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EXECUTIVE SUMMARY

San Joaquin kit foXMulpes macrotis mutiggopulations have been significantly reduced
throughout their historic range in central Califie;rprimarily due to profound habitat
loss and degradation. As a result, San Joaquioxdis are listed as Federally
Endangered and California Threatened. Increasi@gtimbers of both individuals and
populations through reintroductions to vacant lehb# one potential recovery strategy.
Kit foxes have been extirpated from several locetim the San Joaquin Valley but
habitat is still present. Furthermore, large addarmland have been “retired” in recent
years and could serve as habitat for this spec¢iesvever, reintroductions of wildlife
species should not be attempted without first cotidg a comprehensive evaluation of
potential reintroduction sites to ensure that ttey support a viable population of the
species.

We identified 5 potential reintroduction sites fan Joaquin kit foxes. These sites were
the Allensworth Ecological Reserve (AER), Pixleytidaal Wildlife Refuge (PNWR),
Kern National Wildlife Refuge (KNWR), Wind Wolvegéserve (WWP), and retired
agricultural lands in western Fresno County (rdtieaads). We then conducted a
thorough review of available information to detemmiwhether any of the sites was
sufficiently suitable to attempt a reintroductidika foxes. Our specific objectives were
to (1) examine biological variables to assess ttergial for successful reintroduction
and population establishment at a given site, Xajrene non-biological variables to
assess potential anthropogenic impediments to@esstful reintroduction, and (3)
develop recommendations for possible reintroduatiokit foxes to any of the sites
assessed.

For all 5 sites, we identified significant issukattmight inhibit the successful
reintroduction and establishment of a kit fox p@pan. Only 1 site, the WWP, has a
sufficient quantity of habitat within its bordersdupport a kit fox population of 10 or
more breeding pairs. Also, the habitat at allthetWWP site is significantly
fragmented. There is sufficient habitat within I &f all sites, but much of this again is
highly fragmented with poor connectivity. Den dahility likely is low at all sites, and
food availability, especially kangaroo raBigodomys spp, also may be low. Potential
competitors are present at all sites. All of titessexcept the retired lands are owned and
managed by conservation-oriented organizationsy @ifotections for kit foxes, and have
goals and land uses compatible with kit foxes. e@ts from incompatible land uses are
relatively low on KNWR and WWP. At least some bignal habitat management,
usually cattle grazing, is present on all sitethalgh at AER this mostly occurs as an
unauthorized trespass activity. Connectivity toeotkit fox habitat is low at AER,
PNWR, and the retired lands.

Based on our evaluation of biological and admiaiste attributes at each site,
reintroduction of kit foxes is not recommended g af the sites at this time. With the
current attributes, we estimate that the probghilita successful reintroduction effort is
unacceptably low. However, the issue of reintrédidmccan be revisited if conditions
improve markedly on any of the sites. To that emelfecommend further habitat
acquisitions to increase habitat patch size aratemaovement corridors, along with the
implementation of beneficial habitat managemer. (grazing) and enhancements (e.g.,
artificial dens).
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INTRODUCTION

San Joaquin kit foXMulpes macrotis mutiggopulations have been significantly reduced
throughout their historic range in central Califie;rprimarily due to profound habitat

loss and degradation. Much of the habitat withgirtformer range was displaced by
agricultural, industrial, and urban developmentijliiated by the completion of the
Central Valley Project and the California WaterjBcbin the early 1970’s (U.S. Fish and
Wildlife Service 1998).

As a result of this decline, San Joaquin kit foaeslisted as Federally Endangered and
California Threatened. Kit foxes currently peramsé meta-population of 3 core
populations and several satellite populations ofing size (U.S. Fish and Wildlife
1998). Such population fragmentation increasesearability to demographic and
stochastic events, thereby increasing the risktfetion. Thus, it is desirable to
increase the numbers of both individuals and pdjmuis. Increasing the number of
individuals within existing populations might behagved by mitigating current sources
of mortality (e.g., predation by coyotesdnis latran$ and bobcatslfynx rufug) or
enhancing habitat suitability (e.g., vegetation agggment). Both strategies have their
challenges and also could be cost-prohibitive ag both would require indefinite
application. Increasing the number of populatials® has its challenges, but no further
efforts would be necessary once populations weebkshed and self-sustaining.

In recent years, large areas of agricultural landee western San Joaquin Valley have
been “retired” (Cypher et al. 2007, Ritter and L2Z007). With the cessation of
agricultural activities, some of these lands cdddactively restored to habitat, or could
revert on their own through natural successionusTkhey could be available for use by
kit foxes, if appropriately managed. Also, kit &sxoccasionally are extirpated from
smaller patches of fragmented habitat due to anrarations in environmental
conditions (e.g., drought, prey availability) ona@graphic stochasticity (i.e., random
changes in survival and reproductive rates). b lsduations (retired lands and
extirpations), recolonization of these areas bydits may be inhibited by distance from
existing populations or a lack of suitable dispecsaridors. In such situations,
reintroduction is a potential strategy for re-eBtdiing fox populations in these vacant
habitats.

Reintroductions of wildlife species should not iempted without first conducting a
comprehensive assessment of the suitability ofiiatiereintroduction sites (Kleiman
1989, Chivers 1991, Kleiman 1994, IUCN 1995, Klemni®96). Such assessments
significantly increase the probability of succesgiopulation establishment, and are
particularly important if the species to be reidioed is rare. Variables to be assessed
on a given site include biological factors suchhesquantity and quality of available
habitat, availability of food and cover, and preseand abundance of potential
competitors and predators, and non-biological facsoich as existing and potential
human impacts, potential conflicts with adjacendlaises, and any management or
conservation strategies being implemented on tee §)f particular importance is
determining whether the factors that caused theispéo disappear from the site have
been mitigated. Site selection and evaluatiorcatfor kit foxes were thoroughly
reviewed by Bremner-Harrison and Cypher (2007).
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We identified 5 potential sites for kit fox reinthactions. Kit foxes are not known to
currently inhabit any of the sites. We then conéda@ thorough review of available
information to determine whether any of the sites wufficiently suitable to attempt a
reintroduction of kit foxes. Our specific objea®/were to:

1. examine biological variables to assess the piatdar successful
reintroduction and population establishment atvemisite,
2. examine non-biological variables to assess piateanthropogenic

impediments to a successful reintroduction, and

3. develop recommendations for possible reintradoatf kit foxes to any of the
sites assessed.

SITES ASSESSED

We identified 5 sites to assess for potential dt feintroductions (Figure 1). These sites
were:

Allensworth Ecological Reserve in Tulare County

Pixley National Wildlife Refuge in Tulare County

Kern National Wildlife Refuge in Kern County

Wind Wolves Preserve in Kern County

Private retired agricultural lands in western Fee€ounty

These sites were selected because they encompaggedreas of potential habitat for
kit foxes, and kit foxes are not known to curremtbcur on any of the sites. Site
descriptions are provided in detail in the indiatlsite assessments below.
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Figure 1. Location of 5 sites in the San Joaquin V  alley of California assessed for
potential reintroduction of San Joaquin kit foxes.
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METHODS

Factors to be considered in assessing the suiyabilsites for potential kit fox
reintroductions are summarized in detail in Brerfdarrison and Cypher 2007. These
factors include various pertinent administrative &rological attributes, as described
below. We conducted assessments of the suitabflgjtes for potential kit fox
reintroductions by compiling and synthesizing imf@tion on each of the attributes. We
used existing data available for each site. Tlkles&® came from various sources
including published technical reports, internalragereports and summaries, pre-
existing raw data from land managers, and intersieith land managers.

ADMINISTRATIVE ATTRIBUTES
Location— The county where each site is located was peovas was a map of the site.

Ownership— Ownership of sites is particularly importantit #x reintroduction has a
higher probability of success on lands owned andaged by organizations whose
primary mission is the conservation of natural teses. Such organizations could be
federal, state, or private. Ideally, any potentahtroduction sites would be conserved in
perpetuity. Private lands also have potentiabagnoduction sites as long as the lands
include long-term protections, such as conservaasements. Other private lands also
could contribute to kit fox reintroduction effottsrough voluntary participation by
landowners or through more formal means such as$afbor Agreements. However,
due to the uncertain long-term conservation statssich lands, they should be
considered as buffers or expansion areas instednoéry release areas.

Management and land uses Conservation of natural communities and rareisgdas

the optimal land use for potential kit fox reintumtion sites. This is more likely to
ensure minimal disturbance and reduce risks frotlrapogenic activities. One caveat
to this is that grazing can be a compatible, adéaa even a beneficial, land use. Cattle
or sheep grazing that is conducted in a carefulragponsible manner generally does not
adversely impact kit foxes. Grazing has been comdufor many years on the Carrizo
Plain (U. S. Bureau of Land Management 2010) arlketroarea (Germano et al. 2006),
both of which are core areas for kit foxes (U.Shrand Wildlife Service 1998). Such
grazing also may be beneficial by reducing the cof@on-native plants, particularly
grasses. Throughout the San Joaquin Valley, ntimenspecies such as red brome
(Bromus madritens)sripgut brome Bromus diandrus and wild oatsAvena spp.have
become established and achieve densities thatnhperclude native plants
(Schierenbeck 1995, Minnich 2008), but also detnitaky affect some rodents (e.qg.,
kangaroo ratsDipodomys spp) that are important prey for kit foxes (Singleakt1996,
U.S. Fish and Wildlife Service 1998, Germano ef@D1). Grazing may reduce the
impacts of non-native plants. Certain other lasésue.g., low density hydrocarbon
extraction) might be compatible with kit foxes (G et al. 2000), but would need to be
evaluated on a case-by-case basis.

Conservation issues The potential for issues that could impede ewent the
establishment of a kit fox population should alscalldressed. Such issues are
anthropogenic in origin and include activities ahsturbances both on-site as well as on
adjacent properties. Such activities could inclhdeting (both legal and illegal), the
presence of pets or feral animals, off-highway ekehactivity, and other recreational
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activities. Activities on adjacent properties abtgpillover” onto reintroduction sites.
For example, incursions by humans and domesticalaiare common near residential
areas. Pesticide use on adjacent agriculturaklandld impact foxes or their prey.
Fencing can help mitigate some issues, but not all.

BiOLOGICAL ATTRIBUTES

Historical and current status of kit foxes Historically, kit foxes probably used all non-
wetland areas on the San Joaquin Valley floor.hSuse likely diminished as habitats
became more fragmented and adverse anthropogduierioes increased. In the case of
all 5 sites assessed, kit fox populations curresréynot present. Introducing animals
onto sites with resident populations generallyasadvisable because the new animals
could disrupt and displace residents who are ajraadlimated to the site or the residents
might exclude introduced individuals forcing themboi marginal areas or even off the
reintroduction site. Even if densities of resideaite low, introducing new animals still is
not advisable unless the reasons for the low deasate known and can be mitigated.
For example, if fox numbers have been markedlyeksad by factors such as disease
epidemic or a previous drought, then introductiohmdividuals could help the resident
population recover more quickly to a viable lev@tgmner-Harrison and Cypher 2007).

If kit foxes are not currently present, then iimgperative to determine the reason or
reasons for this absence. Once these reasorgeatdied, then a determination needs to
be made regarding whether these limiting factorstmsufficiently mitigated to permit
occupancy by kit foxes. Factors such as poor aagitality, overly rugged terrain,
naturally low prey availability, inadequate acreagrechronic anthropogenic disturbance
may have low or no potential for mitigation. Inrchucases, the site would not be suitable
for kit foxes and reintroduction should not be adased. Factors that have greater
potential for mitigation include habitat qualityn@possibly prey availability) that has
been reduced by non-native plants, an abundancengbetitors, insufficient den
abundance, and incompatible land use. These $actoid potentially be mitigated

given sufficient time and resources.

