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ABSTRACT

The San Joaguin Antelope Squirrel (Ammospermophilus nelsoni) is designated as Threatened by the
Cdifornia Fish and Game Commission. The species was formerly found in the southern and western San
Joaquin Valey, but has lost about 80% of its range. Although distribution and natural history have been
studied, less Is known regarding the populetion dendity, habitat relationships, interspecific reletions, or
home range of San Joaquin Antelope Squirrels. The purposes of this study were to conduct surveysin
aeas which had not been adequately covered in previous sudies, determine the dendty of antelope
squirrels in different habitats, develop effective census techniques, and determine the home range size of
the species. The study was conducted during summer, 1988 and 1989.

Surveysresulted in very few new locations for San Joaquin Antelope Squirrels. Our surveys
confirmed that the populations of San Joaquin Antelope Squirrels in the northern part of the species range
and on the floor of the Sen Joaguin Valley are small, isolated, and in some cases exist in margind habitat.
The core of the species current distribution is in the southwestern part of the historical range and includes
the area from the Elk Hills, in western Kern County, west through the Carrizo Plain, in eastern San Luis
Obispo  County.

Densities of San Joaquin Antelope Squirrelsin open Ephedra scrub and shrubless study plots on the
Elkhom Plain ranged from 0.8 to 8.0 antelope squirrels per hectare. All but two sites had densities less
than or equal to 4.0 antelope squirrels per hectare, a the lower end of the range reported historically for
prime habitat for this species (4-11 antelope s%irrels per hectare). Dengties on shrubless,
grass-dominated sites were equal to or higher than those on sites with shrub cover. We found no
consstent association of capture frequency with presence at tr%) gations under shrubs. Open shrubless
areas with dense populations of antelope squirrels showed evidence of Giant Kangaroo Rat (Dipodomys
ingens) activity.

The density of antelope squirrels on a stucC]P/ plot in the Panoche Hills area was 0.9 antelope squirrels
per hectare in 1989. There were no recaptures during the 1988 study period. The study plot on The Nature
Conservancy's Paine Preserve, on the floor of the San Joaquin Valey in northern Kern County, had a
‘density of 2.0 antelope squirrels per hectare in 1988. There were no recaptures during the 1989 study
eriod. At this Ste, which typifies the mixture of Atriplex - dominated hummocks and periodicaly flooded
lat areas on the valey floor, antelope squirrels avoided flat areas and were usudly captured on raised
mounds, |evees and roadsides.

We tested two techniques for censusing antelope squirrels without live-trapping: point centered
counts and transect counts. Point-centered counts yielded too few observations to be useful as a census
technique. Transect counts had a close relationship to density estimates based on live-trapping and thus
appeared to be a practicd method for estimeting antelope squirrel dengity in an efficient manner. Transect
counts should be conducted at consistent times of day and year by a small, experienced team of observers.
Transect counts should be vaidated by live-trapping a sites with different habitat characterigtics.



We studied the home range and movements of San Joaguin Antelope Squirrels a study plots on the
Elkhorn Plain. Twenty antelope squirrels were equipped with radio transmitters a the Elkhorn 1 study plot
and home range estimates were calculated based on mark-recapture data et study sites Elkhorn 1,24, and 5.
The mean minimum convex polygon home range size was 3.63 hectares +3.72 s.d.). A correction for
sample size bias raises this mean to 10.81 hectares +3.20 s.d.). The mean 95 percent ellipse home range
was 14.41 hectares +3.73 s.d.). Home ranges ranged from 0./4 to 16.1 hectares (minimum convex
polygon), 2.43 to 53.49 hectares (minimum convex polygon corrected for sample size bias), and 2.53 to
59.4 hectares (95 percent ellipse). Means for juveniles were highest, followed by adult males and adult
females, but these differences were not datisticaly significant.

We had the opportunity to observe interactions between Cdlifornia Ground Squirrels (Spermophilus
beecheyi) and antelope squirrels. California Ground Squirrels displaced antelope squirrels from their
burrow systems and surrounding caches. On small habitat fragments surrounded by disturbed or
agricultural lands, the potential for California Ground Squirrels to have a negetive impact on antelope
squirrels may be significant.

1/ Nongame Bird and Mammal Section Report 91-02. Supported by funds from the California
Endangered Species Income Tax Check-off Fund.

2/ Biology Department, Mills College, 5000 MacArthur Blvd., Oakland, California 94613
This report should be cited as follows:
Harris, JH., and D.M. Stearns. 1991. Population density and census methods, habitat relationships and

home range of the San Joaguin Antelope Squirrel, 1988-89. Cdlifornia Department of Fish and Game,
Nongame Bird and Mammal Sec. Rep. 91-02,37 pp.



RECOMMENDATIONS

1. Acquire or protect additional lands with San Joaquin Antelope Squirrel populations in the northern part
of g|1|e species range and on the floor of the San Joaguin Vdley, where populations are isolated and
small.

2. Explore reintroduction as a primary recovery action and method of increas'n% the number of San
Joagquin Antelope Squirrel populetions, particularly in the northern part of the species range. Possble
locations for rentroduction include the Little Panoche Wildlife Area and BLM lands in the Kettleman
Hills and Panoche Hills. Artificid burrow systems, similar to those used for reintroductions of Giant
}éqangarglo Rats, should be tested as a method for facilitating introduction of San Joaquin Antelope

ulrrels.

3. Population studies using live-trapping methods should utilize agrid of aminimum of 13 hectares,
corresponding to 100 traps sp 40 meters apart, and should be conducted for five consecutive days.
For populetions of low aensity, this grid size may be too small to obtain a sufficient sample for
population estimation.

4. A transect count index, the smplest, most repestable method to census antelope squirrel populations in a
cost-effective manner, should be the technique of choice for relative abundance studies.

5. Transect counts should be conducted during morning hoursin late spring or early summer, with a
congstent, experienced team of observers, and should be validated with live-trapping studies.

6. Variability between sitesin our study suggests that further work on transect index methods should
include trials with a strip census technique and more atempts to compare indices in different habitat

types.

7. The relationships between San Joaguin Antelope Squirrels and Giant Kangaroo Rats, especially in open
habitats, deserve further study.

8. The Cdlifornia Ground Squirrel may adversely affect San Joaquin Antelope Squirrels by displacing
them from burrow systems, especidly in fragmented habitats. Additiona observations of interactions
between the species would be informative, but an experimenta approach involving removal of
Cdifornia Ground Squirrels from areas where the two species occur together would be more definitive.
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INTRODUCTION

The San Joaquin Antelope Squirrel (Ammospermophilus nelsoni) is designated a Threatened
mammal species in Cdifornia (Cdifornia Department of Fish and Game 1980). Habitat loss is
responsible for the current status of the species and continues to be the primary problem facing San
Joaquin Antelope Squirrels. Rodenticides and livestock overgrazing also may be important thrests in
some areas (Williams 1981). The historica distribution of antelope squirrels (Grinnell and Dixon
1918, Hawbecker 1953) included the southern and western portions of the San Joaquin Valey (south
of the vicinity of Los Banos, Merced County) and adjoining upland habitets, Tulare Basin (Fresno and
Kings counties), Buena Vista Basin (Kemn County), upland habitats of the Carrizo Plain, Elkhom
Pain, and Elk Hills (San Luis Obispo and Kern counties) and Cuyama Valey (Santa Barbara and San
Luis Obispo counties). About 80% of the species native habitats had been lost to agricultural cultivation
by 1979 (Williams 1981), and most that remains is not considered to be of prime quality. The core of
the species current distribution is the southwestern marlgm of the San Joagum Valley and adjacent
upland habitets, principaly the Elk Hills and Elkhom Plain. Small, generally isolated populations are
found on the San Joaquin Valley floor, in the Cuyama Valley, and in the Panoche and Kettleman Hills
(San Benito and Fresno counties).

The life history and habitats of San Joaquin Antelope Squirrels and other ground squirrels were
sudied by Grinnell and Dixon (1918). Thiswork provides some basis for comparison of current
habitat use patterns and distribution. Much of our knowledge of the biology of San Joaguin Antelope
Squirrels is based on the work of Hawbecker (1947,1951,1953,1958,19/5). His work documented
some aspects of the diet, habitat use, movements and annua cycle of the species in the northwestern
portion of the historic range. The magority of Hawbecker's extensve fieldwork was conducted a a set
of study plots on the eastern edge of Panoche Valey, San Benito County. Recent work has focused on
determining the species status in California. Williams (198 1) conducted a survey for the San Joaquin
Antelope Squirrel, documenting its greetly reduced range. Recent surveys conducted by the Cdifornia
E_ner Commission (Anderson et d. in prep.) will refine our knowledge of the species current

istribution.

Although the current didtribution and habitat relationships of San Joaquin Antelope Squirrels are
known generaly, more information is needed in order to devise a conservation Strategy for recovery of
the species. There is little informétion on the density of antelope squirrels in different habitats in the
remaining range, and there have been no studies comparing transect counts with density estimates
derived from trapping. Even if densties are Smilar in various habitats, habitats may differ in

roductivity, and some habitats may be occupied by non-breeding dispersers (Van Home 1983).
nformation on density and habitat relaionships is critica for planning the acquisition and management
of habitat for preservetion, for assessing habitat quality and for long term monitoring of the species
status. Furthermore, severd areas within the historic range of antelope squirrels have not been recently
surveyed for the presence of San Joaguin Antelope Squirrels. Williams (198 1) identified several areas
in need of such surveys, including the Ortigdita Mountain re?mn (Merced County), Kettleman Hills
ﬁl:resno and Kings counties) and portions of the Cuyama Valey (San Luis Obispo County). Some of
these Stes are in the northern parts of the species' range, where antelope squirrels are rare; their
preservation may be critical to ensuring sufficient genetic variation in the species for long term viability.

The purposes of this study were to develop census methods for the San Joaguin Antelope
Squirrel; determine population densties and home range sizes a different sites with a range of plant
communities; and to locate additional populations of antelope squirrels. In this report we discuss some
of the primary concerns for density estimation and censusing of San Joaguin Antelope Squirrels.

Denstv Edim
Developing inexpensive and reliable census techniques was a high priority objective of this

study. We sougBht to develop a census method or index and test it against densty estimates derived by
live-trapping. Both the censusindex and the density estimate may be biased because of invalid



assumptions and sampling errors that occur during population counts. However, many of these
problems can be corrected or reduced with proper field methods.

