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EXECUTIVE SUMMARY

Due to profound habitat loss and fragmentation throughout its range, the endangered San
Joaquin kit fox Yulpes macrotis mutiggersiss in a metgpopulation consisting of 3

Acoreo and several smaller Asatellitedo popul
populations is variable, and genetic and demographic exchange between many areas may

be inhibited by suboptimal conditions within linkagabitats. Such conditions can lead

to local population extirpation with limit opportunity for recolonization, particularly

within the smaller satellite areas.

Dens are a critical habitat component for kit foxes. In areas where kit foxes occur in low
dersities or only intermittently, natural dens tend to absent or rare. Kit foxes readily use
artificial dens, and the installation of such dens can increase survival, movement, and
colonization potential in satellite and linkage areas. This will reducectixin potential

for kit foxes and contribute significantly to recovery and loegn conservation.

In 2008 and 2009, we collaborated with managers of conservation lands to install
artificial dens for kit foxes in satellite and linkage areas. A totall6fdrtificial dens of

2 designs were installed in 6 areas, and in 2010, materials for another 25 dens were
provided to managers at another site. The installation sites were located in Merced,
Tulare, and Kern Counties. Collaborators supported this é¢fimtigh contributions of
funding, staff time, field equipment, and administrative support. The installation of
artificial dens hopefully will facilitate kit fox movement between populations thereby
increasing occupancy rates and population persistenceaatributing to rangaide
recovery efforts.
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INTRODUCTION

The historic range of the San Joaquin kit fexlpes macrotis mutigaextended from

southern Kern County nortb eastern Contra Costa County and eastern Stanislaus County

(U.S. Fish and Wildlife Service 1998). It is listed as Federally Endangered and California
Threatened, primarily due to profound habitat loss and degradation throughout its range.
Remaininghattiat i s significantly fragmented and ki
areaso and a number of HAsatellite areaso (U.
population structure may best be described as that of apoptdation (Schwartz etl.

2005). Maintaining genetic and demographic exchange between these areas is critical to

long-term viability of kit foxes in the San Joaquin Valley.

Core areas support safistaining populations that exhibit high degrees of genetic robustness
and tempral stability, whereas satellite areas typically exhibit lower population numbers and
levels of genetic diversity and are generally more susceptible to environmental stochasticity
and localized extinction events. Thus, satellite populations probabliygalyly on

movement corridors to sustain gene flow or even recolonization via dispersal of individual
foxes.

Largescale human development of the central valley has not only resulted in the loss and
fragmentation of important core habitat, but also iaduction of the quality and availability
of satellite and linkage habitat. Loss of linkage habitat may be a factor in the failure of at
least two satellite areas to be recolonized following catastrophic population declines. Fox
populations have yet toestablish at the Camp Roberts Army National Guard Base in San
Luis Obispo county following a possible disease epidemic in thel@8@s (White et al.

2000), or in the Pixleillensworth area in Tulare County following a precipitous crash in
kangaroo rat alindance in the late 1990s (California Department of Fish and Game,
unpublished data)The maintenance of suitable corridor habitat for kit foxes is identified as
an essential goal in multiple tasks in the recovery plan for the San Joaquin kit fox @0.S. Fi
and Wildlife Service 1998).

Den availability may be a significant impediment to use of satellite and linkage areas by kit
foxes. Dens are a critical habitat component for kit foxes. Kit foxes use dens on a daily basis
for daytime resting, avoiding tgrarature extremes, conserving body water, avoiding

predators, and bearing and rearing young. Kit foxes establish dens throughout their home
ranges and each fox uses 11different dens per year on average (Koopman et al. 1998). In
satellite and linkage arsakit foxes may occur at low densities or only intermittently. Thus,
dens may be in low abundance or even absent. This is particularly true in linkage areas that
may be used only during annual or even matnual dispersal events, and in satellitearea
where kit foxes are extirpated. Low den availability could severely inhibit kit fox survival,
movement, recolonization, and reproductive success in these areas.

The installation of artificial dens in satellite and linkage areas could significantly@nbae

of these areas by kit foxes. Based on previous research conducted by the California State
University-Stanislaus, Endangered Species Recovery Program (ESRP), kit foxes readily use
artificial dens, including for rearing young (Bjurlin et al. 2005C§pher, ESRP, unpublished
data). Thus, installing these dens would constitute a significant habitat enhancement that
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could facilitate movements between areas, recolonization of areas, and survival and
reproduction within these areas. This will providelier security for fox populations and
provide connectivity between populations.

The goal of this project was to enhance habitat for San Joaquin kit foxes in satellite and
linkage areas by installing artificial dens. Such enhancement will hopefullyeeciise of

these areas by kit foxes thereby increasing genetic and demographic exchange between
populations and also population persistence and viability in satellite areas. If successful, these
actions will increase the security and letegm viability of the San Joaquin kit fox meta

population.

