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EXECUTIVE SUMMARY

Island foxes rocyon littoralig occur on the 6 largest Channel Islands off trestof
southern California. This insular situation resut inherently small and therefore highly
vulnerable populations, as exemplified by recetastaophic fox declines on 4 of the
islands. Thus, information that contributes t@efive management of populations and
habitats will facilitate long-term conservationisiand foxes.

Prior investigations of island fox food habits usuhave not been conducted in a
manner that captures seasonal variations in ugeno$ or permits among-island
comparisons unbiased by annual variation in resoavailability. Also, preferences
among items have not been determined. Identifiyerg preferences could facilitate
restoration or management of habitats in a mafarenhances the availability of
preferred foods for foxes. Foraging patterns laind foxes were examined during
October 2008-December 2009. Specific objective®we (1) examine seasonal food
item use on all 6 inhabited islands, (2) compamitise among islands, (3) determine
use of non-native items by foxes, and (4) use thesdts to develop recommendations
for the management and conservation of island @pufations.

During the study, 2,928 island fox scats were ctdlé and subsequently analyzed.
Because sample sizes for Fall (October-Decemb@§ 2@re small for some islands,
results for this season were excluded from thd &nalyses. Only results from January-
December 200(= 2,643 scats) were used so that a more accuwatparison of annual
foraging patterns among islands could be condudtedes exploited a variety of foods
with over 40 different items being identified ina¢&. Foraging patterns of foxes varied
among islands and also among seasons on each, igtabdbly as a function of island-
specific and season-specific differences in itemilability. Annual diets were most
similar between San Miguel and Santa Rosa, antideagar between San Nicolas and
Santa Catalina.

Across all 6 islands, 14 items occurred with adestcy> 10% in annual fox diets: deer
mice, lizards, beetles, beetle larvae, Jerusalérkets, silk-spinning sand crickets,
grasshoppers, earwigs, terrestrial snails, antsfafitoyon, manzanita, prickly pear
cactus, ice plant, and Australian saltbush (seesAgix A for scientific names). Based

on use patterns, preferred items appeared to iecedr mice, lizards, beetles, Jerusalem
crickets, earwigs, and fruits of toyon, manzarata] prickly pear cactus. Foxes also
readily exploited non-native food items, includigropean earwigs, European garden
snails, and fruits of ice plant, Australian saltibusnd myoporum. Use of non-native
items was lowest on Santa Catalina and highestorNicolas where foxes may be at
least partially dependent on these items.

The following recommendations are offered: (1) ecbtand restore natural habitats to
increase the abundance and diversity of foodsofoed, which in turn will help increase
fox population security by ensuring more stabledfsapplies during resource declines
associated with cyclic and stochastic events anatke change, (2) when reducing or
eliminating non-native species used as foods bggpdo so gradually while
concomitantly enhancing or restoring native fo@ans, (3) because habitat conditions
and fox populations are changing rapidly on mdanigs, monitor food item use
periodically to identify changes in foraging patieand adjust management strategies
accordingly, and (4) consider monitoring the abumwgeof certain key foods to better
understand the dynamics between resource avatijadild fox abundance.

vi



Island Fox Foraging Ecology

INTRODUCTION

Island foxes rocyon littoralig occur on the 6 largest Channel Islands off trestof
southern California. Pre-1994 population estimatethe islands ranged from 450 foxes
on San Miguel to 1,465 foxes on Santa Cruz (U.§h Bhd Wildlife Service in press).
Due to these relatively small population sizes stricted distributions, the island fox
was listed as Threatened by the State of Califami®87. In the mid to late 1990s, fox
populations on 4 of the 6 islands declined markedly to golden eaglédquila
chrysaetoyspredation (San Miguel, Santa Rosa, and Santa) @nazdisease, probably
distemper (Santa Catalina). On all 4 islands,ieafiitreeding colonies were established
using surviving animals, and for several yearsehegre no (San Miguel, Santa Rosa) or
very small (Santa Cruz, Santa Catalina) wild pojpats. The foxes on these 4 islands
were listed as Federally Endangered in 2004 (Ush &d Wildlife Service in press).

Beginning in 2004, releases of foxes from the e@ptolonies were initiated, and wild
populations are again present on all 6 islandse cittastrophic declines of fox numbers on
the 4 islands highlighted the vulnerability of thessular populations. In addition to the
immediate recovery actions (e.g., captive breedmgjreintroduction into the wild),
additional actions are necessary for the long-f@mtection and security of the
populations. Actions in-progress to achieve thlialgnclude golden eagle removal, bald
eagle Haliaeetus leucocephalusestoration, feral animal removal, epidemiologica
monitoring and prophylaxis, and habitat restoratidhe purpose of restoration activities
is to improve the quality of habitats degradeddralf animals, military training activities,
and invasion by non-native plants (U.S. Fish anttiifé Service in press). Habitat
restoration can increase available cover and maf been greater benefit to island foxes
if such restoration also increases the abundanpesédrred foods.

Typical of many canids, island foxes are considégetheralists” with regard to foraging
patterns. They feed on a wide variety of food gemcluding rodents, birds, insects,
carrion, and fruits (Moore and Collins 1995, CypB@03). Prior investigations of island
fox food habits usually were not conducted in a neairthat captured seasonal variations in
use of items or permitted among-island comparismisased by annual variation in
resource availability. Also, preferences amongédiave not been determined. The
recent low population levels on several of thendkaprovide an opportunity to evaluate
item preferences. Due to these low levels, resoabtindance will be high relative to fox
population size and intra-specific competitionfesources will be relatively low. Thus,
foxes will be better able to express foraging periees. If item preferences are identified,
it may be possible to conduct habitat restoratiomanage habitats in a manner that
enhances the availability of preferred foods forefa

The goal of this project was to examine seasortkpatial patterns of resource
exploitation by island foxes. Specific objectiwesre to:

examine seasonal food item use on all 6 inhdlstands,

2. compare item use among islands,
3. determine use of non-native items by foxes, and
4. use these results to develop recommendatioriedananagement and

conservation of island fox populations.
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STuDY AREA

Island foxes are restricted to the 6 largest Chastands located off the coast of southern
California (Figure 1). The occupied islands raitgsize from 37-249 kfn(Table 1). The
islands are primarily volcanic in origin with sedintary components as well (Schoenherr
et al. 1999). The diversity of habitats and bimethe islands (Table 1) varies with island
size, terrain complexity, and distance from thentzend. In general, diversity increases
with island size and terrain complexity, and desesawith distance from the mainland
(Schoenherr et al. 1999). The number of food itpotentially available to island foxes
also is higher on islands with greater biotic dévist More detailed descriptions of the
biotic and abiotic attributes of each island carideand in Schoenherr et al. 1999.

'
Santa Rosa Istand
Island

Santa
_ Catalina
San Nicolas e S Island

Island

San Clemente
Island

Figure 1. Channel Islands study area, Santa Barbar, Ventura, and Los Angeles
counties, California.
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Table 1. Abiotic and biotic attributes and islandfox population size for the 6
Channel Islands occupied by foxeS.

