All four coyotes monitored during PR season showed some monthly

shifts in activity areas, but no clear pattern of habitat use emerged

among them. Coyote AN2, who spent little time in SW Sump relative to

SAN1 and AF4, showed the highest percent overlap of core areas and the

shortest shift of activity center between PR1 and PR2 (Table 6). His

shift was slightly eastward within LABE (Fig.8). AM2 was more

frequently observed in the irrigated cropland habitat during PR2 than

during PR1, but the difference was neither statistically nor

biologically significant.

SAN1 exhibited a substantial shift of core area and activity

center toward the irrigated cropland habitat of SW Sump between PR1 and

PR2, but reversed this shift during PR3 (Fig.8, Table 6). Thus there

was nearly a 100% overlap between core areas from PR1 and PR3 (Fig.8).

The X2 test of independence indicated a significantly higher use of

irrigated cropland during PR2 than during PR 1 and PR3 (Table 7).

SAM1's core area shift between PR1 and PR2 may relate to an increase in

available cover and/or increased prey density on SW Sump as growing
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season progressed. His reversal of this trend later in PR season is

puzzling. It is possible that he was responding to hot mid-summer

temperatures, by seeking the cooler environment of LABE.

AF4 shifted her core area and activity center further into SW Sump

between PR 1&2 and PR3 (Fig.8). Her activity center shift was of a

longer distance than any other (4,330 m, Table 6). AF4 was located in

the manipulated habitat of SW Sump with significantly higher frequency

during PR3 than during PR 1&2. As her pups became older and more

mobile, it may have been easier for her to move to utilize this portion

of her home range, and the energy demands of pup-rearing may have

necessitated high use of SW Sump despite hotter temperatures in this

habitat. The part of SW Sump in AF4's home range had steady and

reliable water sources, while the part in SAN1's home range did not.

Thus hot weather would have been more tolerable to AF4 in SW Sump, than

to SAM1.

The PR home range of AN4 included no irrigated cropland habitat,

yet shifts in activity areas were evident (Fig.8). In his case, shifts

appeared to relate to the Tule lake shore. AN4 began a shift of his

core area and activity center to the northeast toward the lakeshore

during PR2 (Table 6, Fig.8). During PR3 he continued to shift

activities to the lakeshore. Thus there was no overlap at all between

core areas of PR1 and PR3. These activity shifts may have begun as

exploratory moves, but his concentration of activities on the lakeshore

during PR3 again probably relates to the hot mid-summer temperatures.

The lakeshore environment provided good cover, cooler temperatures, and

easy access to ample water.

Movements and Activity Patterns: DI Season

Activity Patterns

Coyotes SAM1 and AN4 began to expand their home range and core

area early in DI season (Tables 5 & 6). The greatest mean percent

increase in core area size for the two individuals occurred between PR3
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and Dli (x=+94± 8.5%, Table 6). For SAM1, the greatest increase in

home range and core area size occurred between PR3 and Dli. His core

area increased by 100% during this period (Table 6). SAN1 then

decreased his core area by 55% between Dli and D12. AN4 expanded his

core area by 88% between PR3 and Dli (Table 6). He continued to expand

his home range and core area by 119% between Dli and D12, the largest

percent increase for any individual among all tracking periods.

Coyotes in other studies have exhibited an increase in sally

activity during DI season (Andelt 1976, Hibler 1976, Laundre and Keller

1984). Laundre (1979) and Aithoff (1978) have suggested that sally

behavior is related to mate selection. Adult male AN4 was observed to

be solitary on most occasions. His restless behavior during late DI

season could well have been a precursor to a move to find a mate and/or

unoccupied territory elsewhere. Late in November, AM4 made a move

which was judged to be a sally. However, this sally was believed to be

a hunting foray [the 'onset of hunting season made hunter-crippled birds

easy prey at the locations he was found (major irrigation ditch and

Tule lake shore)], rather than a move to find a mate.

In contrast to AN4, SAN1 restricted activity to a smaller area

late in DI season. SAN1 had a more stable and compact home range

throughout the monitoring period. SAN 1 was also observed in the

company of other coyotes more often than AN4. This evidence suggests

that SAN1 was part of a resident family group with a well established

territory. All of his needs were apparently met in this small area,

and he was probably still too young to begin seeking a mate or a

territory of his own.

Movement Patterns: Use of Manipulated Habitat

Expansion and shifts of home ranges and core areas beginning early

in DI season were directed toward irrigated cropland habitat. The

longest distances of activity center shifts for both SAM1 and AM4 (over

1 km) took place rather suddenly during DI season, and coincided with

the greatest percent increases in core areas for these coyotes (Table
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6). Mean percent overlap of monthly core areas was higher during DI

season than during PR season, however (Table 6).

SAN1 shifted his activity center and core area and expanded his

home range in the direction of SW Sump between PR3 and Dli (Figs.8 &

9). His activity during D12 was centered in the expanded portion of

his seasonal home range (Fig.9). AN4 shifted activity center and core

area and expanded his home range into the irrigated cropland east of

LABE, and south along the east boundary of LABE between Dli and D12

(Fig.9). Both coyotes exhibited higher usage of manipulated habitat

during D12 than during Dli (Table 7), but X2 tests of independence

indicated use of manipulated versus undisturbed habitat was not

significantly related to sampling period within DI season for either

coyote, nor for their combined data.

Small mammal prey were abundant in the irrigated cropland habitat,

and clearly more vulnerable to predators than in LABE. By late summer

the grainfields had grown tall enough to provide coyotes with shade, as

well as concealment cover. Thus, in DI season coyotes could begin to

take full advantage of the food resource with less risk of human

contact.

No waterfowl hunting takes place within several kilometers of SW

Sump, but pheasants are hunted there for three weeks in November and

December. Only SAN1's transmitter was still functional at this time.

SAN1 exhibited no marked response to nearby hunters (his home range did

not overlap with the hunting zone). Other observations such as scat

counts and coyote sightings indicated a high use of SW Sump despite the

presence of hunters. Cursory examinations of coyotes scats indicated

coyotes took advantage of the availability of hunter-crippled birds.

Seasonal Changes: Movements and Activity Patterns

Both AN4 and SAN1 used larger seasonal home ranges and core areas

during DI season than they had in PR season (Tables 5 & 6). Percent

increase in core area size was greater for AM4 (35%) than for SAN1

(12%). Possible reasons for seasonal differences were given in the
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above section on DI season activity patterns.

Activity center shift was negligible for AM4 (109 m), but somewhat

longer for SAM1 (782 m, Table 6, Figs.13 & 14). Mean percent overlap of

PR and DI season core areas was x = 54+19.1% for the two coyotes

monitored during DI season (Table 6).

Coyotes AN4 and SAN1 shifted their home ranges and core areas in

the direction of irrigated cropland habitat between PR and DI seasons

(Fig.10). SAM1 was located in irrigated cropland habitat far more

frequently throughout DI season than during PR season (Table 7). AM4

was not located in irrigated cropland at all during PR season, but was

found there 23% of the time during DI season (Table 7). When sampling

periods were combined into PR and DI seasons, X2 tests indicated a

statistically significant relationship between use of manipulated

habitat and reproductive season. This was true for individuals AM4 and

SAN1, as well as for their combined data.

Possible reasons for core area shifts between seasons were given

in the preceding section on movement patterns during DI season.

Seasonal Movements 0ff-Sanctuary

Five marked coyotes were recovered off the protected area at

various times during the study (Table 8). Four coyotes (2 AF, 1 AN, 1

SAF) were killed in predator control activities. A fifth (SAF) was

found dead in a cave. Movements off-sanctuary took place in late fall,

early winter, and spring.

All three adult coyotes were captured off-sanctuary between 30

November and 30 January [DI and breeding (BR) seasonsj. Adult female

AF3 was killed in late November 1982, less than 3 weeks after her

initial capture (Table 8). She was reported taken only 8.7 km

northwest of her initial capture site in TLNWR SW Sump, on a sheep

producers land. I have no data on her movements between captures.

Coyotes AN2 and AF1 were killed in January 1984 (Table 8). Both

were reported taken in a sheep allotment area of the Modoc National

Forest (MNF) east of LABE, and AN2's stomach contents reportedly
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included sheep remains. These coyotes were recovered within 13 km of

their last relocation sites, and 5 km from the nearest sanctuary

boundary (Fig.11). AM2 had been monitored regularly between 3 March

and 8 July 1983 when his transmitter malfuctioned and probably failed.

He had an established territory and den site on LABE during PR season.

AF1 wore a transmitter that was confirmed a failure on 28 June 1983.

Four visual observations between 28 June and 16 October 1983 indicated

she had a territory on TLNWR SW Sump and LABE Hovey Point, coincident

with that of SAM1 (Figs.3-5).