Finally, the duration of absence needs to be censid If foxes are only recently
extirpated, then it is more probable that the fasctesponsible might be mitigated and
that the site might also retain a higher levelwfability due to factors such as the
presence of dens. However, if foxes have beemabsea long duration, then this might
indicate the presence of a more serious impeditoergt-establishment. Furthermore, the
site likely will be less suitable due to the abseatdens, which are essential for cover
(McGrew 1979, Koopman et al. 1998).

Suitable habitat— The quantity and quality of available habitateogiven site is of
paramount importance is assessing the potentiaéfotroducing kit foxes. Preferred
habitat conditions are arid and semi-arid vegetat@mmunities, such as desert scrub
and grassland communities (McGrew 1979, U.S. FshWildlife Service 1998, Cypher
2003). While kit foxes can occur in other habitéheir demographic attributes may be
less robust in these habitats, which reduces thiggpility of success for any
reintroduction effort. Kit foxes also appear tefer less rugged terrain due to decreased
predation risk (Warrick and Cypher 1998, Cypheale000). Among foxes relocated to
the Naval Petroleum Reserves and released in ruggeah, many rapidly moved down
to more gentle terrain (Scrivner et al. 1993).
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The amount of suitable habitat also is extremelyartant. Each pair of kit foxes
requires approximately 600 ha (1,500 ac) in highlitpuhabitat (Nelson et al. 2007).
Space requirements can be considerably higher gy 1,000 ha or 2,500 ac) in lower
quality habitat (Cypher 2003). Potential reintrotion sites for kit foxes ideally should
be of sufficient size to support at least 10 k& pairs (Bremner-Harrison and Cypher
2007). Thus, sites should encompass at least 6&QD5,000 ac) of suitable habitat.
Furthermore, this habitat should be contiguousrastdragmented. Habitat available in
this quantity and configuration has a greater poditafor successful establishment of a
sufficient number of kit fox pairs to facilitate gqopriate demographic, ecological, and
social dynamics leading to a viable population.

In addition to the habitat available on the sitesegsed, we also quantified the
availability of suitable habitat within 10 km ofaasite. To accomplish this, we used
habitat modeling techniques detailed in Cyphet.2@7 and Constable et al. 2009. In
brief, modeling was conducted by assessing a caatibmof terrain, current land use,
and vegetation density to categorize lands as Inmgialium or low (essentially non-
habitat) quality habitat. This information was eegsed as a data layer and GIS analysis
was used to determine the quantity of high and omdjuality habitat occurring within

10 km of each site.

Available cover in the form of earthen dens shdaddassessed at any potential
reintroduction site. As discussed previously, sita currently is not occupied by kit
foxes and has not been for more than a couple yis@ probability is high that there will
be few suitable dens present. In the absenceyafareuse, kit fox dens tend to degrade
over time and eventually fill in or collapse. Givihe dependency of kit foxes on dens
for escape cover, daytime resting cover, avoidanteermal extremes, moisture
conservation, and rearing young (McGrew 1979, Koapmt al1998), the presence of
dens is critical to the success of any reintroduncéffort. Thus, if natural dens are not
abundant, artificial dens may need to be instadketthe site prior to any fox releases.

Prey availability— Prey availability needs to be evaluated on atiéptial reintroduction
sites to ensure that sufficient food is availablsupport kit foxes. This is particularly
important if the habitat has been altered in any (gag., grazed, former agricultural
land, restored habitat). If sufficient food is mekilable, kit foxes are unlikely to remain
on a release site, but instead will disperse. HlkeHills reintroduction effort was
conducted during a period when regional prey pdfmuia were depressed due to
drought, and consequently most of the relocateahalsileft their release sites (Scrivner
et al. 1993). The primary prey for kit foxes irtural areas is nocturnal rodents,
particularly heteromyids such as kangaroo ratspmuttet mice. Besides nocturnal
rodents, kit foxes also will consume ground sqistreabbits, birds, various reptiles, and
insects (McGrew 1979, Cypher 2003). Thus, assassnsould be conducted to ensure
that these items (or other suitable foods) are ddtnon potential reintroduction sites.

Competitor abundance- The diversity and abundance of potential kit doxpetitors
and predators also should be evaluated at anytdtegintroduction site. Coyotes,
bobcats and non-native red fox®&slpes vulpeshave been identified as potential
predators and competitors of kit foxes (Ralls arité&/1995, Cypher et al. 2001, Clark
et al. 2005, Nelson et al. 2007). Coyotes and &ishare native and co-occur with kit
foxes in many areas. Kit foxes are able to coexitt these competitors through year-
round den use, habitat partitioning, and food parting (White et al. 1995, Cypher and
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Spencer 1998, Nelson et al. 2007), but these gtestare effective only if dens are
readily available, habitat composition is heteragmrs, prey are abundant, and
competitors are not inordinately abundant. Re@$oxre increasing and expanding their
range in California (Lewis et al. 1993) and haverbebserved with increasing frequency
in the San Joaquin Valley in the past 2 decade€y{Bher, personal observation). Red
foxes could potentially exclude kit foxes througkerference or exploitative competition,
but red fox abundance in natural lands also appgedrs limited by competition from
coyotes (Cypher et al. 2001). Other competitoas thay also impact kit foxes include
domestic dogsGanis familiarig, domestic catdHelis catuy, badgersTaxidea taxus)
raptors, and owls. Fragmented habitats could becpkarly problematic in that parcels
with habitat may function as refugia thereby coriaimg competitor use of such areas
and increasing the probability of encounters witHdxes.

The abundance of species that could potentialhstrat diseases to kit foxes is another
consideration. Diseases of particular concerruthelrabies, distemper, and parvovirus
(McCue and O’Farrell 1988, Cypher and Frost 199Her 2003). Other canids (e.g.,
coyotes, red foxes, domestic dogs) obviously atenti@al vectors. Other species of
concern in the San Joaquin Valley include strigathks (Mephitis mephitis raccoons
(Procyon lotoy, bats, and domestic cats. In general, diseasertually has not been a
significant problem for kit foxes, but an inordiaatumber of vectors at a given site
might be cause for some concern.

Connectivity— Any potential reintroduction site should incluzbnnectivity to other
suitable kit fox habitat thereby allowing a reirtuzed population to become part of the
kit fox metapopulation. Such connectivity wouldyide dispersal potential for the
reintroduced population, and also would facilitdéenographic and genetic exchange
with other kit fox populations, all of which woutdntribute to the long-term viability of
the new population (Hilty et al. 2006). Connedtiwould be provided by linkage areas
consisting of habitat sufficiently suitable andmpegble to facilitate kit fox movement.

Conclusions -Based on the available information, we developmttlusions and
regarding the current suitability of each siteKitrfoxes and offered recommendations
regarding whether an attempted kit fox reintrodutis warranted.

RESULTS

ALLENSWORTH ECOLOGICAL RESERVE

Location and ownership- Allensworth Ecological Reserve (AER, or “the Be®”) is
located in Southern Tulare County, approximatelk@0Onorth of Bakersfield, California
(Figure 1). AER consists of a patchwork of landcpés that total 2,142 ha. The parcels
are owned and managed by the California Departofdfish and Game. The Reserve
currently consists of northern and southern postiovhich are separated by 3-4 km.
Each consists of a relatively large continuous bloidand >500 ha as well as some non-
contiguous smaller parcels that are intermixed writaately owned conservation,
agricultural, and grazing lands.

The first land acquisitions for AER were made ii8Q%nd 1982 when 3 approximately
65-ha parcels were purchased through the Stataeldbia Wildlife Conservation
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Board (WCB). These parcels were initially purclthseprotect habitat for several listed
species including the San Joaquin kit fox, blurgetbleopard lizard3ambelia sil3, and
Tipton kangaroo ratipodomys nitratoides nitratiodis Additional parcels have been
added to the Reserve since 1989 through WCB aridatidn acquisitions bringing AER
to its current size.

Management and land uses Currently, access to the AER is relatively op&fany of

the parcels comprising the AER are fenced, but sama@&ot. The AER can be accessed
by a number of roads, both paved and dirt, and fesnyof the access points have locked
gates. Signage is present along most boundaaes;ylarly those that front or intersect
roads.

Prior land use on the parcels that form AER inclfadening, channelization of drainages,
grazing, off-road vehicle use, hunting, and trasimging. With the exception of farming
and channelization, most of these prior land usesimue on the Reserve, albeit illegally.
However, these uses are perhaps not as intensitieyas/ere prior to the legal protection
and fencing of the Reserve.

AER was purchased to protect threatened and end=hgpecies, and to minimize
disturbance to these species, public access r&ctedtto wildlife viewing on foot. The
Reserve is not officially open to hunting or anlgeattype of public recreation activity.
Management objectives for the AER, set forth irD@2draft management plan, include
maintaining and increasing populations of threadesreendangered species on the
Reserve, including the San Joaquin kit fox.

Past and present vegetation management on the AESsts of trespass grazing by
adjacent landowners’ cattle. This grazing metfsogeinerally inconsistent, as portions of
the Reserve are grazed at different levels, whhergportions are not grazed at all. In
the future, CDFG plans to let a grazing lease eretitirety of the AER, thereby allowing
staff to better control grazing levels in differesaictions of the Reserve.

Some mitigation funds are available for manageroétite AER. However, the majority
of properties within the AER were purchased throwfB, and this acquisition process
does not provide funds for managing the lands. sTHapending on allotments from the
state general fund, money for management and nrorgtactivities on the Reserve may
be limited.

Adjacent land uses are primarily cattle grazing agculture. Within the last 3 years,
several parcels bordering the northern portiorhefreserve were converted from native
habitat to irrigated orchard.

Conservation issues While the AER is conserved in perpetuity and agad for the
protection of sensitive species by CDFG, the netdyismall total area, fragmentation,
lack of resources for management, and adjacentuaesl all could pose a threat to
integrity of the Reserve. For example, lack ofdsifior fencing, patrolling, and

vegetation management are an issue. Some pasadken fenced, but trespass issues
continue to plague the Reserve, including the dagpf tires, agricultural waste, and
other household trash. Other illegal activitiedude off-road vehicle use, abandonment
of stolen vehicles, hunting, and target shooti@gurently, no formal vegetation
management is being conducted, although efforte baen initiated to establish a
grazing lease on the property. Sodesfactomanagement currently occurs due to
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trespass grazing, but this grazing is localizediamebt managed. This lack of vegetation
management may contribute to low small mammal abnoel on the AER (see below).

On lands adjacent to the AER, habitat conversianicoes to be an issue. This
conversion, primarily to agricultural uses, furtfimgments habitat and reduces overall
habitat availability for kit foxes. The numbersrhall ranchettes also has been growing
in the area. These ranchettes increase vehiéfie {f@ften through the Reserve itself)
and also increase the abundance of domestic dalgsads, many of which are free-
roaming. In 2006, two dairy facilities were propddor lands adjacent to the AER.
Additional threats come from a high-speed rail jmeposed to pass through or near the
area. Kit foxes would be excluded from the raiklicorridor, which would prevent direct
mortality from train strikes, but such exclusios@tould function to block movement
corridors, unless adequate crossing structures egergtructed.

Historical and current status of kit foxes Kit foxes were once routinely observed in the
AER area, although densities were apparently lonvpared to core areas (e.g., Lokern
Natural Area, Carrizo Plain National Monument).nfys for kit foxes in the area have
consisted primarily of occasional spotlighting ajastablished routes. Since 1991,
spotlighting surveys have been conducted more agguly CDFG biologists. The
survey route begins near the Northern Semitropilg&Ecological Reserve and Kern
National Wildlife Refuge and continues for approaiely 30 miles, ending near
Earlimart. The goal is to survey the route onaheseason (i.e., fall, winter, spring, and
summer), although typically the survey has beemuoted approximately twice each
year (T. Krocker, CDFG, unpublished data). Kitdexvere observed, usually at a low
frequency, until 2004 (Figure 2). No kit foxes bBéween observed along the route since
then.
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Figure 2. Number of San Joaquin kit foxes observed during spotlight surveys in the
Allensworth Ecological Reserve area during 1991-200 8.
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In 1993, 5 natal kit fox dens were observed orABR, and 2 were observed in 1994
(Potter 1997). Since 1994, only one kit fox dea heen observed, which was in 2004 on
the northern part of the Reserve.