Area Distance to Estimated

km? Elevation mainland Native 2009 fox
Island (mi?) m (ft) km (mi) plants Herpetiles Birds Mammals population®
San Miguel 37 (14) 253 (830) 42 (26) 198 3 15 3 318
San Nicolas 58 (22) 277 (910) 98 (61) 139 3 13 2 0 50
San Clemente 145 (56) 599 (1965) 79 (49) 272 2 24 6 1,094
Santa Catalina 194 (76) 648 (2125) 32 (20) 421 11 3 3 9 947
Santa Rosa 217 (84) 484 (1589) 44 (27) 387 4 25 4 89 3
Santa Cruz 249 (96) 753 (2470) 30 (19) 480 9 42 12 1,000+

#Modified from Schoenherr et al. 1999 (Table 17).
®T. Coonan, National Park Service, unpublished data

METHODS

Island fox scats (feces) were collected from adll&nds with foxes. Scats were collected
during each of 4 seasons: Fall (October-Decemiénter (January-March), Spring
(April-June), and Summer (July-September). Sché¢citions were conducted by
biologists based on each island and included Btafi the National Park Service (San
Miguel and Santa Rosa), The Nature ConservancydSamiz), Santa Catalina (Catalina
Island Conservancy), Institute for Wildlife Studi&an Nicolas), and the U.S. Navy (San
Clemente). Attempts were made to collect scats fas many areas on each island as
feasible. All scats were collected into paper bags allowed to air-dry. Bags were
labeled with the date and location of collection.

Analysis of scats was conducted by staff of Catifa/State University-Stanislaus,
Endangered Species Recovery Program (ESRP) atfifiee in Bakersfield, California.
Prior to analysis, scats were placed in a dryingnoat 24°C for at least 24 hr to remove
remaining moisture and to destroy any eggs or @fstsonotic parasites. Contents of
each scat were then carefully separated and indiVidod items within the samples were
identified to the lowest taxonomic level possibMammalian remains were identified
based on bone and dental fragments and guardhemateristics. Birds were identified
based on feather and foot characteristics. Insests identified based on exoskeleton
characteristics. Fruits were identified basedemtdsand exocarp characteristics.
Identification of items was based on comparisoreafains with characteristics in
established guides (e.g., mammalian guard hairglantition, seeds; Moore et al. 1974,
Glass 1981, Roest 1986, Young and Young 1992) @ohyparison with reference
collections.

Frequency of occurrence of items was determineddoh island and season. However,
many items only occurred at low frequencies (<18%ggesting that such items were
opportunistically encountered and consumed, ane wet important to the overall diet of
island foxes. Thus, to facilitate statistical as&, items were grouped into 5 broad
categories: Deer mousedromyscus maniculatydnsect, Native fruit, Non-native fruit,
and Other. Using these categories, annual ugeragiwas compared among islands and
seasonal use of items was compared for each isksing contingency table analyses
employing a” statistic. P-values were considered significant<0.05.

Shannon diversity indicesi{) were calculated for annual and seasonal dietsach island
using the equation:
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H = (NlogN ->n; log n))/N

whereN is the total number of occurrences of all itemd mns the number of occurrences
of itemi (Brower and Zar 1984). To further compare anfmaldiets among islands,
Horn’s Index of Similarity R,) was calculated for each pair-wise comparisorslahids
using the Shannon diversity indices (Brower and1284).

RESULTS

ANNUAL FORAGING PATTERNS

During October 2008-December 2009, a total of 2j8k8hd fox scats were collected and
subsequently analyzed. Sample sizes for Fall t@@ct®@ecember) 2008 were small for
some islands due to logistical challenges on tinegfdahe organizations conducting the
collections. Thus, results for this season wermuebed from the final analyses. Only
results from January-December 2069=(2,643 scats) were used so that a more accurate
comparison of annual foraging patterns among islaodild be conducted. However,
results for Fall 2008 are reported in Appendix®ver 40 different food items were
identified in island fox scats collected from theskBnds. These are listed in Appendix A
along with their scientific names. Also found waraumber of non-food items, many of
which likely were ingested incidentally along wittod items. Non-food items included
grass, twigs, pieces of other vegetation, soilppedy and anthropogenic items such as
pieces of plastic and fibers from burlap used twecdox traps. Island fox hairs were
occasionally found in scats and were presumed\e haen ingested during self- or allo-
grooming.

Across all 6 islands, 14 items occurred with adiestey> 10% in annual fox diets (Table
2). These items were deer mice, lizards, beet@®rising multiple species), beetle
larvae, Jerusalem crickets, silk-spinning sandketi;, grasshoppers, earwigs, terrestrial
snails, and fruits of toyon, manzanita, prickly peactus, ice plant, and Australian
saltbush. The number of items with a frequendp% ranged from 4 on Santa Rosa to 7
on San Miguel. Concordantly, annual dietary difgrsas highest on San Miguel and
lowest on Santa Rosa, based on the Shannon indéle(Z). Of the 14 items above,
beetles were primary foods in annual diets on &ld&hds while 5 items were a primary
food on just 1 island each (lizards and grasshapperSan Miguel; beetle larvae on San
Clemente; manzanita on Santa Cruz; Australianssiition San Nicolas). Based on the
use of items occurring with a frequerreyt0%, annual diets were most similgs € 0.74)
between San Miguel and Santa Rosa, and least sifRila 0.20) between San Nicolas
and Santa Catalina (Table 3).
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Table 2. Food items occurring with a frequency 10% in annual island fox diets

during 2009.
Food items / Frequency of occurrence (%)
San Clemente San Nicolas Santa Catalina San Miguel Santa Rosa Santa Cruz
Beetle 62.6 | Beetle 64.3 Toyon 60.1 Beetle 64.6 Demrse 64.0 Manzanita 48.4
Beetle larva 33.9 | Snail 45.2  Prickly pear 33.5 Jalem cricket 60.1 |Jerusalem 51.5 Jerusalem 35.6
cricket cricket
Deer mouse 30.3| Ice plant 35.(Jerusalem 24.7 Deer mouse 54.2 Beetle 50.7 Beetle 30.6
cricket
Snail 20.1 | Earwig 32.5| Beetle 24.5 Ice plant 41 Barwig 30.7 Toyon 30.6
Prickly pear 17.8 |Australian 21.1 | Deer mouse 18.6 Sand cricket 26.5 Earwig 6 25.
saltbush
Sand cricket 18.9 Lizard 17.3 Summer holly  .217
Grasshopper 17.2
H 0.64 0.73 0.66 0.79 0.59 0.69
Scats 433 560 388 577 505 180

Table 3. Horn’s index of similarity for pair-wise comparisons between islands for
annual island fox diets during 20009.

Horn’s similarity indices

Sn. Nicolas Sta. Catalina Sn. Miguel Sta. Rosa St@ruz
Sn. Clemente 0.51 0.52 0.50 0.55 0.24
Sn. Nicolas - 0.20 0.52 0.44 0.37
Sta. Catalina - - 0.49 0.56 0.59
Sn. Miguel - - - 0.74 0.41
Sta. Rosa - - - - 0.58

For food items grouped into 5 categories (Figurea@hual fox diets differed significantly
among islandsyf = 2450, 20 dfP < 0.0001). Insects clearly were important foodsab
islands. Native fruits were important foods on t8a@atalina (toyon and prickly pear
cactus) and Santa Cruz (manzanita and toyon) wbitenative fruits were important foods
on San Nicolas (ice plant and Australian saltbasitg) San Miguel (ice plant). Deer mice
were important foods on Santa Rosa and San Migheteas other items (e.g., terrestrial
snails but other items as well) were important ®od San Nicolas and San Clemente.
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Figure 2. Use of food items (grouped into 5 categes) by island foxes during

20009.