Several studies have suggested that coyotes increase their home

range areas and/or exploratory movements in late fall and winter

(Andelt 1976, Andelt and Gipson 1979, Hawthorne 1971, Hibler 1976,

Laundre and Keller 1981, Litvaitis and Shaw 1980, Springer 1982). It

appears that this is the case for adult sanctuary coyotes in northeast

California as well. The possibility that these movements were related

to the presence of sheep on adjacent MNF and private lands cannot be

ruled out. Sheep were being grazed in the MNF Lavas Allotment (where

coyotes were recovered) from 16 November to 31 December 1983, and again

from 16 January to 15 April 1984. It is also possible that off-

sanctuary movements of adult coyotes may relate to crowding on the

TLNWR SW Sump with the influx of many newly independent young of the

year. (The coyote population on SW Sump appeared to expand in late

fall, and many were observed to be pups.) Crowding may induce coyotes

to explore new territories, at least temporarily. Adult coyotes,

recently released from pup-rearing responsibilities, may be

particularly restless in late fall. Coyotes may then either establish

new home ranges, expand existing ones, or return to maintain existing

ones. Such movements may or may not lead to interactions with sheep or

predator control agents.

Both subadult coyotes (SAF1, SAF5) left the sanctuary in late

March or early April [Gestation (GE) season]. SAF1 was found in a cave

on 5 August 1983, dead for at least three months (Table 8). She was

3.7 km east of LABE on the MNF, 15 km from her last known location

recorded 3 April 1983 on TLNWR SW Sump (Fig.11). SAF5 was shot on 17
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April 1984, reportedly on a ranch 12.2 km east of TLNWR, 24 km from her

last known location on TLNWR SW Sump (Fig.9). SAF5 had an established

home range on SW Sump and LABE Hovey Point, as determined by 19 visual

observations recorded between 8 December 1982 and 17 March 1984

(Figs.3-5).

Again, movements of subadult coyotes may relate to the presence of

sheep on adjacent lands. Sheep were being grazed in the vicinity of

SAF1's recovery site between 1 January and 15 April 1983. Early spring

movements off-sanctuary may also be spurred by a major disturbance on

TLNWR. Refuge farmers burn and flood fields annually in early spring

to ready them for planting. The small mammal prey base would be

expected to decline at this time, first from direct effects, and then

as a consequence of increased exposure to predators. Adult coyotes

would be expected to seek den sites with a more reliable food supply on

neighboring sheltered landscapes (at least until the refuge's food and

cover resources rebound). Subadults may be expected to either 1) stay

with the family group and help raise the new litter, or 2) move on to

establish their own territories, seek mates, and find new food

resources elsewhere. Again such movements may or may not bring

sanctuary coyotes into contact with sheep or predator control agents.

Off-sanctuary recovery points of sanctuary coyotes were used to

define a 100% MCP area of potential use (Fig.11). This area

encompasses 285 km2 and extends to the east and west of TLNWR, and east

of LABE. Control efforts were conducted on all surrounding MNF lands,

yet the majority of recoveries were to the east of LABE. Thus sheep

grazed in the Lavas Allotment of MNF appear to have a greater

likelihood of depredation by sanctuary coyotes than sheep in other

adjacent areas.

This area of potential use is based on returns of only five

animals. A larger sample could reveal a larger area of potential use.

The longest distance travelled from a sanctuary by a sanctuary coyote

was 12.2 km (Table 8). Thus coyotes from TLNWR SW Sump and adjacent

portions of LABE may be expected to have a potential impact on sheep

grazed anywhere within about 12 km of a sanctuary boundary. It appears
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that depredations by sanctuary coyotes are most likely to occur between

late fall and early spring.



Food Habits

Annual Diet: LABE

Rodents, rabbits, and deer were the most prevalent food groups

found in 295 scats collected in the undisturbed habitat of LABE.

Rodents occurred in 72% of all scats collected (Table 9). Vole

(Microtus sp.) was the dominant rodent and the most prevalent food year

round. They occurred in 58% of scats. The montane vole (M.

montanus) was the only species identified in this genus when

identification to species was possible. Apparent number of individual

voles averaged 2.3 per scat occurrence in LABE. Other rodents occurred

in the diet at lower frequencies. From most to least common these were:

kangaroo rat (Dipodomys californicus) (8%), deer mouse (Peromyscus

sp.) (7%), beechey ground squirrel (Spermophilus beecheyi) (5%), pocket

mouse (Perognathus parvus) (3%), marmot (Marmota flaviventris) (1%),

and wood rat (Neotoma sp.) (<1%). Deer mouse (P.maniculatus), and

dusky-footed wood rat (N.fuscipes) were the only species identified in

respective genera. Apparent number of individual deer mice averaged

1.3 per scat occurrence in LABE. All other rodents averaged 1.0 per

scat occurrence.

Rabbits occurred in 35% of all scats collected on LABE (Table 9).

Nuttall's cottontail (Silvilagus nuttallii) was far more common in the

coyote diet (30%), than the black-tailed jackrabbit (Lepus

californicus) (1%). Counts of Nuttall's cottontail averaged 1.2 per

scat occurrence.

Mule deer (Odocoileus hemionus hemionus) was the third most common

food group year round, occurring in 28% of all scats collected on LABE.

Part of the deer component likely was carrion, but true proportion was

unknown. Other mammals occurred in the diet with frequencies of 1% or

less (Scapanus latimanus, Sorex trowbridgii, Mustela frenata, and

domestic sheep).

Avian, insect, and fruit food groups were less common on a year

round basis in the diet of LABE coyotes. Birds and/or eggs occurred in
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11% of scats. Insects, primarily crickets and grasshoppers

(Orthoptera) and beetles (Coleoptera) occurred in 6% of LABE scats.

Fruit was found in 12% of scats. Gooseberries (Ribes velutinum and R.

cereum) were the most common fruit (7%), followed by juniper berries

(Juniperus occidentalis) (4%), and choke cherries (Prunis virginianus)

(<1%). Choke cherry was an uncommon shrub in the parts of LABE where

scats were collected. Grasses and leaves occurred occasionally in

scats of LABE coyotes but mostly in trace volume except where taken

with berries. Rocks were the only nonfood items found in scats of

coyotes on the undisturbed site. Some rocks may have been consumed by

coyotes but many adhered to scats after deposition and did not

represent injested food items.

Annual Diet: TLNWR

Rodent, avian, and insect food groups were the most prevalent

found in 290 scats collectedin the irrigated croplands of TLNWR SW

Sump (Table 10). Rodents occurred in 98% of all scats collected. Vole

was by far the most common rodent, and a ubiquitous food item year

round. Voles occurred in 97% of all scats collected on SW Sump. The

montane vole was the only species identified in this genus. Counts of

individual voles averaged 4.6 per scat occurrence. Deer mouse

(Peromyscus sp.), the second most common rodent, occurred in 13% of all

SW Sump scats. Deer mouse (P.maniculatus) was the only species

identified in this genus. Apparent number of individual deer mice

averaged 1.8 per scat occurrence. All other rodents [marmot, kangaroo

rat, pocket mouse, and muskrat (Ondatra zibethicus)] occurred in the

diet of SW Sump coyotes at frequencies of 1% or less.

Avian foods were second most common, occurring in 14% of all scats

collected in SW Sump. Bird remains, primarily pheasant (Phasianus

colchicus) and waterfowl, occurred in 12% of SW Sump scats. Eggs were

found in only 2% of scats. Insect foods, primarily grasshoppers,

occurred in 5% of scats collected year round in SW Sump.

Rabbit, deer, and fruit food groups occurred with frequencies of
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2% or less in SW Sump scats. These foods were most likely consumed on

adjacent portions of LABE. They would represent "spillovert' food

items. Domestic sheep remains occurred once in scats collected in SW

Sump.

Grass was found in substantial volume in many SW Sump scats. Non-

food items including string, plastic, and cloth, as well as rocks, were

found in several scats from the manipulated habitat of SW Sump.

Seasonal Variations in Diet

Seasonal variations in diet were evident at manipulated and

undisturbed sites. Vole, deer mouse, Nuttall's cottontail, mule deer,

pocket mouse, kangaroo rat, and birds had the broadest niches (>2.5)

across four seasons (range 1-4) in samples from the two sites combined

(Fig.12). These taxa occurred in the diet year round, but seasonal

peaks were evident at both sites with few exceptions.

Voles occurred most commonly in spring and fall diets on LABE, but

were a prevalent winter food as well (Table 9, Fig.13). Voles were a

major coyote food year round on SW Sump, but reached an extreme peak in

the fall with 100% occurrence and an average of 5.4 individuals per

scat (Table 10, Fig.14). Montane voles are common throughout most

parts of LABE and TLNWR SW Sump. deCalesta (pers.comm.) found capture

success was higher in the grain and alfalfa fields of SW Sump than in

any of the habitats sampled in LABE. Trapping success of montane voles

was higher in all habitats during the spring sampling period than in

summer and fall. It appeared that voles were seeking traps as a source

of cover on the cultivated fields during spring sampling, so these data

may not reflect actual population changes.