The spotlighting data and natal den observatiodEate that the highest densities of kit
fox were recorded in 1993 and 1994, followed bg@d decline in observations. The
decline in kit foxes numbers in the AER area iglijka function of a catastrophic
reduction in their primary prey. In the mid-toda990s, kangaroo rat populations
throughout the San Joaquin Valley “crashed,” pdgsibe to unidentified factors (e.qg.,
disease, flooding, unfavorable habitat conditiaasgociated with several years of high
precipitation (Single et al. 1996, Germano et @0D). Alternative food sources for kit
foxes apparently were unavailable and wide-spriesndling also may have directly
impacted foxes.

Suitable habitat— The lands within the AER consist of predominatkt terrain,
although some natural and man-made microtopogrdpbg exist. Vegetation
communities are classified as Valley Sink ScrulljeyaSaltbush Scrub, and Non-native
Grassland (Holland 1986). These communities coo§ison-native grasses and forbs
mixed with desert and spiny saltbugir{plex polycarpaandA. spinifera respectively),
iodine bushAllenrolfea occidentalis)and bush seepweeBuaeda moquini Soils at
Allensworth are primarily sandy to fine-loam angitally highly alkali with moderate to
poor drainage (NRCS 2003).

AER only encompasses 2,142 ha, which is not sefiicio support a kit fox population.
A number of public and private conservation landsup in close proximity to AER.
Colonel Allensworth State Park (ca. 400 ha) is apjnately 2 km west of the Reserve,
and Pixley National Wildlife Refuge (ca. 2,500 &) km north of the Reserve.
Intermixed between these protected areas are parcptivate ownership. Some of these
parcels have been converted to agriculture, sompranarily rangelands used for cattle
grazing, some support small residences or busiag¢esg junk yards), and some are
conservation lands in private ownership. For eXanipordering one of the AER parcels
in the northern portion of the Reserve is a coratem property owned and managed by
Wildlands, Inc. Based on habitat modeling, 31,48®f highly or moderately suitable
habitat occurs within 10 km of AER (Figure 3). Hewer, much of this habitat is highly
fragmented. If larger patches of habitat couladigated and connected by functional
movement corridors, then the establishment andteramce of a kit fox population
might be possible.

Avalilability of dens for kit foxes at AER likely i®w. The area has received little use by
foxes in recent years, and any kit fox dens that haeve been present in the past likely
are no longer usable. California ground squirg8lsermophilis beechgyare abundant

on the Reserve, and kit foxes potentially couldagxpsquirrel burrows into dens,
although this would take some time. Ten artificiahs were installed on the area in
2009 (Harrison et al. 2011), but more likely wobklnecessary to provide sufficient
refugia for kit foxes.
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Figure 3. Habitat suitability for San Joaquin kit foxes within 10 km of sites in the
Tulare Basin including Allensworth Ecological Reser ve, Kern National Wildlife Refuge and
Pixley National Wildlife Refuge.

Prey availability— Rodents recorded on AER include Heermann’s kaagat O.
heermann), Tipton kangaroo raf. nitratoides nitratoides house mouseMus
musculu¥, southern grasshopper mou€smychomys torridys San Joaquin pocket
mouse Perognathus inornatysdeer mouseReromyscus maniculatysvestern harvest
mouse Reithrodontomys megalofjsand pocket gopheftomomys bottae Ground
squirrels include the San Joaquin antelope squ#m@imospermophilus nelsgm@ind the
California ground squirrel. Two species of ralayi found in the San Joaquin Valley
and AER: the black-tailed jackrabbitgpus californicusand the desert cottontail
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(Sylvilagus audubonii Reptiles that may be a prey source for kit foaee the Western
whiptail lizard Cnemidophorus tigris side-blotched lizard{ta stansburiang coast
horned lizard Phrynsoma coronatumgopher snakePtuophis melanoleucyisand
ringneck snakel§iadophis punctatys Common ground-nesting birds found on the
Reserve include horned larksrémophila alpestris western meadowlarkS{urnella
neglectd, and several sparrow species. Potential inzegton the Reserve include
beetles, grasshoppers, and crickets.

Small mammal trapping surveys were conducted at ARRn annual basis during 1993-
1996 and 2002-2010 (California Department of Fisth @ame, unpublished data). In
1993 and 1994, kangaroo rats were abundant ondkeri® (Table 1). Kangaroo rat
populations at AER and across the San Joaquinyadelined sharply in the mid to late
1990s. Numbers have recovered somewhat in reeans ybut kangaroo rats are still
patchily distributed at AER.

Table 1. Small mammal trapping survey results att  he Allensworth Ecological Reserve
during 1993-1996 and 2002-2010. (Source: CDFG, unp ublished data)

Kangaroo rats per Total rodents per 100
Date Area 100 trapnights trapnights
Summer 1993 North - multiple grids 66.0 67.0
Summer 1994 North - multiple grids 23.7 27.7
Summer 1995 North - multiple grids 0.5 1.3
Summer 1996 North - multiple grids 0.25 6.3
Fall 2002 North - multiple sites 1.9 2.7
Summer 2003 North and South - multiple sites 2.35 4.2
Summer 2004 North and South - multiple sites 0.7 11
Summer 2005 North and South - multiple sites 0.05 0.05
Summer 2006  North - new grids® 0.25 0.5
Fall 2006 North - multiple sites 0.27 0.56
Summer 2007 North - translocation area’ 4.1 N/A
Fall 2007 North - translocation area 3.2 3.2
Fall 2008 North - translocation area 11.8 12.8
Fall 2009 North - translocation area 9.8 10.7
Fall 2010° North - translocation area 9.6 145

! For this session, DFG reported two trap checks per night as two trap nights. We reduced the number of trap nights by
half so that the data were comparable to previous sessions.

2 In Winter 2006, 144 Tipton kangaroo rats were translocated to a site in north AER.

% During 2009-2010, an experimental removal of 43 Heermann's kangaroo rats was conducted as part of a study of
Heermann’s and Tipton kangaroo rat interactions.

As described previously, spotlighting surveys hbgen conducted regularly in and
around AER since 1991. Prey species also havereeerded on these surveys. Similar
to data compiled from small mammal trapping effopt®y species were most abundant
in 1993 and 1994 (Table 2).

Also, surveys were conducted for blunt-nosed ledfiaards from 1994 to present, and
all lizards observed were tallied (Table 3). Téwegth of the transect lines were variable,
but the reported results provide a gross indexzafd abundance and annual trends.
Mostly, the results show that lizards were conatyygresent on the site. Side-blotched
lizards were the species most commonly observed.
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The CDFG survey results indicate that various foekit foxes are present on the AER.
It was not possible from the results to determihetiver the prey were sufficiently
abundant to support a kit fox population. In pautar, kangaroo rat abundance appears
to have been low in recent years, although numdeem to be slowly increasing.

Table 2. Prey species observed during spotlighting surveys conducted on and near
the Allensworth Ecological Reserve during 1991-2008 . (Source: CDFG, unpublished data)

Number observed

Date Jackrabbit Cottontail Kangaroo rat
June 1991 15 2 4
Sept 1991 6 0 5
Apr 1992 6 1 12
Sept 1992 24 5 35
Mar 1993 38 12 43
May 1994 78 9 20
Aug 1994 111 16 4
May 1995 38 5 0
Apr 1996 39 0 0
Jul 1996 12 1 0
Sept 1996 10 0 0
Mar 1997 6 0 0
Aug 1997 3 1 0
Mar 1999 5 4 1
June 1999 6 4 2
Oct 1999 7 15 5
Mar 2000 2 10 0
June 2000 17 28 0
Aug 2000 2 5 0
Dec 2000 14 18 0
Mar 2001 22 10 0
June 2001 24 14 8
Aug 2001 5 1 0
Dec 2001 1 21 0
Mar 2002 12 13 0
Aug 2002 6 0 0
Dec 2002 16 0 2
Mar 2003 21 9 0
May 2003 56 4 1
Aug 2003 0 0 0
June 2004 10 7 2
Aug 2004 3 0 2
June 2005 5 0 0
Aug 2005 7 0 0
June 2007 4 21 39
Mar 2008 8 9 1

Competitor abundance- Data on predator and competitor abundance oAl have
been collected by CDFG staff through spotlighting aamera station surveys. Results
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from spotlight surveys indicate that coyotes anescgiently present on AER (Table 4).
Coyotes also are commonly observed during the dah® Reserve. A number of other
canids observed during the spotlight surveys caaotde positively identified, but most
likely were also coyotes as no other species vaetified during the surveys. Other
potential competitors that have been periodicabiyesved on the AER include domestic
and feral dogs, feral cats, and striped skunksstMogs observed were free-ranging pets
associated with residences adjacent to the Res@ugently, there are no records of
non-native red foxes from the AER area.

Table 3. Results of lizard surveys conducted atth e Allensworth Ecological Reserve
during 1994-2010. (Source: CDFG, unpublished data)

Date Area / number of survey days Mean number of i zards per day
1994 North / 10 days 135.2
1995 North / 10 days 66.0
1996 North / 10 days 59.7
1998 North / 3 days 2.7
1999 North / 10 days 41.6
2001 North and South areas / 3 days 61.3
2002 North and South areas / 6 days 34.7
2003 North and South areas / 4 days 83.3
2004 North and South areas / 5 days 67.0
2005 North and South areas / 4 days 42.5
2006 North area / 1 day 16.0
2007 South area / 1 day 27.0
2008 North area / 2 days 51.5
2009 No surveys completed -
2010 North area / 6 days 109.7

Connectivity— Habitat in and around the AER is not contiguaith other regional kit

fox habitat. However, other areas potentiallyahl# for kit foxes are located in
relatively close proximity to the Reserve (FiguyeaBd include Pixley NWR (ca. 5 km
north), Kern NWR (ca. 20 km southwest), and the ékisland Land Retirement
Demonstration Project (ca. 5 km west). These asasgvell within the movement and
dispersal capabilities of kit foxes (Cypher 200Bparcels with suitable habitat, mostly on
private lands, are present between the AER ane thier sites, and these parcels could
function as “stepping stones” to facilitate kit fmovements between sites. Furthermore,
parcels with habitat between AER and Kern NWR a&iedptargeted for acquisition

under the Metropolitan Bakersfield Habitat ConsgoraPlan (MBHCP), and this will
eventually improve connectivity between the AER arthnt kit fox populations to the
southwest (e.g., Northern Semitropic Ridge Ecolaigieserve located just south of Kern
NWR).

Conclusions -Our analysis suggests that AER may not be suifablesintroduction of
kit foxes at this time for several reasons. Aisight quantity of suitable habitat
currently is not available to support what we eatigrto be minimum population size
(i.e., 10 pairs) necessary to provide a reasonableability of persistence. Much of the
available habitat currently is highly fragmented @onsists of parcels smaller than the
mean home range size for even 1 pair of kit foxHsis high degree of fragmentation
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produces considerable “edge”, whereby natural lanesdjacent to agricultural and
developed lands. This increases the potentiahttarnal threats. In particular, it
increases the probability of incursions into theure lands by people, domestic animals,
and toxins, all of which could have adverse impé&ztst foxes through direct mortality,
injury, reduced prey, increased competitors, astudbance.

Table 4. Potential competitors observed on the All  ensworth Ecological Reserve during
spotlighting surveys conducted during 1991-2008.