SEASONAL FORAGING PATTERNS

San Clemente
On San Clemente, 430 scats were collected anciiks ibccurred with a frequeneyl0%

in seasonal fox diets (Table 4). These items wesx mice, lizards, beetles, beetle larvae,
silk-spinning sand crickets, earwigs, terrestmails, marine crustaceans, and fruits of
prickly pear cactus, ice plant, and Australiantsgh. The number of items with a
frequency> 10% ranged from 4 in winter to 8 in fall. Concandly, dietary diversity was
highest in fall and lowest in winter, based on#3@nnon index (Table 4). Of the 11 items
above, deer mice, beetles, and beetle larvae wienany foods in all 4 seasons while 3
items were a primary food in just 1 season eaalw{ga and Australian saltbush in spring;

sand crickets in fall).

Table 4. Food items occurring with a frequency 10% in seasonal island fox diets
on San Clemente during 2009.

Food items / Frequency of occurrence (%)

Scats

Winter Spring Summer Fall
Deer mouse 54.1 Beetle 54.2 Beetle 98.8 Beetle 75.7
Beetle 35.3 Beetle larva 38.2 Beetle larva 57.0 ilSna 38.3
Beetle larva 20.3 Deer mouse 304  Snall 41.9 Brigkhr 43.9
Lizard 15.8 Lizard 224 Ice plant 39.5 Beetle larva  28.0
Australian saltbush 15.9 Crustacean 19.8 Icetplan 25.2
Earwig 15.0 Prickly pear 14.0 Crustacean 224
Deer mouse 10.5 Deer mouse 15.9
Sand cricket 12.2
0.64 0.73 0.74 0.82
133 107 86 107
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For food items grouped into 5 categories (Figurdd diet on San Clemente differed
significantly among seasong € 142.7, 12 dfP < 0.0001). Insects, especially beetles,
were clearly important foods in all seasons. Nafruits were important foods in winter
and fall (prickly pear cactus) while non-nativeifsuice plant) were important foods in
summer. Deer mice were important foods in wintet spring whereas other items
collectively were important foods in all 4 seasons.

100% -
90% - l
o 80% -
S 70% - m Other
E 60% - 0 Non-native fruit
§ 50% - O Native fruit
5 40% m Insect
S 30% 1 @ Deer mouse
o 20% -
10% -
0%
Winter Spring Summer Fall
Season

Figure 3. Seasonal use of food items (grouped infocategories) by island foxes on
San Clemente during 2009.

San Nicolas

On San Nicolas, 560 scats were collected and h&siteccurred with a frequenegyl0% in
seasonal fox diets (Table 5). These items wererdex, lizards, beetles, beetle larvae,
Jerusalem crickets, silk-spinning sand cricketassinoppers, earwigs, terrestrial snails,
and fruits of prickly pear cactus, ice plant, Aasan saltbush, and myoporum. The
number of items with a frequeneyl0% ranged from 4 in winter to 9 in summer.
Concordantly, dietary diversity was highest in suenand lowest in winter, based on the
Shannon index (Table 5). Of the 12 items abovetlé® snails, and ice plant fruits were
primary foods in all 4 seasons while 6 items wepgiaary food in just 1 season each
(lizards in spring; beetle larvae in winter; gragghers and myoporum fruits in summer;
Jerusalem crickets and prickly pear cactus fraitsil).
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Table 5. Food items occurring with a frequency 10% in seasonal island fox diets
on San Nicolas during 20009.

Food items / Frequency of occurrence (%)

Winter Spring Summer Fall
Beetle 84.9| Beetle 67.4 Ice plant 56.1 Snall 574
Snail 35.3| Snail 47.9 Beetle 48,0 Beetle 57.4
Beetle larva  29.5| Earwig 47.2  Snalil 4112  Earwig 855.
Ice plant 10.1| Ice plant 31.9 Sand cricket 31.8 talisn saltbush  46.5
Deer mouse 19.4  Australian saltbush  31.8 Icetplan 57.4
Lizard 16.7| Myoporum 22.3 Sand cricket 395
Earwig 21.6| Prickly pear 27.1
Grasshopper 18.9  Jerusalem cricket 18.6
Deer mouse 12.2
H’ 0.46 0.73 0.91 0.88
Scats 139 144 148 129

For food items grouped into 5 categories (FigurdaX diet on San Nicolas differed
significantly among seasong € 155.0, 12 dfP < 0.0001). Insects were important foods
in all seasons. Native fruits collectively weredsn low frequencies while non-native
fruits, particularly ice plant and Australian salsih, were important foods in spring,
summer, and fall. Deer mice also were used inivelg low frequencies in all seasons
whereas other items, particularly terrestrial shauere important foods in all 4 seasons.

100% -
90% - .
0 80% -
S 70% | W Other
% 60% - O Non-native fruit
§ 50% - O Native fruit
% 40% - M| Insect
g 30% + @ Deer mouse
o 20% -
10% -
0% ‘ ‘
Winter Spring Summer Fall
Season

Figure 4. Seasonal use of food items (grouped infocategories) by island foxes on
San Nicolas during 2009.

Santa Catalina

On Santa Catalina, 388 scats were collected atefrioccurred with a frequeneyl0%

in seasonal fox diets (Table 6). These items \@esx mice, lizards, beetles, Jerusalem
crickets, earwigs, and fruits of toyon, prickly peactus, manzanita, and island redberry.
The number of items with a frequerney.0% ranged from 4 in spring to 7 in summer and
fall. Concordantly, dietary diversity was highessummer and lowest in spring, based on
the Shannon index (Table 6). Of the 9 items abdeer mice, beetles, Jerusalem crickets,

8
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and toyon fruits were primary foods in all 4 seaswhile 3 items were a primary food in
just 1 season each (manzanita and island redbeity in summer; lizards in fall).

Table 6. Food items occurring with a frequency 10% in seasonal island fox diets
on Santa Catalina during 2009.

Food items / Frequency of occurrence (%)

Winter Spring Summer Fall
Toyon 87.9 | Toyon 92.5| Toyon 48. Prickly pear 88.3
Jerusalem cricket 31.3 Jerusalem cricket 22.6 Brimkar 29.4 Beetle 36.2
Beetle 18.2 | Beetle 215 Beetle 2216  Jerusalérketr 29.8
Deer mouse 17.2 Deer mouse 18,3 Deer mouse 22.6 wigear 17.0
Earwig 16.2 Manzanita 21.6 Deer mouse 16.0
Prickly pear 141 Jerusalem cricket 15(7 Lizard 5.11
Island redberry 12.8/ Toyon 11.7
H’ 0.66 0.48 0.81 0.73
Scats 99 93 102 94

For food items grouped into 5 categories (FiguraBlerences among seasonal fox diets
on Santa Catalina were marginally significagft£ 21.11, 12 dfP = 0.0501).

Collectively, native fruits were important foodsal seasons, as were insects. Deer mice
were most important in summer. Non-native fruitssevused very infrequently, and other
items collectively were important foods in all asens.