Estimation of population size by live-trapping and marking individuals is a widely used technique
with many possible approaches to estimating density from such data (see reviews of Otis et d. 1978,
Davis and Winstead 1980, Seber 1982, White et a. 1982, Seber 1986). The most important problems
(relevant to our study) with such methods were: determining whether the population was open or
closed, accounting for variation in capture probabilities among individuals, accounting for responses to
trapping, and determining the actual area sampled. By sampling for density during a restricted time
period (five days), we could reasonably assume closure (Seber 1982, White et al. 1982). Thisimplies
that one would need to do separate density estimates for different trapping periods and seasons. By
lumping trapping periods within a day into a single period, severa potential sources of problems for
population estimation may be overcome (White, et a. 1982, Seber 1986, Menkens and Anderson
1988). Time specific variation is reduced to that which occurs between days. By IumPi ng several
captures for “trap-happy” individuas, heterogeneity between individuas is reduced. It each trapping
period were to be considered separetely, the numbers of captures and recaptures would be very low,
rendering populaion estimates variable and unstable.

Program CAPTURE (COtis et d. 1978, White et d., 1982) dlows the investigator to choose a
mode for analysis of mark-recapture data which alows for one or more of the sources of vari_abilite/
mentioned above. Models are available for closed populations which do not assume that there is a lack
of individual heterogeneity, behavioral response to capture, and/or variation due to time of day. The
models evauated by CAPTURE include the following:

M, = Null modd: assumes equa capture probabilities across individuas and times
My, = Individua heterogeneity: assumes that capture probabilities differ between individuas
M, = Behavioral response: assumes a general response to trapping, e.g. “trap-shy” response
My, = Individual heterogeneity and behavioral response: assumes both sources of variation
M, = Time: assumes time specific variation in capture probability, eg. time of day

Other combinations of effects are possible but do not have methods of anadysis developed (White et d.
1982). Program CAPTURE includes a model evauation procedure which performs a series of tests
comparing each modd to the null model. When sample sizes are smdll, it is unlikely that this procedure
will detect differences between the null mode and other models, even if the sources of variation are
present. Thus the program islikely to select the null model even when it isinappropriate. Statisticians
recommend using a population with a large sample Size to evauate possible models, then using that
model for subsequent analyses (Menkens and Anderson 1988, Rosenberg pers. comm.).

Lincoln-Peterson estimates have often proved to be reliable population estimates (Davis and
Winstead 1980, Menkens and Anderson 1988) when compared with other methods. By dividing a
trgpping study of several days into two periods, the effects of trap response and individua
heterogeneity in capture probabilities can be reduced (Seber 1986, Menkens and Anderson 1988?.
This method performs well compared to CAPTURE when used with smulated data sets of smal
population size and when heterogeneity of capture probabilities amc_)gﬁ animas is low (Menkens and
Anderson 1988). Schnabel estimates of population size are essentidly weighted averages of
successive Lincoln-Peterson estimates for multiple recapture occasions (Krebs 1989). The Schnabel
estimate has the advantage, especialy for small samples, of smoothing out some of the variations due to
small numbers of recaptures. However, it should be remembered that both Lincoln-Peterson and
Schnabel estimates are essentialy null models, assuming no behaviora response, time variation or
individua heterogeneity of capture probability.

Converting abundance estimates from live-trapping to density requires a knowledge of the area

afected by trapping. Density estimates which smply divide the population size by the area of the study
plot are undoubtedly over-estimates, because animas are attracted to the area by traps and animas with
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only a small portion of their range on the study plot are captured (White et a. 1982. Severd methods
have been developed to ded with this problem. These may involve caculating a boundary strip based
on the size of the home range, use of assessment lines, and calculation of boundary strips usin
movement data from the live-trapping results (Johnson et a. 1987, Wilson and Anderson 1985%.

Census procedures

The dternatives for estimating antelope squirrel density without trapping include censusing by
visual and auditory detection of squirrels or by counting some indirect indicators of squirrel presence,
such as burrows. We eliminated burrow counts as a census technique because we frequently observed
use of the same burrow systems by both antel ope squirrels and kangaroo rats (Hawbecker 1947,

1953). Thus visual and auditory observations of squirrels appeared to be the best alternative to
live-trapping. A vanet?]/ of generd approaches to visua and auditory censusing have been used by
avian ecologists (Ralph and Scott 1980, Vemer 1985). Most of these methods, which include variable
circular plots, transect methods, and spot mac%ping, are intended to yield an egtimate of density directly.
For example, the variable circular plot method consists of censusing from a fixed point and using
distances between the observed organism and the point to estimate density. Spot mapping involves the
careful mapping of individua territoriad singing birds. This method had no simple andog in the case of
antelope  squirrels. Transect methods involve traversing habitet along a straight line of a certain length
and recording al individuals observed. It is possble to directly estimate density from transect counts if
distances from the transect line are measured. However, there are a number of assumptions for
cdculating density directly from counts (Anderson et d. 1979, Burnham et a. 1980). These include:

1. Animals directly on the transect line are dways seen.

2. Animals do not move before being seen or flushed (affects distance estimate).

3. Animals are not counted more than once.

4. The dghting of animas is independent (i.e. individuals do not darm one another).

5. There Is no eror in measuring distances from a transect line. . _ _

6. Importance of defining and maintaining a straight line of travel (biases dengty estimate)
7. Transect lines are far enough apart to avoid overlap of observations

The last three assumptions involve measurement problems that, in principal, could be minimized
or avoided by careful census procedures. The first four assumptions, however, were clearly a problem
for censusing of antelope é;round squirrels. Animals on the transect line which were in their burrows
would not be observed, and there was likely to be a sizable fraction of the population which was
underground a any given time, negetively biasing the estimate of density. While conducting transect
counts in livetrapping grids, it was customarz to observe a number of antelope sguirrels which was
only about one quarter of the number of marked animals in the study area. Secondly, squirrels in the
vicinity of shrubs often observed the counter and moved to another shrub before being observed. The
majority of observed squirrels during our transect counts were moving when initidly Sghted.
Furthermore, some of these squirrels gave darm calls, which violated the assumption that the sighting
of animals was independent. During some seasons, squirrels were likely to be seen in clusters, _
probably corresponding tofaml(lj?/ groups. The activity, and likelihood of observation, of individuals in
such groups was clearly not independent. Since most observed squirrels were moving, there was a
possibility that the sguirrdl may have been counted again after making a long distance movement
(squirrels frequently travelled more than 100 m while being observed). Given the dengties of squirrels
which we encountered, this did not seem like @ magjor problem, but it might have been more important
where a dense population occured in an area with a high percent cover of shrubs, such as the Buena
Viga Vdley and portions of the Elk Hills. The likelihood of violaing these important assumptions
rendered direct transect estimates of dengty based on distance measurements problematic at best.

Thus it seemed that the best course of action was to develop a reliable index to dengity. Indices
have been condructed for a number of species, and have included observations of individuals, detection
of their vocdizations (Bouffard and Hein 1978, Rotella and Ratti 1986) or indirect counts of sign such
as burrows, or pellet groupings (Reid et a. 1966, Sarrazin and Bider 1973, Davis and Winstead 1980).



Unfortunately, even the most widely used indices have been rarely tested againgt other density
estimates, e.g. mark-recapture studies (Eberhardt 1978, Dawson 1980, Seber 1982, 1986, Eberhardt
1987), thus they are only useful as indices of relative density. We might find that an index will have
different relationships to densty in different habitet types. A simple approach to censusing, with fewer
assumptions, would be more meaningful and would likely be more repeatable with different observers.

Methods
Surveys

We conducted surveys to locate San Joaquin Antelope Squirrels in the Kettleman Hills (Fresno
and Rings counties) and portions of the Cuyama Valey (San Luis Obispo County). We aso surveyed
aeas in the Panoche Hills (San Benito and Fresno counties) and in the vicinity of The Nature
Conservancy’s Paine Preserve ﬁKern County). These latter areas were surveyed while in the process of
searching for Stes to establish live-trapping study plots.

To survey these areas, we examined the general region by car, choosing sites for surveys on foot
based on presence of suitable habitat: open shrublands and grassands lacking extreme disturbance (e.g.
cultivation or flooding). While driving through survey areas, we frequently stopped to look and listen
for San Joaquin Antefope Squirrels. Since our objective was Smply to locate populations, rather than
estimating abundance or density, we attempted to cover as much ground as possible on foot, without
spending time to survey transect lines or live-trap. We looked for antelope squirrels, listened for calls,
and noted any evidence of possible burrows of af)propriate Sze. The generd nature of the habitat was
noted, especidly where antelope squirrels were [ocated.

Study Plots

We established live-trapping study plots based on information gathered from previous _
digributional surveys (California Natural Diversty Data Base, Williams 1981). We searched for Sites
with a range of habitat types within each of three generd areas in the species range: northern upland,
southern upland, and valey floor. Northern upland Sites were located on Bureau of Land Management
(BLM) lands in the Panoche Hills, Fresno County. These plots were on a bench at the northwestern
end of the Panoche Hills (Table 1). The principal vegetation on this bench is open Ephedra californica
shrublands, with an understory of grasses. Some plots that were trapped during efforts to locate
suitable study plots in the Panoche Hills were Atriplex scrub, but these Sites did not yield antelope
squirrels.  Southern upland sites were located in the Elkhom Plain area on lands administered by the
BLM. These stes included two that. were open plains with virtudly no shrub cover (sites 4,5) and
three Sites (sites 1,2,3) that were Ephedra californica scrub. Four of the sites were located near the
Department of Fish and Game's Elkhom Plain Ecological Reserve. Thisreserveisfenced to exclude
livestock and is surrounded by BLM lands. We arranged our study plots such that one Ephedra scrub
site was located indde the fenced area (site 2) and one outsde (site 1, Figure 1). The same arrangement
was made for the two open shrubless sites such that Ste 4 was ingde the fenced area and Ste 5 was
outside. In addition to Ephedra, there was also significant cover of other shrubs, including
Eastwoodia elegans and several Eriogonum species at the scrub habitat sites. Valey floor stes were
located in the Semitropic Ridge region, on lands forming part of The Nature Conservancy's Paine
Preserve (Figure 2). Shrub cover at these sites was primarily Atriplex spinifera, athough Suedu
fruticosa was aso abundant, especidly in akaine microhabitats which appear to be frequentIK flooded.
Two additiond gStes were trapped briefly in the Buena Vidta Valey, on lands belonging to Chevron,
[JSA. These were in an area trangtional between valey floor and steeper terrain and had a shrub cover
dominated by Atriplex polycarpa.

