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EXECUTIVE SUMMARY

Coyotes Canis latran$ are ubiquitousnd able to exploit a wide variety of food

resources that sometimes include sensitive or rare species. iDes&ses Gopherus

agassizi) occur in the Mojave Desert of California, and are federally and state listed as
Threatened due to numerous threats including habitat loss and direct mortality from
humans, predators, and disease. Coyotes occasionallyrpdegert tortoises, but the

extent to which they do so and how this predation might be affected by other factors
unknown. We investigated food item use by coyotes relative to annual availability of
select items and also examined coyote abundancensaittea region of the Mojave

Desert where desert tortoises were being translocated. Specific objectives were to (1)
guantify seasonal and annual use of food items by coyotes, (2) assess annual abundance
of primary food items, (3) assess spatial variatmfood item use and availability, (4)

assess relative coyote abundance and distribution, and (5) assess the implications of our
results with regards to predation on desert tortoises.

We collected and analyz&j246coyote scatsver a 5year period fromdll 2009 to

summer 2014n a ca. 1500 kfrarea near Barstow, CA. We also indexed primary prey
abundance annually using transect surveys. Automated camera stations were deployed
during the latter 3 years of the project to index abundance and distribtitoyiotes and

other species. Coyote foragipgtterns exhibited some temporal and spatial variation.
Annual variation in use of items appeared strongly influenced by fluctuations in item
availability associated with variation in annual precipitatioras®nal variation in item

use was minor. Rabbits were a primary, and possibly preferred, food item. Heteromyid
rodents (e.g., kangaroo rats and pocket mice) also were primary items.n&that
itemsappeared to be consumed opportunistically and dieclibirds, reptiles (snakes,
lizards, and tortoises), insects, and fruit. Anthropogenic items commonly occurred in
scats and included domestic animals, crops, andmeaie materials. &iance on
anthropogenic foodsiay have increased as the abundancetfral items decreased
duringyears with belowaverage annual precipitation. This in conjunction with scat
collection locations provided some evidence that the coyote population on the study site
is receiving at least some anthropogenic subsidization.

Coyotes in the study area consistently consume desert tortoises, although the frequency
of occurrence in scats is low. Use of tortoises in the latter years of the study declined
concurrent with declines in use and availability of primary items and alsaedtines in
annual precipitation. This suggested that tortoises may be used opportunistically by
coyotes Also, coyotes did not appear to increase use of tortoises as availability and use
of primary items declined.

Our data indicate that coyotes are ©uming desert tortoises consistently but at a low
frequency in this region, and tortoises appear to be a secondary item likely consumed
opportunistically by coyotes. The implications of this for desert tortoise populations are
uncertain in the absencetoftoise mortality rates or abundance trends. Coyotes in this
region clearly are gtoiting anthropogenic foods, and this subsidization could potentially
increase predation pressure on desert tortoises.
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INTRODUCTION

Coyotes Canis latran$ are ubiquitousn North America, and have increased both their
range and abundance, contrary to trends exhibited by many other species. Their success
is a function of marked ecological plasticity, as exemplified by the diversity of habitats
and food items used (Bekoffid Gese 2003). Coyotes are able to exploit a wide range of
resources, and this sometimes can include species considered to be at risk of extinction.
Predation pressure on these rare species is potentially exacerbated when local coyote
populations are matained at high levels due to an abundance of other foods or when low
availability of primary food items results in compensatory switching to secondary items
that may include rare species. Examples of at risk species impacted by coyote predation
include western snowy plover€haradrius alexandrinus nivosuBoint Reyes Bird
Observatory 2001), California least terSsgrna antillarum browniButchko 1990), San
Joaquin kit foxes\ulpes macrotis muticd8utchko 1990), swift foxes\ velox McGee

et al. 2M6), and gopher tortoise&¢pherus polyphemusoore et al. 2006).

Desert tortoisesopherus agassizibccur in the Mojave and Sonoran deserts of the
United States and Mexico. Desert tortoises in California, are federally and state listed as
ThreatenedU.S. Fish and Wildlife Service011, California Department of Fish and

Game 2008) due to numerous threats including habitat loss and direct mortality from
humans, predators, and disease. Coyotes are among the many predators that kill desert
tortoises (Wodbury and Hardy 1948, U.S. Fish and Wildlife Ser2@&1 Lovich et al.
1999,Esque et al. 201Qovich et al. 2011

In response taplanned expansion of the Ft. Irwin National Training Center (NTC) north
of Barstow, California, almost 600 tortoiseen® translocated off the NTC in 2008 to

release sites on nearby public lands (Esque et al. 2005, Esque et al. 2010). Release areas
consisted of high quality habitat occupied by resident tortoises. To assess the effects of
translocation on tortoises remex/from the NTC and also any impacts to resident

tortoises in the release areas, 357 of 571 translocated tortoises and a sample of resident
tortoises were monitored via radio telemetry. Furthermore, a sample of animals in areas
outside of release sit@gs monitored as a control group. All transmittered animals were
usually monitored weekly to assess survival and movements, and to identify sources of
mortality (Esque et al. 2010). Current plans call for additional tortoises to be translocated
in the futue (Esque et al. 2009).