100% -
o [
o 80%
S 70% - m Other
% 60% 0 Non-native fruit
§ 50% - O Native fruit
% 40% MW Insect
% zgzo i m Deer mouse
o b -
10% -
0%

Winter Spring Summer Fall

Season

Figure 5. Seasonal use of food items (grouped infocategories) by island foxes on
Santa Catalina during 2009.

San Miguel

On San Miguel, 577 scats were collected and 9 itmcoarred with a frequency10% in
seasonal fox diets (Table 7). These items wererdex, lizards, beetles, beetle larvae,
Jerusalem crickets, sand crickets, grasshoppewgigsaand fruits of ice plant. The
number of items with a frequengyl0% ranged from 5 in winter to 9 in spring.
Concordantly, dietary diversity was highest in sgrand lowest in winter, based on the
Shannon index (Table 7). Of the 9 items above, oeee, beetles, Jerusalem crickets, and



Island Fox Foraging Ecology

sand crickets were primary foods in all 4 seasomevl item was a primary food in just 1
season (beetle larvae in spring).

Table 7. Food items occurring with a frequency 10% in seasonal island fox diets
on San Miguel during 2009.

Food items / Frequency of occurrence (%)

Winter Spring Summer Fall
Jerusalem cricket 63.1  Beetle 67.3 Beetle 80.8 rusdéem cricket  75.0
Beetle 58.2| Deer mouse 58/0 Ice plant 80.8 Beetle 67.9
Deer mouse 54.6 Jerusalem cricket 56.0 Deer mouse 7.3 |4 Deer mouse 57.1
Sand cricket 31.2 Ice plant 56,0 Jerusalem cricket7.3 | Sand cricket 47.9
Earwig 14.9| Beetle larva 28.Y  Lizard 267  Grasskeopp 36.4
Lizard 27.3| Grasshopper 20/6 Ice plant 25.0
Sand cricket 16.0 Sand cricket 116 Earwig 121
Earwig 12.0
Grasshopper 10.7
H’ 0.66 0.88 0.77 0.79
Scats 141 150 146 140

For food items grouped into 5 categories (FigurddX diet on San Miguel differed
significantly among seasong € 155.0, 12 dfP < 0.0001). Insects were important foods
in all seasons, as were deer mice. Native fraillectively were used in low frequencies
while non-native fruits, particularly ice plant, emportant foods in spring and summer.
Other items (e.qg., lizards) were important foodspnng and summer, and snails occurred
in scats at a low frequency (2.1-9.9%) in all seaso
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Figure 6. Seasonal use of food items (grouped infocategories) by island foxes on
San Miguel during 2009.

Santa Rosa

On Santa Rosa, 505 scats were collected and 18 deourred with a frequeney10% in
seasonal fox diets (Table 8). These items wererdas, ungulates, birds, lizards, beetles,
beetle larvae, Jerusalem crickets, grasshoppewsgigsa marine crustaceans, and fruits of
toyon, manzanita, and Australian saltbush. Thelarof items with a frequeney10%
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ranged from 6 in fall to 9 in summer. Dietary disity was highest in spring and lowest in

fall, based on the Shannon index (Table 8). Ofithé@ems above, deer mice, beetles,
Jerusalem crickets, and earwigs were primary faod#l 4 seasons while 4 items were a

primary food in just 1 season each (ungulates mewj marine crustaceans and manzanita
in summer; Australian saltbush in fall).

Table 8. Food items occurring with a frequency 10% in seasonal island fox diets
on Santa Rosa during 2009.

Food items / Frequency of occurrence (%)

Winter Spring Summer Fall
Deer mouse 66.7  Deer mouse 66.0 Deer mouse 68.2 usallem cricket 72.0
Beetle 64.8| Beetle 54.(¢ Jerusalem cricket 55.0 er b®use 56.7
Jerusalem cricket 31.5 Jerusalem cricket 34.7 Beetl 38.4 | Beetle 54.7
Toyon 29.6 | Beetle larva 34.7 Lizard 166  Earwig 351.
Ungulate 20.4| Earwig 33.3 Earwig 13.9  Grasshopper 6.02
Bird 20.4 | Toyon 26.7| Crustacean 1119  Australiatbsah 10.7
Earwig 13.0 | Bird 12.7| Beetle larva 118
Lizard 10.0 | Grasshopper 10.6
Manzanita 10.6
H’ 0.78 0.84 0.83 0.72
Scats 54 150 151 150

For food items grouped into 5 categories (FigurdoX diet on Santa Rosa differed
significantly among seasong € 94.35, 12 dfP < 0.0001). Insects were important foods
in all seasons, as were deer mice. In comparfaaits were less important and their use

was greatest in winter and spring. Other itembkecbtVely were important foods in winter,
spring, and summer.
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Figure 7. Seasonal use of food items (grouped infocategories) by island foxes on
Santa Rosa during 2009.
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Santa Cruz

On Santa Cruz, 180 scats were collected and 1@ itaeurred with a frequeneyl0% in
seasonal fox diets (Table 9). These items wererdex, lizards, beetles, Jerusalem
crickets, grasshoppers, earwigs, and fruits ofrippoanzanita, summer holly, and oak
(acorns). The number of items with a frequend@0% ranged from 5 in winter to 8 in
spring. Concordantly, dietary diversity was highasspring and lowest in winter, based
on the Shannon index (Table 9). Of the 10 itenowapbeetles, Jerusalem crickets, toyon
fruits, and manzanita fruits were primary foodslin4 seasons while 4 items were a
primary food in just 1 season each (lizards, degeepand acorns in spring; grasshoppers
in summer).

Table 9. Food items occurring with a frequency 10% in seasonal island fox diets
on Santa Cruz during 2009.

Food items / Frequency of occurrence (%)

Winter Spring Summer Fall

Toyon 71.4 | Jerusalem cricket 51/4 Manzanita 44 .2rwiga 58.1

Jerusalem cricket 50.0 Beetle 40l0 Jerusalemaetrick 27.9 | Beetle 32.3

Earwig 42.9 | Manzanita 40.0 Summer holly 27.9 Maitzan 29.0

Beetle 35.7| Toyon 37.1 Beetle 24|14  Jerusalenketric 25.8

Manzanita 10.7| Earwig 31.4 Toyon 19.8 Summer holly 19.4
Lizard 25.7 | Grasshopper 11.6 Toyon 16.1
Deer mouse 20.0
Acorn 14.3

H’ 0.64 0.87 0.77 0.74
Scats 28 35 86 31

For food items grouped into 5 categories (Figurdd diet on Santa Cruz differed
significantly among seasong € 24.9, 12 dfP = 0.0037). Insects and native fruits were
important foods in all seasons. Deer mice andraotems were not particularly important
in any season, and both were used the most ingsprin
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Figure 8. Seasonal use of food items (grouped infocategories) by island foxes on
Santa Cruz during 20089.
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USE OFNON-NATIVE | TEMS

Foxes consumed non-native food items on all islaaltlsough the contribution of these
items to annual diets varied considerably amoramas (Figure 9). The proportion of non-
native food item occurrences ranged from 7.6% arteS@atalina to 44.7% on San
Nicolas. Non-native food items included unguldtesile deer and elk), rats, house mice,
European earwigs, European garden snails, and fifiice plant, Australian saltbush,
myoporum, pepper tree, carob tree, and palm. Auditly, evidence of anthropogenic
foods (e.g., food wrappers) was found in 2 scaiy fSanta Catalina and 1 scat each from
San Clemente and Santa Rosa.
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Figure 9. Proportion of non-native foods in annuabliets of island foxes in 2009.