Date Coyote Unidentified Candid
June 1991 0
Sept 1991
Apr 1992
Sept 1992
Mar 1993
May 1994
Aug 1994
May 1995
Apr 1996
Jul 1996
Sept 1996
Mar 1997
Aug 1997
Mar 1999
June 1999
Oct 1999
Mar 2000
June 2000
Aug 2000
Dec 2000
Mar 2001
June 2001
Aug 2001
Dec 2001
Mar 2002
Aug 2002
Dec 2002
Mar 2003
May 2003
Aug 2003
June 2004
Aug 2004
June 2005
Aug 2005
June 2007
Mar 2008
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Furthermore, habitat conditions at AER currently mot optimal for kit foxes.

Vegetation density can be high on the Reserveicpéatly in years with above-average
precipitation. Currently, no vegetation managenebeing conducted on AER.
Although some vegetation reduction occurs frompass grazing, this effect is localized,
unregulated, and inconsistent, and therefore doeadequately improve habitat
conditions for kit foxes. Possibly as a resultrise suboptimal habitat conditions, the
availability of prey, particularly kangaroo rats,inconsistent both temporally and
spatially.

Although conditions at AER may not currently betahbie to warrant an attempt to
reintroduce kit foxes, this situation could changée future. Additional lands are being
conserved adjacent to and near AER, and eventaiailifficient quantity of suitable
habitat may become available to support a populaifckit foxes. Additional lands also
would reduce edge effects and associated extdwesdts. Furthermore, CDFG currently
is working to implement a grazing lease for the AERhce implemented, this would
result in a highly regulated and consistent vegetananagement program that would
improve and maintain habitat suitability for kitxies and their prey. Thus, it is possible
that a kit fox reintroduction attempt at AER coblel warranted in the future.

PixXLEY NATIONAL WILDLIFE REFUGE

Location and ownership- Pixley National Wildlife Refuge (PNWR or “the fRge”) is
located in southern Tulare County, approximatelkiOnorth of Bakersfield, California
(Figure 1), near the towns of Earlimart (13 km east Alpaugh (13 km west). PNWR
consists of approximately 2,584 ha in three magasyand is owned and managed by the
United States Fish and Wildlife Service (USFWS)Hoth wetland and upland species.
While there are some parcels around PNWR remainingtive upland habitat that are
privately owned, the majority of the surroundingaars agricultural lands and dairy

farms (USFWS 2005).

In the 1920s and 1930s, unclaimed homestead treezksPixley, California that were
considered marginal for farming reverted to the.lg&ernment and were eventually
turned over to the Department of the Interior (USFR005). In 1959, 1,760 ha were
transferred creating Pixley National Wildlife Re&ygvhich was administered under the
Migratory Bird Conservation Act (USFWS 2005). PNW4Rer consolidated and
expanded land holdings to include upland habitatifeeatened and endangered species.
The Refuge continues to acquire additional landspg®rtunities and funds permit.

Management and land uses All lands within PNWR are fenced and well marketh
signs. All access roads into the Refuge have bhgeates. Thus, public access to most of
the Refuge generally is restricted and is limitea few visitor facilities such as parking
areas, short trails, and wildlife viewing areas.

The western portion of PNWR was once cultivated, laistorical remnants of this past
use, such as irrigation drainage ditches, areestilent in some areas. Cultivation efforts
were eventually abandoned in these areas by tleethienlands were purchased by
USFWS, possibly due to soil salinity (USFWS 200B)storical uses of the eastern
portion of the Refuge consisted mostly of grazid§kFWS 2005).

As with most national wildlife refuges, a primagnttion of PNWR is to serve as a
migration stopover or over-wintering habitat fords in the Pacific Flyway (USFWS
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2005). Another function is to protect, restore andance habitats for threatened and
endangered species (USFWS 2005). At PNWR thesgespaclude the San Joaquin kit
fox, blunt-nosed leopard lizard, and Tipton kanganat.

In 1972, in order to provide for an appropriatezgrg program on the uplands, a stock
water well was created in the Center Field Unithef Refuge (USFWS 2005). Currently,
there is a managed grazing program on 1,914 hadhra grazing lease. The grazing
program on upland areas of PNWR is managed andtanedifor the benefit of
threatened and endangered species (USWFS 2005]lRnW, personal
communication).

Current land uses on PNWR include managed upladdvatiand habitats. Upland
habitats important to kit foxes are managed thragrglzing. Other uses include
recreational activities like bird watching on thetland unit from an observation
platform and hiking along short interpretive tr@lISFWS 2005). While there are some
privately owned parcels around PNWR with nativeanpl habitat, land uses on the
majority of the surrounding area is agriculture dady farms (USFWS 2005).

Funding for management of PNWR comes from annukdréd appropriations for the
USFWS, which is part of the Department of Interiéuunding can vary annually, but
generally is sufficient each year for most core aggament activities.

Conservation issues The PNWR is conserved in perpetuity and manégeithe
protection of sensitive species by USFWS. Thd tota is relatively small and the
Refuge lands are somewhat fragmented. This inesethe amount of edge and the
potential for trespass issues. However, Refugeetmare primarily bordered by small
farm roads, which are actively used by local fasneConsequently, trespass frequency
appears to be low (P. Williams, personal commuimoat Some vandalism and dumping
does occur on the refuge, but incidents are infatjand primarily occur along a main
county road. As opportunities and funding becowslable, the Refuge is attempting to
increase parcel size and decrease fragmentatiandayring additional nearby lands.

On lands adjacent to PNWR, habitat conversion naes to be an issue. This
conversion, primarily to agricultural uses, furtfimgments habitat and reduces overall
habitat availability for kit foxes.

Historical and current status of kit foxes Similar to the AER area, kit foxes have
occurred historically in the PNWR area, but deasiapparently are generally low
compared to core areas (e.g., Lokern Natural ATearizo Plain National Monument).

Kit foxes were regularly observed on the Refugthaearly 1990s (Figure 4), including
several family groups with pups indicating thatfkites were reproducing in the area (P.
Williams, USFWS, unpublished data). Kit fox obssiens dropped off sharply after
1993. This may have been partly related to a sogmt reduction in spotlighting efforts
after that year. However, continued low numbetsrahat likely were related to a
significant regional decline in kangaroo rat aburcga(Single et al. 1996, Germano et al.
2001). From 1996-2000, only 15 kit fox sightingsre/recorded during spotlight surveys
on the Refuge (USFWS 2005). The last known kitder on PNWR was found in the
summer of 1996 on the Deer Creek East sectioneoR#fuge (P. Williams, USFWS,
unpublished data). This was a natal den with pup 1999 during a spotlight survey,
two foxes were detected in the wetland unit (P.Mftis, unpublished data), and this was
the last record of a kit fox on PNWR. The lack@tent sightings suggests that the
population has not recovered.
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Figure 4. Number of San Joaquin kit foxes observed during spotlight surveys in the
Pixley National Wildlife Refugre area during 1991-2  002.

Suitable habitat— The lands within PNWR consist of predominatédy ferrain, although
some natural microtopography does exist. Approiga’4% of the habitat consists of
non-native annual grassland (Holland 1986, USFWER0Other habitat types include
wetland, riparian, alkali playa, northern claypamnal pool, and valley saltbush scrub
(Holland 1986, USFWS 2005). The non-native anguassland community has a mix of
non-native grasses and forbs such as red brBnoenus rubensred-stem filaree
(Erodium cicutariun), mixed with some native forbs such as alkali heatd common
spikeweedKlemizonia pungens Aalkali goldenbushi$§ocoma acradenijas sparsely
distributed in some areas of the grassland commuiiibe Valley saltbush scrub
community is dominated by desert saltbush, iodiumhband bush seepweed. Other
habitat types have low or no suitability for kixfs. Soils at PNWR are primarily sandy,
silt, or clay loam and typically are highly alkalith moderate to poor drainage (NRCS
2003, USFWS 2005).

PNWR only encompasses 2,584 ha, which is not serfi¢co support a kit fox
population. A number of public and private cons#ion lands occur in close proximity
to PNWR. For example, the Bureau of Land Manages\étwell Island Land
Retirement Demonstration Project (ca. 2,700 hapgoximately 10 km to the southwest
and Colonel Allensworth State Park (ca. 400 hapisroximately 5 km to the southwest.
The northern portion of Allensworth Ecological Reseis approximately 5 km to the
south. Kern NWR (ca. 4,300 ha), also managed By\WS, is approximately 25 km
southwest of PNWR. Intermixed between these predeareas are parcels in private
ownership. These parcels have a variety of laed uxluding agriculture, cattle
grazing, residences, and small businesses (elgyamds) while some are conservation
lands in private ownership. Based on habitat mondel 3,600 ha of highly or
moderately suitable habitat occurs within 10 knPbIWR (Figure 3). However, much of
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this habitat is highly fragmented. If larger pastof habitat could be created and
connected by functional movement corridors, theng$tablishment and maintenance of
a kit fox population might be possible.

Availability of dens for kit foxes at PNWR likelgilow. The area has received little use
by foxes in recent years, and any kit fox dens i@y have been present in the past
likely are no longer usable. California groundisals are abundant on the Refuge, and
kit foxes potentially could expand squirrel burrowsd dens, although this would take
some time.

Prey availability— Rodents recorded on PNWR include Heermann's&aagrat, Tipton
kangaroo rat, house mouse, southern grasshoppeem®an Joaquin pocket mouse, deer
mouse, western harvest mouse, pocket gopher, difdr@ia ground squirrel. Black-

tailed jackrabbits and desert cottontails are comnieptiles that may be a prey source
for kit foxes include western whiptail lizard, sidtched lizard, coast horned lizard,
gopher snake, and California kingsnakarfipropeltis getulg western long-nosed snake
(Rhinocheilus lecontgiand southwestern black-headed sndlea({jlla hobartsmithj.
Common ground-nesting birds on PNWR include hotadds, western meadowlarks,

and several sparrow species (USFWS 2005). Potémgect prey on the Refuge include
beetles, grasshoppers, and crickets.

Small mammal trapping surveys have been conductdeNWR and were conducted
regularly from 1992-2002 (Table 5). In 1992 an@3,%angaroo rats were abundant on
the Refuge. Kangaroo rat populations at PNWR anolsa the San Joaquin Valley
declined sharply in the mid to late 1990s. Numlberge recovered in other locations, but
appear to still be low on the Refuge.

Spotlight surveys were conducted on PNWR in 20@2010 (Table 6). Observations
of potential prey included kangaroo rats, pocketenjackrabbits, and cottontails.

Competitor abundance Relatively few data are available on the abundahg®tential
competitors at PNWR. Spotlight surveys were cotetlion the Refuge in 2009 and
2010 (Table 7). Observations of potential compeditncluded coyotes, striped skunks,
badgers, and cats. Currently, there are no reamgn-native red foxes from the
PNWR area.

Connectivity— Habitat in and around PNWR is not contiguouwiiher regional kit fox
habitat. However, other areas potentially suitdieit foxes are located in relatively
close proximity to the Reserve (Figure 3) and idel&llensworth Ecological Reserve
(ca. 5 km south), Kern NWR (ca. 25 km southwest)l, #ne Atwell Island Land
Retirement Demonstration Project (ca. 10 km soush\welhese areas are well within the
movement and dispersal capabilities of kit foxegptier 2003). Parcels with suitable
habitat, mostly on private lands, are present betviee AER and these other sites, and
these parcels could function as “stepping store$#4dilitate kit fox movements between
sites.
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Table 5. Small mammal trapping survey results at P
(Source: USFWS, unpublished data)

ixley National Wildlife Refuge.