Monitoring has revealed that mortality rates among all 3 groups of tortoises are higher
than expected. Mortality at 9 monitoring sites ranged from 6.7% to 45.5%, and rates at 6
of the sites exceeded 20% (Esque et al. 2010). Rvadat coyotesvas identified aga

primary source of tortoise mortality on these sites. Concern has been expressed among
desert tortoise experts that such high mortality rates are not sustainable and could reduce
population viability for desert tortoiseventually resulting in local or regional

extirpations.

Coyote predation on desert tortoises has been well documented previously with reported
rates of 1830% (e.g., Turner et al. 1984, Peterson 1994). Thus, it is not completely clear
whatrateorrangefo r at es i s fAnor mal 0. Coyotes are
opportunistically exploit resources based on abundance and foraging efficiency.

Therefore, predation by coyotes on desert tortoises very likely varies with availability and

f

(0
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use of other food itema Furthermore, the availability of anthropogenic foods may

subsidize coyotes in some areas resulting in enhanced predation rates on tortoises. Esque
et al. (2010) hypothesized that low availability of other foods due to extended drought
conditions may & responsible for elevated predation rates on tortoises, and that this

effect may be enhanced in areas where coyotes are subsidized by anthropogenic foods.

Coyote foraging dynamics in the Mojave Desert have not been well documented. Ferrel
et al. (1953) eported that rabbitd épus californicugndSylvilagus nuttall)), rodents
(primarily Microtusspp.,Neotomaspp., andSpermophilus beechydeer Odocoileus
hemionu}, and birds were the most frequently occurring items in coyote stomachs from a
region hat included the Mojave Desert. However, most of the stomachs were collected
in areas other than the Mojave Desert. Similarly, rabbits, various species of rodents,
birds, and insects are common dietary items for coyotes in other desert regions of North
America (e.g., Sperry 1941ohnson and Hansen 1977, 1979; Hernandez et al. 1994,
Cypher et al. 1994; Nelson et al. 2007). Use of food items by coyotes typically varies
seasonally (Bekoff and Gese 2003). Furthermore, annual resource availability in arid
regions can vary markedly, primarily as a function of annual precipitation, and food item
use by coyotealsowould be expected to vary.

The dynamics between coyote foraging patterns and both annual and seasonal variation in
resource availability in the Maye Desert have not been thoroughly investigated.
Consequently, the relationship between these dynamics and coyote predation on desert
tortoises is unclear. Availability of other food items, coyote abundance, or some
interactive effect between these farstcould affect predation rates on tortoises.
Furthermore, the availability of anthropogenic food items might elevate predation rates
by maintaining high coyote abundance relative to the availability of natural food items
(Esque et al. 2010). Howevesauof and reliance on anthropogenic food items by

coyotes in the Mojave Desert are unknown. Finally, coyote foraging dynamics and
concomitant predation on tortoises might vary spatially if resources are heterogeneously
distributed across the landscapendérstanding the interrelationships above could

provide valuable information for developing and refining conservation strategies for
desert tortoises.

The goal of this investigatiomas to examine food item use by coyotes relative to annual
availability of select itemsindalso examineoyote abundangeatternsn the region of
the Mojave Desert where desert tortoigese being translocated. Specific objectives of
this investigatiorwere to:
1. guantify seasonal and annual use of food items by coyotes,
asses annual abundance of primary food items,
assess spatial variation in food item use and availability
assess relative coyote abundancedistlibution and

collaborate with desert tortoise researchers in an effort to determine whether
item use, item avalilality, or coyote abundance correlate with observed
temporal and spatial variation in coyote predation rates on tortoises.

Field work for his projectwas conducted over ayear period from fall 2009 to summer
2014.

arwDn
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STUDY AREA

This investigatiorwas condated inthe Desert Tortoise Translocation Area, which
encompassapproximately 1,500 kfmorth of Barstow, CaliforniaRigurel). The area

is bounded on the north by Fort Irwin and the China Lake Naval Air Weapons Station,
and on tle south by Interstate 15 and State Route 58. It extends from about the town of
Hinkley on west to Afton Road on the ea$te study area was within the Western
Mojave Recovery Unit of Critical Habitat for desert tortoises (USFWS 19b4¢ study
area wa characterized as typical Mojave Desert scrub vegetation (Turner 1994)
dominated primarily by creosote budlafrea tridentatg and with perennial plant cover
ranging from 1 to 29%Esque et al. 2010)Elevation ranged from 500 to 90Q and the
variedterrainincludedflat dry lake bedsgentle alluvial fansandsteep, rugged hills
Meanannual precipitatiofor Barstow, Californiavas 13.4 cm (U.S. Climate Data

2014) Much of this area comprises public lands managed by the U.S. Bureau of Land
Managenent with interspersed private lands. Human densities and influeeces
greatest around Barstow, Hinkley, and Harvard, and debluite distance from these
towns.
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Figure 1. Coyote foraging ecology study area depicting the West, Central, and East
portions of the study area in San Bernardino County, California.
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METHODS

COYOTE FORAGING PATTERNS

Food item use by coyotegasdetermined by examining scat (&csamples. To collect
scats, each portion of the study anessvisitedat least 1 day each season. Unpaved
roadswere traveled at slow speéice., 515 kph)while observers searetifor coyote
scats on and alongside the road. Scatsvadsecollected when encountered along prey
assessment transects (see below). All Soatsdwere placed in aseparatg@aper bag,
and the collection date and location (UTM coordinatese recorded.