Among annual diets, 4 of the 6 primary items consdiimy foxes on San Nicolas were
non-native (Table 2). In contrast, no primary isawere non-native on Santa Catalina, and
only 1 was non-native on each of the other 4 idandimong seasonal diets, non-native
foods were the most frequently occurring itemsumser (ice plant fruits) and fall

(snails) on San Nicolas, and in fall (earwigs) @mta Cruz. Non-native foods were
primary items (frequency 10%) in 2 seasons on Santa Catalina, 3 seasdfaron
Clemente and Santa Cruz, and 4 seasons on Saradi&zn Miguel, and Santa Rosa
(Tables 4-9).

DISCUSSION

FooDITEMS

Island foxes exhibit euryphagus, omnivorous, angbofunistic foraging patterns (Moore
and Collins 1995, Roemer 1999, Coonan et al. 20T0@gse general patterns are
consistent with those of many other fox speciedjqdarly closely related gray foxes
(Urocyon cinereoargenteu€ypher 2003). Island foxes exploit a wide variet food

items including vertebrates, invertebrates, antsfrurhe dietary differences observed
among islands and seasons reflect a functionabnsspon the part of foxes to spatial and
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temporal variation in food item availability. Vation among islands and seasons also was
reported by Laughrin (1977). This response is isb&st with an opportunistic, generalist
foraging strategy (Stephens and Krebs 1986).

Among all of the North American foxes, island fox@smsume the least amount of
vertebrate prey, probably due to depauperate ramenimunities on the Channel Islands
(Wenner and Johnson 1980). Deer mice were consbsnékes on all islands, and were
a particularly important food item on Santa Rosa Bliguel, San Clemente, and Santa
Catalina. Deer mice also were found to be impornsdand fox foods in previous studies
(Laughrin 1977, Collins 1980). Deer mice are faubiquitous with regards to habitat
(Schwemm 2008) and generally are available througbach island.

Other mammals generally occurred only infrequeintlipx diets. Introduced deer and elk
are present on Santa Rosa while introduced degrasent on Santa Catalina. The
ungulates are harvested on both islands. Ungréatains were present in fox scats in all
seasons on both islands. Remains sometimes aahsiShair and bone, and other times
consisted of a black, tar-like substance, whidhdscative of foxes consuming “gut piles”
resulting from hunters dressing out harvested asimadditionally, ungulates mortally
wounded during harvests that are not subsequerttrvered by hunters also serve as a
potential food source for foxes. Consequently,ulzig remains generally occurred most
frequently in the fall and winter, concomitant withrvest seasons. Ungulates even
constituted a primary item in fox diets in winter anta Rosa (Table 8). Ungulate
carcasses and organ remains constitute an enangg flaod source with relatively low
associated capture or handling costs, and thergfrsr@ot surprising that foxes would
readily exploit this resource. Laughrin (1973, Zpieported use of livestock carrion by
foxes when available.

Other mammals consumed by foxes included Califagraand squirrels, pinnipeds, island
spotted skunks, rats, house mice, and a bat. tJSalifornia ground squirrels, harvest
mice Reithrodontomys megalofjsCalifornia voles iicrotus californicug, rats, and

house mice has been reported previously (von Bloed@7, Laughrin 1973). Ground
squirrels are only present on Santa Catalina amd e@sumed in all seasons. This
consistent use with seasonal frequencies in saatgng from 2.0% in summer to 8.6% in
spring suggests that the squirrels were more tinstrincidental items in the diet.
Pinnipeds occur on all islands, but are particylabdundant on San Nicolas and San
Miguel where large, multi-species rookeries havenbestablished. Pinnipeds were
detected in scats from San Nicolas, San Miguel,damente, and Santa Catalina,
although the number of occurrences in any seaseer exceeded 5. Predation on
pinnipeds by foxes is unlikely. Instead, foxeshaioly scavenged dead pinnipeds or
consumed pieces of molted pelts. Laughrin (19180 eeported use of marine mammals
by foxes. Island spotted skunks only occur on &&usa and Santa Cruz. Skunks
occurred in 3 summer scats from Santa Cruz, aBdsummer and 4 fall scats from Santa
Rosa. Skunks may be consumed more as a resutgdetitive interactions than direct
predation (Jones et al. 2008). Similarly, the meurrences of rat, house mouse, and bat
indicate that these also were opportunisticallyscomed items.

Birds were consistently consumed by foxes on kEhigs and in all seasons. It is unclear
whether they were consumed opportunistically apemkered or specifically hunted.

Birds were primary items in winter and spring omtaaRosa (Table 8), and occurred in
>5% of scats in at least 1 season on all islandsgSan Clemente suggesting that foxes
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may have specifically hunted birds. Bird remaiosxmonly consisted of non-descript
feathers and therefore species identification vedgpaossible. Foxes could have preyed on
ground-dwelling birds and nestlings in ground docaeal nests (island foxes are excellent
climbers; Coonan et al. 2010), or scavenged deaad hiashed up on shorelines. Remains
of ground nesting birds were found in scats from Bliiguel, Santa Cruz, and San Nicolas
and included horned larkEifemophila alpestris western meadowlarkSturnella

neglectd, and chukarsAlectoris chukay (Laughrin 1977, Collins 1980, Moore and
Collins 1995).

Lizards occurred in fox scats from all islands amust seasons. Indeed, lizards were
primary items in fox diets in 1 or more seasonslbislands, and therefore constituted an
important food item for foxes. At least 2 lizajksies occur on each island with 5
occurring on Santa Catalina (Schoenherr et al. 1988w frequency use of reptiles by
island foxes has been reported previously (MooteG@ailins 1995, Crowell 2001),
including consumption of snakes. However, onlgitzremains were detected in the
current study.

Insects were extremely important food items forewn all islands and in all seasons.
When using frequency of occurrence of items inssaae contributions of small food

items like insects can be over-estimated in carm@tsdf such items occur frequently but
comprise a relatively small proportion of scat emts (e.g., Cypher 1991). However, that
generally was not the case in the island fox sehtre insect parts commonly comprised a
significant proportion of each scat. Insects oéowpparent abundance on all islands,
involve low foraging costs, and are highly nututso Thus, energetically, selective

feeding on insects constitutes an optimal foragingtegy for island foxes.

Beetles and beetle larvae were very common fooalsiteBeetles were not identified to
species, but darkling beetles (Family Tenebrionidae ten-lined June beetld2o{yphylla
decemlineatawere commonly detected. Doyen (1974) identietkast 9 different beetle
species in fox scats collected in spring on Sam€tde. Jerusalem crickets, silk-spinning
sand crickets, and grasshoppers also were frequamtsumed items on most islands.
These Orthopterans appear to be particularly inapbfoods, as has been reported
previously (Laughrin 1977, Collins 1980, Crowelld4). Non-native European earwigs
are now ubiquitous and abundant throughout NortleAea, including the Channel
Islands (Langston and Powell 1975). This insectuged commonly in scats from all
islands and appears to be a relatively importaod for island foxes. Other insects
detected included cockroaches, fly larvae (i.eggoés — probably from carrion), dragon
flies, Lepidopteran larvae (i.e., caterpillars) spg, and ants (ants likely were consumed
incidentally with other foods). All of these othiasects were only infrequently detected
and therefore were likely consumed opportunistycadl encountered.