Kangaroo rats per 100 Total rodents per 100

Date Area trapnights trapnights
1981 Deer Creek East 8.25 8.33
Summer 1991 Deer Creek East 1.16 1.84
Summer 1992 Two Well 7.57 N/A
Deer Creek 15.27 N/A
Fall 1992 Two Well 9.23 N/A
Deer Creek 21.24 N/A
NW Two Well 13.37 N/A
Spring 1993 Two Well 10.89 N/A
Deer Creek 22.19 N/A
NW Two Well 17.93 N/A
Fall 1993 Two Well 12.96 N/A
Deer Creek 22.43 N/A
NW Two Well 17.51 N/A
Spring 1994 Two Well 6.65 N/A
Deer Creek 10.47 N/A
NW Two Well 10.59 N/A
Fall 1994 Two Well 1.65 N/A
Deer Creek 3.60 N/A
NW Two Well 2.26 N/A
Spring 1995 Two Well 0 N/A
Deer Creek 0.43 N/A
NW Two Well 0.37 N/A
Fall 1995 Two Well 0 N/A
Deer Creek 0.49 N/A
NW Two Well 0.43 N/A
Fall 1997 Deer Creek East 0.19 N/A
Winter 1998 Deer Creek East 0 0.10
Fall 1998 Deer Creek East 0.94 2.36
Winter 1999 Deer Creek East 0.87 1.94
Spring 1999 Deer Creek East 0.49 1.65
Summer 1999 Deer Creek East 1.55 3.30
Summer 2000 Deer Creek East 0 0.09
Summer 2001 Deer Creek East 0.27 0.71
Fall 2001 Deer Creek East 0.09 0.09
Summer 2002 Deer Creek East 0.18 0.35
Fall 2002 Deer Creek East 0.20 0.50
Fall 2010 Deer Creek East 0.83 1.39
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Table 6. Potential prey species observed during sp  otlighting surveys at Pixley
National Wildlife Refuge in 2009 and 2010. Number s are combined results from surveys in
3 units of the Refuge: Deer Creek/Center Field, Ho rse Pasture, and Los Felix units.

Number observed

Date Kangaroo rat Pocket mouse Cottontail Jackrabbit
July 2009 30 1 62 5
Aug 2010 25 0 31 4

Table 7. Potential competitor species observed dur  ing spotlighting surveys at Pixley
National Wildlife Refuge in 2009 and 2010. Number s are combined results from surveys in
3 units of the Refuge: Deer Creek/Center Field, Ho rse Pasture, and Los Felix units.

Number observed

Date Coyote Striped skunk Badger Cat
July 2009 6 2 4 6
Aug 2010 16 12 2 2

Conclusions -Our analysis suggests that PNWR may not be seifablreintroduction of
kit foxes at this time for several reasons. Aisight quantity of suitable habitat
currently is not available to support what we eat#to be a minimum population size
(i.e., 10 pairs) necessary to provide a reasonableability of persistence. Much of the
available habitat currently is fragmented and csisgf parcels smaller than the mean
home range size for even 1 pair of kit foxes. Tragmentation produces considerable
“edge”, whereby natural lands are adjacent to afjtical and developed lands. This
increases the potential for external threats. altigular, it increases the probability of
incursions into the natural lands by people, domestimals, and toxins, all of which
could have adverse impacts to kit foxes througbatimortality, injury, reduced prey,
increased competitors, and disturbance.

Current vegetation management being implementdeNWR should benefit potential
prey for kit foxes, particularly kangaroo rats. wver, for reasons not yet clear,
kangaroo rat abundance appears to be quite lovilatgis not sufficient to support a
population of kit foxes.

Although conditions at PNWR may not currently béagle to warrant an attempt to
reintroduce kit foxes, this situation could changée future. Additional lands are being
conserved adjacent to and near the Refuge, anduaigra sufficient quantity of suitable
habitat may become available to support a populaifckit foxes. Additional lands also
would reduce edge effects and associated extdweadts. Also, kangaroo rat abundance
may eventually increase on the Refuge. Thus,possible that a kit fox reintroduction
attempt at PNWR could be warranted in the future.

KERN NATIONAL WILDLIFE REFUGE

Location and ownership- Kern National Wildlife Refuge (KNWR or “the Reje@”) is
located in northern Kern County, approximately 8®\west of Delano, California
(Figure 1). KNWR consists of one large unit encasging approximately 4,552 ha.
The Refuge is owned and managed by the UnitedsSkage and Wildlife Service.
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KNWR was established in 1958 under the authoritthefMigratory Bird Conservation
Act (USFWS 2005). Historically, the Allison HolldrtCompany owned the 16 sections
of land that became the Refuge and leveled anddzethe area for farming small grain
crops. The Refuge was established as a wintermgng for migratory birds on the
Pacific Flyway and to provide an opportunity fotypa waterfowl hunting. An
additional 255 ha of upland habitat was acquire2l086 as part of mitigation for Delano
Prison Il (USFWS 2005). The Refuge continues tpuae additional lands as
opportunities and funds permit.

Management and land uses All lands within KNWR are fenced and well-markedh
signs. Access roads into the Refuge have lockexs ga hus, public access to most of
the Refuge generally is restricted and is limitea few visitor facilities such as parking
areas, short trails, an auto tour, and wildlifemwrey areas. Additional Refuge lands are
opened to public access during the fall waterfowiting season.

Historically, much of the area was farmed for smgadlin crops or used for grazing.
Numerous levees and canals were constructed tadsewater distribution and
drainage. Development of KNWR involved creatingroproving habitat for waterfowl.
Development activities included creating drillingegh water wells, constructing or
renovating levees to create seasonal wetlandstraotisg water delivery and control
structures, and constructing road and supportitiasilUSFWS 2005).

As with most national wildlife refuges, a primagnttion of KNWR is to serve as a
migration stopover or over-wintering habitat fords in the Pacific Flyway. Under a
Master Plan developed in 1986 and Conservation fitlahzed in 2005, management
objectives include: creating and maintaining qyadietland habitat for migratory birds,
with an emphasis on waterfowl and water birds;gutimg threatened and endangered
species and enhancing their habitats; and provigiradjty wildlife-related recreational
opportunities (USFWS 2005). Consequently, withgéhmohasis on wetland birds, much
of the Refuge is managed for habitat that is niékle for kit foxes. However, upland
habitat is present on some portions of the Refugktlaese areas are managed for
threatened and endangered species, such as tlle&guin kit fox, blunt-nosed leopard
lizard, and Tipton kangaroo rat.

Current land uses on KNWR include managing bothHamdtand upland habitats.
Upland habitats important to kit foxes are manateough a closely monitored grazing
program. The Refuge also has an aggressive cqmtygtam for invasive non-native
plants. Public uses include recreational actisilike waterfowl hunting and wildlife
viewing (USFWS 2005). Considerable upland halst@resent on lands adjacent to
KNWR. These lands generally are used for catéeigg. Other land uses adjacent to
the Refuge include agriculture (primarily row crppad waterfowl hunting. Conserved
or created wetlands are present on many parcelshreeeefuge and many of these are
owned and managed by private duck clubs.

Funding for management of KNWR comes from annudérfal appropriations for the
USFWS, which is part of the Department of Interi6unding can vary annually, but
generally is sufficient each year for most core agggment activities.

Conservation issues KNWR is conserved in perpetuity and managedaim for the
protection of sensitive species by USFWS. Refagdd are consolidated into a large
contiguous block, and therefore, fragmentatioroisam issue and edge effect is minimal.
The Refuge is well fenced and signed, and tredpagsency appears to be low (P.
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Williams, USFWS, personal communication). As oppoities and funding become
available, the Refuge is attempting to increasegdaize and decrease fragmentation by
acquiring additional nearby lands. On lands adjate KNWR, some habitat conversion
may still occur, primarily to agricultural usesuc® conversion could reduce overall
habitat availability for kit foxes.

Historical and current status of kit foxes Similar to the AER and PNWR areas, kit
foxes have occurred historically in the KNWR areat, densities apparently are generally
low compared to core areas (e.g., Lokern NaturabA€Carrizo Plain National
Monument). Kit foxes were regularly observed om Refuge in the early 1990s (Figure
5), including several family groups with pups, icating that kit foxes were reproducing
in the area (P. Williams, USFWS, unpublished daké).fox observations dropped off
sharply after 1994. However, continued low numiadisr that likely were related to a
significant regional decline in kangaroo rat aburcga(Single et al. 1996, Germano et al.
2001). Three kit foxes were relocated to KNWR frBakersfield in 1994, but their fate
after release is unknown. Kit foxes continuedembserved on or near the Refuge in
most years, although unfortunately, a number cf¢habservations were animals struck
and killed by vehicles on roads near the RefugeHWS, unpublished data). There has
been no evidence of kit foxes residing on KNWRtiteast a decade and many of the
sightings in the 2000s were on lands near the Refi&ghtings in recent years may
primarily consist of dispersers originating on CD&@G CMLM lands just to the south of
the Refuge.
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Figure 5. Number of San Joaquin kit foxes observed opportunistically and during
spotlight surveys at the Kern National Wildlife Ref uge area during 1991-2008.

Suitable habitat— The lands within KNWR consist of predominatdét terrain,
although some natural microtopography does eXistbitat types within the Refuge
include grassland, alkali playa, grassland/alkialya, valley sink scrub, salt cedar,
seasonal marsh, moist soil wetland, and ripariail@dd 1986, USFWS 2005). Of the
4,552 ha within KNWR, upland habitats (e.g., grasd| alkali playa, grassland/alkali
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playa, valley sink scrub) cover about 1,760 ham&aof the valley sink scrub habitat
occurs in small patches surrounded by habitatsitaide for kit foxes (e.g., seasonal
marsh). Common plant species in upland areasdeadled brome, barleyHprdeum

spp), various native and non-native forbs, saltbustiine bush and bush seepweed.
Non-native grasses can become dense in some aigtaatde grazing is used to decrease
vegetation density and improve habitat conditiarkft foxes and other sensitive
species. Soils at KNWR consist of a mix of clag aandy types (USFWS 2005).

KNWR only encompasses 4,552 ha, which is not gefiicto support a kit fox
population. A number of public and private consgion lands occur in close proximity
to KNWR. The CDFG’s Northern Semitropic Ridge Exptal Reserve (ca. 1,900 ha)
and Center for Natural Lands Management’'s SemitrBjilge Preserve (ca. 1,200 ha)
are 4-6 km to the south. The U.S. Bureau of Lamthdfiement’s Atwell Island Land
Demonstration Project (ca. 2,700 ha) is approxiip&ém to the northeast. The
southern portion of Allensworth Ecological Reseisrapproximately 20 km to the
northeast. Intermixed between these protected ameaparcels in public and private
ownership with a variety of land uses includingiagiture, cattle grazing, residences,
and small businesses (e.g., junk yards). BetwddWR and the AER area are a number
of parcels with native habitat that have been pageld as mitigation properties through
the MBHCP) in the last five years. These propsréiee managed by CDFG with
endowment and enhancement funds provided throlgMBHCP program. Based on
habitat modeling, 31,400 ha of highly or moderagelitable habitat occurs within 10 km
of KNWR (Figure 3). However, much of this habihighly fragmented. If larger
patches of habitat could be created and connegtéghbtional movement corridors, then
the establishment and maintenance of a kit fox [adjmm might be possible.

Availability of dens for kit foxes at KNWR likelysilow. The area has received little use
by foxes in recent years, and any kit fox dens ithay have been present in the past
likely are no longer usable. California groundisels are present on the Refuge, and kit
foxes potentially could expand squirrel burrow®idens, although this would take some
time. An artificial kit fox den was installed ihe northern portion of the Refuge in 1992
and another was added in 1993 (USFWS 2005). Awtditly, 14 more dens were
installed in 2008. Some of these were chambered ded primarily were installed in the
Refuge’s newly acquired Unit 15 at the north en&KNWWR. The other 8 dens were
escape dens installed along the Goose Lake Caread that transverses the Refuge from
south to north (Harrison et al. 2011).