Scatswere airdried and then stored in insqmioof storage containers. To destroy any
zoonotic parasites (e.g., hydatid tapewoEohinococus multiloculari$, all scatsvere
placed in a drying oven at 60Waephamdin O 24 hr
nylon pouches, washed in a washing machine to remove soluble material, and dried in a
tumble dryer. The remaining undigested matevas examined to identify items

consumed by coyotes. Mammalian remauese identified by examining macroscopic

(e.g., length, texture, color, banding patterns) and microscopic (e.g., cuticular scale
patterns) characteristics of hairs (Moore et ar4)9and by comparing teeth and bone
fragments to published guides (Glass 1981, Roest 1986) and reference specimens.
Attemptswere made to identify other vertebrate (i.e., bird, reptile) and all invertebrate
(e.g., insects, arachnids) remains at leastder based on feathers, scales, and
exoskeletons. Any fleshy fruits consumeere identified at least to genus based on seed
characteristics (Young and Young 1992). Anthropogenic iteens identified based on

the presence of domestic animal remainmadentally ingested items (e.g., plastic,

paper, cloth). Frequency of occurrence of food items in s@stsletermined by season,
geographic area, and year. Food items also were combined into broader categories:
rabbit, rodent, domestic animal, biréptile, invertebrate, and fruit.

The annual availability of natural foods, particularly in arid environments, generally
fluctuate with precipitation abundance received during theseason that occurs from
late fall through spring Thus, to better pacoyote foraging patterns with annual prey
availability, years were defined as October to Septemider determined annual
precipitation totals for these same intervals using data from U.S. Climate Data (2014).
Seasons were defined as fall (Detc), wirter (JarMar), spring (ApfJun), and summer
(JuFAug).

PREY ABUNDANCE

Leporids (primarily blackailed jackrabbitst.epus californicusand rodents (primarily
kangaroo ratsl)ipodomysspp.], pocket miceHerognathus spmndChaetodipus spp.
squirrels Bpermophilusspp. andAmmospermophilus leucujuand desert woodrats
[Neotoma lepidp were expected to constitute primary prey items for coyotes in the
study area. To assess relative prey abundance among years and sections of the study
area, 20 km trarsects were established in each section for a total of 60 transects. The
transects were established on public lands (U.S. Bureau of Land Management or
California Department of Fish and Game). Transectarbagproximately 25 m from an
unpaved road angere oriented approximately perpendicular to the road. To increase
sampling efficiency, transects were established in pairs with the transects in each pair
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oriented parallel to each and separated by 250 m. Pairs of transectpaced at least 2
km apart. Transects were established in areas that appeared to have typical habitat
conditions for each section of the study area.

Relative abundance of rabbits and rodevas assessed by counting fresh rabbit pellets

and active rodent burrows along each transecesh pelletsere characterized by a

golden to dark brown color and a smooth surf&igure2) whereas old pelletsere

characterized by a gray color and surface roughed by weathering. Rodent hugrews
characteriozédbuasoivl apgaeing O 3 cm) or fsmall
Large burrows are typical of those used by kangaroo rats or ground sqtigale 8)

while small burrows are typical of those used by pocket mice or other mice. Burrow

with openings obstructed by vegetation or spider webs are not considered actweeeand

not counted.
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Figure 3. Example of large rodent burrow.

Prey abundance assessmeavige conducted once each year in the spring. Assessments
were conducted by 2 observers slowly walking along each transect. The first observer
acts as orienteer and coedall active burrows within 1 m of either side of thartsect.
Thesecond observaounedall fresh rabbit pellets within 1 m of either side of the
transectind recorded data

COYOTEABUNDANCE

Automated digital field camerg€uddeback Digital Attack IR, Model 1156, Non

Typical Inc. Green Bay, WI; Stealth @a3.0 MP Digital Scouting Cameras, Model STC
AD2/AD2RT, Stealth Cam LLC, Bedford, TXyere deployed in an effort to detect the
presence and relative abundance of coyotes across the study areas. The cameras were
secured to 1:2n (3-ft) U-posts with zip tie and duct tape. A can of cat food was staked

to the ground approximateB/min front of each camera usi@§-cm nails. A scent lure
(Carmandés Canine Call Lure, Russ Carman, New
andvegetatiomear the cameras an etta attractant for carnivore€€amera stations

were deployedheareachpair of prey abundance transeat early December and were

left to run for8-10 weeks Each year, the number of cameras recording visits by coyotes
and the minimum number of coyotésiting cameras was recorded for each portion of