Other invertebrates also were detected in fox di€sistaceans, including beach hoppers
(Orchestoidea californianeand mole crabsemerita analogaas well as other

unidentified crabs, were frequently consumed befoand indicate that foxes may
commonly forage along shorelines. European gasdails are present on most islands
and commonly occur in association with ice planteed, these snails were primarily
found in scats from the 3 islands where ice plants also were frequently consumed —
San Nicolas, San Clemente, and San Miguel. Thésstanstituted particularly important
food items on San Nicolas and San Clemente. Gar@eid Hudgens (2008) suggested
that snails might be particularly important for eldoxes.
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Fruits from a number of plant species were consumettundance on all islands and in
most seasons. Thus, fruit constitutes a significamponent of fox diets, as has been
reported previously (Laughrin 1977, Moore and @alli995, Crowell 2001). The species
of fruit consumed varied depending upon the spgmiesent on each island, and included
both native and non-native species. Among nafreeies, prickly pear cactus, toyon, and
manzanita fruits were important foods for foxes3aslands each. Island redberry,
summer holly, and acorns each were important foods island. One or more native
fruits were important foods on all islands exceph Miguel, where no native fruits were
detected in island fox scats. Lemonade berry waasionally detected in scats from San
Clemente, Santa Cruz, San Nicolas, and Santa Rosa.

Island foxes commonly exploited non-native fruitsall islands except Santa Cruz and
Santa Catalina. Australian saltbush fruit contian important food on 3 islands (San
Clemente, San Nicolas, and Santa Rosa). Likewaselant fruit was an important food

on 3 islands (San Clemente, San Nicolas, and Sgoeé¥)i Myoporum was an important
seasonal food on San Nicolas. Australian salthveshdetected at low frequencies in scats
on Santa Cruz while palm, carob, ice plant, angppefpee were detected at low
frequencies on Santa Catalina.

| SLANDS

Island-specific availability of food items stronghfluenced foraging patterns by foxes.
Some items are ubiquitous and abundant on all st ofche islands, and these were
routinely exploited by foxes. These items includeér mice, lizards, Jerusalem crickets,
beetles, and earwigs. Each of these items cotestiprimary foods in 1 or more seasons
on at least 5 islands. Other items were only prieiseabundance on 2 or 3 islands, but
were readily exploited where available. These g@nostly were fruits and included toyon
and manzanita on Santa Catalina, Santa Rosa, awta Sauz; prickly pear cactus on San
Clemente and Santa Catalina; ice plant on San CGiem8an Nicolas, and San Miguel,
and Australian saltbush on San Clemente, San Nicalad Santa Rosa. One non-fruit
exception may have been European snails, which eersumed in abundance on San
Clemente and San Nicolas. Use of other foods fgheas mediated by their relative
abundance on each island and by their abundaratésesto that of other food items,
particularly the commonly exploited ones listedaho

The presence and abundance of food items on dadld is a function of several factors,
including island size, distance from the mainlgmecipitation patterns, topographic
complexity, and disturbance history. Based orptiveciples of island biogeography,
larger islands have an inherent capacity to suppore species (MacArthur and Wilson
1967), and concomitantly, a greater diversity deptial food items for foxes. Also,
islands with greater topographic complexity ancheigprecipitation levels tend to support
a greater diversity of vegetation and habitatsctvlaigain increases the number of
potential food items for foxes. Finally, histodnd current disturbances can reduce the
number of potential food items by reducing ecosystemplexity or even completely
eliminating certain habitat types and associatedurces. Such disturbances include fire
and introductions of invasive plants and animadstipularly larger grazing species such as
goats, sheep, and pigs that can increase rapidlgignificantly impact ecological
communities (e.g., Donlan et al. 2002).
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San Clemente is a moderately sized island withrafaount of topographic complexity
(Table 1). The island is owned and managed bytBe Navy. This island has been used
for live-fire exercises and these activities cafiahave impacted the ecosystem.
However, more significant impacts have resultechfgrazing by feral goats and pigs
(Schoenherr et al. 1999). Intensive grazing bge¢h®n-native animals essentially
defoliated large portions of the island. The egaal communities on the island were
markedly impacted and reduced, and the distribudgfomoodlands and shrublands were
severely restricted to certain deep canyons. Ques#ly, island foxes on San Clemente
consumed few native fruits. The exception is gyigear cactus, which apparently was
less palatable to the goats and pigs, and therelgranded considerably in abundance and
distribution with the elimination of competing véggon.

San Nicolas is a smaller island with relatively ltypographic complexity (Table 1). This
island also is owned and managed by the U.S. Nawyjs used for weapons testing,
although most munitions are fired from the islanaff-shore aerial or marine targets. In
the 1800s, sheep were brought to the island aadeatime exceeded 30,000 in number.
The severe grazing by the sheep defoliated mutieasland and caused severe erosion.
The Navy attempted to control the erosion by aspatading of fertilizers and non-native
grasses. As a result of all these disturbancesN&alas has the least diverse flora, about
half of which is non-native (Schoenherr et al. 999lost trees and shrubs were
eliminated by the sheep. Consequently, nativésfiarie generally unavailable to foxes.
However, several non-native fruit-producing plaants well established on the island and
were used extensively by the foxes, including lea Australian saltbush, and
myoporum. Also, European garden snails are comonathe island, mostly in association
with ice plant, and were used extensively by thee$o Thus, fox diets on San Nicolas had
the largest proportion of non-native items, anddépendence of foxes on these items may
be significant.

Santa Catalina is a large and topographically cer@land (Table 1). Most of the island

is owned and managed by the Catalina Island Coaseyy but 2 large towns (Avalon and
Twin Harbors) and several smaller settlements als@resent on the island. Introduced
animals include goats, pigs, bisdigon bisol), and mule deer (Schoenherr et al. 1999).
These species have significantly impacted natmaflalthough these impacts were not as
devastating as on other islands. Catalina retagtsfloristic diversity with many fruit-
producing species. Consequently, use of fruitlokgs was highest on Santa Catalina, and
most fruits used were from native species. Toyan used extensively by the foxes, as
was prickly pear cactus, which may have increasexbundance as a result of grazing by
the introduced animals. Use of non-native res@awees lowest on Santa Catalina.

San Miguel is a small island with relatively lowptographic complexity (Table 1). The
island is owned and managed by the National Pankic®e Vegetation on the island has
been significantly altered by past over-grazing amiitary activities. Due to these
disturbances, along with small size and farthetadise from the mainland, the island has
low floristic diversity, including few trees or shos (Schoenherr et al. 1999).
Consequently, the only fruit consumed in abundave® that of non-native ice plant.
Foxes on San Miguel appear to rely extensivelynseats.