Deer mice exhibited seasonal peaks of occurrence in fall and

winter scats on LABE, and in winter and spring scats on SW Sump (Tables

9 & 10, Fig.14). Deer mice are abundant throughout LABE and SW Sump.

Capture success did not appear to vary significantly by habitat type

nor by time of year in 1983 (D.S.deCalesta pers.comm.)

Nuttall's cottontails occurred most commonly in spring and summer
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diets of LABE coyotes (Table 9, Fig.13). They occurred only in the

spring on SW Sump. Peak occurrence in scats coincides with the

appearance of juveniles which are born in May and June. Cottontails

are abundant in all sections of LABE, with the possible exception of

the lower elevation cheatgrass habitat where no pellets were observed

along transects (D.S.deCalesta pers.comm.). Cottontails probably do

not occur on SW Sump except in peripheral areas adjacent to uplands.

No pellets were observed along transects in either the barley or

alfalfa habitats.

Mule deer were most common in fall and winter diets of LABE

coyotes (Table 9, Fig.13), and were most common in the winter diets of

SW Sump coyotes (Table 10). Fawns remains were not differentiated from

those of adult deer. However, mule deer fawns are typically born in

June, which coincides with a period of low percent frequency of

occurrence (12%) in the coyote's diet (Fig.13). Thus it appears that

coyotes did not focus hunting efforts on the fawn crop. Mule deer are

common throughout LABE, and can be observed feeding in the grainfields

of SW Sump during twilight hours. They are far more abundant in both

areas during fall and winter months, as the majority of the population

migrates to higher elevations in the spring.

Pocket mice were not a common food at either site in any season,

but were consumed most in summer on LABE (Table 9). Pocket mice

probably inhabit the high elevation bunchgrass and mountain mahogany

habitats in greater numbers than the areas of LABE where scats were

collected (D.S.deCalesta pers.comm., Frenzel 1978, B.Hayward pers.

comm.), but they have been recorded along the north boundary adjacent

to TLNWR SW Sump (Frenzel 1978).

Kangaroo rats were a frequent component of the spring, summer, and

fall diets of LABE coyotes (Table 9), but occurred only at very low

frequencies in SW Sump coyote diets in summer, fall and winter. The

kangaroo rat is abundant in all but the extreme southern ponderosa pine

habitat of LABE (B.Hayward pers. comm.). They occur in SW Sump along

grain field edges adjacent to uplands.

Birds reached peak occurrence in summer dietary samples collected



39

on LABE (Table 9, Fig.13). They had two peaks of occurrence, in summer

and winter, in SW Sump scats (Table 10, Fig.14). Summer peaks may be

associated with peak availability and vulnerability of nestlings and

brooding females. Winter peak on SW Sump coincided with hunting

season, and the availability of hunter-crippled birds and lost kills,

as well as carrion from over-winter die-offs.

Beetles, Beechey squirrels, eggs, grasshoppers, jackrabbits,

marmots, gooseberries, and juniper berries all had niche breadths of

less than 2.5 across four seasons (range 1-4) in the coyote's diet for

the combined sites (Fig.12). With the exception of juniper berry and

jackrabbit, all of these taxa were essentially late spring and/or

summer foods for coyotes (Tables 9 & 10). Peak occurrence of Beechey

squirrels and marmots coincides with the emergence of these sciurids

from winter hibernation and the birth of young. Beechey squirrels are

common in the southern two thirds of LABE between May and early

October. Marmots are locally abundant along the north boundary of LABE

where they feed in the grainfields of SW Sump and den in the rocky

areas of LABE and the peripheral uplands of TLNWR. They are less

common in the southern portions of LABE.

Beetles, crickets, and grasshoppers occurred occasionally in LABE

coyote diets in spring, summer, and fall (Table 9). Grasshoppers

became a prevalent dietary component of SW Sump coyotes in summer when

they were swarming (Table 10, Fig. 14). Gooseberries made up a large

part of the summer diet of LABE coyotes (Table 9, Fig.13). Peak

consumption coincided with peak availability as the berries ripened in

July. Coyote pups were just beginning to forage independently when

gooseberries became ripe. Observations of foraging coyotes, and the

small size of scats containing berries, indicated that pups were the

main consumers of gooseberries. Eggs entered the coyote diet with the

onset of nesting season in spring at both sites.

The black-tailed jackrabbit occurred biseasonally in winter (LABE)

and summer (SW Sump) diets (Tables 9 & 10). Summer occurrence

coincided with the birth of young in May and June. Jackrabbits are

most abundant in the dense sagebrush habitat of northeastern LABE



(D.S.deCalesta pers.comm., pers. observations), which is closer to SW

Sump than to the parts of LABE where scats were collected. Thus their

presence in the diet of SW Sump coyotes is probably due to "spillover"

from this part of LABE.

Juniper berries were primarily a winter food of LABE coyotes

though they were available year round. They may be consumed in winter

for lack of available alternative foods; or perhaps they become more

palatable in winter.

Dietary Diversity

Coyote dietary diversity was strikingly different between the

undisturbed habitat of LABE and the manipulated habitat of SW Sump, and

to a lesser degree between months within sites (Fig.15). Diversity was

considerably higher in all months and for pooled months on LABE (1-b

0.82) than on SW Sump (1-= 0.44). Monthly trends in dietary diversity

were similar for the two sites, though changes were more abrupt and of

greater magnitude on SW Sump than on LABE. Because of extremely low

diversity in most months, and high diet similarity between months

(Fig.16), very small changes of, or additions to the diet produced

relatively extreme fluctuations in diversity measures. Thus

fluctuations in diversity measures of SW Sump coyote diets are less

meaningful than they are for LABE coyote diets.

Both sites exhibited short-lived peaks in dietary diversity during

January (Fig.15). This was due primarily to the addition of

substantial quantities of juniper berries and birds (mostly large fowl)

to the diets of LABE and SW Sump coyotes, respectively. A decline in

diversity was evident at both sites as winter progressed into early

spring. This may have been associated with a decline in available

foods. The winter staples (voles, cottontails, and mule deer) remained

in the diet, but few new items occurred even at low frequencies.

Richness of SW Sump coyote diet declined to only two food taxa (voles,

mice) in April, but because evenness of the diet was greater than in

March, diversity was slightly higher. Dietary diversity began an
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upswing in late spring at both sites. The timing coincided with the

emergence of many small mammal species from winter torpor (sciurid and

heteromyid rodents, insectivores), the production of offspring, and the

increased availability and/or vulnerability of insects, berries, eggs,

and nestlings. The brief decline in diversity of SW Sump coyote diet

in June reflected a decrease in the relative frequency of occurrence of

foods other than voles (diet evenness), rather than a decrease in the

number of foods eaten (diet richness).

Dietary diversity declined earlier in the fall for SW Sump

coyotes, but both sites exhibited an extreme depression in November.

The sudden plunge in dietary diversity on SW Sump reflected both a

decrease in diet richness (fewer "spillover" foods from LABE), and an

increase in vole dominance. Grasshoppers became more scarce, and

apparently the availability and/or vulnerability of birds also declined

between August and September on SW Sump. LABE coyote diets exhibited a

slow, steady decline in diversity between August and October as many

mammals hibernated and insects, berries, and avian foods became scarce

or less vulnerable. By November only winter staple foods occurred in

the diets of coyotes at both sites with the exception of a few items

occurring at low frequencies (kangaroo rat, wood rat, bird). Dietary

diversity remained low in December on LABE, but began another upswing

on SW Sump. This second peak in diversity coincided with hunting

season on TLNWR. A greater number of large fowl were consumed, and two

novel food items occurred once each: muskrat, domestic sheep.

Diet Similarity Within Sites

Measures of diet similarity (SIMI) between months within sites

contrasted major differences between the two sites (Figs. 16 & 17).

On SW Sump, January was the only month which exhibited any real

departure in diet from other months (Fig.16). This was attributable to

the avian component which reached a peak of 48% occurrence in January

scats (Fig.3). January's higher similarity with diets in May, July,

August, and December (other months with relatively large avian dietary
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components), confirms this.

Coyote diet on LABE was dynamic relative to diet on SW Sump

(Fig.17). Four "seasons" were indicated on LABE: winter, summer,

January, and transitional. Diets in the months of February, March,

April, November, and December had low diversity and were of similar

composition. All had high relative frequencies of winter staple foods,

particularly voles. These months were interpreted as a winter dietary

season on LABE.

The months of highest dietary diversity (June, July, August) were

least similar to other months in diet composition. The uniqueness of

the summer diet has already been demonstrated (Table 9, Fig.13).

January had high dietary diversity also, but composition was peculiar

when compared with other seasons, and to a lesser degree with the other

winter months. Thus January was interpreted as a dietary season in

itself. A large juniper berry component (12%), and a relatively small

vole component (40%), accounted for January's uniqueness.