the study area.
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RESULTS

COYOTE FORAGING PATTERNS

Over the 5 years of the study, 3,246 scat samples were collected and amalyged (
474801 per yea). Approximately 50 different items were identifieddayote scats (see
Appendix A for a complete list of food items and scientific names). Rabbits, kangaroo
rats and pocket mice appeared to be primary food items for coyidtes:abbit in scats
likely wasprimarily blacktailed jackrabbit, whichvas the spcies most frequently
observed in the study area. Desert cottontails also are present in the area betltppear
have a more localized distributiparticularly near water sources. Kangaroo rat species
potentially occurring in the study area incluaksert O. deserfy, Mer r i B.md s (
merriami), and chisetooth ©. micropg kangaroo ratsPotential pocket mouse species
included desert C. pencillatu$, longtailed C. formosuy and little pocket miceR.
longimembri$. Squirrels in the study areaclude roundtailed S.tereticauduy Mohave
ground squirrel$. mohavensjsand whitetailed antelope squirre”A( leucuru3. Birds

and snakeand insectgalso were commonly consumed lmsuallycould not be identified

to species. Anthropogenic remainglentified in scats included cat, ddigestock gut

piles, domestic animal wastend various crops includingalnuss, almond, pistachia,
olives, pumpkin, melon, corrgndbeans Other noAood anthropogenic items included
pieces of cloth, paper, plastleather, cartridge casings, and other materidlsumber

of other items appeared to be ingested incidentally and included twigs, grass, other
vegetation, pebbles, and soil.

For all years combinelablel), rabbitwas the primaritem found in coyote scats.

Ot her items occur r i nkangarooraf snhke Ypockef mogse, artds i n c |
bird. Rabbit also was the most frequently occurring item in gaain(Tablel), study
area segmerffable2), andseasor{Table3). Ot her i tems occurring at

10% in annual, seasonal and area samples typically included kangaroo rat, snake, pocket
mouse, and bird. Less typical items included squirrels in Year 3 and Fall; Codespte

in Year 2, Summer, and the West area; insect larvae in Year 5; and pistachios in the East
area.
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Table 1. Frequency of occurrence of food items found in coyote scats for 5 years and
all years combined on the Desert Tortoise Translocation Area, San Bernardino County,
California during October 2009-September 2014. Years are defined as October-September.

Frequency of Occurrence (%)
Yearl Year2 Year3 Year4 Year5 AllYears

Food ltem (N=625 (n=474) (n=631) (n=801) (n=715) (n=3,246)
Natural Items Rabbit 48.3 42.0 58.2 67.5 41.4 525
Kangaroo Rat 32.6 26.2 23.3 14.9 9.9 20.5
Pocket Mouse 19.2 354 5.4 3.1 8.0 12.4
Deer mouse 0.0 0.0 0.5 0.0 0.6 0.2
House Mouse 0.0 0.4 0.0 0.1 1.7 0.5
Squirrel 7.2 7.8 16.0 8.2 3.4 8.4
Woodrat 2.1 8.2 7.9 2.1 1.0 3.9
Gopher 0.2 0.0 0.0 0.1 1.4 0.4
Unknown Rodent 7.2 3.8 2.7 25 5.3 4.2
Unknown Mammal 0.5 0.2 25 35 6.9 3.0
Bird 10.1 7.2 12.8 10.7 18.6 12.2
Eggshell 0.3 0.6 0.0 0.4 0.4 0.3
Snake 13.0 194 13.3 12.0 12.9 13.7
Lizard 6.6 5.1 3.2 4.0 8.8 55
Desert Tortoise 5.9 5.3 25 2.6 2.4 3.6
Unknown Reptile 1.4 0.4 1.3 0.5 0.6 0.8
Orthopteran 3.4 1.7 0.3 1.4 3.1 2.0
Coleopteran 8.3 11.2 8.1 9.9 9.2 9.3
Insect Larva 2.1 0.4 0.6 2.1 10.5 34
Ant 0.0 0.4 1.0 0.5 0.0 0.4
Caterpillar 0.2 0.0 0.0 0.0 0.0 0.0
Jerusalem Cricket 0.0 0.2 0.8 0.4 0.4 0.4
Earwig 0.3 0.2 0.3 0.0 0.0 0.2
Unknown Insect 2.6 4.0 7.1 8.5 5.6 5.8
Scorpion 0.8 15 0.3 1.9 1.3 1.2
Unknown Invertebrate 0.0 0.0 0.0 0.1 0.0 0.0
Unknown Animal 0.0 0.0 0.0 .0 1.3 0.3
Screwbean Mesquite 3.4 0.6 5.5 1.9 0.1 1.7
Mesquite spp. 0.0 0.0 0.0 2.6 3.5 1.4
Boxthorn spp. 0.0 0.0 0.0 0.1 1.0 0.2
Cucurbit spp. 0.2 0.0 0.6 0.4 0.0 0.2
Cactus spp. 0.0 0.0 0.0 0.1 0.0 0.0
Anthropogenic  Domestic Dog 0.6 0.0 0.6 0.2 0.1 0.3
ltems Domestic Cat 0.5 0.6 1.4 0.4 0.4 0.6
Cow 0.0 0.4 1.3 0.6 0.0 0.5
Sheep 0.3 0.0 0.0 0.0 0.0 0.1
Goat 0.2 0.0 0.2 0.1 0.1 0.1
Domestic Animal 2.9 2.5 4.1 3.9 9.7 4.8
Domestic Animal Gut Pile 0.0 0.0 0.2 15 0.1 0.4
Domestic Animal Waste 0.0 0.0 0.0 0.0 4.3 1.0
Pistachio 0.5 0.0 1.0 2.0 7.6 2.4
Walnut 0.0 0.0 0.0 0.1 0.4 0.1
Almond 0.0 0.0 0.0 0.0 0.3 0.1
Cherry spp. 0.0 0.0 0.0 0.0 0.4 0.1
Olive spp. 0.2 0.0 0.0 1.9 1.7 0.9
Palm spp. 0.0 0.0 0.0 0.1 0.7 0.2
Rose spp. 0.0 0.0 0.0 0.0 0.3 0.1
Bean 0.0 0.0 0.0 0.0 0.1 0.1
Pumpkin 0.0 0.0 0.0 0.0 0.3 0.1
Melon 0.0 0.0 0.0 0.0 0.3 0.1
Corn 0.0 0.0 0.2 0.2 0.3 0.2
Sunflower Seed 0.0 0.0 0.2 0.0 0.0 0.0
Man-made Material 2.2 4.0 6.8 5.0 6.3 5.0
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Table 2. Frequency of occurrence of food items found in coyote scats collected in
three study area segments in the Desert Tortoise Translocation Area, San Bernardino
County, California during October 2009-September 2014.