METHODS

We originally identified 15 sites for potential installation of artificial kit fox ddfigirel,
Tablel). These sites all occur on lands managea@doservation and are within satellite or
linkage areas for kit foxes (U.S. Fish and Wildlife Service 1998). Most sites are on public
lands.

(R N )

W Proposed den sites = memmm—r
SJV RP proposed linkages

Figure 1. Proposed locations for the installation of artificial dens for San Joaquin kit foxes
relative to proposed habitat linkages in the recovery plan (U.S. Fish and Wildlife Service 1998).
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Table 1. Proposed locations for the establishment of artificial dens for San Joaquin kit
foxes. Locations are shown in Figure 1.

Location® County Landowner? Type Area
San Luis Reservoir SRA Merced CDPR Linkage
Alkali Sink ER Fresno CDFG Satellite
Kerman ER Fresno CDFG Satellite
Pleasant Valley ER Fresno CDFG Linkage
Stone Corral ER Tulare CDFG Linkage
Allensworth ER Tulare CDFG Satellite
Allensworth SP Tulare CDPR Satellite
Pixley NWR Tulare USFWS Satellite
Atwell Island LRDP Tulare/Kings BLM Linkage
Kern NWR Kern USFWS Satellite
Buttonwillow ER Kern CDFG Linkage
Tule Elk SR Kern CDPR Linkage
Windwolves Preserve Kern wcC Linkage
Sand Ridge Preserve Kern CNLM Linkage
Semitropic Ridge Kern CDFG/CNLM Satellite

! SRA = State Recreation Area, ER = Ecological Reserve, SP = State Park, NWR = National Wildlife Refuge, LRDP = Land
Retirement Demonstration Project, SR = State Reserve

2 CDPR = California Department of Parks and Recreation, CDFG = California Department of Fish and Game, USFWS = U.S.
Fish and Wildlife Service, BLM = U.S. Bureau of Land Management, WC = Wildlands Conservancy, CNLM = Center for
Natural Lands Management.

Two types of dens were installed: subterranean chambered and surface escdfigutels (
Figure3). Subterranean dens consisted of an underground chamber accessed by 2 tunnels and
are degned to encourage lortgrm habitation by kit foxes. The chamber consisted of a
commercial irrigation valve box buried approximatelgnldeep with access holes cut into
opposite sides. The floor of the chamber was bare earth. The tunnels consisted of 3
lengths of 26cm diameter higldensity polyethylene pipe (singlealled leech line) which
connected the chamber with the ground surface. The interior of the pipe was corrugated and
afforded traction for ease of ascent. Surface escape dens are démig@sy access and

provide kit foxes a temporary refuge from predators. Escape dens consistedefi@hs of
20-cm diameter higldensity polyethylene pipe placed on the surface of the ground. These
pipes were covered with approximately 0.5 m of gpdecure the dens in place and provide
some thermal insulation.

To discourage entry by kit fox predators, particularly coydBam(s latran$ and red foxes
(Vulpes vulpes sections of rebar were placed vertically in front of the entrances of dens such
that the entrances were reduced to a width ef2@m. This still allowed entry by kit foxes

but should inhibit entry by larger predators.

Generally, subterranean dens were only used in areas that were not subject to seasonal
flooding, where soil type lwed easy excavation, and prey sign was evident. These areas
were usually classed as satellite habitats that could potentially support kit foxes for extended
periods of time. Surface dens were installed along with chambered dens in satellite habitats
and also in linkage areas to facilitate safe passage.
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Figure 2. Schematic and field example of subterranean chambered den for kit foxes.
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Figure 3. Schematic and field example of surface escape den for kit foxes.
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RESULTS

In 2008 and 2009, 110 artificial dens were installed for kit foxes at six projectTsiggs 2,

Figure4, AppendixA). In addition, materials for another 2bambered dens were provided

to The Wildlands Conservancy, which then installed the dens at the Wind Wolves Preserve in
2010.

Den installations had been proposed for 5 additional CDFG ecological reserves. However,
CDFG subsequently requested that detalteions be focused in the region between the
Semitropic and Allensworth Ecological Reserves in northern Kern County and southern

Tulare County. The CDFG recently has acquired numerous properties in this area through the
Metropolitan Bakersfield Habita@onservation Plan in an effort to create a linkage between
these 2 ecological reserves. Many of these properties are fallow agricultural lands with few if
any suitable dens for kit foxes. Thus, installing artificial dens in these areas significantly
enhanced the habitat quality for kit foxes.

The installation of dens also had been proposed for 2 state parks and a second national
wildlife refuge. However, the decision was made to focus den installation efforts on the Kern
National Wildlife Refuge, and &éhCalifornia Department of Parks and Recreation was unable
to secure internal approvals necessary for installing dens on park lands.

Table 2. Artificial dens installed for San Joaquin kit foxes by region and site.