At our first site (Elkhom I), we established a grid with a spacing pattern of 40 meters between
trapsin a 10 x 10 trap array. Thisgrid covered 13 hectares, and would have been too large for some of
the study areas on smaller parcels of land, so some of our subsequent trapping grids had a 25 meter trap
spacing and an area of 5.6 hectares. Grids which had an area of 13 hectares included Elkhom grids



Table 1. Locations of grids for live-trapping San Joaquin Antelope S%Jeirrrels._ The months during
which live-trapping was conducted are given, dong with the tota number of individuas marked
and the distance between trap stationsin meters. Each grid was a square with 100 trap sites.

Location County Legal Description Dates lerrl?;lls ;ggcpl ng
PanocheHills1 Fresno T14S, R11E, sec. 18, NW 1/4 6/88 0 25m
Panoche Hills2  Fresno T14S, R11E, sec. 18, SW /4 6/88 0 25m
Panoche Hills3  Fresno T14S, R11E, sec. 17, W |/2 6/88 0 25m
T14S, R11E, sec. 18, NE I/4
Panoche Hills4 Fresno T14S, R11E, sec. 18, SE 1/4 6/88 1 25m
Panoche Hills5 Fresno T14S, R11E, sec. 18, SE 1/4 6,7/88 2 25m
Panoche Hills5 Fresno T14S, R11E, sec. 18, SE I/4 6/89 7 25m
Semitropic Ridge Kern  T26S, R22E, sec. 36, NW /4 6/88 0 25m

Paine Preserve 1 Kern T26S, R22E, sec. 26, NW /4 6,7/88 23 25m

Paine Preserve 1 Kern T26S, R22E, sec. 26, NW /4 6/89 11 25m
Paine Preserve 2 Kern T26S, R22E, sec. 26, NE /4 7/88 0 25m
Elkhorn 1 SL.O. T32S, R22E, sec. 20, NE 1/4 56,7/88 47 40m
T32S, R22E, sec. 21, NW 1/4
Elkhom 1 SL.O. T32S, R22E, sec. 20, NE 1/4 5,6/89 43 40 m
T32S, R22E, sec. 21, NW /4
Elkhom 2 SL.O. T32S, R22E, sec. 20, NE 1/4 5,6/89 60 25m
Elkhom 3 SL.O. T31S, R21E, sec. 27, SE I/4 6/88 7 25m
Elkhom 3 SL.O. T31S, R21E, sec. 27, SE I/4 6/89 17 25m
Elkhorn 4 SL.O. T32S, R22E, sec. 20, SE I/4 6/89 75 40 m
Elkhorn 5 SL.O. T32S, R22E, sec. 20, SW 1/4  6/89 56 40 m
Buena Vida 1 Kern  T31S, R24E, sec. 19, SW 1/4 7/88 5 25m

Buena Vida 2 Kern  T31S, R23E, sec. 23, NE |/4 7/88 0 25m



Figure 1. Elkhom [ study grid, San Luis Obispo County, The study grid is on grazed land south
the California Department of Fish und Game's Elkhorn Plain Ecological Reserve. The shrubs

ure Ephedra colifornica. Photograph by Jobn H, Harmis,



Figore 2. Paine Preserve | study grid, Kemn County. The larger shrubs are Atriplex lensiformis,
with some Sueda fruticosa visible in the foreground and in low spots throughout the photograph.

Photograph taken by John H. Hamris




1,4, and 5. Grids of 5.6 hectares included the Paine Preserve, Semitropic Ridge and Panoche Hills
rids. Elkhorn grids 2 and 3 were established with a 25 meter trap spacing in a10 x 12 trap array;
these grids had an area of 6.2 hectares. All study grids were trapped for 3-6 days as indicated in Table
3. Some exploratory trapsﬁier&g plots were used in the Paine Preserve and Panoche Hills areas. On these
grids, which were establi in order to attempt to locate antelope squirrel populations, we st out
40-100 live traps without surveying agrid In such a case, we spaced the traps by pacing, atemptin
to gpproximate a 25 meter spacing pattern in suitable habitat. Those exploratory grids that did not yield
antelope squirrels were trapped for 2-3 days.

Trapping was conducted a various Stes between late May and late July in 1988 and between late
May and early July in 1989. The earlier termination of trapping in 1989 was due to high temperatures
combined with the appearance of heat stress (licking of feet and face, panting) among animals captured
during morning trapping periods. Traps were opened at 0600 hrs and were checked at 0900 hrs and
1130 hrs, a which time traps were closed. Traps were reopened at 1400 hrs and were checked a 1600
hrsand 1830 hrs. On days during which temperatures exceeded 35° C (95° F), we closed traps for 3-4
hours during the afternoon, then opened traps for a single late afternoon and early evening trapping
period between 1600-1830 hrs. Generdly the morning was a more productive trqaﬂ)mg period during
such days. Traps were placed in the shade of shrubs where possible. A burlap shade or shelter of dry
COW manure was drapetf over traps which were in the open. Mixed bird seed was used to bait the traps

Weight, sex, and any unusual marks were recorded for all captured animals. Individuals were
classfied as juveniles or adults based on size. Animas were individualy marked with a numbered ear
tag in 1988. In 1989, we marked the animals on the belly and awith aband on the tail using an
indelible marker. Fading marks on recaptured animals were retraced. The location, date and
approximate time of capture were recorded. No species other than San Joaquin Antelope Squirrels
were captured during the study.

We determined the density of shrub species at each trapping grid using 50 point-quarter shrub
counts (Cottam et al. 1953). We mapped the trap locations, recording slope ?determi ned witha
clinometer), topographic features (gullys, roads, large open areas, etc.) and microhabitet (classified as
open or under a shrub). At the Paine Preserve Ste, we classfied trgp locations into two categories.
mudflat and mound. We performed chi-square tests of capture frequencies with these habitat
parameters.

We estimated the abundance of San Joaquin Antelope Saquirrels by using Progran CAPTURE

and by caculating Lincoln-Peterson and Schnabel estimates. For al edtimates, we lumped trapping
Beriods within days into a single period. To edtimate density, we celculated “naive’ dengity estimates
y dividing the population estimate by the area of the study grid. We aso caculated dengties using a
boundary strip based on haf the mean maximum distance moved between captures (Johnson e a.
1987). Program CAPTURE cal cul ates the mean maximum distance moved between captures. We used
an average of the mean maximum distance moved for Elkhorn sites 4 and 5, the two sites with the
largest sample sizes, to caculate the boundary strip for sites with 40 meter trap spacing. For those Sites
with 25 meter trap spacing, we used the mean maximum distance for Elkhorn Ste 2, which had the
largest sample Size of the grids with 25 meter trap spacing.

We attempted two non-trapping census techniques which relied on visud and auditory detection
of antelope squirrels. These two methods were 15 minute point counts and transect counts. For our
initid_efforts, we made no attempt to estimate distances to antelope squirrels from the point or transect
line. Fifteen minute point counts were conducted by simply noting any squirrels seen or heard from a
fixed point during afifteen minute period. No point counts were conducted in 1989, because this
method did not yield as many antelope squirrels per unit time as transect counts. Transect counts were
conducted using the previousy edtablished grids as a reference system. We recorded al antelope
squirrels we saw or heard while walking along the grid lines. We recorded the length and time of
transect counts, and the number of antelope squirrels seen or heard on each transect. We attempted to
avoid counting the same individual more than once during a transect count.




Home R Mov t

The home range and movements of antelope squirrels were studied using radiotelemetry et the
Elkhorn 1 site. Nineteen antelope squirrels (8 adults and 11 juveniles) were eqw[ﬁped with radio
transmitter collars. We used a 3.0 gram, model BR collar (AVM instruments), which was slipped over
thgcguirrel’s neck and folded to fit the individual animal (Figure 32(. Pastic heat shrink tubing was
pl over the folded part of the collar and was heated with a hot knife, shrinking the tubing and
holding the collar in place. The animas were located using the LA 12-DS receiver (AVM Instruments)
and a hand-hdd Yagi antenna. Antelope squirrels were collared in the first two weeks of the study.

L ocations were determined as often as possible until mid-July. At this point, seven collars had been
logt from their bearers. We attempted to recover the remaining collars by trapping the squirrels and
removing their collars. For each determination of a squirrel’s location, the distance and direction to the
nearest trap Ste were measured using a compass and rolatape wheel or pacing. Locations were
recorded and plotted on agrid. The home range analysis program McPaal (Stuwe and Blohowiak

1985) was used to celculate home range. In order to compare our results with previous studies of Sen
Joaquin Antelope Souirrels (Hawbecker 1958) and White-tailed Antelope Squirrels (A.leucurnus) (Allred
and Beck 1963, Bradley 1967), we aso calculated home ranges using McPedl for antelope squirrels
based on livetrapping data done. Home ranges were caculated for al squirrels with five or more
locations a three or more trap sites on four study plots: Elkhorn 1,24 and 5.

Two kinds of home range estimates were calculated for each anima. The minimum convex
polygon (MCP) is the figure obtained by connecting the outermost locetions such that no interior angle
IS greater than 180 degrees (Sander-son 1966). This estimate has the advantage of smplicity and
historical use in the literature, and it should approach the true home range in homogenous habitat
(Schoener 198 1). However, it includes unused space, gives no indication of intensity of use, and is
extremely sensitive to sample size and outliers. We used a sample size correction given by Jennrich and
Turner (1969) as well as the uncorrected minimum convex polygons.

An aternetive to the minimum convex polygon that is less senstive to sample size is the 95%
ellipse (Jennrich and Turner 1969). This method assumes a bivariate normal distribution to congtruct a
95% confidence dlipse. Since the bivariate norma is a continuoudy decreasing distribution, inclusion
of a O]greater percentage of observations can increase the area of the elipse substantialy, while only
including a few more observations, thus the widespread use of a 95% rather than 99% dlipse (White
1990). Because this method does not represent shape well, it is less useful for determination of range
overlap between animals or patterns of microhabitat use. Mogt of our minimum convex polygon home
ranges were roughly rectangular, suggesting that the 95% élipse is an appropriate estimator.