Frequency of Occurrence (%)

Food Item West Central East
(n = 1435) (n =1218) (n =593)
Natural Iltems Rabbit 455 57.6 59.2
Kangaroo Rat 32.2 11.1 115
Pocket Mouse 19.4 7.3 6.2
Deer mouse 0.3 0.1 0.3
House Mouse 0.1 0.3 1.7
Squirrel 9.8 8.1 5.7
Woodrat 3.6 5.0 2.4
Gopher 0.8 0.0 0.2
Unknown Rodent 5.3 3.5 3.2
Bird 7.3 16.8 14.7
Eggshell 0.1 0.7 0.3
Snake 17.6 11.0 9.8
Lizard 51 5.2 7.4
Desert Tortoise 3.8 4.1 1.9
Unknown Reptile 1.0 0.6 0.8
Orthopteran 3.0 1.4 0.7
Coleopteran 11.4 7.7 7.4
Insect Larva 34 2.9 4.6
Ant 0.3 0.3 0.7
Caterpillar 0.0 0.1 0.0
Jerusalem Cricket 0.4 0.3 0.3
Earwig 0.1 0.2 0.0
Unknown Insect 5.9 51 6.9
Scorpion 1.7 0.6 1.2
Unknown Invertebrate 0.0 0.1 0.0
Unknown Animal 0.0 0.2 1.0
Screwbean Mesquite 0.0 4.5 0.2
Mesquite spp. 0.3 3.0 1.0
Boxthorn spp. 0.0 0.2 1.0
Cucurbit spp. 0.2 0.2 0.3
Cactus spp. 0.0 0.1 0.0
Anthropogenic  Domestic Dog 0.3 0.3 0.5
ltems Domestic Cat 0.5 0.3 1.7
Cow 0.6 0.2 0.5
Sheep 0.0 0.2 0.0
Goat 0.3 0.0 0.0
Domestic Animal 4.2 4.9 6.1
Domestic Animal Gut Pile 0.2 0.8 0.2
Domestic Animal Waste 0.3 1.1 2.2
Unknown Mammal 2.4 3.0 4.2
Pistachio 0.0 0.9 115
Walnut 0.3 0.0 0.0
Almond 0.0 0.0 0.3
Cherry spp. 0.0 0.2 0.0
Olive spp. 0.0 15 1.7
Palm spp. 0.2 0.2 0.2
Rose spp. 0.0 0.1 0.2
Bean 0.0 0.1 0.0
Pumpkin 0.0 0.0 0.3
Melon 0.1 0.1 0.0
Corn 0.0 0.2 0.3
Sunflower Seed 0.0 0.1 0.0
Man-made Material 2.5 6.2 8.3
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Table 3. Seasonal frequency of occurrence of food items found in coyote scats
collected in the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.