Santa Rosa is a large and topographically comglard (Table 1). This island also is
owned and managed by the National Park Servicet gPazing by cattle and sheep have
altered the vegetation considerably (Schoenhet. 999), and a large herd of non-native
deer and elk are still present on the island. tkrsg by foxes was lowest on Santa Rosa,
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but toyon and manzanita still were important foseasonally, as was non-native
Australian saltbush. Also, annual harvests of é@erelk are conducted on the island, and
the foxes obviously scavenged unrecovered carcassegut piles when available.
However, all deer and elk are mandated to be rethbeen Santa Rosa, possibly as early
as 2011 (U.S. Fish and Wildlife Service in preafigr which this resource will no longer
be available to foxes.

Santa Cruz is the largest of the islands, topogecapin complex, and floristically most
diverse (Table 1). Most of the island is owned arahaged by The Nature Conservancy
with the remainder owned and managed by the Ndtlaik Service. Extensive grazing
and disturbance by various non-native animals,(gaats, sheep, and pigs) has altered the
vegetation (Schoenherr et al. 1999), but consideradtive components of the ecosystem
have remained intact. Consequently, a diversityative fruits are available and are
exploited by foxes, including toyon, manzanita, suen holly, and acorns. Fruit use by
foxes on Santa Cruz was second only to that oreSaatalina, and use of non-native fruits
was limited to 1 occurrence of Australian saltbusideed, use of non-native items was
relatively low on Santa Cruz compared to most oislands, and consisted almost entirely
of European earwigs, which were primary food itemshost seasons. One caveat, fewer
scat samples were available for Santa Cruz rel&tiw¢her islands, and the results
presented for this large island may not constidutempletely accurate representation of
fox diet.

Foob PREFERENCES NON-NATIVE | TEMS, AND HABITAT RESTORATION

Island foxes clearly are able to exploit a divegrsitfood items, and diets on all islands
included a number of items. Thus, identifying predéd foods can be challenging,
particularly in the absence of data on the reladivailability of items. However, some
observed dietary patterns can provide insightsrefepences. The ubiquitous use of deer
mice, lizards, Jerusalem crickets, beetles, andigaisuggests some preference for these
items. Such animal foods are composed of a congdlexoteins, carbohydrates, and fats,
and therefore comprise highly nutritious foods (Rab 1993). Further evidence of
preference for these items might be found in tsalte from Santa Rosa. A diversity of
food items is available on this large island. Rermore, fox numbers were still relatively
low during this study (<400; T. Coonan, NPS, unsitg#d data) compared to probable
historic levels (>1,700; Coonan 2003). Conseqyeatiailable food resources on the
island were not likely over-exploited by foxes antta-specific competition for food
would have been relatively low. Under these coon#, deer mice, Jerusalem crickets,
beetles, and earwigs constituted the primary itentise annual diet. As further evidence
of preference for deer mice, use of deer mice kgdaxhibited no detectable seasonality
despite the fact that these rodents exhibit maskadon variation in abundance (Drost and
Fellers 1991, Schwemm 2008).

Certain native fruits also were used extensiveljoxgs on islands where available. In
particular, toyon, manzanita, and prickly pear gadtuits appeared to be preferred food
items. Frequent use of prickly pear cactus andridsuits has been reported previously
(Moore and Collins 1995, Crowell 2001). When atamtdfruits use is energetically
efficient for foxes due to low foraging costs.

Non-native items were used extensively by foxesame islands. Generally, use of non-
native items was highest on the smaller islands:@amente, San Nicolas, and San
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Miguel. These islands also are the least divéosistically. Thus, fewer native foods
may be available on these islands resulting indarere frequently exploiting non-native
items. This is particularly true for fruits. lpéant fruits were frequently consumed by
foxes on San Clemente, San Nicolas, and San Mighiée Australian saltbush fruits were
frequently consumed on San Clemente and San Nicdlasative fruits were detected in
scats from San Miguel, and the only native frungamed on San Clemente and San
Nicolas was prickly pear cactus, which actually rhaye increased in abundance as a
result of severe grazing on competing plants bymative animals (Schoenherr et al.
1999). European snails inhabiting ice plant alepenused extensively by foxes on San
Clemente and San Nicolas.

Island fox foraging patterns, food preferences, @selof non-native items all have
important implications for long-term fox consereati Island foxes are able to exploit a
variety of food items. This dietary plasticityhigghly advantageous for the foxes,
particularly given the inherent limitations on thember of available food items associated
with living in an insular environment. Furthermphabitat conditions on all of the islands
have been degraded, in some cases extensivelantyirny past land uses (e.g., grazing
by domestic and feral animals, military activitieg)hus, any processes or efforts that
improve ecosystem integrity and habitat qualitytipalarly those that expand habitat
diversity and complexity, have the potential taalscrease food resources available to
foxes. Such actions likely would increase the alamce of preferred food items, and
importantly, they also would further increase theetkity of items. Availability of

specific items can vary temporally due to cyclig(eprecipitation) or stochastic (e.g.,
disease) processes. For example, many island@msfmay decrease in abundance during
drought periods. Fruit crops can vary among yeaes/en fail in non-drought years.
Diseases could reduce the abundance of certairopffeyit-producing species. On a
longer time scale, climate change could alter thendance of various food items. Thus,
as the number of available items increases, sottiedselihood that some items will
remain sufficiently abundant even if other foodslohe in availability. In such an event,
foxes would have a greater opportunity to switcth exploit alternate resources. Item
diversity can help prevent or reduce food-relatepypation declines and the extinction
risks associated with smaller populations.

Actions that could increase food item diversitylinle habitat protection and restoration.
Four islands are entirely or largely managed faorseovation, and stringent habitat
protections are being implemented on the 2 Navyeminslands (U.S. Fish and Wildlife
Service in press). Many of the past ecosystenits)quarticularly over-grazing by non-
native animals, have been eliminated or at leasgatéd on most islands. Consequently,
natural ecosystem recovery is in progress onlalds, and plant and habitat diversity is
increasing. On all islands, other management @stisuch as fire suppression or limiting
public access and uses in natural areas, are gdlpjprevent further habitat degradation
(Coonan 2003, U.S. Fish and Wildlife Service ings)e Active restoration also is being
conducted on most islands. Such restoration éiesvinclude removing remaining non-
native grazers (e.g., deer and elk on Santa Resapving invasive non-native plants
(e.g., fennelfFoeniculum vulgarfon Santa Cruz), protecting native plants fronirfar
grazing/browsing (e.g., Santa Catalina), and ptgmtiative plants to increase their
abundance and distribution (several islands).

On some islands, ecosystem restoration involviegdduction or elimination of non-
native species may need to be conducted cautitmslyoid adverse impacts to food

19



Island Fox Foraging Ecology

supplies for foxes. Fruits from non-native plardsnprise significant proportions of fox
diets on some islands, particularly San Nicolas, Meguel, and San Clemente. On these
islands, ice plant fruits are routinely consumeddxes. Thus, any efforts to reduce or
remove ice plant should be conducted graduallyitevatime for foxes to switch to
alternate foods. Preferably, plantings of natrnugfproducing plants should be conducted
concomitantly with the removal of non-native frpiaints to avoid any reductions in

overall food availability. This cautionary note ynaarticularly apply to San Nicolas,
where foxes are frequently consuming fruits fromo8-native plants as well as non-native
snails associated with 1 of the plants. Rapid rexhof these 4 food items on this island
could result in a fox population decline.

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS
The following conclusions can be drawn from thigdgt

1. Island foxes are exploiting a variety of fooehiis, including both animal and
plant, and including both native and non-native.