Coyote diets in the months of May and September show some degree

of similarity to preceding and following months, as well as to each

other (Fig.17). Thus they were interpreted as a transitional dietary

season on LABE. October diet was transitional also, but of lower

diversity than September (Fig. 15), and more similar to the winter

months in composition (Fig.17).

Diet Similarity Between Sites

Measures of diet similarity between sites in different months

exhibited the same pattern. Similarity measures essentially contrasted

coyote diet on SW Sump in two "seasons" (January and all other months)

with diet on LABE in four "seasons" (winter, summer, January, and

transitional) (Fig.18). The months of lowest dietary diversity on LABE

(February, March, April, November) had a high level of diet similarity

with all months except January on SW Sump. The month of March, which

had extremely low dietary diversity on both sites (Fig.15), exhibited

the highest similarity between sites (SIMI= 0.91). Peak occurrences of
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voles in the diet always "mirrored" periods of low dietary diversity,

and visa versa, (Figs.13, 14, & 15). Thus the similarity of these

samples is best explained in terms of the large vole component. The

months of high dietary diversity (low vole dominance) on LABE (January,

June, July, August) had low similarity to diet on SW Sump in all months

(including January but to a lesser degree). The transitional months on

LABE (May, September, October, and possibly December), which had

intermediate dietary diversity, likewise exhibited an intermediate

level of similarity with SW Sump diet in all months.

Cluster Analysis

The cluster analysis partitioned the food taxa matrix into 7

interpretable groups from the 10 cluster structure. These were: 1)

LABE spring/summer samples (May, June, July); 2) LABE summer/fall

samples (August, September, October); 3) LABE January sample; 4) SW

Sump December sample; 5) SW Sump summer samples (July, August); 6) SW

Sump winter/spring samples (January, February, April, May); and 7) all

other samples (LABE: February, March, April, November, December; SW

Sump: March, June, September, October, November).

A subsequent examination of the relationships between clusters

using the AID program revealed that several pairs of these clusters had

high similarity indices (SIMI> 0.90). Thus it was deemed appropriate

to recombine clusters further to form three, more distinct and

interpretable groups: 1) LODIV (SW Sump: all months; LABE: February,

March, April, November, December) typified by low dietary diversity

with a high relative frequency of voles in the diet; 2) HIDIV (LABE:

May, June, July, August, September, October) typified by high dietary

diversity, i.e. high species richness and evenness; and 3) LABE JAN

(LABE: January only) typified by its fairly high diversity with a

large juniper berry component unique to this month.

The cluster analysis, in conjunction with examination of cluster

relationships using Overton's Similarity Index, revealed the same

pattern that was discerned by the similarity indices of the individual
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monthly samples, with some exception. The cluster analysis did not

distinguish between January and other months on SW Sump, nor between

transitional and summer "seasons" on LABE. This indicates that these

dietary "seasons" were not sufficiently distinct to be differentiated

without subjective interpretation. That is, the increase in bird

consumption relative to vole consumption on SW Sump in January was not

substantial enough to differentiate it from the nearly all-vole diet on

SW Sump in other months. The increase in dietary diversity (decrease

in vole dominance) between winter and transitional "seasons" on LABE

was substantial enough to be differentiated by the cluster/SIMI

analysis, but the increase in diversity (decrease in vole dominance)

between transitional and summer months was not.

More significantly, the cluster/SIMI analysis did not distinguish

LABE dietary samples from those collected on SW Sump in the months of

February, March, April, November, and December. The LABE coyote diet

was so vole dominated in winter and early spring that it was

essentially equivalent to coyote diet in the monoculture of SW Sump.

General Discussion, Food Habits

Comparisons with Other Studies

Food selection of coyotes in the undisturbed habitat of LABE was

comparable to that reported by other researchers in similar study areas

of the western states (Bond 1939, Ferrel et al. 1953, Hawthorne 1972,

Johnson and Hansen 1979, MacCracken and Hansen 1982).

As in this study, Bond (1939) found voles, Nuttall's cottontails,

and mule deer to be the most important foods for coyotes on LABE

several decades ago. Bond found a higher diet richness, however, and

different relative frequencies of many food items. Several factors may

account for these differences. First, Bond collected scats from

different parts of LABE, which included many different habitats

(Fig.19). Bond's collection sites account for occurrences of golden-

mantled ground squirrels (Spermophilus lateralis) and the Klamath
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chipmunk (Eutamias amoenus), in his study. These species inhabit the

southeastern ponderosa pine /mountain mahogany habitat. Bond found

higher relative frequencies of jackrabbits, marmots and Belding's

ground squirrels (Spermophilus beldingi). Jackrabbits are abundant in

the northeastern sagebrush habitat, and marmots and Belding's squirrels

are locally abundant adjacent to SW Sump, where Bond collected scats

and I did not. Other factors such as habitat changes over time due to

fire suppression, and annual cycles in prey populations may explain

some differences of coyote diets between the two studies as well.

Ferrel et al. (1953) and Hawthorne (1972) found that voles were

the most important coyote food in other parts of northeast California.

They reported a decline in dietary frequency of voles in summer months

when many alternative prey were available, similar to that reported for

LABE in this study. Hawthorne found voles to be least common in winter

when snow cover made them less vulnerable to predation. Snow cover was

minimal and likely not a factor influencing predation on LABE.

Ferrel et al. (1953) ranked rabbits (primarily L. californicus,

the most common lagamorph) second in importance, while Hawthorne (1972)

found them unimportant due to their relative scarcity on his study

area. Mule deer were ranked second and third in importance by

Hawthorne and Ferrel et al., respectively. These three food taxa made

up 70 and 67.5 percent of the volume of scats in the studies of

Hawthorne and Ferrel et al. respectively. Percent volume was not

estimated in this study.

Johnson and Hansen (1979) and McCracken and Hansen (1982) found

rabbits (S. nuttallii, S. idahoensis, and unidentified) and montane

voles to be the most important foods of coyotes on the Idaho National

Engineering Laborotory (INEL). Nuttall's cottontails and black-tailed

jackrabbits cooccur on the INEL as they do on LABE. In both study

areas cottontails were eaten with far greater frequency than

jackrabbits. Johnson and Hansen indicated the disparity might be

explained by the relative abundances of the two species which favors

cottontails. This was the case on LABE as well. However, the wideness

of the disparity suggests other factors might be working as well. For
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example, coyote hunting tactics may favor cottontails as prey.

Cottontails inhabit areas of dense cover (Ingles 1965), and may rely on

cover for protection from predators, while jackrabbits occupy more open

habitats and use their keen senses and speed to escape predators.

Also, cottontails give birth to altricial young which may render both

nesting females and young more vulnerable than jackrabbits to coyote

predation during spring and summer months.

Food niche specialization of coyotes on SW Sump was more extreme

than that reported in any other studies of coyote food habits. The

simplicity and homogeneity of habitat in SW Sump can partly explain the

low dietary diversity. A monoculture would have a low number of

available food types. This is reflected in the low species richness

(no. of food taxa) component of diversity. The low evenness, or

relative frequency component, however, suggests an extremely high

relative abundance of one species (Microtus), which is not likely the

case on SW Sump.

Small mammal capture data indicated a population density of deer

mice at least as high as that of montane voles (D.S.deCalesta

pers.comm., R.Schwabb pers. comm.). Deer mice have often been found to

be a relatively unimportant food item despite their common occurrence

throughout much of the coyotes range (Bond 1939, Ferrel et al. 1953,

Hawthorne 1972, Litvaitis and Shaw 1980, Murie 1945, Reichel 1976).

Reichel (1976) and Murie (1945) reasoned that this was probably due to

a lower susceptability to coyote predation. Deer mice are typically

nocturnal, while voles are active at all times of day and night (Ingles

1965). Deer mice may also have a more effective escape response to

coyote hunting tactics.

Insect and avian foods were apparently not eaten in proportion to

their relative abundances either, though they occurred more often as

they became more available and/or vulnerable. This was particularly

evident for grasshoppers, which were clearly more abundant during

swarming than their percentage occurrence in scats would indicate.



Optimal Foraging Theory

A model for utilization of patchy environments presented by Pianka

(1974), predicts that productive environments should be used in a more

specialized way than less productive environments. The model is based

upon optimization of the animal's time (and/or energy) budget, and

assumes that prey species are encountered by a foraging animal in the

same proportions in which they actually occur, but that the animal is

able to select from the available array of prey types. This is a

fairly safe assumption for coyotes foraging in the flat, open

homogeneous habitat of SW Sump. The number of different kinds of prey

which provide the animal with maximum return per unit time is predicted

by the relative amount of time spent in search (which will decrease as

prey types are added) versus pursuit (which will usually increase as

new, varied kinds of prey are added). Prey types are ordered from

those providing the highest harvest (most calories assimilated) per

unit time (and/or energy) to those of lowest yield. The animal expands

its diet to include progressively less rewarding kinds of prey. The

optimal diet is marked by the point where energy losses from increased

pursuit time with further prey additions balance or exceed gains from

reduced search time. Environments which are food dense have a shorter

mean search time than food scarce environments, while pursuit time (a

function of the relative abilities of predator and prey) is not

altered. Such environments would favor specialized predation.