Results and Discussion

Surveys

Our distributional surveys documented the presence of San Joaguin Antelope Squirrels in severd
locetions (Table 2). The northern part of the species range, where there are a small number of recent
locetions and antelope squirrels are not common, is an area of particular concern. We located squirrels
in the Panoche Hills and received reports of extant populations from the Kettleman Hills area (M.
Wade, D. Williams, pers. comm.). Naturd Diversity Data Base and BLM records indicated that
antelope squirrels have been observed recently on a bench on the northwestern side of the Panoche
Hills and in the northern Tumey Hills (south of the Panoche H|II$P. They also were known historically
from the gently doping terrain a the south end of the Panoche Hills adjacent to Panoche Creek
(Hawbecker 1947,1951,1958). We found antelope squirrels on the northwestern benchand
established study plots there. We aso found a number of antelope squirrels scettered aong a five mile
stretch of Panoche Creek, mostly east of Panoche Pass, on the Silver Creek Ranch. This habitat has
extensve Atriplex scrub and undoubtedly supports a larger number of antelope squirrels than the area



Figure 3. San In.\rﬁiu Antelope Squimrel equipped with & mdio ransmitter. Photograph of a
radio-collured antelope squirre]l mken on study grd Elkhom [, S5an Luis Obispo County. The
radio collor is n model BR radio transminer, AVM Insturment Company, Livermore, Califamia.
Photograph by Johm H. Harmis.



Table 2. Survey locations and numbers of San Joaquin Antelope Squirrels observed. County
abbreviations are as follows: S.B. = Santa Barbara, S.L.O. = San Luis Obispo. Squirrels seen are’
the number of different individuals observed at each survey location. At the Panoche Creek
locations, we surveyed by car following the Panoche Creek Road, hence only the portions of the
listed sections visible from the road were surveyed. In the case of Cuyama Wash, we walked the
length of the wash through the listed sections, but did not survey the entire area of these sections.
Otherwise the portion of each section walked during surveysis indicated.

_ Antelope
L ocation County Legal Description Date Squirrels
Panoche Hills Fresno T14S, R11E, sec. 17, W 1/2 6/14-15/88 0
Panoche Hills Fresno T14S, R11E, sec. 19, NE |/4 6/14-15/88 0
Panoche Hills Fresno T14S, R11E, sec. 20, W 1/2 6/14-15/88 0
Panoche Hills Fresno T14S, R11E, sec. 28 and sec. 29 6/14-15/88 0
Panoche Creek Fresno ~ T15S, R11E, secs. 27,28, and 29 6/16/88 0
Panoche Creek Fresno T15S, R11E, secs. 34,35, and 36 6/16/88 0
Panoche Creek Fresno  T15S, R12E, secs. 16,20, and 21 6/16/88 0
Panoche Creek Fresno T15S, R12E, secs. 29,31, and 32  6/16/88 0
Little Panoche Fresno T13S, R11E, sec. 30, NW |/4 6/16/88 0
Little Panoche Fresno T13S, R10E, sec. 25, NE 1/4 6/16/88 0
Kamm Rd. Fresno T16S, R14E, sec.18, SW 1/4 6/15/88 0
Panoche Hills Fresno T14S, R11E, sec.17, W |/2 6/17-18/89 0
Panoche Hills Fresno T14S, R11E, sec. 19, NE |/4 6/17-18/89 0
Panoche Hills Fresno T14S, R11E, sec. 20, W /2 6/17-18/89 0
Panoche Creek San Benito T15S, R11E, sec. 27 6/17/89 2
Panoche Creek San Benito T15S, R11E, sec. 35, SE 1/4 6/17/89 1
Panoche Creek Fresno T15S, R12E, sec. 29 6/17/89 1
Panoche Creek Fresno T15S, R12E, sec. 32, W 1/2 6/18/89 2
Panoche Creek Fresno T15S, R12E, sec. 21, NW /4 6/18/89 1
Tumey Hills Fresno T15S, R12E, secs. 14,23, and 24 6/18/89 0
Griswold Canyon San Benito T16S, R10E, sec. 1 6/18/89 0
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Table 2, continued
L ocation

Griswold Canyon
Griswold Canyon
Griswold Canyon
Griswold Canyon
Sunflower Valley
Kettleman Hills
Kettleman Hills
Kettleman Hills
Kettleman Hills
Pyramid Hills
Pyramid Hills
Sand Ridge, Hwy 5
Paine Preserve
Paine Preserve
Paine Preserve
Paine Preserve
Santa Barbara Cyn.
Santa Barbara Cyn.
Santa Barbara Cyn.
Cuyama R. wash
Cuyama Valley
Cuyama Valley
Cuyama Valley
Cuyama Valley
Cuyama Valley

County

Legal Description

San Benito T16S, RIOE, sec. 12, W /2

San Benito T16S, R11E, sec., NW 1/4

San Benito T15S, R11E, sec.

San Benito T15S, R11E, sec.

Kings
Kings
Kings
Kings
Kings
Kern
Kern
Kings
Kern
Kern
Kern
Kern
S. B.
S. B.
S. B.
SL.O.
SL.O.
SL.O.
SL.O.
SL.O.
SL.O.

T24S, R17E, sec.
T23S, R18E, sec.
T23S, R18E, sec.
T23S, R18E, sec.
T22S, R18E, sec.
T25S, R18E, sec.
T25S, R18E, sec.
T24S, R20E, sec.
T26S, R22E, sec.
T26S, R22E, sec.
T26S, R22E, sec.
T26S, R22E, sec.
TON, R25W, sec.
TON, R25W, sec.
TON, R25W, sec.

TION, R25W, secs. 19,28,29,33,34

30, SW 1/4
31, W 1/2
23, E /2
2, SE /4
11, NE /4
12, W 1/2
36, NE 1/4
2,S1/2

3, SEl/4
27, El/2
26, SE 1/4
16, SW I/4
15, SW /4
16, SE /4
14, SE 1/4
22, SE |/4
23, NW 1/4

TION, R25W, sec. 13, SE |/4

TION, R25W, sec. 13, SW 1/4

TION, R25W, sec. 14, SE |/4

TION, R25W, sec. 14, SW 1/4
TION, R25W, sec. 16, NW 1/4
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Date
6/18/89
6/18/89
6/18/89
6/18/89
6/28/88
6/29/88
6/29/88
6/29/88
6/29/88
6/29/88
6/29/88
7/21/88
6/22/89
6/22/89
6/22/89
6/22/89
6/30/88
6/30/88
6/30/88
6/30/88
6/30/88
6/30/88
6/30/88
6/30/88
6/30/88

Antelope
Squirrels

0
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Table 2, continued

L ocation

Cuyama Valey
Cuyama Valey
Cuyama Valey
Cuyama Valey
Cuyama Valey
Cuyama Valey

County
SL.O.
SL.O.
SL.O.
SL.O.
SL.O.
SL.O.

Legal Description

T10N, R26W, sec. 5, NE 1/4
T10N, R26W, sec. 5, NW |/4
T10N, R26W, sec. 6, S 1/2
T10N, R26W, sec. 4, N 1/2
T10N, R26W, sec. 3, S 1/2
T10N, R26W, sec. 2, SW I/4
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Date

7/1/88
7/1/88
7/1/88
7/1/88
7/1/88
7/1/88

Antelope

Squirrels
2
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where we located study plotsin 1988. The areas in which Hawbecker (1947, 1951, 1953, 1958)
conducted his studies on southern end of the Panoche Hills do not appear to have many antelope
squirrels, and some of the areas appear to have had most of their shrub cover removed. We were
unable to gain access to BLM lands on Ortigalita Pesk, which may harbor antelope squirrels, athough
adjoining land of more suitable sope has been heavily grazed and has little shrub cover. Severd Sites
in the Kettleman Hills appeared to have suitable habitet, though we did not locate any antelope squirrels
during our surveys. The BLM lands and adjoining privete lands in the two miles south of highway 41
aong the crest and dopes of the Kettleman Hills appeared to be especialy promising, but we found no
antelope squirrels there. We received a report (M. Wade, pers. comm.) that antelope squirrels are
found on lands belorg;mg to Chevron U.S.A., Inc. and lands leased from BLM by Chevron in the
North Dome Qil Field, on the north end of the Kettleman Hills. Williams (pers. comm.) reported
observing antelope squirrels in the Avena Gap, near the southern end of Kettleman Hills. Any squirrel
population in the Kettleman Hills is significant, given the paucity of antelope souirrels to be found
elsewhere in the northern part of the species range.

In the vicinity of the Paine Presarve, Kern Co., we located squirrels in two locations in 1989.
One of these locations, where we observed a single antelope squirrel, was on land adjacent to Nature
Conservancy holdings (and within the ultimate planned preserve boundary, R. Hewett, pers. comm.) in
an area of Atriplex spinifera scrub. There was a large population of California Ground Squirrels
(Spermophilus beecheyi) at this site. The other site, where four antelope squirrels were located, was on
land under negotiation for purchase by The Nature Conservancy (R. Hewitt, pers. comm.). This ﬁarcel
contained dry mud flats, hummocks with Atriplex spinifera (locations of sightings) as well as patches
dominated by Sueda fruticosa and Allenrolfea occidentalis. While travelling on Interstate 5, a single
antelope squirrel was seen in 1988 in a locetion not previoudy noted (Williams 1981, NDDB%. This
location, southwest of Sand Ridge, iswithin the species’ historic range (Hawbecker 1953). There have
apparently been other sighting reports from the Sand Ridge area (Williams, pers. comm.).

The Cuyama Valley is roughly the southern terminus of the antelope squirrel’s range. Parts of
the vallgf/ have not been surveyed (Williams 1981). We walked several miles of seemingly suitable
habitat on? the Cuyama River wash without observing any antelope squirrels. Prob_abg/ the
occasiond flooding of this habitat is enough to eliminate any colonizing antelope squirrels and prevent
the establishment of populations. We aso briefly surveyed the mouth of Senta Barbara Canyon (Santa
Barbara County). This canyon enters the Cuyama Valley opposite Balinger Canyon $Ventura County),
where a small population of antelope squirrels occupies the margin of the valley. We found no antelope
squirrels in Santa Barbara Canyon, dthough it is possible that a low density Po ulation may exist in the
area. The northern margin of Cuyama Valley, between the cultivated lands of the valley and the
Caliente Range, contains extensive Atriplex scrub which appears suitable for antelope squirrels. We
examined about 9 miles (13.4 km) of habitat dong the northern edge of Cuyama Valey, locating 16
antelope squirrels at 8 locations (Table 2). There Is probably a nearly continuous moderate to low
density population of souirrels in this band of habitet. In some aress, the valley floor is cultivated up to
the edge of steep terrain. Further expansion of cultiveted areas, combined with the long term effects of
heavy grazing seen in some locations, may reduce this population of antelope squirrels. We did not
olbserve antelope squirrels while driving through dense Atriplex scrub on the Russell Ranch, north and
west of New Cuyama.