Frequency of Occurrence (%)

Fall Winter Spring Summer
Food Item (n = 845) (n = 834) (n = 738) (n = 829)
Natural Iltems Rabbit 46.7 54.2 52.2 57.1
Kangaroo Rat 28.0 18.1 17.8 17.6
Pocket Mouse 14.3 9.0 12.1 14.4
Deer mouse 0.4 0.1 0.0 0.4
House Mouse 0.4 0.6 0.3 0.6
Squirrel 10.3 7.2 9.8 6.5
Woodrat 5.7 2.0 3.3 4.5
Gopher 0.2 0.2 0.7 0.4
Unknown Rodent 4.7 5.2 2.8 4.1
Unknown Mammal 2.4 3.4 3.8 2.5
Bird 11.4 10.1 14.0 13.8
Eggshell 0.4 0.2 0.7 0.1
Snake 13.7 9.1 13.8 18.2
Lizard 3.9 2.6 7.9 8.1
Desert Tortoise 4.4 35 4.9 1.7
Unknown Reptile 1.2 0.4 0.9 0.8
Orthopteran 25 2.0 2.0 1.3
Coleopteran 9.2 8.2 7.7 11.8
Insect Larva 1.9 1.7 5.7 4.7
Ant 0.5 0.0 0.1 0.8
Caterpillar 0.1 0.0 0.0 0.0
Jerusalem Cricket 1.1 0.1 0.1 0.1
Earwig 0.2 0.1 0.3 0.0
Unknown Insect 3.3 4.6 7.7 7.8
Scorpion 0.8 0.8 0.7 2.3
Unknown Invertebrate 0.0 0.0 0.0 0.1
Unknown Animal 0.0 0.6 0.0 0.5
Screwbean Mesquite 2.4 1.0 2.6 11
Mesquite spp. 11 1.3 0.5 2.7
Boxthorn spp. 0.1 0.7 0.1 0.0
Cucurbit spp. 0.5 0.0 0.3 0.2
Cactus spp. 0.1 0.0 0.0 0.0
Anthropogenic  Domestic Dog 0.4 0.2 0.4 0.4
ltems Domestic Cat 0.4 0.4 1.1 0.8
Cow 0.4 0.5 0.4 0.6
Sheep 0.2 0.0 0.0 0.0
Goat 0.1 0.2 0.1 0.0
Domestic Animal 3.7 6.4 3.1 5.9
Domestic Animal Gut Pile 0.1 0.2 1.2 0.2
Domestic Animal Waste 0.0 1.2 0.9 1.7
Pistachio 25 4.1 15 1.6
Walnut 0.2 0.0 0.3 0.0
Almond 0.0 0.0 0.1 0.1
Cherry spp. 0.0 0.0 0.0 0.4
Olive spp. 11 0.2 0.3 1.8
Palm spp. 0.1 0.1 0.4 0.1
Rose spp. 0.0 0.0 0.1 0.1
Bean 0.0 0.1 0.0 0.0
Pumpkin 0.0 0.2 0.0 0.0
Melon 0.0 0.2 0.0 0.0
Corn 0.1 0.2 0.3 0.0
Sunflower Seed 0.0 0.0 0.0 0.1
Man-made Material 3.8 4.8 5.8 55
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When items were grouped into broader food categonegnts comprised the largest
proportion of items in Years 1 and 2, aadbits comprised the largest proportion in

Years 3, 4, and 3-{gure4). Proportional occurrence of birds, reptiles, invertebrates, and
vegetation in coyote scats was relatively consistent among years. The proportion of
anthropogenic it@s also was relatively consistent except for Year 5 when it about
doubled.

Among study area segments, rabbits comprised the largest proportion of items in the East
and Central areas, but rodents comprised the largest proportion in the West area
(Figureb). The proportions of other item categories were generally consistent among
areas except for anthropogenic items. For these items, the proportion was lowest in the
West area, higher in the Central area and highest in the Eastreeathey comprised

the second largest category of items consumed by coyotes.

Among seasons, the proportions comprised by &sadhitemcategory were relatively
consisten{Figure6). Rabbits and rodents consistently were2hargest categories with
rodents being a bit larger in the Fall and rabbits being a bit larger in the other seasons.

Frequency of desert tortoise remains in coyote scats W#sf@r all years combined,

and varied from 2.4% to 5.8% for individual yedfgglre7). Tortoise occurrence in

scats was approximately twice as high in the Central and West areas compared to the East
area Figure8). Tortoise was present in scats during all seasons, and wasthighe

Spring and lowest in Summefigure9).
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Figure 4. Proportional item occurrences by food category for coyote scats collected in
5 years and for all years combined on the Desert Tortoise Translocation Area, San
Bernardino County, California during October 2009-September 2014.
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Figure 5. Proportional item occurrences by food category for coyote scats collected in
3 study area segments on the Desert Tortoise Translocation Area, San Bernardino County,
California during October 2009-September 2014.
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Figure 6. Proportional item occurrences by food category among seasons for coyote
scats collected in the Desert Tortoise Translocation Area, San Bernardino County,
California during October 2009-September 2014.
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Figure 7. Frequency of occurrence of desert tortoise remains found in coyote scats for
each year and all years combined on the Desert Tortoise Translocation Area, San
Bernardino County, California during October 2009-September 2014.
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Figure 8. Frequency of occurrence of desert tortoise remains found in coyote scats
collected in 3 study area segments on the Desert Tortoise Translocation Area, San
Bernardino County, California during October 2009-September 2014.
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Figure 9. Seasonal frequency of occurrence of desert tortoise remains found in coyote
scats collected on the Desert Tortoise Translocation Area, San Bernardino County,
California during October 2009-September 2014.