The situation on SW Sump appears to fit Pianka's (1974) model.

Voles are available in high concentrations in these cultivated fields,

and the flat, open habitat conditions serve to reduce search time. The

coyote is well adapted to hunting these prey so pursuit time can be

minimized. A specialized diet of voles may be ideal for a coyote

seeking to optimize its energy budget on SW Sump.

Coyotes that forage on SW Sump presumably have the option of

foraging on adjacent parts of LABE and other surrounding uplands. Yet,

scats were usually much more abundant along the relatively short

collection route on SW Sump than along the collection route on LABE.

47



48

Numerous coyotes were always evident on SW Sump (coyote could be

observed "mousing" on SW Sump at any time of day almost year round) but

not on LABE. Results of the concurrent study of their home range and

movements support the contention that coyote foraging activity is

strongly associated with these cultivated fields (see p.21, Home Range,

and p.24, Movement Patterns and Use of Manipulated Habitat).

Piarika's (1974) model for utilization of a patchy environment may

help explain why coyotes are apparently selecting this habitat (or

"patch") for foraging. Consideration can be extended to environments

in which various patches contain different arrays of prey. Whereas

prey types were ordered from most rewarding to least rewarding, patches

are ranked in order of decreasing expectation of yield. The two

components of the animal's time are (1) hunting time (search and

pursuit time) versus (2) travelling time (time spent travelling between

patches) per item caught. The optimal use of a patchy environment

depends upon the rate of decrease in travelling time (per prey item)

relative to the rate of increase in hunting time (per prey item)

associated with expanding the number of different patch types

exploited. The coyote's apparent selective use of SW Sump indicates

more calories are likely to be obtained from prey per unit expenditure

here than on any other patches within a reasonable travel time. The

high concentration of voles, to which the coyote's hunting tactics are

so well adapted, may reduce hunting time enough that coyotes can travel

from quite distant patches and still optimize time and energy budgets

hunting on SW Sump. Territorial defense would be expected to limit the

number of coyotes that SW Sump can accomodate. However, small coyote

territories (which were indicated by my home range study) would allow

this number to be quite high. Disjunct coyote territories, including

portions of both SW Sump and adjacent undisturbed upland (also

indicated by my home range study), would permit SW Surnp to be broken

into even smaller parcels, and allow many coyotes to share its bounty.

The complex biota of the Rolling Plains of Texas maximized the

"foodniche diversity" (number of different kinds of food eaten) of

coyotes there (Meinzer et al. 1975). Meinzer et al. stated that a
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complex environment may allow the coyote to obtain its necessary food

requirements with a lower expenditure of energy than a more simple

ecosystem. This did not appear to be the case on the TLNWR SW

Sump/LABE study area. Where coyotes had a choice between LABE, a

complex biota where foodniche diversity was maximized, and SW Sump, a

simple ecosystem where they could specialize, they apparently selected

the latter (see p. 21, Home Range, and p.24, Movement Patterns and Use

of Manipulated Habitat). Assuming the coyote seeks to optimize its

energy budget, a simple, productive environment appears to reduce

foraging energy expenditure more than a complex one, as Pianka's (1974)

model predicts.

Coyote Foraging Strategy

Reichel (1976) found that coyotes hunted selectively in habitats

with the greatest vole densities on the National Bison Range. Where

other rodents or rabbits are major prey, coyotes are known to hunt

mostly where that prey is abundant (Hilton 1976, Johnson and Hansen

1979, Litvaitis and Shaw 1980, Ozoga and Harger 1966). The continual

and abundant supply of carrion available at a feedyard influenced

coyote home range size, movements, and density in southern Arizona

(Danner and Smith 1980). The same effects probably occurred in

Arkansas where the common practice of discarding dead poultry in

"dumps" markedly affected coyote food habits (Gipson 1974).

These studies and mine support the hypothesis by Murie (1945) that

coyotes seek an abundant and easily procured food and make it a staple.

Johnson and Hansen contended that such selective behavior refutes the

widely accepted belief that coyotes are an opportunistic predator.

This need not necessarily be so. Interpreted another way, coyotes seek

the most productive habitat(s) within their home range and then

specialize on the prey type(s) that provide the most reward. These

studies support the belief that coyotes are opportunistic. Murie

(1945) added that, while seeking out its staple food, the coyote

remains alert for the opportunity to pick up other species. The second
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hypothesis intrinsically accounts for this type of opportunistic

behavior. There was evidence of such behavior in SW Sump, where avian

and insect foods were eaten as they became available and easily

procured, and in LABE, where the summer diet was expanded as new,

varied prey were encountered (even though the availability of voles and

cottontails remained high). This kind of opportunistic behavior was

indicated in the studies of Hawthorne (1972) and Ferrel et al. (1953)

as well.

The coyote also demonstrates opportunistic behavior by taking

advantage of alternative food sources when annual and seasonal

population cycles, or factors such as winter weather, cause staple

foods to become unavailable. The use of cattle carrion during winter

in Sagehen Creek Basin, California (Hawthorne 1972), and deer

concentrations in Yellowstone National Park (Murie 1940) are examples

of this type of opportunism. In LABE, the consumption of juniper

berries during January may be an example of opportunistic behavior.

Other studies show that where the biota is complex, no food

item(s) may dominate the coyote diet (Niebauer and Rongstad 1975,

Meinzer et al. 1975). These studies demonstrate that the coyote is

generalistic, rather than selective, when the environment demands it.



SUMMARY AND CONCLUSIONS

Food selection, home range, and movements of protected coyotes in

TLNWR SW Sump and adjacent portions of LABE were clearly influenced by

the presence and juxtaposition of two distinct habitat types: (1)

manipulated agricultural land (TLNWR) and (2) undisturbed rangeland

(LABE). Home ranges were small and elongate, including portions of

both habitats. The elongate shape was reflective of movements back and

forth between habitats. Together, these habitats provided the

ecological requirements of coyotes in a small area. Hence, small home

ranges were possible. Abundant food resources on SW Sump supported a

high concentration of coyotes. Territorial behavior, which was

demonstrated by sanctuary coyotes, was likely necessary to ensure

peaceful coexistence of a dense coyote population. Territoriality is

probably more likely to occur in a protected population where a stable

social organization is allowed to evolve.

Observations of marked and unmarked coyotes indicated that the

irrigated cropland habitat was used primarily for foraging by sanctuary

coyotes. Coyotes whose home ranges included both habitat types

apparently preferred croplands for foraging purposes, and undisturbed

rangeland for resting and denning. Risk of human contact and lack of

concealment cover and shade during PR and DI seasons, made the cropland

habitat less suitable than LABE for resting and denning purposes.

Therefore, the amount of time a coyote spent in cropland habitat in

these seasons likely related to the energy demands on that individual.

(i.e. A coyote would probably choose to leave the area once immediate

energy demands were met.) Coyote AF4, who was actively involved in

pup-rearing during PR season, was tolerant of human presence and used

SW Sump in daytime and nighttime, with and without vegetative cover.

Coyotes that were believed not to be involved in the rearing of pups

(AM4, SAM1), and thus had lower energy demands, used the cropland more

at night than during daytime in both PR and DI seasons.

Cropland habitat conditions change seasonally in terms of both

vegetative cover and human activity. Prey abundance and vulnerability
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in the cropland likely vary considerably with changing cover

conditions. Alternative foods available on adjacent LABE vary

seasonally as well. A coyote's energy requirement varies with changing

reproductive status. Thus, the number of coyotes using manipulated

habitat, and the amount of time an individual spent there, was expected

to vary seasonally. Coyotes SAM1 and AM4 spent more time in the

cropland habitat over all diel periods during DI season than during PR

season, when more cover was available. In late fall (late DI season),

following grain harvest, human use declines on the refuge, and the

habitat stabilizes for the winter. Coyotes were not relocated often

enough in late fall and winter (late DI, BR, and GE seasons) to

speculate on patterns of individual daily usage of manipulated habitat.

However, a large number of coyotes were visible on SW Sump in late fall

and winter. Young of the year, having recently gained independence,

were particularly evident at this time of year.

The primary prey attracting coyotes to the cropland habitat were

voles, as indicated by analysis of 290 scats collected year round on SW

Sump. Voles occurred in 98Z of scats at an average of 4.6 individuals

per scat collected on SW Sump, compared to only 58 occurrence and an

average of 2.3 individuals in the 295 scats collected year round on

LABE. The predominance of voles in the diet of SW Sump coyotes did not

vary substantially by season either. That is, at no time of year did

other foods enter into the diet in numbers even approaching that of

voles. Conversely, diet of LABE coyotes was relatively diverse year

round and diet composition changed seasonally. The winter staple foods

on LABE were voles, Nuttall's cottontails, and mule deer. Dietary

diversity increased considerably on LABE in summer with the addition of

sciurid and heteromyid rodents, insects, berries, birds, and eggs.