To summarize, we documented the occurrence of antelope squirrels in two generd areas of the
Panoche Hills: the bench on the northwestern end of the hills and much of the length of Panoche Creek.
The other location for antelope squirrels in the northern part of the range is in the Kettleman Hills,
including the Avena Gap area and the North Dome Oil Field (an area which has not been documented
by recent surveys). These locations do not enlarge the historical range, but document the continued
existence of antelope squirrels in areas where they have been infrequently observed. Survey results and
Iivetrapdping results in the Panoche Hills confirm the notion that the San Joaquin Antelope Squirrel is
rare and localized in the northern part of its range. There may be locations on tete or federa lands
which would be suitable for reintroduction of the species in the northern portion of its range. For
example, the Little Panoche Wildlife Area, administered by the Department of Fish and Game, has
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undergone a program of vegetetion restoretion r&ultinq in habitat which should be suitable for antelope
squirrels. Thislocation is near a possible source po?]u ation in the Panoche Hills. Habitat along
Panoche Creek east of Panoche Pess represents another area where significant habitat should be
preserved. Another possibility would be BLM lands in the Kettleman Hills.

~ On the floor of the San Joaquin Valley, there are few remaining populations of antelope
squirrels, and those which remain are in margind habitat (Williams 1981). We found antelope squirrels
on lands adjacent to The Nature Conservancy’s Paine Preserve which may eventudly be acquired.
Clearly the heart of the San Joaquin Antelope Squirrel’s range is in the southwestern portion of its
historical range: the Carrizo and Elkhorn Plains, Elk Hills, and Buena Vida Valey.

We examined a large area in the Cui/)eame_l Vdley which has not previoudy been surveyed for
antelope squirrels and found the species to be digtributed in a narrow band aong the northern edge of
the valley een cultivated lands and steep, barren upland terrain. The BLM [ands on the margin of
thedC?liente Range and Cuyama Valey are critica for maintenance of the species a the southwestern
end of itsrange.

S

Table 3 provides a summary for each study plot of the number of animas marked, the total
number of captures, the ratio of juveniles to adults captured, and the average probability of capturinP an
individua in a given trzjt)ﬁing period (estimated by Progran CAPTURE). The area of each study plot is
given, as well as the wiath of the boundary strip and area of the study plot and boundary stri‘t\)/|
combined. Table 4 shows three estimates of abundance: the model of behaviord response (Modd M,)

calculatedb@; Program CAPTURE, the Lincoln-Peterson estimate and the Schnabel estimate. The
model of behavioral response provided the best fit for the data from the two Sites with the largest
nurgyber_of captures and animals marked (Elkhorn sites 4 and 5), so we used this model for dl of the
study sites.

Densities of antelope squirrels using the distance-based boundary strip method are used in all
subsequent discussion. Densities on our study plots ranged from 0.7 to 8.0 animals per hectare (Model
Mb estimates), 1.1 to 6.2 per hectare (Schnabel eﬂimate?, or 1.1 to 8.1 per hectare (Lincoln-Peterson

estimate). Elkhom sites 1,24 and 5 had the highest denstties; given the amount of variahility they are
probably not significantly different. Grinnell and Dixon (1918% suggested that dengity of this species in
prime habitat was between 4 and 11 squirrels per hectare, and in the Elk Hills region they estimated
density as about 2.3 per hectare. By these standards ﬁprobably not based on large samples), only the
Elkhom 2 study area (fenced scrub habitat) and the Elkhorn 4 and 5 study areas (open habitat, Model
My, densities only) were in the range expected for good habitat. The high density on the Elkhorn 2

study plot could have been a result of the enclosure or the increased feeding and shade opportunities
provided by the campsite on the southern edge of the trapping grid. The presence of the campsite aso
undoubtedly drew squirrels as habitud visitors from adjacent habitat. On the other hand, very large
numbers of squirrels were observed using burrow systems throughout the fenced area. The Elkhorn 1
study ares, in open shrublands outside the fenced enclosure, had a density dightly lower than the range
for prime habitat reported by Grinnell and Dixon (1918). The two Stes in open habitat, Elkhorn 4 an
5, had surprisingly high densities considering the lack of shrub cover. Elkhorn 4, inside the enclosed
area, had a dightly higher density than Elkhorn 5, outside the fenced area. Both of these areas had
Iar%e numbers of Giant Kangaroo Rat burrow systems, which were being shared bﬁ antelope squirrels.
Perhaps the presence of other burrowing rodents compensated in some way for lack of shrub cover.
Other areas on the Elkhorn Plain which lack shrubs and Giant Kangaroo Rats appeared to have far
fewer squirres, and areas which had been heavily overgrazed (such that grasses were essentidly grazed
to ground level, with mostly bare ground) generaly lacked antelope squirrels atogether.

At several dtes, antelope squirrels were so uncommon that the number of captures was very low.
At these low dengty sites, both trapping and transect counts were likely to be variable, creating
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Table 3. Summary data for study plots which yielded captures of San Joaguin Antelope Squirrels
during the 1988 and 1989 seasons. Locations of study grids arc given in Table 1. The table

includes the number of trap days (T) during census periods, the total number of animals marked
(M), the total number of captures (N) including recaptures, the ratio of juveniles to adults captured
(JA), the estimated capture probability (p), the area of the study grid in hectares (A), width of
boundary strip in meters (W) and the effective area trapped in hectares (A,), equa to the area of the
sudy grid plus the area of the boundary strip

Grid T M N JA P A WA,

Elkhon1-88 3 47 79 18 .33 13 50 212
Elkhon1-89 5 43 79 240 .20 13 50 212
Elkhon2-89 5 60 149 15 .35 56 38 9.1
Elkhorn3-88 3 7 8 75 45 62 38 106
Elkhon389 5 17 48 5 51 62 38 106
Elkhon4-89 5 75 255 217 .49 13 50 212
Elkhom5-89 5 56 156 229 .40 13 50 212
Panoche5-83; 5 2 2 000 5.6 38 9.1
Panoche 589 3 715 17 48 56 38 9.1
Peine 1-88 4 17 37 28 .46 56 38 9.1
Paine 1-89 , 4 11 16 140 5.6 38 9.1

1. No recaptures between trapping periods
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Table 4. Estimates of population size and density of San Joagquin Antelope Squirrels for mark
recapture study plots during the 1988 and 1989 field seasons. L ocations of study grids are described
in Table 1. The estimates of population size include the behaviora response model (M) from

program CAPTURE, a Lincoln-Peterson index (L) from data lumped into two periods, and Schnabel
estimate (S). Dengity estimates include two “naive’ dendgity estimates, the behavioral response model
estimate divided by study plot area (Mb/A), Lincoln Peterson index divided by study plot area (L/A),

and Schnabel index divided by study plot area. All densities are given in units of animals per
hectare. Finally, three density estimates based on movement are given. These are the behavioral
response model, Lincoln-Peterson and Schnabel estimates divided by the effective trapping area the
study plot area in hectares plus a boundary strip equa to half the mean maximum distance moved in
meters (M/A,, L/A,, SIA, respectively). See Table 3 for the values of area (A) and effective area

trapped (A,,) for each study area.

Grid M, L S My/A L/A SIA M,/A, LI/IA, SIA,
Elkhorn 1-88 73+ 7.3 56t 89 64+ 7.9 56 43 49 34 26 30
Elkhorn 1-89 60+ 51 73t 86 60+ 8.2 46 56 46 28 34 28
Elkhorn 2-89 73+ 9.2 74+ 37 67+ 35 130 132 120 80 81 74
Elkhorn 3-88  8f29 17+ 15 14+ 1.4 1.3 27 23 08 16 13
Elkhorn 3-89 20+ 4.2 17+ 08 16+ 1.2 32 27 26 19 16 15
Elkhorn 4-89 114+ 261 81+ 18 69+ 1.4 88 62 53 54 38 33
Elkhorn 5-89 85+ 226 61+ 27 54+ 2.4 65 47 42 40 29 25
Panoche 5 -89  8t29 14+ 14 12+ 0.8 14 25 21 09 15 13

Paine 1-88 18+ 23 19+ 35 18+ 0.7 3.2 34 3.2 2.0 2.1 2.0
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problems for establishing a relationship between the transect index and dendity. Habitat variation
comFIicated this problem even further. For example, at the Elkhorn 3 site, shrubs were very dense but
small, such that visibility a ground level was limited. At this site we observed only four antelope
squirrelsin 1988, mostly along the roadside, but captured seven individuals. In the Panoche Hills, on
the other hand, shrubs were large but more widely scattered and grass cover was nearly continuous.
Here we observed 15 antelope squirrels but captured only 2 in 1988. Reasons for the low capture
success a this Ste were not clear, but 1989 provided an interesting contrast. The Site was grazed to
blare ground before we arived in 1989. The number of antelope squirrel observations on transect
counts was comparable, if not slightly lower, but our capture success was much higher, suggesting that
{ﬁod was (ijr_lt_greater demand, or perhaps tha traps were more obvious to the antelope squirrels under
ese conditions.

~ Two additional problems with live-trapping techniques for antelope squirrels were evident from
this study. Ear tags were easily lost from these relatively small-eared squirrels. At the Elkhorn 1 study
site, we captured eight animals during our second visit in 1988 which had evidently lost ear tegs. This
represented 19.5% of the animals marked during our first visit about one month earlier. Only one
ear-tagged individual was recaptured the following year. During 1989, the final year of the study, we
used indelible marking pens. A second problem relaed to live-trapping methods was the apparent
violation of the equal catchability assumption (Seber 1982, White et a. 1982). Juveniles gppeared to be
more readily captured, and are aso more likely to be recaptured. This represented not only
heterg%eneity in capture probability, but also response to trapping and an interaction between capture
probability and trap response. A downward bias may have resulted from calculating density under
these conditions (White et al. 1982, Menkens and Anderson 1988).

Antelope squirrel densities in good habitat in the Elkhorn Plain area were mogtly in the range of
2-5 animals per hectare. This dengty is on the low end of the range suggested by Grinnell and Dixon
(1918) for prime habitat. Exceptionad Stes may have higher densties, and there 1s much occupied
habitat in this region which probably has densities less than 1 per hectare. Sites in the Centra le_?/
ae likely to have densities lower than 4 per hectare, as illustrated by our Paine Preserve sSite, considered
to be one of the better Sites for this species on the floor of the valey. Poor habitat quality and habitat
fragmentation are significant concerns for the long-term persistance of this species on the valley floor.
IDensitias a the Panoche Hills ste were very low, and this isolated population may aso be at risk in the
ong run.