Prey availability— Rodents recorded on KNWR include Heermann’s &eowrat,

Tipton kangaroo rat, house mouse, roof Rat{us rattuy southern grasshopper mouse,
San Joaquin pocket mouse, deer mouse, westerrshameese, pocket gopher, and
California ground squirrel. Black-tailed jackratsband desert cottontails are common.
Reptiles that may be a prey source for kit foxetuitle western whiptail lizard, side-
blotched lizard, coast horned lizard, gopher snakd,California kingsnake, western
long-nosed snake, and southwestern black-head&d.s@mmon ground-nesting birds
on PNWR include horned larks, western meadowlakd,several sparrow species
(USFWS 2005). Potential insect prey on the Refagide beetles, grasshoppers, and
crickets.

Regular small mammal trapping surveys have not beaducted on KNWR. Trapping
was conducted in 2005, 2007, and 2010 (Table Bpef 3 special projects (Newman

24



Suitability of Potential Reintroduction Sites for San Joaquin Kit Foxes

et al. 2005, Tomlinson et al. 2008, CSUS ESRP uinghdal data). The 2005 trapping
was conducted in various locations while the 208 2010 trapping were both
conducted on the north end of the Refuge in Unitltich consists primarily of
grassland and valley sink scrub habitat. Kangaateare abundant in this area. Also,
80 Tipton kangaroo rats were translocated to tt@a an 2010 (CSUS ESRP, unpublished
data).

Table 8. Small mammal trapping survey results at K ern National Wildlife Refuge.
(Sources: Newman et al. 2005, Tomlinson et al. 2008 , CSUS ESRP unpublished data)

Date Area Kangaroo rats per 100 trapnights Totalro  dents per 100 trapnights
2005 Various 13.46 14.77
June 2007 Unit 15 2.49 3.10
April 2010 Unit 15 4.58 5.00
October 2010 Unit 15 34.67 37.33

Spotlight surveys were conducted on KNWR in 2008 2010 (Table 9). Observations
of potential prey included kangaroo rats, pocketenjackrabbits, and cottontails.

Table 9. Potential prey species observed during sp  otlighting surveys at Kern National
Wildlife Refuge in 2009 and 2010.

Number observed

Date Kangaroo rat Pocket mouse Cottontail Jackrab  bit
July 2009 45 0 21 3
Aug 2010 115 1 33 7

Competitor abundance Relatively few quantitative data are availablettoe abundance
of potential competitors at KNWR. Spotlight surseyere conducted on the Refuge in
2009 and 2010 (Table 10). Species of potentialp=iitors observed included coyote,
striped skunk, spotted skun®gilogale gracili$, and bobcat. Also, raccoons are
abundant on and near the Refuge. In general, e@@isities in particular are
considered to be very high on and around KNWR (Rliams, USFWS, unpublished
data). Currently, there are no records of nonveatd foxes from the KNWR area.

Table 10. Potential competitor species observed du  ring spotlighting surveys at Kern
National Wildlife Refuge in 2009 and 2010.

Number observed

Date Coyote Striped skunk Spotted skunk Bobcat
July 2009 6 1 0 0
Aug 2010 9 2 1 1

Connectivity— A number of public and private conservation ERodcur in close

proximity to KNWR. The CDFG’s Northern Semitrogftdge Ecological Reserve (ca.
1,900 ha) and Center for Natural Lands Managem&draitropic Ridge Preserve (ca.
1,200 ha) are 4-6 km to the south. A persisteribki population is present on these
protected areas (CDFG, unpublished data). KNWgdmected to these protected areas
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by upland habitat on intervening private landst(dra mostly used for cattle grazing).
Thus, kit foxes can easily disperse to KNWR fromesen protected areas. Indeed, many
of the recent kit fox sightings on and near KNWRyrba foxes dispersing from these
areas. The U.S. Bureau of Land Management’s Atisielhd Land Demonstration
Project (ca. 2,700 ha) is approximately 10 km torbrtheast. The southern portion of
Allensworth Ecological Reserve is approximatelyk@to the northeast. Between
KNWR and the AER area are a number of parcels hattitat that have been purchased
as mitigation properties through the MBHCP in th&t ffive years. These properties are
managed by CDFG with endowment and enhancemens foradided through the
MBHCP program and could function as “stepping ssdne facilitate kit fox movements
between sites. Also, more properties are gradbailyg acquired in this area, which will
enhance the potential for this area to functioa asvement corridor for kit foxes.

Conclusions -Our analysis suggests that KNWR may not be sutadslreintroduction
of kit foxes at this time for several reasons.hAligh the Refuge encompasses a
relatively large, contiguous block of habitat, mwdhhis habitat is not suitable for kit
foxes. The portion of the Refuge with suitableitabs relatively small and would not
be adequate to support what we estimate to be ianim population size (i.e., 10 pairs)
necessary to provide a reasonable probability ifigtence.

Suitable habitat for kit foxes occurs on lands eeljst to KNWR, and these lands in
combination with Refuge lands potentially could o a kit fox population. Kit foxes
are periodically observed in the KNWR area, ans fossible that foxes may already be
resident on these adjacent lands. Even if foxesad@lready occupy these lands, the
occasional sightings of foxes indicates that arsnaaé reaching this area, probably from
the resident population on CDFG and CNLM lands joghe south. Thus, the potential
for natural colonization of the KNWR area by foxseems high precluding the need to
reintroduce foxes. Factors which potentially cdodédimpeding colonization (if it has not
already occurred) could include low availabilitysefitable dens or high abundance of
competitors, particularly coyotes.

WIND WOLVES PRESERVE

Location and ownership- The Wind Wolves Preserve (WWP or “Preservelpcated

in southern Kern County, approximately 40 km saftBakersfield, California

(Figure 1). WWP consists of a large, contiguogsaancompassing approximately
38,891 ha. The Preserve is owned and managedéWildlands Conservancy (TWC),
a non-profit organization dedicated to the predeaof natural lands and environmental
education.

The Wind Wolves Preserve was established by TWI985. Prior to purchase by
TWC, the property had been an operating cattlelraimce 1842. Low-density oil and
gas extraction has been conducted on the propmrseferal decades. TWC continues
to acquire additional lands and expand the Presesagportunities and funds permit.

Management and land uses All lands within the WWP are fenced and well ket

with signs. Access roads into the Preserve hasketbgates. Thus, public access to
most of the Preserve generally is restricted atichised to a few visitor facilities such as
parking areas, trails, and wildlife viewing are&razing lessees and oil field workers
have access to some portions of the Preserve
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The primary land use historically has been catideigg, which dates back to 1842. The
land was a working cattle ranch until acquired by@. Many structures and facilities
associated with ranch operations have been remawedgrazing currently is conducted
by lessees who truck cattle on and off the Prese®ikand gas extraction were initiated
on the property decades ago and low density opasationtinue. These operations
primarily include the maintenance of wells, pipebnand storage tanks. Environmental
education programs and limited public recreati@uaivities are the only other
significant activities on the property.

The mission of the TWC is conservation of natuaads and environmental education.
Thus, the Preserve is managed in a manner to aglvhese goals. This management
includes limiting public access, patrolling witheam of rangers, protecting sensitive
resources, and managing habitat. Habitat managesuoesists primarily of grazing with
cattle to reduce the density of herbaceous vegetafl his management is conducted
primarily to benefit sensitive species such asae Joaquin kit fox and blunt-nosed
leopard lizard. Primary land uses on propertiesosmding the WWP include cattle
grazing, oil and gas production, intensive irrigedgriculture, and gravel mining. Tejon
Ranch lands border the Preserve on the east. bfutle Ranch has been placed under
conservation easement and is managed by the TgjoohRConservancy. Conservation
of sensitive species, such as kit foxes, is a pgos of the Conservancy. Ranch lands
are primarily managed through cattle grazing.

Conservation issues KNWR is protected and managed for the consemaif natural
resources, including sensitive species such aSdaheloaquin kit fox. Preserve lands are
consolidated into a large, contiguous block, amdéfore, fragmentation is not an issue
and edge effect is minimal. The Preserve is vegltéd and signed, and trespass
frequency appears to be relatively low (D. Clendempersonal communication). Oil and
gas production activities, including vehicular tigfoccur at relatively low levels and
likely present minimal threat to kit foxes. Ondisnadjacent to the WWP, use of
pesticides on agricultural lands, particularly notilgdes, could present a threat to kit
foxes.

Historical and current status of kit foxes Kit foxes have occasionally been observed on
or near the WWP. Several occurrence records stegllin the California Natural

Diversity Database, although the most recent reisoitdm 1998 (Cypher et al. 2011).
Extensive surveys for kit foxes or their sign weoaducted on the Preserve in 2010, but
no kit foxes were detected. It is unknown whethegsident population of kit foxes has
ever occurred on the WWP.

Suitable habitat- Although the WWP encompasses 38,891 ha, the®esxtends

from the San Joaquin Valley floor up to an elevatd 1,830 m. Thus, much of the
Preserve is too rugged with inappropriate vegatatmmmunities to be used by kit foxes.
The valley floor portion that is potentially suitalfor kit foxes encompasses
approximately 8,300 ha. The terrain in this asegenerally flat with gently sloping

alluvial fans and well-developed washes presentrevbeeeks (dry most of the year) flow
northward out of the San Emigdio Range. Grasslandsgrising a diversity of native

and non-native grasses and forbs are the domidnitialhin these areas. Scattered stands
of desert saltbush are present in some portiotisecdrea.

The valley floor portion of the WWP encompasse®8,8a, which would be sufficient to
support a kit fox population. Additionally, othguitable habitat is present on lands to the

27



Suitability of Potential Reintroduction Sites for San Joaquin Kit Foxes

east and west of the Preserve. As discussed prdyjd ejon Ranch lands border the
Preserve on the east and are managed for conserv&ased on habitat modeling,
32,200 ha of highly or moderately suitable hatatatur within 10 km of the WWP
(Figure 6).

Figure 6. Habitat suitability for San Joaquin kit foxes on and near the Wind Wolves
Preserve in Kern County, California.

Avalilability of dens for kit foxes at the WWP likeis low. The area has received little
use by foxes in recent years, and any kit fox dieasmay have been present in the past
likely are no longer usable. California groundisels are abundant on the Preserve, and
kit foxes potentially could expand squirrel burrowsd dens, although this would take
some time. Also, in 2010, the Preserve was supmlieh materials for constructing 25
artificial dens, and installation has been initiaelarrison et al. 2011).

Prey availability— Rodents occurring on WWP include Heermann'’s keograt, house
mouse, southern grasshopper mouse, San Joaquietpockise, deer mouse, western
harvest mouse, pocket gopher, San Joaquin antetppeel, and California ground
squirrel (Cypher et al. 2011; The Wildlands Conaaoy, unpublished data). Black-
tailed jackrabbits and desert cottontails are comnieptiles that may be a prey source
for kit foxes include western whiptail lizard, sidtched lizard, coast horned lizard,
gopher snake, and California kingsnake, and westeginosed snake. Common
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ground-nesting birds on the WWP include Califoragil (Callipepla californicg,
horned larks, western meadowlarks, and several@papecies (USFWS 2005).
Potential insect prey on the Preserve include égegrasshoppers, and crickets.

Regular small mammal trapping surveys have not beaducted on the WWP.
Trapping was conducted in 2010 as part of a spsuaraky project (Cypher et al. 2011),
and 15 traplines were established in 4 areas wiki@rvalley floor portion of the Preserve
(Table 11). Kangaroo rats were caught in all areas

Table 11. Small mammal trapping survey results fro  m 4 areas at the Wind Wolves
Preserve. (Source: Cypher et al. 2011)

Live-Trapping Areas

Salt Creek Pleito Creek Muddy Creek Santiago Creek
(360 trapnights) (330 trapnights) (270 trapnights) (270 trapnights)
No. per No. per No. per No. per
Species No. 100 TN No. 100 TN No. 100 TN No. 100 TN
San Joaquin 20 5.6 74 22.4 17 6.3 12 4.4
pocket mouse
Heermann’s 20 5.6 19 5.8 15 5.6 8 3.0
kangaroo rat
California - - 1 0.3 - - 2 0.7
pocket
mouse’
Deer mouse 5 1.4 6 1.8 1 0.4 - -
Total 45 12.5 100 30.3 33 12.2 22 8.1

! Chaetodipus californicus

Competitor abundance €ompetitors appear to be quite abundant at the W@#/ote
abundance in particular apparently is high, basethe frequency of observations
(Cypher et al. 2011; D. Clendenen, The Wildlandaseovancy, personal
communication). Camera station surveys were cdaeduan the Preserve in 2010
(Cypher et al. 2011). Coyotes were frequentlyctetkon the cameras (Table 12).
Raccoons, bobcats, and a striped skunk also wésetdd. Additionally, red foxes were
detected on 3 occasions in the northeastern parfitimee Preserve.