Dominance of voles in the LABE coyote diet correspondingly declined.

Dietary diversity reached an annual depression in early spring on LABE,

when voles reached peak dominance. A second decline in dietary

diversity (increase in vole dominance) took place in late fall on LABE.

Fluctuations in the diversity of foods available to coyotes on

adjacent LABE was expected to influence coyote numbers on SW Sump.
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That is, a decline in available food types on LABE should likely drive

coyotes to seek food on SW Sump. Conversely, an abundance of available

food types in the relatively secure habitat of LABE, should likely

prevent coyotes from venturing onto SW Sump (since SW Sump's main

attraction was food). The numerous coyotes using SW Sump in late fall

may have related to the decline in available food types on adjacent

LABE. However, coyotes whose summer (PR season) home ranges included

both habitat types, apparently preferred croplands for foraging

purposes, even with a diverse array of foods available on LABE.

Energetically, hunting a specialized diet of voles in a simple,

productive habitat may be favorable to foraging for a diversity of

foods in a more complex habitat (Pianka 1974).

Results of this study, and others that found coyotes hunted

selectively in habitats where their major prey were most abundant

(Reichel 1976, Hilton 1976, Johnson and Hansen 1979, Litvaitis and Shaw

1980, Ozoga and Harger 1966), can be interpreted two ways: (1) as Murie

(1945) hypothesized, coyotes seek an abundant and easily procured food

and make it a staple; or (2) coyotes seek the most productive

habitat(s) within their home range and then specialize on the prey

type(s) that provide the most reward. The first interpretation tends

to refute the widely accepted belief that coyotes are an opportunistic

predator. The second intrinsically accounts for such opportunistic

behaviors as have been observed in this and other studies. That is, (1)

coyotes expand their diet as new, varied prey are encountered

(Hawthorne 1972, Ferrel et al. 1953), and (2) coyotes take advantage of

alternative food sources (carrion dumps, deer concentrations) when

staple foods become unavailable (Hawthorne 1972, Murie 1940).



MANAGEMENT IMPLICATIONS

Clark (1972) reported that jackrabbit (L. californicus) densities

appeared to influence coyote population trends where jackrabbits

constitute a major portion of the diet. Other prey species are likely

to influence coyote population trends where they constitute a major

portion of the diet. On SW Sump, where voles constitute a major

portion of the coyote diet, fluctuations in vole density would be

expected to affect changes in coyote numbers. SW Sump is a small area,

however, which represents but a "patch" in the potential foraging area

of SW Sump coyotes. Should food within a given patch type become

scarce, Pianka's (1974) model predicts that inclusion of that patch

type in the itinerary increases mean foraging time per item sharply,

and reduces efficiency. Thus the optimal predator might exclude it

from the variety of patch types it exploits. The patches on adjacent

parts of LABE are of more complex biota and offer a wider range of

coyote foods. No single food item showed extreme dominance in the

coyote diet. If the vole population on SW Sump should fail, coyotes

could find sustenance in the more stable environment of LABE. However,

the undisturbed habitat of LABE is likely not sufficently productive in

itself to support the large number of coyotes inhabiting the area

because SW Sump normally supports an unusually dense coyote population.

Thus a sudden decline in vole population could create a situation of

intense competition on surrounding lands, and probably force some

individual coyotes to travel longer distances to find food.

It is common practice of lessees of SW Sump land parcels to burn

and flood fields in March and April each year. This causes a high

level of human disturbance, removes concealment cover, and probably

reduces vole densities (first from direct effects and then as a

consequence of increased exposure to predation). A decline in coyote

usage of the area would be expected and was indicated by the smaller

number of scats obtained in the spring sample (Table 10). (The use of

heavy equipment, which obliterated some scats along collection routes,

was also a factor in reducing sample size.) Some migration off the
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refuge was known to occur in early spring (see p. 31, Seasonal

Movements Off-Sanctuary). The timing of the SW Sump disturbance

coincides with gestation and denning season for coyotes, a time of high

energy requirements. It also coincides with a period of scarce food

resources on LABE as indicated by extremely low dietary diversity.

Most importantly, it takes place when the U. S. Forest Service has open

its sheep grazing allotments in the adjacent Modoc National Forest.

Clearly, coyotes under intense competition for local natural foods

could be expected to take advantage of this convenient alternative food

source.

Thus, current refuge management practices could effectively be

driving coyotes to adjacent sheep producing lands by removing their

primary prey resource at a critical time. Perhaps if field burning and

flooding were done over a longer period (or in fall as well as in

spring), so that all cover were not removed simultaneously, fewer

depredations by sanctuary coyotes would ocaur during spring season, and

coyotes would remain on the croplands where their predation on voles

can benefit farmers. Other resident wildlife [raptors, herons and

egrets (Ardeidae), pheasants] would also benefit from increased

availability of prey and/or cover during spring (nesting) season.



Figure 1. Map of Study Area.

56



I
4
7
N

I
4
6
N

I
4
5
N

R3E

MODOC

NAT L

FOREST

Figure 1.

77/7

R4E

TULE LAKE SUMP

Tour

0

'-4
HoveL pt'

LAVA' BEDS

MONUMENT -'

-. Schonchin
Butte

TULE

NATIONAL (

NAT I

WI LDLIFE

TULE LAX SUMP

4,,
4.,to_

Ir)L.

LAK

F

R5E

ONAL

A
REFUGE

A

MODOC
NATIONAL
FOREST

N

+
0 3Km

57



Figure 2. Scat collection Routes (dotted line) in Lava
Beds National Monument, and Tulelake National Wildlife
Refuge.

58



I
4
7
N

T
4
6
N

R3E

7T'7

R4E

TULE LAKE SUMP

Tour

==== fl.fl

M000C

NATL /
FOREST 2'/

SWSUMp

TULE

NATIONAL

WI LDLIFE

'S Is

LAVA" BEDS
-- L

NATIONAL
-,

ONUMENT '

I!
Schonchin

4 I
4 Butte

-
'4
'4

0

1Figure 2.

1

R5E

'I
LAK ,>

REFUGE

ZZ/

N

+

MODOC
NATIONAL

FOREST

CALIFORNIA

59

It 0

TULE LAK SUM P

0 3Km



i_

N

NATIONAL WILDLIFE
0

- - - -

RE
I -

TULE LAKE SUMP \,
44

a

A 1/

LAVA BEDS

NAT'L MONUMENT

Figure 3. One hundred percent and 95% mlnlxrum convex polygon home ranges of eight sanctuary
coyotes (t coirposites).



6

4

AF4
---AM2 --SAMI

SAM4ISAF5
--AM 1/AM3
. Activity

Center

-

.LAVA BEDS
NATL MONUMENT

P 5 1

3

W/I2U,U1II2LJ UJ

M000C NAT'L

44JtLtaJ'I/

I'---

N

0 1Km

AM4

FOREST

Figure 4. Ninety percept utilization contour home ranges and activity centers of eight sanctuary
coyotes (two compoites).

0\



4

6

ft 4 ft

LAVA BEDS

NAT'L MONUMENT

B

'V.

Figure 5. Core areas and activity centers of eight sanctuary coyotes (two composites).

N

AM4 AF4
SAM1

SAM4/SAF5

-AMI/AM3
Activity

Center

MODOC NATL FOREST

I K,

Sft



4

6
SW SUMP

NATIONAL

Core Area

- Day
Night

R

LAVA BEDS

NAT'L MONUMENT

M000C NATL

uI//LU,,LIU/1LI LLLIhLILLL IL/Ill

N
+

0 1Km

FOREST

Figure 6. rayti and nighttinE core areas and activity centers of three SanCtUary coyotes during
pup-rearing season.



6

N

SW SUMP

NATIONAL

LAKE

WILDLIFE

Core r.s

LAVA BEDS

NATL MONUMENT

M000C NATL

N

3

WJUL/.4JM/j

4J/JJ

FOREST

1Km

Figure 7.. DaytIme arid nighttime core areas and activity centers of tvx sanctuary coyotes during
during dispersal season.



TILE LAKE

NATIONAL WILDLIFE

RE

\

SW SUMP

\.J.AVA BEDS

NAT'L MONUMENT

S E

D
OQ

LAKE SUMP

N

0 tKn,

Monthly Core
Area

3 182

.ActivltyCenter

M000C NAT'L FOREST

Figure 8. I'bnth1y core areas and activity centers of four sanctiiry coyotes during pup-rearing
season.