Censustechniques

We conducted 15 minute point counts a the Elkhorn 1 and Paine Preserve study areas in 1988
(Table 5). Transect counts were conducted at these study areas as well as the Elkhorn 3 and Panoche
Hills study area in 1988 and a five Elkhorn Plain Sites, Panoche Hills and Paine Preserve in 1989
(Table 6). Point counts were judged to be unsatisfactory after our early efforts for severa reasons.
Although the numbers seen varied in a manner expected based on trapping results a these two Stes, the
overall number of squirrels seen was low. This was due to the limited area observed while remaining
in a fixed location, especidly important where shrubs are dense and where the terrain is complex.
Also, squirrels are less apt to be flushed by the observer during point counts. During transect counts,
the time taken to travel one kilometer was roughly 15 minutes, thus one can compare the number of
squirrels seen for the two methods by comparing point counts with squirrels seen per kilometer of
transect counting. This revealsthat 2-4 times as many squirrels were counted per unit time by using
the transect method. Even if the two methods are equally accurate in detecting trends, the method
which detects the most individuas per unit time is both more efficient and likely to be more precise
(Burnham et al. 1980).

Transect methods yielded a greater number of detections per unit time because of the flushing of
otherwise inconspicuous animals, increased rate of caIImP by disturbed squirrels, the ability to traverse
over hilly terrain and the increased number of visud angles on the habitat when compared to observing
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Table 5. Results of 15 minute point counts of San Joaquin Antelope Squirrels at the Elkhorn 1 and
Paine Preserve 1 locations during 1988. Locations of study grids are givenin Table 1. The
number of 15 minute counts (N), the mean number of antelope squirrels per 15 minute count, and
the standard deviation (S.D.) of point counts are given for each date and time. In addition, a mean
for the totd of al counts is given for the two sites.

L ocation Date Time N Mean SD.
Elkhorn 1 6/1 1000-1100 16 13 11
Elkhorn 1 6/2 0845-0915 2 1.0 14
Elkhorn 1 6/3 0930-1130 9 14 1.4
Elkhorn 1 719 0800-0900 8 11 1.0
Elkhorn 1 719 1900-2000 10 16 11
Elkhorn 1 Mean 45 1.36 11
Paine Preserve 1 6/10 0830-1000 6 0.5 1.2
Paine Preserve 1 6/10 1430-1530 4 0 0

Paine Preserve 1 6/10 1900-2000 7 0.7 0.9
Paine Preserve 1 6/11 0700-0830 5 0.6 0.6
Paine Presarve 1 7/14 0830-0930 6 0.2 04
Paine Preserve Mean 28 0.43 0.8
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Table 6. Summary of 250 m transect censuses of San Joaguin Antelope Squirrels during 1988 and
1989. Locations of study grids are given in Table 1. Means and standard deviations (S.D.) of
transect counts of antelope squirrels per 250 m and the number of 250 m transects (N) are given.
All transects were conducted by the same observer (JH), between 0730-1000, and in the period
May 25-June 30 of the given year.

Antelope Squirrels

L ocation Y ear N Per 250 m S.D.
Paine Presarve 1 1988 37 0.81 0.9
Paine Presarve 1 1989 9 0.89 12
Panoche Hills 5 1988 24 0.25 0.6
Panoche Hills 5 1989 16 0.19 0.6
Elkhorn 1 1988 33 138 1.0
Elkhorn 1 1989 12 1.30 0.9
Elkhorn 2 1989 9 12.00 38
Elkhorn 3 1988 16 0.00 0.0
Elkhorn 3 1989 16 0.73 0.6
Elkhorn 4 1989 5 9.00 0.7
Elkhorn 5 1989 6 7.81 17

20



from afixed eJ)Oi nt. Based on transect counts and on general observations while live-trapping in 1988,
we concluded that morning censuses were preferable. Observer differences are potentidly a significant
source of variation. As aresult, we used only the transect counts for the single most experienced
observer (JH). The meansfor morning transect counts are compared with the Model M, estimates per
hectare (Figure 4) and Schnabel estimates per hectare (Figure 5). There is a good relaion between
transect counts and both estimates (° = .86, .66 respectively), suggesting that transect counts can be
successfully used as a dengity index. However, the best fitting line achieves a vaue of zero for the y

axis ﬁtransect count) at a dengty greater than zero, suggesting that transect counts might not be useful at
very low densities.

Two sources of variation are likely to have adversdy affected the relationship between transect
counts and dengty. The ste Elkhorn 2 included on its southern edge the campsite area occupied by
researchers. This area attracted large numbers of squirrels during all daylight hours and probably
affected transect counts near the camp. Two of the sites, Elkhorn 4 and 5, were in open shrubless areas
where squirrels could be sighted at long distances relative to al other aress. These points are the two
points conspicuously above the re%r onlinein Figures4 and 5. In order to use transects as a density
Index for such a habitat, it would be desrable to conduct further studies to develop a separate equation
for open habitats. In particular, mark-release studies in open habitats with lower densities are needed.
Alternatively, transect counts in open habitats could be conducted by using a strip census approach,
with the width of the strip gpproximating the visibility distance for scrub habitats. This would require
additional experience and practice on the part of observers.

Habitat and Microhabitat Use

The highest densities of antelope squirrels were obtained in two habitet types. open Ephedra
scrub with fairly large, widely spaced shrubs (e.g. Elkhorn 1, Table 7), and open shrubless grassy
habitats concurrently occupied by kangaroo rats. The high density of antelope squirrels in open habitat
was not expected, as shrubs have been thought to be critical for therma cover (Heller and Henderson
1976), and our own observations suggested that antelope squirrels center their activities around shrubs
when available. In habitats with shrubs, we frequently observed squirrels at the base of shrubs, sitting
in shade, eating or interacting with one another. The majority of burrows appear to be located a the
base of shrubs in these habitats. The base of shrubs often has a denser cover of grass and herbs, and
appears to provide more feeding opportunities. However, our density estimates suggest that shrub
cover is not necessary to support populaions of antelope squirrels, and therefore burrow systems can
provide sufficient cover.

Another way to measure the importance of shrub cover is to examine the capture frequency a
trgp Sites in the open as opposed to that of traps at the base of shrubs. Such results are subject to
vaying interpretations, since traps themselves provide visible shelter and can bias microhabitat use
patterns. Nonetheless, we tested for differencesin capture freguenc at study plots which had trap sites
In both situations (traps a Elkhorn 3 and Panoche Hills were al under shrubs, traps a Elkhorn 4 and 5
were al in the open). No difference was found for Elkhorn 1, 1989 (X° = .84), Elkhorn 2, 1989 (X*
= 3.06), and the Paine Preserve, 1988 (X* = .65). In 1988,2there was a dight but significantly higher
proportion of captures near shrubs at the Elkhorn 1 site (X* = 4.06, p <.05).

A number of additional questions are raised by these results. It may be that squirrelsin our open
dudy plots were immigrants from nearby shrubby areas, and that these open areas are Smply dispersa
sinks. The presence of juveniles in a%parent family groupings and the presence of adults in these open
habitats suggests that these sites had breeding populations. The extent to which the presence of
antelope squirrels in such open habitats depends on the presence of other smal mammals is an
interesting question worthy of further investigation. Alt ou?h systematic surveys were not conducted
with this question in mind, dense populations in open shrubless habitats on the Elkhorn Plain were only
observed where kangaroo rat activity was evident, and our two study grids in open habitat had much
evidence of Giant Kangaroo Rat burrow systems. QOur results suggest that antelope squirrels might
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Figure 4. Relationship between population density of San Joaquin Antelope Squirrelsin 1988 and
1989 and transect counts, expressed as antelope squirrels counted per kilometer of transect. For
the equation shown, r* = .86. Population density is the Model M, estimate divided by the study
plot area plus the area of a boundary strip. The locations of study grids are given in Table 1, the
population densities in Table 4, and the transect counts in Table 6.
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Figure 5. Relationship between population density of San Joaquin Antelope Squirrelsin 1988 and
1989 and transect counts, expressed as antelope squirrels counted per kilometer of transect. For
the equation shown, r* = .66. Population density is the Schnabel estimate divided by the study
plot area plus the area of a boundary strip. The locations of study grids are given in Table 1, the
population dengties in Table 4, and the transect counts in Table 6.
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have been common iréOFerenniaI bunchgrass habitets without shrubs in the “pristing’ Central Valley. It
has aso been suggested that topographic discontinuities, such as road cuts and gullys might provide
aternative sources of thermal cover and opportunities for digging and burrow construction. Captures
in our open study areas were not clustered around gullys, dope discontinuities or road cuts, though all
were available in a least one of the sites. This does not preclude their use in other habitats, such as
those where no kangaroo rets are present, and in fact antelope squirrels were seen along roadcuts and
under water tanks in heavily grazed, barren habitats without kangaroo rat burrow systems south of our
gtes on the Elkhorn Plain.

Early studies of Sen Joaguin Antelope Squirrel habitat use (Grinnell and Dixon 1918,
Hawbecker 1951, 1953, Williams 1981) pointed out that antelope squirrels tended to be found on flat to
gently doping terrain. Our experience during surveys and study site selection did not contradict these
early observations. No preference for flatter areas over gentle dopes was detected within the range of
dopes encountered a our study plots (dopes of 0-20 degrees). Most of the area of the plots, however,
was gently doping terrain within a range of 2-12 degrees. Steeper, rougher terrain east of the Elkhorn
study plots did not appear to support many antelope squirrels. The extremely steep, highly eroded
dopes surrounding the Panoche 5 study grid did not support antelope squirrels.

Valley floor stes (Paine Preserve and Semitropic Ridge) were more smilar to each other in their
overd| character than to upland sites. Valley floor sites included flooded aress, as indiceted b
extensve low-lying regions with cracked mud and had a shrub cover of Atriplex spinifera and Sueda
fruticosa (Table 7). Few antelope squirrels were found in the potentially flooded microhabitat, even in
close proximity to raised mounds and levees. No antelope squirrels were seen or in nearby habitats
dominated by Allenrolfea occidentalis, an indicator of very sdine soils. At the Paine Preserve, the vast
magority of captures and sghtings were on rased mounds or roadsde Stes elevated above these
periodically flooded microhabitats (X* = 7.71, p < .01). These results indicate that much of the
Atriplex /Sueda/Allenrolfea scrub habitat remaining in the floor of the Central Velley may be unsuitable
hab_itzét_ f01[I pe&manent occupation by antelope squirrels, since much of such habitat shows evidence of
periodic flooding.