Table 12. Potential kit fox competitors detected a  t camera stations on the Wind
Wolves Preserve. (Source: Cypher et al. 2011)

Area
Rincon Pleito Creek San Emigdio Creek Santiago Creek
8 cameras/ 4 cameras/ 13 cameras/ 12 cameras/
300 nights 144 nights 495 nights 454 nights
Species No.Obs. Rate No.Obs. Rate No. Obs. Rate N o.Obs. Rate
Coyote 2 0.06 4 2.8 26 5.3 9 2.0
Red fox 3 1.0 - - - - - -
Bobcat - - 2 1.4 - - - -
Striped skunk - - 1 0.7 - - - -
Raccoon - - 11 7.6 - - - -
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Connectivity— Habitat suitable for kit foxes is present ordisuto the west and east of the
WWP. As discussed previously, Tejon Ranch landddxahe Preserve on the east and
are managed by the Tejon Ranch Conservancy, irt@arbvide habitat for sensitive
species including kit foxes. Private and some ipubhds are present on WWP’s
western boundary. The private lands are used phnfar grazing. Public lands are
managed by the U.S. Bureau of Land Management améyy land uses include oil and
gas production and grazing. At current activityells, kit foxes are able to use these
lands. The lands on the western side of the WWiRect to the Western Kern County
core area for kit foxes (U.S. Fish and Wildlife 8ee 1998), which is approximately 15
km to the northwest. These lands also connettadrrizo Plain core area, which is
approximately 30 km to the west. Thus, kit foxlesidd have relatively high access to
the Preserve.

Conclusions -Our analysis suggests that the WWP may not balsdaitor

reintroduction of kit foxes for several reasondie Preserve encompasses an adequate
guantity of potentially suitable habitat to suppwehat we estimate to be a minimum
population size (i.e., 10 pairs) necessary to pl®wa reasonable probability of
persistence. Such a minimum population size weedgdire approximately 6,000 ha, and
the valley floor portion of the Preserve encompasggproximately 8,300 ha, much of
which appears to be highly suitable based on hatidaleling. However, the current
absence of kit foxes on the Preserve is causeofurern. Given the high connectivity to
areas with large populations of kit foxes, the po#s for colonization of the Preserve
through natural dispersal seems high. The reabamshis has not occurred are unclear.
Potential reasons could include a high densityoofietitors, low prey availability, low
den availability, or a combination of factors.

The suitability model we developed for kit foxedasgely based on terrain and ground
cover density. The flat to gently rolling terrahmoughout the valley floor portion of the
WWP is optimal for kit foxes. Vegetation densitgyrvary temporally and this may
offer a potential explanation for the lack of lokes. The vegetation values used in the
model (Normalized Difference Vegetation Index) wioem 2001-2006, which were
years of generally lower annual precipitation. leopwegetation density values would
result in a higher suitability value. During yeafshigher annual precipitation,
vegetation density would be higher and habitatsility would be lower. Furthermore,
much of the Wind Wolves Preserve has been graztdrizally, and grazing intensity
also can affect habitat suitability for kit foxe8s grazing intensity increases, vegetation
density decreases and habitat suitability fordtefs increases. Grazing intensity has
been reduced on the Preserve in recent years @bd€hen, The Wildlands
Conservancy, personal communication).

The relationship between kit foxes and vegetatemsdy is complex as it also involves
kangaroo rats, which are the primary prey for éitefs. Kit foxes are adapted to arid
environments and a relatively short, open vegetattoucture facilitates mobility and
predator detection. Furthermore, kangaroo ratsas adapted to arid environments.
Dense vegetation, particularly that associated thighnon-native grasses that now
dominate herbaceous plant communities in the Saguio Valley, can significantly limit
kangaroo rat populations and even cause localpatiims under certain conditions
(Single et al. 1994, Germano et al. 2001). Dulivertrapping surveys on the Wind
Wolves Preserve, capture rates for kangaroo rats keéatively low in general, and most
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kangaroo rats were captured in or near washes wiegetation usually was more sparse.
Very few kangaroo rats were captured in areas wiagetation density was relatively
high, and particularly if a dense thatch layer weesent. One possible scenario is that
kangaroo rat populations on the Preserve have fiegieiced in the past by periods of high
precipitation and dense ground cover, particubathgn such conditions persist for
multiple years. Under such a scenario, kangarsomgght be restricted to areas where
conditions are more favorable, such as in andwaahes. This situation would be
further exacerbated by any reductions or elimimatibgrazing. Such a scenario could
explain the limited distribution and abundance afiggaroo rats observed on the Preserve
and concomitant absence of kit foxes.

RETIRED AGRICULTURAL LANDS

Location and ownership- Large acreages of land in the western San Joatliey
have been retired from agricultural productionpaiily due to issues regarding
irrigation water availability or drainage of sodmtaminants (Cypher et al. 2007). The
largest contiguous blocks of retired farmland aated in western Fresno County
(Figure 1) but, less contiguous blocks of retiraarfland are located in in Kings and
Tulare counties. In the western Fresno Countyregnost retired lands are privately
owned (primarily by Westlands Water District) witie exception of an 868-ha land
retirement demonstration site owned by the U.SeBurf Reclamation (LRDP
Tranquillity, Figure 7). As of 2008, approximaté&l¥,000 ha of land had been retired in
the western Fresno county area, of which 96% wevately owned. Approximately
half of the privately-owned retired farmlands aegrpanently retired (with a non-
irrigation agreement) and the rest are retiredcbutd be irrigated in the future.

Management and land uses All of the lands being retired were previously i
agricultural production, almost exclusively asgated row crops. While in active
production, the lands were unsuitable for use bjolkies. As part of the plan to retire
agricultural lands, the U.S. Bureau of Reclamati@s to target lands that potentially
could contribute to kit fox conservation and reagwefforts (U.S. Bureau of Reclamation
2007). Retired agricultural lands usually are swotable for use by kit foxes in the
absence of vegetation management or habitat résteraCommonly, fallowed
agricultural lands in this region suffer from profw alterations associated with previous
agricultural production activities (Ritter and L&007). These alterations include
intermixed soil horizons, soil compaction, lossatrotopography, absence of native
plant species, possible absence of nearby natesgesmirces, chemical (e.g., pesticide,
fertilizer) residues, and nearby sources of noneagilant species. As a result, retired
agricultural lands may quickly become dominatediegse stands of non-native plants
that inhibit or even prevent colonization by natplant species (Ritter and Lair 2007).
This could result in a sub-optimal plant commuieitynposition for kit foxes or their
prey. Equally if not more important, this densemative vegetation results in a habitat
structure that is less favorable to kit foxes @irtlprey species. Consequently,
appropriate restoration and management strategilelsermnecessary to render retired
agricultural lands suitable for kit foxes and thaiey. However, such restoration and
management can be challenging and potentially estperiRitter and Lair 2007), and
there is no evidence that any habitat remediatifunte have been initiated to date on
these lands.

31



Suitability of Potential Reintroduction Sites for San Joaquin Kit Foxes

Conservation issues Conservation challenges on retired lands aedylito be
considerable. The lands are owned by multiplegpeivowners, and therefore there
currently is no over-arching entity to organizegimbnate, and oversee actions necessary
for kit fox conservation. Furthermore, to date gfforts have been initiated by any of

the landowners to implement actions necessaryifdok conservation.

Figure 7. Retired agricultural lands in western Fr  esno, and Kings counties, California
(Phillips 2006).
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Historical and current status of kit foxes Historical and current kit fox presence and
use of the retired lands are unknown. Kit foxesen@esent in this region prior to
natural habitat being converted to agriculturalsus&s previously stated, the lands were
unsuitable for kit foxes when in agricultural pration. There is no evidence to suggest
that suitability has improved post-retirement. 3hkit foxes probably have not been
present on these lands for decades, and are ebt jkesent now.

Suitable habitat— The terrain in this area is generally flat, thé lands have been
markedly altered and natural vegetation is modiseat. Consequently, relatively little
suitable habitat currently is available for kit &s¢ which is also evident from habitat
suitability modeling (Figure 8). Based on modeliagproximately 5,559 ha may be
suitable for kit foxes while 12,300 ha of highlyrapderately suitable habitat occurs
within 10 km of the retired lands. However, mokthis habitat occurs as very scattered
fragments that are too small in size to supporheveingle kit fox family group. If

larger patches of habitat could be created andestiad by functional movement
corridors, then the establishment and maintenahaeib fox population might be
possible.

Availability of dens for kit foxes in the area ligas low. The area has received little use
by foxes in recent years, and any kit fox dens ithay have been present in the past
likely are no longer usable.

Prey availability— Prey availability for kit foxes in the retireands area is unknown.
However, some information on potential prey forfkites is available from a 5-year
effort to restore habitat at a site on the eastdge of the retired lands area (U.S.
Department of Interior 2005). Rodents capturedngumonitoring on the site include
deer mouse, Heermann'’s kangaroo rat, house moasfr@ia vole Microtus
californicug, western harvest mouse, and pocket gopher (Ta)leBlack-tailed
jackrabbits, desert cottontails, and Californiaugi squirrels were present at this site
and probably are locally abundant in the retireditaarea. Potential reptilian prey on the
site included gopher snake, king snake, westerptathi and western fence lizard
(Sceloporus occidenta)is Beetles and grasshoppers were common insedtaran
potential prey for kit foxes.

Table 13. Rodents captured on the Tranquility Land Retirement Demonstration Site,
Fresno County, California during 1999-2003. (Sourc e: U.S. Department of Interior 2005)

Number of individuals captured

Species 1999 2000 2001 2002 2003
Live-trap

Heermann’s kangaroo rat 0 0 0 12 5
California vole 0 0 1 0 0
House mouse 2 14 47 1 0
Deer mouse 24 592 2310 1830 1849
Western harvest mouse 0 0 0 1 0
Pitfall trap

California vole 3 0 37 2 1
Deer mouse 0 0 0 40 14
Pocket gopher 0 0 0 2 0
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Competitor abundance Abundance of potential kit fox competitors in tie¢ired lands
area is unknown. Coyotes, domestic dogs, and danuads are commonly observed in
the area. Other potential competitors that likely present include striped skunks and
raccoons. It is unknown whether red foxes aregureis the area.

Connectivity— Current retired lands are surrounded by activeealture. Habitat

suitable for kit foxes, including the Panoche camea, is present approximately 10-40 km
west of the retired lands. However, foxes comnognfthis habitat would have to
negotiate the agricultural lands as well as crbe<Qalifornia Aqueduct and Interstate 5
to reach the retired lands. The distance betweearea and existing habitat may be
reduced as additional lands are retired.