4

6



TULE

NATIONAL

LAKE

WILDLIFE

RE

TULE

OQ

LAKE

SW SUMP

LAVA BEDS

NAIL MONUMENT

RD

,-.- 'L_
AM4 I

SUMP

N

0 IKn.

(

MODOC NAT'L FOREST

Figure 9. 1bnthly core areas and activity centers of tv sanctuary coyotes during dispersal
season.

Monthly Core
Area

. Activity
Center

4

6

N



4/

SW SUMP

TULE LAKE

NATIONAL WILDLIFE

RE45

OQ

TULE LAKE SUMP

/

LAVA BEDS

NAT'L MONUMENT

N

0 1Km

Seasonal
Core Area

Pup-rearing
- Dispersal

Activity
Center

MODOC NATL FOREST

Figure 10. Seasonal core areas and activity centers of two sanctuary coyotes for pup-rearing ätd

dispersal seasons.

4

6

N



Figure 11. Seasonal movements off-sanctuary of five coyotes
from Tulelake National Wildlife Refuge and Lava Beds
National Monument, defining a total area of potential use.
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Figure 16. Similarity (SIMI) of coyote diet between uonths at Tulelake National Wildlife
Refuge (SW Sump).
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Figure 19. Approximate locations of scat collections
(dotted line) in 1939 study of coyote food habits on Lava
Beds National Monument. (adapted from Bond 1939:121.
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a
values in parentheses calculated using all relocation points; other

b
values calculated omitting exploratory movements

c
minimum convex polygon

d
represents area of 95% utilization contour
omitting individual home ranges of AN1 and AN3, and including composite
AN1/AM3
represents area of 50% utilization contour (no core area was defined)
omitting individual home ranges of AM1, AN3, SAN4, SAF5, and including
composites AN1/AN3, SAN4/SAF5
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Table 1. Home

Coyote(s)

range areas

relocations

of sanctuary coyotes in northeastern Californiaa.

Home range area (km2)

95b
Utilization Contour (UC)

N days MCP 90% Core area Z vol.1% area

Adult male
AM1 12 11 2.3
AM2 56 26 0.5 1.0 0.4 60.0/27.0

(4.1)
(134)c

(2.8) (68.3/19.6)

AN3 12 11 0.6
AN4 191 58 6.0 11.2 4.7 63.5/31.8

(6.3)
(211)c

(7.6) (67.8/29.0)

Subadult male

SAN1 181 65 2.9 5.9 2.4 64.2/29.1
SAN4 11 10 2.0

maled 2.8 (3.6)
1 SD 2.01(1.69)

Adult female

AF4 74 23 4.5 8.2 3.2 54.9/33.6

Subadult female

SAF5 19 18 4.1

female 4.3
1 SD 0.28

Composites

AN1/AN3 24 15 2.7 3.7 1.3 64.5/34.5

SAN4/SAF5 30 20 4.2 7.5
25e

50.0/

all 3.5(4.1)
1 SD 1.89(1.31)



Table 2. Daytime and nighttime home ranges and core areas of sanctuary coyotes during
pup-rearing (PR) and dispersal (DI) seasons

values were calculated omitting exploratory movements
PR (pup-rearing): 24 April to 7 August 1983

c
DI (dispersal): 15 August to 20 November 1983

d
daytime: 0900 to ...1700 (8-hour period midway between sunrise and sunset)
nighttime: .i1700 to-0900 (16-hour period following daytime)
minimum convex polygon
utilization contour

Coyote Seasonb

relocations

Home range area (km2)

daytimec nighttimed

N days
9570
MCPe

90

UC
Core
Area

95%
MCP

90%
UC

Core
Area

Adult male
AM2 PR 46 19 0.4 -- 0.3 --
AN4 PR 100 31 0.9 3.9 1.7 3.3 4.7 3.5

DI 89 25 2.7 7.3 2.9 4.8 9.0 4.2

Subadult male
SAM1 PR 90 37 1.5 2.8 0.9 1.8 2.6 1.2

DI 91 28 1.0 2.7 1.2 1.5 3.9 1.7

Adult female
AF4 PR 74 23 3.9 6.2 2.4 4.2 7.8 2.6

PR 1.7 3.4
1 SD 1.53 1.72

DI 1.8 3.2
1 SD 1.24 2.33



a
PR : pup-rearing season : 4/24/83 to 8/7/83

b
DI : dispersal season : 8/15/83 to 12/18/83
day : 0900 to 1700 (8-hour period midway between sunrise and sunset)
night: 1700 to 0900 (16-hour period following day)

Table 3. Daily shift in activity centers and percent difference and overlap
sanctuary coyotes during pup-rearing (PR) and dispersal (DI) seasons.

b
activity

Coyote season(s)a times(s) of day center shift (m) % diff

of core areas

Core Area

of

(±) % overlap

Adult male
AM4 PR day)night 194 +39 94

DI day -4night 1,094 +47 74
PR-+DI daytime 117 +70 53
PR-#DI nighttime 1,229 +80 43

Subadult male
SAM 1 PR dayk night 504 +26 40

DI dayp night 477 +46 76
PR-,DI daytime 798 +26 40
PR-DI nighttime 780 +46 68

Adult female
AF4 PR daynight 3,904 + 7 57
X C 1 SD)

PR day-*night 1,534 (±2,058.3) +24 (±16.1) 64 (±27.6)
DI day-+night 786 (±436.3) +47 (±0.7) 75 (±1.4)

PR-+DI daytime 457 (±481.5) +48 (±31.1) 47 (±9.2)
PR-.DI nighttime 1,004 (317.5) +63 (±24.0) 56 (±17.7)



Table 4. Mean percentage of coyote locations in manipulated (irrigated
cropland) and undisturbed (rangeland) habitats separated by time of day
and season.

Pup-rearing season dispersal season

daytimea nighttime daytime nighttime

c d
m u m ii m u m u

X 27 73 29 7T 34 66 51 4
1SD 42.3 37.3 30.4 30.4

a
daytime: "0900 to"-1700 (8-hour period midway between sunrise and

b
sunset)

nighttime:1700 to..v0900 (16-hour period following midday)

d
m = manipulated habitat
u = undisturbed habitat



Table 5. Home ranges and core areas of sanctuary coyotes by sampling period, and seasonal compositesa.

Home range area by sampling period (km2)
relocations 1 2 3 Composite

95% 90% Core 95% 90% Core 95% 90% Core 95% 90% Core
Coyotes Seasonb N days Sh1fSc MCP EJC Area MCP UC Area MCP UC Area MCP UC Area

a
Values in parentheses were calculated using all relocation points; others were calculated omitting

b
exploratory movements.
PR (pup-rearing) 24 April to 7 August 1983.
DI (dispersal) : 15 August to 20 November 1983.
8-hour tracking periods during which coyotes were relocated 4 to 8 times at >50 minute intervals.

e represents area of 60% utilization contour (no core area was defined)
includes 14 locations from PR1 monitoring period

Adult male
AM2 PR 52 23 5 0.2 0.6 0.1 0.1 0.8 0.3 --- 0.4 1.0 0.4

(3.0)
AM4 PR

DI
100
91

31
27

14

14
1.1
2.7

2.5
4.2

0.8
1.5

2.0
4.6

3.3
6.6

1.5,33U 0.1 2.4 0.8 2.8
4.5

5.6
7.3

2.6
35

(4.8)

Subadult male

SAM1 PR 90 37 12 2.3 2.5 1.2 1.5 1.8 0.7 0.7 2.2 0.8 2.1 4.3 1.8
DI 91 28 14 1.7 3.5 1.5 1.2 1.7 0.7 1.9 4.7 2.0

Adult female

AF4 PR 74 23 11 41e 77e 28e
2.5 7.7 2.9 4.5 8.2 3.2

PR 1.2 1.9 1.1 2.5
(3.1)

1 SD 1.1 1.7 1.2 1.7
(1.0)

DI 2.2 2.9 3.2
(3.40)

1 SD 0.7 2.4 1.8

(2.1)



Table 6. Monthly and seasonal shift in activity centers and percent difference and overlap of
core areas of sanctuary coyotes during pup-rearing (PR) and dispersal (DI) seasons.

a
PR: pup-rearing season 4/24/83 to 8/7/83

b
DI: dispersal season 8/15/83 to 11/20/83
PR1: 4/24 to 5/6, 5/23 to 6/10

6/21 to 7/9
7/19 to 8/7

Dli: 8/15 to 8/31
2: 9/12 to 9/23, 10/14 to 10/16, 11/18 to 11/20

c
a common grid density was not applied to PR3 and Dli when core areas were calculated,

d
therefore this comparison should be made with caution
includes 14 locations from PR1 monitoring period

a b
Coyote eason(s) month(s)

activity
center shift (m)

Core Area
7 diff (±) overlap

Adult male
AN2 PR l-2 240 + 81 72
AM4 PR 1-i.2 552 +101 21

PR 2-.3 738 - 46 20

PR-#DI
31c

249 + 88 63
DI 1 2 1,627 +119 53

PR-+DI all 109 + 35 40

Subadult male
SAM1 PR 1-..2 957 - 44 25

PR 2-3 678 + 7 36
PR-4D1

3,1c
1,002 +100 51

DI 261 - 55 100
PR-4D1 all 782 + 12 67

Adult female
AF4 PR 243 4,330 + 2 45

Y(±1SD)
PR 1-2 583 (+359.5) + 46 (±78.6) 39 (±28.4)
PR 2-,3 1,915 (±2,091.4) - 12 (±29.3) 34 (±12.7)

PR-D1 3-1 626 (±532.5) + 94 (±8.5) 57 (±8.5)
DI 1-,.2 944 (±965.9) + 32 (±123.0) 77 (±33.2)

PR.-DI all 446 (+475.9) + 24 (±16.3) 54 (+19.1)



Table 7. Mean percentage of coyote locations in maflipulated (irigated cropland) and
undisturbed (rangeland) habitats by sampling period and season , and composite.