2. Fox foraging patterns varied among islands,thade variations are probably
largely a result of island-specific availability foiod items.

3. Fox foraging patterns varied among seasonsapiplas a result of seasonal

variation in the availability of food items.

4, Foxes may prefer certain food items includingrdrice, lizards, Jerusalem
crickets, sand crickets, beetles, earwigs, antsfafitoyon, manzanita, and
prickly pear cactus.

5. Foxes readily exploited non-native food itemsjuding European earwigs,
European garden snails, and fruits of ice planstflian saltbush, and
myoporum.

6. Foxes may be at least partially dependent oanadine food items on some

islands, and therefore, foxes on these islandsidmeidversely impacted by
the rapid reduction or removal of these items.

7. Increasing the diversity of available food itemay help to increase the
security of fox populations by ensuring more stdbtal supplies during
resource declines associated with cyclic and sgithavents or climate
change.

RECOMMENDATIONS
Based on the results of this project, the follomiegommendations are offered:

1. Protect and restore natural habitats to increas fox food supplies

Habitat protection and restoration are in prognes®me fashion on all islands. Such
efforts should be continued and enhanced whenlgesgiarticularly any efforts that
increase native plant and habitat diversity. Sefébrts will increase the abundance and
diversity of foods for foxes, which in turn will leeincrease fox population security
through the mitigation of food-related populatiathines.
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2. Exercise caution when reducing or eliminating an-native items

Restoring ecosystem health and integrity on tlendd will involve the reducing or
eliminating non-native species where practical®®. islands where non-native species are
being used as significant food items, removal eséhspecies should be conducted
cautiously and slowly to avoid adverse impactot@s. Ideally, such efforts should be
conducted concomitantly with the restoration ofveafood items to compensate for the
loss of the non-native items.

3. Periodically monitor food item use by foxes

Primarily due to recent habitat protections, pattidy the removal of most non-native
grazing animals, habitat conditions on most islaar@schanging rapidly, and in some
cases, dramatically. Concomitantly, fox abundaaise is changing rapidly on some
islands, particularly the 4 that experienced recesutked population declines due to
predation or disease. Accordingly, the diversitg abundance of foods will change with
evolving habitat conditions, and food availabibifgo could change with increasing fox
numbers and the associated increase in exploitptessure on food resources. To better
understand these dynamics and gather informatetmtiay assist in fox conservation,
food item use by foxes should be monitored peradic Annual monitoring would be
ideal, but if funding is limited, longer intervaiould still be beneficial.

4. Monitor availability of food resources

Because island foxes use a diversity of foods, thdng the availability of all food items
would not be practical or necessary. However,ighinbe helpful to annually assess the
abundance of certain key foods, such as deer iméatles, Jerusalem crickets, sand
crickets, and fruits of toyon, manzanita, and gyigdear cactus. Such monitoring
probably could be designed in a manner as to novbsdy costly or time-consuming.
Monitoring the availability of select key items d¢dyrovide early warnings of food
shortages associated with reductions in 1 or meres. Such monitoring concomitant
with on-going fox population monitoring would pro insights into the dynamics
between resource availability and fox abundance.
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APPENDIXA. FOOD ITEMS FOUND IN ISLAND FOX SCATS BY ISLAND DURIE JANUARY -DECEMBERZ2009. ITEMS IN RED ARE NONNATIVE.

Island
San San Santa San Santa Santa
Food item Scientific name Clemente Nicolas  Catalina Miguel Rosa Cruz
Mammals Island fox Urocyon littoralis X X X X
Island spotted skunk Spilogale gracilis amphiala X X
Pinnipeds Family Otariidae or Phocidae X X X X
Deer mouse Peromyscus maniculatus X X X X X X
Rat Rattus spp. X
House mouse Mus musculus X X X
California ground squirrel Spermophilus beecheyi X
Ungulate (mule deer or elk) Odocoileus hemionus, Cervus elaphus X X
Bat Myotis spp. X
Other vertebrates Birds Species unknown X X X X X X
Lizards Species unknown X X X X X X
Insects Jerusalem cricket Stenopalmatus spp. X X X X X X
Silk-spinning sand cricket Cnemotettix spp. X X X X X X
Grasshopper Order Orthoptera X X X X X X
Beetle and beetle larva Order Coleoptera X X X X X X
Cockroach Family Blattidae X X X
Fly larva Order Diptera X X X X
Dragon fly Order Odonata X X X X X
European earwig Forficula auricularia X X X X X X
Caterpillar Order Lepidoptera X
Wasp Order Hymenoptera X X
Other invertebrates Spider Order Araneae X X X
Crustacean Crustacea X X X X X X
European garden snalil Helix aspersa X X X X X X
Plant fruits Acorn (oak) Quercus spp. X X
Australian saltbush Atriplex semibaccata X X X X X
Carob tree Ceratonia siliqua X
Catalina cherry Prunus ilicifolia X
Ice plant Carpobrotus spp., Mesembryanthemum X X X X X
crystallinum
Island redberry Rhamnus pirifolia X X
Lemonade berry Rhus integrifolia X X X X
Manzanita Actostaphylos spp. X X X
Myoporum Myoporum spp. X
Palm Family Palmaceae X
Peppertree Schinus molle X X
Prickly pear cactus Opuntia spp. X X X X
Summer holly Comarostaphylis diversifolia X X X
Toyon Heteromeles arbutifolia X X X X X
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APPENDIX B. FOOD ITEMS OCCURRING IN ISLAND FOX DIETS DURIN®CTOBER DECEMBERZ2008.

Food items occurring with a frequerney0% in island fox diets during October-Decembed&0

Food items / Frequency of occurrence (%)

San Clemente San Nicolas Santa Catalina San Miguel Santa Rosa Santa Cruz
(74 scats) (100 scats) (118 scats) (36 scats) (17 scats) (12 scats)
Deer mouse 96.0 Snail 51/0 Jerusalem cricket 36.4er Biouse 75.0 Jerusalem cricket 82.4 Summer holly 75.0
Prickly pear 13.5| Beetle 48.0  Prickly pear 39.8 udalem cricket 66.7 Deer mouse 76.5 Jerusalemetrick33.3
Ice plant 36.00 Toyon 30.5 Beetle 27.8 Beetle 52 Boyon 33.3
Earwig 31.0| Island redberry 23]7 Ice plant 13.9arvitg 52.9| Manzanita 16.7
Prickly pear 28.0| Beetle 11.0 Sand cricket 1{1.1ras€hopper 29.4  Grasshopper 16.7
Crustacean 24. Deer mouse 10.2  Grasshopper 1Tdlyon 11.8
Australian saltbush  15.0 Summer holly 11.8
Beetle larva 13.0 Ungulate 11,8
Jerusalem cricket 10.0
Grasshopper 10.0

Other food items occurring in scats:

San Clemente: Jerusalem cricket, sand cricketlehesetrwig, ice plant

San Nicolas: Deer mouse, bird, sand cricket, myampor

Santa Catalina: Ungulate, California ground squitried, lizard, grasshopper, earwig, Dipteran
San Miguel: Bird, earwig, Hymenopteran, Australgattbush

Santa Rosa: Bird, Australian saltbush

Santa Cruz: Deer mouse, bird, beetle, crustacean
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