Use of athrgpogenic items increased duritite 5 years of the studiFigure10). By

Year 5, the occurrence of anthropogenic items was almost double compared to the
previous 2 years. Use these items was highest in the East area and lowest in the west
(Figurell), and use was fairly consistent across seagtigare12).
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Figure 10. Frequency of occurrence of anthropogenic items in coyote scats for each
year on the Desert Tortoise Translocation Area, San Bernardino County, California during
October 2009-September 2014.

16



Spatio-temporal Foraging Patterns of Mojave Desert Coyotes: Implications for Desert Tortoise Recovery

30 +

25 A

20 A

Frequency of occurrence
of anthropogenic

10 -
5 -
0 -
West Central East
Study Area

Figure 11. Frequency of occurrence of anthropogenic items in coyote scats collected
in 3 study area segments on the Desert Tortoise Translocation Area, San Bernardino
County, California during October 2009-September 2014.
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Figure 12. Seasonal frequency of occurrence of anthropogenic items in coyote scats
collected on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.
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PREY ABUNDANCE

Annual precipitation totals for YearsSlwere 16.9 cm, 28.2 cm, 7.3 cm, 7.5 cm, and 8.0
cm, respectively. Awage annual precipitation for the region is approximately 13.2 cm.
Prey availability assessments were condudtathg MarchMay annually The mean
annualnumber of rabbit pellets per transeghibited similar trends across the 3 study

area segment{&igurel3). Most notably, the numbers on all 3 areas exhibited a
pronounced spike in Year 3, which followed 2 years of above average precipitation.
Across the entire study ardegnds in use of rabbits by coyoggsnerallyreflecied trends

in rabbit pellet counts, but exhibited ayéar lag(Figure14). The mean annual number

of large burrows also exhibited somewhat similar trends across the three areas; higher in
the earlier years of the study and lowethe later yearsHigure15). Across the entire

study area, large burrow counts and use of kangaroo rats by coyotesubited

declining trendsKigure16). These trendsnly weakly trackednnualprecipitation The

mean number of small burrows was more variable among areas and did not closely track
annual precipitationHigurel17). Similarly, across the entire study area, small burrow
abundancgenerally declined ovehé course of the study probably reflecting lower
precipitation in the latter yearBifure18). However, use of pocket mice by coyotes

very closely tracked annual precipitation trends.
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Figure 13. Mean annual rabbit pellet counts for 3 study area segments and annual
precipitation on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.
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Figure 14. Annual mean rabbit pellet counts, precipitation, and use of rabbits by
coyotes on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.
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Figure 15. Mean annual large burrow counts for 3 study area segments and annual
precipitation on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.
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Figure 16. Annual mean large burrow counts, precipitation, and use of kangaroo rats
by coyotes on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.
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Figure 17. Mean annual small burrow counts for 3 study area segments and annual
precipitation on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.
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Figure 18. Annual mean small burrow counts, precipitation, and use of pocket mice by
coyotes on the Desert Tortoise Translocation Area, San Bernardino County, California
during October 2009-September 2014.

EFFECTS OF ITEM USE AND AVAIL ABILITY ON USE OF TORTOISES

Occurrence of desert tortoise in coyote scats declined during the 5 years of the study
(Figurel19). There did not appear to be a strong relationship between use of tortoise and
useof other items. Annual precipitation also declined during this period, which may

have resulted in lower tortoise abundance and a concomitant reduction in use by coyotes.
Similarly, no relationships were apparent between use of tortoises and use @éotker
acrosghe 3 study area segmeniisgure20). Furthermore, all prey availability indices

also exhibited a declining trend across years similar to that of tortoise use by coyotes and
likely in response to declining annuakpipitation Figure21). As with prey item use,

no relationships were apparent between prey availability indices and use of tortoises
across the 3 study area segmehigure22).
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Figure 19. Use of desert tortoises by coyotes among years relative to use of other
food items and annual precipitation on the Desert Tortoise Translocation Area, San
Bernardino County, California during October 2009-September 2014. To better compare
trends, the percent frequency of occurrence of desert tortoise in coyote scats was
multiplied by 10.
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Figure 20. Use of desert tortoises by coyotes among study area segments relative to
use of other food items on the Desert Tortoise Translocation Area, San Bernardino
County, California during October 2009-September 2014. To better compare trends, the
percent frequency of occurrence of desert tortoise in coyote scats was multiplied by 10.
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Figure 21. Use of desert tortoises by coyotes among years relative to prey availability
indices and annual precipitation on the Desert Tortoise Translocation Area, San
Bernardino County, California during October 2009-September 2014. To better compare
trends, the percent frequency of occurrence of desert tortoise in coyote scats was
multiplied by 10.
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Figure 22. Use of desert tortoises by coyotes among study area segments relative to
use of other food items on the Desert Tortoise Translocation Area, San Bernardino
County, California during October 2009-September 2014. To better compare trends, the
percent frequency of occurrence of desert tortoise in coyote scats was multiplied by 10.
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COYOTE ABUNDANCEAND DISTRIBUTION