Figure 8. Habitat suitability for San Joaquin kit foxes on and near retired agricultural
lands in western Merced, Fresno, and Kings Counties  , California.
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Conclusions -Our analysis suggests that the retired lands ratpa suitable for
reintroduction of kit foxes for several reasonieTotal acreage of retired lands would
be adequate to support a reintroduced kit fox . However, this acreage is highly
fragmented with some patches being highly isolatedimost patches being too small to
support even a single family group. Also, the tetlquality on most of the retired lands
currently is unsuitable for kit foxes. Suitabilitguld be enhanced significantly through
habitat restoration, or possibly even just througbetation management. In particularly,
any management that reduces vegetation heightemsitgd would improve habitat
quality for kit foxes. Restoration or managemdsb avould improve habitat quality for
kit fox prey, particularly kangaroo rats. Kangarats are present in low numbers, but
could increase with a reduction in vegetation stmecand density.

Another significant impediment to the reintroduatiof kit foxes in the retired lands area
is the fact that virtually all of the land is iniyate ownership. This raises 2 main issues.
The first is that the permission of numerous landens would need to be secured prior to
any reintroduction. Securing such permission igaly in this area in which

landowners have not generally been supportive ddegered species conservation. The
second issue is that even if permission to reinicedoxes was granted, agencies and
organizations responsible for the reintroductiod eontinuing conservation of foxes
would have little control over activities on priedainds, including activities that could
present a risk to kit foxes such as use of rodele$; off-highway vehicle use, hunting,
and conversion of lands to other uses.

DISCUSSION

Reintroductions of any species typically involvasigerable risk and expense, and
failures are not uncommon (Chivers 1991, Kleima@6l8remner-Harrison and Cypher
2007). Therefore, a reintroduction should not thenapted unless all conditions meet at
least some minimum requirements such that the prlitysof success is maximized to
the extent possible. This is even more importadrmdealing with a rare species,
particularly because remaining populations usuakynot large, there are few if any
“surplus” individuals, and removing animals presemtisk to source populations
(Bremner-Harrison and Cypher 2007).

The 5 sites evaluated in this assessment were rihesause all appeared to comprise
large areas of known or potential kit fox habitatd most had relatively recent evidence
of use of foxes but fox populations were not cutygpresent. Thus, further in-depth
evaluation of the potential for these sites fontreiductions of kit foxes was warranted.
However, based on our assessments, none of thesscarrently appears sufficiently
suitable to attempt a fox reintroduction. The eatrconditions at each site are such that
we conclude that the probability of a successfuitreduction is unacceptably low.
Reasons for this include insufficient quantity ohtiguous suitable habitat, questionable
prey availability, high competitor abundance, inampiate (usually lack of) habitat
management, and inadequate protections for kitsfoxgonditions and issues relevant to
kit fox reintroduction (synthesized from Bremnertkison and Cypher 2007) are
summarized for each site in Table 14.
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Table 14. Summary of conditions and issues relevan

sites in the San Joaquin Valley, California.

t to kit fox reintroduction for 5

Habitat
Type

Quantity

Fragmentation
Terrain
Den availability

Prey
abundance

Competitors

Administration
Ownership

Compatible

goals
Fox protections

Land uses

External
threats

Habitat
management

Kit fox population

Connectivity
Fox status

Reasons for
absence

Allensworth
ER

Valley sink
scrub,
grassland

ca. 2,142 ha
on AER;

ca.31,400 ha
within 10 km

High
Flat

Low; some
artificial dens

Low-moderate;
krats, leporids,
squirrels,
insects

Moderate;
coyotes,
domestic dogs

CA Dept. Fish
and Game

Yes

Moderate;
most areas
fenced, open
access

Conservation

Moderate;
agriculture,
low-density
housing

Trespass
grazing

Low

Last observed
2004; prior
reproduction
documented

Possible krat
decline, low
recolonization
potential

Pixley
NWR

Valley sink
scrub,
grassland

ca. 1,914 ha
on PNWR; ca.
13,600 ha
within 10 km

High
Flat
Low

Low-moderate;
krats, leporids,
squirrels,
insects

Moderate;
coyotes,
domestic dogs

U.S. Fish and
Wildlife Service

Yes

High; all areas
fenced,
restricted
access

Conservation,
grazing

Moderate;
agriculture

Grazing, exotic
plant control

Low

Last observed
1999; prior
reproduction
documented

Possible krat
decline, low
recolonization
potential

Kern
NWR

Valley sink
scrub,
grassland,
alkali playa

ca. 1,760 ha
on KNWR; ca.
31,400 ha
within 10 km

Moderate
Flat

Low; some
artificial dens

Moderate;
krats, leporids,
insects

Moderate;
coyotes

U.S. Fish and
Wildlife Service

Yes

High; all areas
fenced,
restricted
access

Conservation,
grazing,
hunting

Low;
agriculture,
hunting

Grazing, exotic
plant control

Moderate

Last observed
2008; prior
reproduction
documented

Possible krat
decline, low
habitat
availability,
high competitor
abundance

Wind Wolves
Preserve

Grassland

ca. 8,300 ha
on WWP; ca.
32,200 ha

within 10 km

Low
Gentle, flat

Low; some
artificial dens

Low-moderate;
krats, leporids,
squirrels,
insects

High; coyotes,
red foxes,
bobcats

The Wildlands
Conservancy

Yes

High; all areas
fenced,
restricted
access

Conservation,
grazing, some
oil production

Low;
agriculture

Grazing, shrub
restoration

High
Last observed
1998

Low krat
availability,
high competitor
abundance

Retired
agricultural
lands

Grassland,
fallow crop
land

ca. 5,559 ha
on retired
lands; ca.
12,300 ha
within 10 km

High
Flat
Low

Low; leporids,
squirrels,
insects

Low-moderate;
coyotes

Multiple private
owners

No

Low; open
access, no
control over
owner actions

Fallow crop
land, grazing,
hunting, other
High;
agriculture,
hunting, OHV,
other

Grazing on
some lands

Low
Unknown

Incompatible
land uses, low
food
availability, low
recolonization
potential
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Although no sites are currently recommended foit ok reintroduction, this situation
could change if conditions improve on a given skequiring additional habitat,
implementing appropriate habitat management, reduexternal threats, and installing
artificial dens are all actions that could imprake suitability of a site for a kit fox
reintroduction. The WWP is the only site that eatty encompasses a sufficient
guantity of habitat to support a kit fox populatiohhe reasons for the current absence of
kit foxes are unclear, but could include a vegetasitructure unsuitable for both kit foxes
and their preferred prey, kangaroo rats. Manatfieg/egetation, probably through
grazing, might significantly increase habitat shility. The retired agricultural lands

will likely be more of a challenge due to a myr@diological and administrative issues,
but even these could eventually be suitable f@irgnoduction attempt if these issues are
mitigated.

Resident, reproducing populations of kit foxes wanesent on the AER, PNWR, and
KNWR in the past 10-20 years. The reasons for #dirpation from these sites are
unclear but could include continuing regional hatibss, fragmentation of remaining
habitat, marked fluctuations in prey availabilitgiuding the near extirpation of
kangaroo rats in the late 1990s, and increasingpetitor abundance. All of these
factors plus the absence of appropriate habitaagement such as on AER, slow
recovery of kangaroo rats, and low availabilitydehs may be impeding natural
recolonization of these sites by foxes. Finalixgreif foxes were to overcome these
challenges and reoccupy one or more of these #igsgyuantity of available suitable
habitat would limit number of kit foxes that coldd supported and would reduce the
probability of population persistence. Thus, tbhéeptial for future extirpation would be
high.

However, one potential scenario involving thesessdould offer some hope for the
future establishment and persistence of a kit foputation. The USFWS may add
additional lands to PNWR and KNWR as funds and dppdties become available, and
CDFG may do the same at AER. Furthermore, undeMBHCP, additional
conservation lands are being acquired in this regaad will be administered by CDFG.
Many of these lands have been disturbed, usualfyréyious agricultural activities, but
with recovery time or active restoration could evatly become suitable for kit foxes.
Finally, the U.S. Bureau of Land Management haabdished the Atwell Island Land
Retirement Demonstration Project in close proxinotyhe AER, PNWR, and KNWR.
This site is approximately 2,700 ha in size and &deing expanded as funds and
opportunities permit. Although only a portion bétsite is suitable for kit foxes, it adds
to the total kit fox habitat in the region. Indeednsidered as a single entity, the region
within 10 km of this combined site encompasses@pprately 52,100 ha of potential
habitat for kit foxes, based on suitability modglifrigure 14). If the AER, PNWR,
KNWR and Atwell Island sites continue to expand asgecially if connectivity between
these sites is increased, then this might providigcgent habitat to support a persistent
kit fox population.

One final consideration is that this assessmenibably does not preclude use and even
occupation by kit foxes of any of the areas comreide Our goal was to estimate the
probability of successfully reintroducing kit foxesthese sites. Although no sites were
recommended for reintroduction due to estimatddarikit foxes potentially could
colonize these sites without human assistancereidre, planning for such an exigency
might be prudent and would even enhance the pdigsior natural recolonization.

37



Suitability of Potential Reintroduction Sites for San Joaquin Kit Foxes

Actions that could facilitate recolonizations indg&uhabitat management (e.g., grazing) to
improve suitability for both foxes and their praystallation of artificial dens, restricting
pesticide use on or near the sites, reducing tssspetivities, and removing feral dogs
and cats.

RECOMMENDATIONS

We assessed the suitability of 5 sites for a p@krgintroduction of San Joaquin kit
foxes. Based on these assessments, all of tisecsiteently have deficiencies that would
significantly impair the probability of successtsdtablishment of a kit fox population.
Therefore, no site is recommended for a kit foxtreiduction at this time. We offer the
following recommendations based on our results.

1. Do not reintroduce kit foxes to any of the site s at this time

None of the sites currently has conditions thavjgi® an acceptable probability of a
successful kit fox reintroduction. Reintroductidggically have low success rates unless
conditions are optimal. Without a high probabibifysuccess, the risk to source
populations, particularly for an endangered speeied the expense of a reintroduction
effort are not justified.

2. Continue habitat acquisitions

At 4 of the 5 sites assessed, the available seitadibitat for kit foxes is insufficient to
support 10 pairs of foxes, which is the number taestimate may be necessary to
establish a persistent population. Also, the abéa habitat at 3 of the sites is highly
fragmented with few fragments large enough to suppeen a single family group.
Additional habitat acquisitions in these areas exagntually result in sufficient
contiguous habitat to warrant a reintroductionmfie assuming that all other issues are
resolved. Habitat in these areas could be se¢hredgh direct acquisition, or also
through conservation easements.

3. Manage and enhance existing habitat to improve suitability

Habitat conditions at several sites are sub-optforakit foxes or their preferred prey,
kangaroo rats. In particular, herbaceous vegetdiiat is tall and/or dense creates
conditions less suitable for kit foxes and kangasde. Such conditions are common
throughout most of the San Joaquin Valley due ¥asion and domination by non-native
grasses. Grazing, particularly by cattle, probabihe most effective strategy for
managing vegetation and improving habitat suitghilAnother potential habitat
enhancement is the installation of artificial démrskit foxes. Den installation is
relatively easy and inexpensive. Managing vegataaind enhancing habitat through den
installation help mitigate 2 significant issues eoam to most of the sites: low
availability of preferred food and dens. Theséoast will increase the suitability of sites
for possible reintroductions, and may even fadditaatural recolonization thereby
negating the need to reintroduce foxes.
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4. Create and enhance corridors

In addition to securing lands to create larger kdoaf habitat that potentially can support
kit foxes, habitat also should be protected toease connectivity between blocks. This
could be achieved either by securing good habitetresavailable, or by securing and
enhancing less optimal lands (e.g., fallow agrigaltlands). Creating corridors between
large blocks of habitat will serve 2 purposes.strit will increase the potential for
natural recolonization of vacant habitat, therebgating the need for expensive and
risky reintroduction efforts. Second, once foxesestablished on the larger blocks,
corridors will facilitate genetic and demographxcieange between populations, which
will enhance the viability of any newly establish@apulation. Furthermore, once
corridors are established, they should be manageeihanced (e.g., grazing to reduce
vegetation structure, installation of artificialrdg to encourage use by kit foxes.
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