Interactions with Cdifornia Ground Sauirrels

Though not an objective of this study, we were presented with an opportunity to observe
interactions between antel ope squirrels and California Ground Squirrels (Soermophilus beecheyi). It
has been suggested that the larger, aggressive Caifornia Ground Squirrel mlgk?t exclude antelope
squirrels from suitable habitat (Taylor 1916). This could be an important problem for antelope
squirrels, given the propensity for Cdifornia Ground Squirrels to occupy habitats disturbed by human
activities.

On June 3, 1989, a juvenile Cdifornia Ground Squirrel was observed in our camp on the
California Department of Fish and Game Elkhorn Plain Ecological Reserve, near study grid Elkhorn 2.
Subsequently, another juvenile was observed in the vicinity and a third was captured south of the camp
on the Elkhorn 1 study plot. These animals may have dispersed from populations located on steeper
dopes east of the study region (Williams, pers. comm.). |n subseguent weeks, the squirrel in camp
was observed frequently. This anima occupied a burrow system within the camp area which had been
occupied by a Giant Kan%aroo Rat and by San Joaguin Antelope Squirrels. Both of these species were
observed being displaced by Cdifornia Ground Squirrels, that is, they moved away &t the approach of
the larger animal. Within a day of the occupation of this burrow, the Cdifornia Ground Squirrel began
to enlarge the burrow entrances. Later, it was seen to collect dry grass from the base of the shrubs at
the burrow entrance and carry this material into the burrow system, presumably building a nest chamber
underground. Antelope squirrels which had been using the area returned, dug up caches, and
transported the material to other locations. In the meantime, the Caifornia Ground Squirrel located and
pilfered some of this cached materia. Antelope squirrels sometimes approached and sniffed the larger
ground squirrel, but very little fighting or aggressive activity was observed. The typical behavior was a
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Table 7. Densities of shrubs (number per 100 m?) at selected grids at which San Joaquin Antelope
Squirrels were live-trapped. Shrub counts were conducted in 1988 using the point-centered quarter
method (Cottam et d., 1953). Locations of grids are given in Table 1.

Shrub Species
Ephedra californica
Atriplex lentiformis
Juniper-us califomica
Eriogonum sp.
Eastwoodia elegans
Sueda fruticosa
Lycium andersonii
Other

TOTAL

Elkhorn 1
142.0

94
119

4.3
2.6
170.0

Elkhorn 3

429.8

283.0
293.5

41.9
1,048.2
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Paine Preserve 1

119.1

134.3

253.5

Panoche Hills 5
64.3

1.0

0.7

0.3
66.3



simple displacement by the larger California Ground Squirrel. By mid-July, both species were seen
feeding in close proximity and lying side by Sde in the shade of vehicles parked a the campste. The
end result of this isolated incident seemed to be a spatia displacement from the burrow system followed
by coexistence of the species without conflict. It is unlikely that the antelope squirrels, with their
relatively large ranges, were adversely affected by thisincident. However, the displaced Giant
Kangaroo Ra, with its much smaler home range and extensive food caches, may have been severdly
affected. A second California Ground Squirrel was also observed within the reserve boundary. The
Stuation with regard to Cdifornia Ground Squirrels on the Elkhorn Plain Ecological Reserve obvioudy
deserves to be followed closdly in the future.

Populations of California Ground Squirrels were also observed on Nature Conservancy and
private lands on and near the Paine Preserve. At the Paine Preserve itself, asmall number of these
uirrels occupied burrow systems along the roadside. Nearby, alarger colony was seenin an area
where a single antelope squirrel was observed. For a very smal antelope squirrel population occupying
fra%mmted habitat, burrow displacement by California Ground Squirrels could be a highly significant
problem. The areas occupied by antelope squirrels in the Paine Preserve area are limited in extent and
are surrounded by agriculturd fields and periodically flooded akali flats. The agricultura fields were
used by California Ground Squirrels for feeding, and these ground squirrels were frequently seen
rushing from the fields to their burrow systems. In isolated habitat fragments such as those on the
Paine Preserve, a smal colony of San Joaguin Antelope Squirrels could smply be displaced out of
existence bP/ Cdlifornia Ground Squirrels. The population Szes for antelope squirrels are such that loss
of even a few individuds to displacement by a colony of Cdifornia Ground Squirrels might be critical.

Home Range and Movements

We equipped 19 San Joaguin Antelope Squirrels with redio transmitter collars. The collared
squirrels included six juvenile females, five juvenile maes, five adult femaes and three adult males. Of
this group, four (al juvenile females) disappeared or logt their collars after having been located three or
fewer times. These were excluded from further analysis. The home ranges and number of locations
for radio-collared antelope squirrels are given in Table 8. Figures 6-8 show the minimum convex
polygon home ranges of radio-collared antelope squirrels with five or more locations. Table 9 gives the
home range sizes of antelope squirrels based on live-trapping alone at Elkhorn sites 1,2,4 and 5. These
were based on smaler numbers of locations on average, but there was some overlgp in sample size
between the two methods.

The two methods used for estimating the size of an antelope squirre’s home range were the
minimum convex polygon (corrected for sample size bias) and 95% ellipse. The estimates for home
range of the San Joaquin Antelope Squirrel were 10.8 and 14.4 hectares, respectively. These ranges
were over twice the Size reported by Hawbecker (1958) of 4.46 hectares. They are aso larger than our
estimates based on trapping results only (see Tables 8 and 9), which compare closdly to Hawbecker's
estimate. Hawbecker’ s figure was derived on minimum convex polygon estimates, probably
uncorrected for sample sizes. Unfortunately he did not give sample Sizes for each antelope squirrel, but
it is likely that sample Sze corrections would have led to a higher estimate. Our telemetry-based
estimates were on the high end of the range of home range sizes reported for White-tailed Antelope
Squirrels). This species home range was reported to range from 1.4 to 9.4 hectares (Allred and Beck
1963, Bradley 1967) with an average in one study of 6.7 hectares (Allred and Beck 1963).
Radiotelemetrg usually results in larger estimates and better detection of exploratory movements
tha%r_wward 1987), since the investigator can follow an anima out of a trapping grid into surrounding

aoitat.

Adult males had larger ranges (9.01 (MCP) or 13.32 (95% dllipse) hectares) than adult femaes
(6.03 or 7.62 hectares), atypical pattern for most ground squirrels and chipmunks (Holekamp 1984).
In ground-dwelling sciurids, females occupy a smaler area around the burrow system, while maes
tend to wander more widely, especialy when searching for mates. Juveniles (Figure 8) had the largest
home ranges (14.99 or 19.72 hectares), and some individuas had ranges severa times greater than the
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Table 8. Home ranges of San Joaguin Antelope Squirrels based on radio telemetry and mark-release
trapping at Elkhorn grid 1 during the 1989 field season (location givenin Table 1). Areas given arein
hectares. Several home range estimates are given, with the following abbreviations: MCP = minimum
convex polygon, MCPcor = minimum convex polygon corrected for sample size bias, 95% ellipse =
95% confidence ellipse. Ages are adult (A) or juvenile (J), sex ismale (M) or female (F), and number
of locationsis N. Mean home range sizes + one standard deviation are given for adult males, adult
femades and juveniles.

Animal  Age  Sex N MCP M CPcor 95% Ellipse
M A M 27 2.87 5.33 7.11

A A M 6 1.36 7.95 15.76

H A M 24 6.95 13.76 17.10

Meen A M 3 373+289 901431 13.32 £ 542
K A F 15 2.07 531 5.36

P A F 22 2.64 5.49 6.87

-J A F 21 4.74 10.13 13.10

.G A F 7 0.83 421 6.09

L A F 8 1.16 5.02 6.67

Mean A F 5 229+ 155 6.03+2.34 7.62+3.12
w J F 13 0.84 2.43 329

‘R J F 12 4.07 12.52 19.50

.Q J M 11 0.74 2.45 2.53

-E J M 11 3.16 10.50 14.60

‘W J M 10 4.72 16.62 30.00

«R J M 11 16.10 53.49 59.40

S J M 12 2.26 6.95 8.70

Mean ] l 7 456+531 1499+ 1775 19.72 + 19.97
Mean dl dl 15 363+388 1081+ 1253 1441 + 1445
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Figure 6. Minimum convex polygon home ranges of adult female San Joaquin Antelope Squirrels
at the Elkhorn 1 study site. The outlined square is the boundary of the live-trapping grid. All dots
are 40 meters apart, and dots on or in the study grid represent trap sites. Circles représent
locations based on radio tracking or live trapping. Minimum convex polygon home range sizes are
given in Table 8.
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Figure 7. Minimum convex polygon home ranges of adult male San Joaguin Antelope Squirrels at
the Elkhorn 1 study site. The outlined square is the boundary of the live-trapping grid. All dots
are 40 meters apart, and dots on or in the study grid represent trap sites. Circles represent
locations based on radio tracking or live trapping. Minimum convex polygon home range sizes are
given in Table 8.
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Figure 8. Minimum convex polygon home ranges of juvenile San Joaguin Antelope Squirres a
the Elkhorn 1 study site. The outlined square is the boundary of the live-trapping grid. All dots
are 40 meters apart, and dots on or in the study grid represent trap sites. Circles represent

locations based on radio tracking or live trapping. Minimum convex polygon home range sizes are
given in Table 8.
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Table 9. Home range estimates based on live-trapping data from four Stes on the Elkhorn Plain.
Animals included arc those trapped on Elkhorn grids number 1,24, and 5 (see Teble 1 for lega
description of locations) for which there were 5 or more trap locetions and for which there were
enough distinct trap locations to caculate a home range using the minimum convex polygon (MCP)
or 95% ellipse models. The minimum convex poli/gon ranges arc aso given with a correction for
sample size bias (MCPcor, Jennrich and Turner 1969). Home ranges are given in hectares. The
sex and age (adult or juvenile) are given as well as the number of trap locetions (N). Mean home
range Szes + one standard deviaion are given for each study grid.