Tenautomated camera stations were established on each of the 3 study area segments
(Figure23) and operated fof2 nights in Year 369 nightsn Year 4, and 63 nights in

Year 5. Camera stations were deployed in December and collected in either January or
February.Coyoteswere detectedcross the study aredhey were detected on 29 of the

30 stations in one or more years. Only one statidharEast area did not have a coyote
detection. Coyotes may have been less abundant in the EasDateetion rates were
generally were lower in the East araelihoughrates were similar among areas in Year 5
(Table4). Detection rates for all areas combinéil not differmarkedlyamong years
Several other species also were detected on the camaldss). These species include
other potential predators on desert tortoises, such as kit fee®ts @and hatchlings),
badgers, domestic dggand ravens Domestic dogs usually were detected near human
inhabited areas, and in Year 5 they were detected on 9 of 28 caRigtasZ4)

indicating that they were relatively abumda

% Study Areas

. @ East
@ Central
® West

-y

Figure 23. Locations of automated camera stations in 3 study area segments on the
Desert Tortoise Translocation Area, San Bernardino County, California.
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Table 4. Annual coyote detection rates on camera stations in 3 study area segments

on the Desert Tortoise Translocation Area, San Bernardino County, California during
October 2009-September 2014.

Coyote detection rates’

Study area segments

Year West Central East Total
Year 3 1.0 0.7 0.5 0.73
Year 4 0.8 0.9 0.2 0.66
Year 5 0.7 0.7 0.8 0.71
Mean + SE 0.83+0.09 0.77 £ 0.07 0.50 + 0.17 0.70 £ 0.02

! Number of cameras on which coyotes were detected/number of functional cameras. One camera malfunctioned in the
East area in Year 4, and one camera malfunctioned in both the West and East areas in Year 5.

Table 5. Species detected on automated cameras in 3 study area segments for 3 years
combined (2012-2014) on the Desert Tortoise Translocation Area, San Bernardino County,
California.

Species Cameras with detection$
Common Name Scientific Name West Central East Total
Coyote Canis latrans 24 23 14 61
Desert kit fox Vulpes macrotis arsipis 25 26 26 77
Domestic dog Canis familiaris 4 5 2 11
Bobcat Lynx rufus 5 2 2 9
American badger Taxidea taxus 4 0 4 8
Spotted skunk Spilogale gracilis 0 0 1 1
Black-tailed jackrabbit Lepus californicus 22 20 18 60
White-tailed antelope squirrel ~ Ammospermophilus leucurus 5 2 2 9
Kangaroo rat species Dipodomysspp. 3 1 0 4
Common raven Corvus corax 4 1 7 12
Burrowing owl Athene cnunicularia 0 1 0 1
Sage sparrow Amphispiza belli 0 1 0 1
Saybés Phoebe Sayornis saya 0 1 0 1
Loggerhead shrike Lanius ludovicianus 0 1 0 1

'Functional cameras over 3 years: West = 29, Central = 30, and East = 28, and Total = 87.

Coyote scats were not collected in a systematic way across the study area. However, the
distribution of locations where scats were found further indicates that coyotes occurred
throughout the study arekigure24). The pattern of locations also is consistent with
camera station data that suggested lower numbers of coyotes in the East area. Indeed,
particularly in the final 2 years of the investigation, most of the scats collected in the East
area were fouthon the western side of this area close to human occupied areas.

25



Spatio-temporal Foraging Patterns of Mojave Desert Coyotes: Implications for Desert Tortoise Recovery

Figure 24. Locations of coyote scats collected on the Desert Tortoise Translocation
Area, San Bernardino County, California during October 2009-September 2014.

DISCUSSION

COYOTE FORAGING PATTERNS

Coyotes commonlgre characterized as opportunistic foraging gener@Bstsoff and
Gese 2003) Thisis a fairgeneralizationn a broad ecological sendmjt at specific
locations coyote foraging patterns may exhibéferencege.g.,MacCracken and

Hansen 1987) In this investigation, rabbits appeared to be a preferred food item on the
Desert Tortoise Translocation AreAmong individual items, rabbits were the most
frequently occurring item in all years, seasons, stady area segmentBased on pellet
counts, rabbit abundance varied markedly during the 5 years of the Istiidsge by
coyotes wasonsistery high. A preference for blackailed jackrabbits also has been
reported from other arid locations (Clar872,MacCracken and Hansen 198a@hd

rabbits commonly are a primary prey item for coyotes in California (Ferrel et al. 1953,
Cypher et al. 1994)

Rodents, particularly heteromyids.§.,kangaroo rats and pocket mice) and squirrels,
also were foods commbnconsumed by coyotedndeed, as a category, rodents were the
most frequently occurring items in coyote scats in the first 2 years of the stsdyof U
rodentsappeared to vary with their relative availabiliBased on burrow countsydent
abundanceleclined during the course of the studyhis decline appeared to coincide

with reducel precipitation in the latter years of the study. Concomitandgpf rodents

by coyotes declined as well.
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