Composite
PR1 PR2 PR3 Dli DI2 PR season DI season PR/DI

cd

a
PR1: 4/24 to 5/6, 5/23 to 6/10

6/21 to 7/9
7/19 to 8/7

Dli: 8/15 to 8/31

b
D12: 9/12 to 9/23, 10/14 to 10/16, 11/18 to 11/20
PR: pup-rearing season: 4/24/83 to 8/7/83

c
DI: dispersal season: 8/15/83 to 11/20/83
m = manipulated habitat
u = undisturbed habitat

rn U m u m u m U m u m U m U m U
X 22 78 32 68 36 64 40 60 49 51 28 72 44 56 27 73
1SD 38.2 34.7 50.7 29.0 29.7 38.7 29.7 22.6



Table 8. Dates of recovery and distance of dispersal movements or migrations of coyotes off the
sanctuary.

a
This subadult female was found dead in a cave, dead for mos

Coyote

date of
last relocation
on sanctuary

date of
recovery

distance from
last relocation (km)

distance to nearest
sanctuary boundary

(km)

Adult male
AM2 8 Jul 1983 30 Jan 1984 12.1 5.0

Adult female
AF1 16 Oct 1983 8 Jan 1984 12.6 3.4
AF3 11 Nov 1982 30 Nov 1982 8.7 2.5

SubAdult male
SAF1a 3 Apr 1983 5 Aug 1983 15.3 3.7
SAF5 17 Mar 1984 17 Apr 1984 24.0 12.2



Table 9. Coyote foods, expressed as percentage occurrence in scats by season,
identified in 295 scats collected in LABE during January 1982 - December 1983.

Number of scats sampled per season is indicated.
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Spring Summer Fall Winter Total

Food Item n=80 n=68 n.'72 n75 n=295

Mammals

Rodentia (86) (60) (78) (60) (72)

Microtus 80 35 58 55 58

Peromyscus 4 3 13 8 7

Neotoma 1 1 <1

Dipodomys californicus 8 10 15 8

Perognathus parvus 1 6 3 3 3

Spermophilus beecheyi 5 13 3 5

Marmota flaviventris 1 4 1

Lagamorpha (48) (44) (18) (29) (35)

Syvilagus nuttallii 43 40 17 21 30

Lepus californicus 1 4 1

Insectivora (1) (4) (1)

Sorex trowbridgii 1 <1

Scapanus latimanus 1 3 1

Artiodacyla (25) (13) (32) (41) (28)

Odocoileus hemionus 25 10 31 41 27

Ovis ovis 3 1

Carnivora (3) (1) (1)

Mustela frenata 1 <1

Avian (3) (32) (10) (3) (11)

birds 29 8 3 9

eggs 3 9 1 3

Insects (6) (10) (6) (1) (6)

Orthoptera 3 3 6 3

Coleoptera 4 9 1 1 4

Fruits (1) (35) (1) (12) (12)

Juniper berry 1 4 12 4

Gooseberry 29 7

Choke cherry 1 1 <1



Table 10. Coyote foods, expressed as percentage occurrence in scats by season,
identified in 290 scats collected in TLNWR (SW Sump) during January 1982 - December
1983. Numbers of scats sampled per season is indicated.
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Spring Summer Fall Winter Total
Food Item n=57 n=76 n=78 n=79 n=290

Mammals

Rodentia (98) (96) (100) (97) (98)

Microtus 98 95 100 94 97
Ondatra zibethica 1 <1
Peromyscus 19 7 4 25 13
Dipodomys californjcus 1 1 1 1

Perognathus parvus 3 1

Marmota flaviventris 2 3 1

Lagamorpha (4) (5) (2)

Syvilagus nuttallil 4 1

Lepus californicus 5 1

Artiodactyla <1) (5) (2)

Odocoileus hemionus 1 4 1

Ovisovjs 1

Avjan (5) (17) (6) (24) (14)

birds 4 12 3 24 12
eggs 2 5 3 2

Insects (2) (14) (1) (5)

Orthoptera 11 1 3
Coleoptera 2 1 1

Fruits (1) (1) (1) (1)

Juniper berry i <1
Gooseberry 1 <1
Choke cherry 1 <1
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APPENDIX



YOY = young of the year; Ad = adult; SAd = subadult
coyote SAF5 had a bobbed tail

Appendix I. Summary of coyote capture data November 1982 to May 1983.

Coyote Collar Capture Total Tail Hind Foot Ear fromID type date sex agea weight(kg) length(cm) length(cm) length(cm) Notch(cm)

SAM1 radio 2 Nov M YOY 8.5 105.0 32.0 18.0 11.7
SAF1 radio 3 Nov F YOY 8.5 111.0 34.0 16.6 11.0AF1 radio 3 Nov F Ad 11.0 113.0 33.5 18.5 11.7AF2 color 4 Nov F Ad 9.5 111.5 30.0 17,8 11.0SAM2 radio 4 Nov M SAd 10.0 112.0 32.5 18.7 11.0
SAF2 radio 6 Nov F SAd 9.0 111.0 29.5 17.4 11.3SAF3 color 6 Nov F SAd 9.0 112.5 30.0 17,5 11.5
SAM3 color 6 Nov M YOY 7.8 109.0 31.0 16.0 11.0SAF4 color 7 Nov F YOY 7.0 104.0 32.0 16.3 10.6
AM1 radio 8 Nov M Ad 13.3 124.0 37.0 20.0 12.0SAM4 color 8 Nov M SAd 9.0

°°b 333b 18.5 11.2
SAF5 color 9 Nov F YOY 7.8 83.5 10.5 17.8 11.5
AF3 radio 11 Nov F Ad 13.5 117.0 36.3 18.0 11.3
AM2 radio 11 Nov M Ad 11.5 112.0 37.0 18.5 11.5AF4 radio 11 Nov F Ad 11.0 110.0 35.0 18.0 10.3
AM3 radio 12 Nov M Ad 11.0 113.0 32.5 18.2 11.5
SAKS color 12 Nov M SAd 9.0 110.0 33.0 17.5 12.0
AM4 radio 26 Apr M Ad 13.0 121.0 35.5 18.5 12.0SAFÔ radio 26 Apr F SAd 11.0 114.0 31.0 18.0 11.0

F Ad 11.6 113.5 34.0 18.1 11.1
1 SD 1.25 2.89 2.28 0.25 0.59I M Ad 12.2 117.5 35.5 18.8 11.8
1 SD 1.11 5.92 2.12 0.81 0.29



a
Ad = adult; SAd = subadult

Appendix II. Inclusive dates of relocation data for home range
estimates of eight sanctuary coyotes

Coyote
ID Sex

a
Age

relocation
inclusive dates

AM1 N Ad 8 Dec 1982 - 31 Mar 1983
SAF5 F SAd 8 Dec 1982 - 17 Mar 1984
SAM4 M SAd 31 Dec 1982 - 18 Dec 1983
AM3 M Ad 27 Jan 1983 - 6 Apr 1983
AN2 N Ad 30 Mar 1983 - 8 Jul 1983
SAM1 M SAd 24 Apr 1983 - 20 Nov 1983
AM4 M Ad S May 1983 - 20 Nov 1983
AF4 F Ad 25 May 1983 - 30 Jul 1983



Appendix III Mathematical forrrulae of riEasures used to describe diet
composition and elucidate relationships anong samples and food taxa,

1. Nj is the percentage occurrence of the ith food taxon in the th
sample.

S is the total

K is the total

Nj =2N

K
Q3 =

i=l

=:1i
Ni

S
Slip son' s n = Pj

j=l

number of food taxa

number of samples

SIMI (sample similarity index) =

t fiij
ESIMI (taxa slniilarity index) = (-

i=lQ

PI4IVA

Lv\ ,I< Niu1f IC

QuQv

95

10. 'iBj (niche breadth) = Qj / E N2 (applies to individual taxa)

/ i=l