Animal Grid Sex  Age N MCP M CPcor 95% Ellipse
A 1 M Ad 5 72 5.33 11.51
C 1 F Juv 7 40 2.04 3.61
G 1 F Ad 5 24 178 4.68
| 1 F Juv 6 32 1.87 3.69
Mean 1 All Al 4 A2+21 276+ 172 5.87 + 3.79
9 2 F Ad 7 66 3.37 5.51
10 2 M Juv 7 25 1.28 2.66
11 2 F Juv 6 13 13 2.25
13 2 F Juv 9 50 1.95 3.34
18 2 M Juv 5 63 4.63 12.26
21 2 M Juv 5 .03 23 73
Mean 2 All Al 6 37+.27 203 +168 4.46 + 4.13
2 4 M Juv 7 48 2.45 5.08
4 4 F Juv 5 16 1.19 3.04
5 4 F Juv 10 56 1.97 3.34
6 4 M Juv 5 48 3.56 10.68
9 4 F Juv 7 56 2.86 5.54
12 4 F Ad 10 32 113 2.03
14 4 M Juv 11 40 1.33 2.21
15 4 M Juv 6 32 1.87 4.83
18 4 F Juv 6 ) 1.87 3.86
21 4 F Juv 5 24 178 4.80
27 4 F Juv 7 .08 41 1.04
33 4 M Juv 7 56 2.86 5.08
35 4 M Juv 5 48 3.56 9.36
42 4 M 7 32 1.63 2.77
53 4 F Ad 5 .08 59 2.15
Mean 4 All Al 15 36+.17 194+097 439+ 2.66
1 5 F Ad 7 56 2.86 4.97
4 5 M Juv 5 32 2.37 8.59
13 5 M Juv 7 48 2.45 421
21 5 M Juv 7 1.12 5.71 9.40
38 5 M Juv 6 16 94 1.80
45 5 M Ad 8 40 1.73 2.56
46 5 F Juv 6 24 1.40 3.12
Mean 5 All Al 7 A7+.32 249+ 157 4.95+ 2.96

w
N

Overdl Mean 39+.22 218+1.32 471 + 3.05
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overall average. For example, juveniles W and DDR had 95% ellipse home ranges which were larger
than the live-trapping grid on which they were captured (Table 8). Differences een age/sex classes
were not significant, probably due to small sample sizes. An ANOVA of age sex classes reveded no
sgnificant differences between adult males, adult femaes and juveniles for minimum convex polygon
(F=0.46, p=0.64, df = 2) or 95 percent ellipse (F = 1.04, p = 0.38, df = 2) home ranges.

Juvenile home ranges were more rectangular than those of adults (Figures 6-8); this resulted
from the use of digunct activity areas by severd juveniles, particularly those with very large home
ranges. Some juveniles had home ranges with alongest dimension approaching 500 m. Individuals
occasionally were observed a opposite ends of their large ranges on consecutive days. Movements of
individuals over distances of 100 meters while being observed were commonplace. These observations
suggest exploratory movements away from the home burrow system, a pre-dispersd pattern reported
for Belding Ground Squirrels, Sheldingi (Holekamp 1984). Antelope squirrel juveniles may move
hundreds of meters in the course of pre-dispersal exploration, and it Is likely that their find dispersal
distance could be even longer. Antelope squirrels therefore should recolonize suitable habitet rapidly if
source populations are available.

_ Hawbecker (1958) estimated dispersal distances for the few squirrels which he captured as
juveniles, then recaptured in alater year. He found that of 18 young males, 14 were found on the same
5 hectare plot a the end of one year, but the maximum movement distances were 1281 meters for a
young male and 915 meters for an adult female. The movement distances and large home ranges on our
study area suggest that dispersal behavior might be different than that observed by Hawbecker. The
dudies are not strictly comparable, however, E)ecause of the difference in methods (trapping versus
telemetry) and length of study period.

There was no indication of differences in home ranges based on Iivetraﬁping data between the
ogen habitats (Elkhorn plots 4,5) and those dominated by Ephedra scrub (Elkhorn plots 1,2). An
ANOVA of between-site differences revedled no significant differences between sites for minimum
convex O’ooly on (F=0.417, p= 0.742, df = 3) or 95 percent ellipse home ranges (F = 0.259, p =
0.854, df = 3). There were insufficient numbers of frequently trapped animals to test for differences
between age/sex classes a each of these Sites.

Conclusons and Management Recommendations

We found that populations of San Joaquin Antelope Squirrels are isolated and have a low density
on the floor of the San Joaquin Valey and in the northern part of the range, reinforcing the conclusions
of Williams (198 1). Attempts should be made to acquire or protect additional lands in the northern part
of the range of this species and on the valley floor. Reintroduction is a stretegy for recovery of the
species which would be worth attempt'géq in areas of suitable habitat which do not currently support
San Joaguin Antelope Squirrels. Reintroduction would be most valuable in the northern part of the
species’ range, where possible relocation sites might include the Little Panoche Wildlife Area and BLM
lands in the Kettleman Hills and Panoche Hills. The Carrizo Plain macro-preserve is an ided ste for
observing natural recolonization and for experimenting with reintroduction methods. Artificia burrow
systems, such as those used for Giant Kangaroo Rat reintroductions (Williams, pers. comm.) would
probably aso be useful for San Joaguin Antelope Squirrel reintroductions.

Densities of antelope squirrels in the best remaining habitats of the southwestern portion of the
range are within the limits reported for good habitat historically, athough most sites are in the low end
of this range: 2-5 squirrels per hectare compared to a range of 4-11 suggested by Grinnell and Dixon
(1918) for prime habitat. Exceptional sites may have higher dendtiesbut most of the area of suitable
habitat within the current range of the species probably has densities lower than 1 antelope squirrel per
hectare. Sites in the Centrdl Valley are likely to have densities lower than 3 antelope squirrels per
hectare, as illustrated by our Peine Preserve Ste, considered to be one of the better sites for this species
on the floor of the valley. Poor habitat quaity and habitat fragmentation are sgnificant factors
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threatening the long-term persistance of this species on the valey floor. Dengties at the Panoche Hills
gte were very low, a most about 1 antelope squirrel per hectare, and this isolated population may dso
be at risk in the long run.

Our largest study plots (Elkhorn 1,4 and 5 at 13 hectares each) and one of the smaller plots
(Elkhorn 2 a 5.6 hectares) obtained a sufficient number of captures to obtain a reasonable estimate of
abundance. Most of the smaller plots, however, were not large enough to obtain sufficient captures.
Therefore we recommend that study grids of 13 hectares be considered a minimum. For very small,
isolated populations, such as that at the Paine Preserve, it may not be possible to establish a large
enough study grid; the populations may be too small to carry out population analyses. However, it may
be possble to capture most antelope squirrels on these smal plots. Comparison of the total number of
animals marked for Elkhorn 3 in 1988 and 1989, Panoche 5 in 1989 and Paine 1 in 1988 (Table 3) with
the estimated abundances for these plots (Table 4) reveals a close correspondence suggesting that most
of the resdent animals had been captured.

~_During a trapping period of severa days, lumping captures within days for purposes of analysis
sgnificantly reduces variation due to time, individua differences in ease of trapping and behaviora
responses to trgpping, making a large improvement in the reliability of population estimates. Lumping
captures within days is also necessary in order to achieve a minimally acceptable average capture
probability (White et al. 1982 suggested that a probability of capture of a least 0.30 is minimal for
relisble population estimates). Schnabel estimates are preferable to Lincoln-Peterson estimates,
especiadly where samples are very small, because the Schnabel estimate is less likely to produce an
unreasonably high population estimate when recapture rates are small (Krebs 1989). Even with large
numbers of widely spaced traps, antelope squirrel dengties are smal enough that it will be difficult to
obtain good density measures for most populations.

Transect counts are better than point-centered counts as a census technique when intensive
mark-recapture efforts are not prectical. Transect counts are linearly related to density measures. The
following recommendations should be considered:

1. Transect censuses should be conducted within consistent times of day and year. Transect
counts conducted during morning hours in late spring and early summer would be
comparable to our results. _ _

2. Obsarvers must be careful to travel dong a Straight transect line, and to move a a constant
rate of speed on all transect counts. _ _ _

3. Attempts to refine transect censusing methods should experiment with a strip census
method to reduce differences between habitats differing ]qreatly in vishility.

4. Separate validation studies with mark-release trapping will be necessary for habitat types
which differ greatly in amount of cover. Attention must be given to specid habitat
features (roadsides, gullies, campsites) which may affect transect counts.

5. Observer variability 1sasignificant source of variability. Any effort expended in training or
comparing observers on the same plots is worthwhile, and the number of different
observers performing counts during a study should be limited.

Home ranges of antelope squirrels are larger than those previoudy reported for this species; adult
antelope squirrels probably use an area of 10-14 hectares of habitat. Our minimum convex polygon
estimated home range sizes are smilar to Hawbecker's (1958) edtimate of 4.46 hectares, but correcting
these for sample size bias gives a larger result, as does the 95 ﬁercent ellipse method. Age/sex classes
do not differ satistically in home range size, but juveniles had the largest home ranges and made more
lengthy movements within their home range, probably correlated with exploratory pre-dispersa
movements. Such movements could be significant in expansion of squirrelsinto newly restored or
protected habitat.

The relations of San Joaquin antelope squirrels to other small mammal species deserve further
study. Populations of Giant Kangaroo Rats may promote antelope squirrel habitat occupancy,
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especialy in open habitats. Reintroductions a sites with and without kangaroo rats would be a veluable
experiment. California Ground Squirrels may negatively affect Sen Joaguin Antelope Squirrels and
Giant Kangaroo Rats by displacing them from burrow systems and seed caches. The effects of the
California Ground Squirrel on small, fragmented popul ations should be investigated. A removal
experiment might shed light on this relationship.

In summary, the status of the San Joaguin Antelope Squirrel in the northern portions of its range
and on the floor of the San Joaquin Valey is a matter of critical concern. Remaining populations are
very smdl and isolated, thus they may be su?ject to extinction due to population fluctuations due to a
variety of causes, and they are vulnerable to factors which might be less severe in a Iarger,poPuIanon.
Extant populations on the valley floor may be &t risk due to the continued expansion of agricultural
cultivation in this re%ion. If the northern and valley floor populations of Sen Joa(?uin Antelope
Squirrels were to be logt, there could be long term consequences due to the loss of genetic variation, a
prospect which is impossible to evaluate at this point in time. Acquisition and protection of lands with
extant populations of anteloae squirrels in the Panoche and Kettleman Hills and on the San Joaguin
Vadley floor should be the highest priority for this species. Reintroductions of antelope squirrels could
be attempted in selected sites and if successful would be a significant step toward ensuring the recovery
and long term surviva of the species.

The core of the rernainierg? range of antelope squirrels contains populations with dengties in the
lower end of the range reported historicaly. The most extensive area of occupancy is the southwestern
pat of the species range. The establishment of the Carrizo Plain Naturd Heritage Reserve o
(administered jointly by the Bureau of Land Management, The Nature Conservancy, and the Cdifornia
Department of Fish and Game) may be important to the conservation of this Threstened species in the
future. Reintroduction of antelope squirrels to restored lands on the Carrizo Plain may prove to be an
important recovery strategy for the species.
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