Dens
Region Site Date Chambered Escape Total
Northern San San Luis Reservoir SRA 2008 7 - 7
Joaquin Valley
Tulare Lake Basin Allensworth Ecological Reserve 2009 5 5
Atwell Island LRDP 2008 17 37 54
Kern NWR 2008 6 8 14
Semitropic Ecological Reserve 2008 5 14 19
Southern San Sand Ridge Preserve 2008 4 7 11

Joaquin Valley

Total 44 66 110
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Figure 4. Sites where artificial dens for San Joaquin kit foxes were installed.
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INSTALLATION SITES

Atwell Island Land Retirement Demonstration Project (LRDP)

Atwell Island LRDP consists of ca.7,000 acres of restoration land managedubysthe
Bureau of Land Management. ltleeated south of the town of Alpaugh, Tulare County, and
is proximal to the Pixley National WildlifRefuge, Kern National Wildlife Refuge and
Allensworth State Historic Park and Ecological Presefigufe4).

A total of 9 areas of Atwell island LRDP were identified as potential sites for the installation

of artificial kit fox dens Figure5, Figure6). Dens installed included a mixture of chambered
subterranean and surface escape dens. The most optimal potential kit fox habitat was located
inArea7 Figure6) wi th a good prey base, (establishei
Dipodomys nitratodies nitratodigand a ridge of light sandy soil that was ideal for den

excavation. Areas 8 and Bigure6) also possesseagd soil structure but are not at present

known to support kangaroo rat populations. A total of 17 chambered dens and 37 escape dens
were installed throughout the Atwell Island LRDP skey(re6).

Dens were situated in such ayas to encourage any kit foxes dispersing onto the Atwell
Island LRDP site to safely pass through (and not remain in) Aréasiding escape dens as
cover from predators. A concentration of chambered dens in the northwestern and western
regions of thesite could potentially encourage foxes to establish home ranges in these more
suitable areas (Areas9).

The Atwell Island LRDP provided additional funding which resulted in a larger number of
dens being installed on that area. Also, Atwell Island LRERiged field staff and a
backhoe with operator, which greatly facilitated installation efforts.

' |

Figure 5. Chamber and escape den installation at Atwell Island LRDP, Tulare County, CA.
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Figure 6. Location of artificial kit fox dens at Atwell Island LRDP, Tulare County, CA.

Kern National Wildlife Refuge

Kern National Wildlife Refuge is located approximately 32 km west of the city of Delano in
northwestern Kern County, Californigiqure4). Itis approximately 4,552 ha in size. For a
detailed description of the vegetative cover of the site, see Tomlinson et al. 2008. Goose Lake
canal provides a linear structure that bisects the Refuge in an approximately north/south
direction. Portions of the Refuge adjacent to the canal are seasonally flooded to create
wetland habitat for wildfowl.

Dry Nahrub clay and Nahrub cldyethent Silt Loam complexes that are relatively easy to
excavate dominate the northwestern portions of thadgeeincluding Unit 15Kigure8). In
addition, Heer mpodomys Kearmanshave lweenrtrappesl on(Unit 15,
(Tomlinson et al. 2008) and were observed during theeneinstallation survey (Harrison,
personal obseation).

A total of 8 escape dens were installed on the western side of Goose Lake Canal adjacent to
the southern boundary of Unit 15 to facilitate movement of dispersing foxes into the more
desirable northern portions of the refuge. The installatiamambered dens (6) was limited

to suitable habitat located in Unit 15 and 3 sites in the northwestern portion of the refuge
(Figure7, Figure8).
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Kern NWR provided staff, a backhoe, and a backhoe opdmsssist with den installation
efforts.

Den type
A Chambered @ Escape

Figure 8. Locations of artificial kit fox dens at Kern National Wildlife Refuge, Kern County,
CA.
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Semitropic Ridge

Installation of artificial kit fox dens on lands managed by the California Department of Fish
and Game was focused on those paticetise Semitropic Ridge argairchased through the
Metro Bakersfield Habitat Conseation Plan (MBHCP) These landwould facilitate kit fox
movement between ti&emitropicand Allensworth Ecological Reserves. The area is
generally flat due to historic farming practices and is prone to seasonal flooding. As with
KNWR, soil types in lav-lying area are largely comprised of compacted heavy clay
complexes. Lowying vegetative structure is dominated by iodine budlefirolfea
occidentali3 and seepweed(iaeda spip.

A total of 14 escape dens and 10 chambered dens were installed qortipesges at three
distinct locationsSemitropicEcological Reserve south of Kern NWRigure9),Semitropic
Ecological Reserve along ti@arces HighwayHigurel1) and Allensworth Ecological
Reservefigurel?2). Chambered dens were installed in areas of high ground with abundant
signs of rodent activityHigure 10).

Figure 9. Location of artificial kit fox dens installed on CDFG lands in the southern part of
the Semitropic Ecological Reserve, Kern County, CA.
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