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STATEMENT OF JOURNAL INTENT

Western Wildlife is the revised journal of the Trans-
actions of the Western Section of The Wildlife Society.
It was formed to provide a more immediate outlet for
wildlife studies than was possible by publishing the
traditional paper Transactions. Western Wildlife is an
open-access, peer-reviewed journal that publishes origi-
nal research, reviews, perspectives, and correspondence
on the ecology, natural history, management, and con-
servation biology of animals. All taxa will be consid-
ered, although species or groups other than vertebrates
must be of interest to a wildlife audience. The editor
will decide which topics will be considered. Geographic
coverage is western North America (to Hawaii). Studies
outside this general area will be considered on a case by
case basis. The journal will continue to cover traditional
wildlife species and management topics related to these
species, but the coverage is broadened to reflect the need
for information on species and topics that are affected by
human growth and development. The journal also will

publish basic biology of species if the data are robust and
soundly collected. Papers on new techniques and meth-
ods are welcome. Surveys and population monitoring
data are within the scope of the journal, especially if the
groups studied are of conservation concern.

Papers accepted for publication will be converted to
Portable Document Format (PDF) files and uploaded to
the web site of the journal within days of acceptance. At
the end of each year, we will produce a PDF that includes
all papers published in a calendar year, as well as news
of the Society. Western Wildlife is the official journal of
the Western Section of The Wildlife Society, and we hope
this re-imagined journal fulfills the needs and desires of
wildlife biologists in western North American.

David J. Germano, Editor
Brian L. Cypher, Associate Editor
Howard O. Clark, Jr., Production Manager
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SEASONAL SPATIAL PATTERNS OF TwO SYmMPATRIC FROGS:
CALIFORNIA RED-LEGGED FROG AND AMERICAN BULLFROG

Davip G. Cook! AND ANDREA F. CURRYLOW?

!Environmental Resources, Sonoma County Water Agency, 404 Aviation Boulevard, Santa Rosa, California 95403, USA,
e-mail: dcook@scwa.ca.gov
’Purdue University, Department of Forestry and Natural Resources,715 W. State Street,
West Lafayette, Indiana 47907, USA

Abstract.—The introduced American Bullfrog (Lithobates catesbeianus) has been implicated in the decline of native am-
phibians. Bullfrogs have become widespread in California and are a threat to the native California Red-legged Frog (Rana
draytonii). The two species are ecologically similar, and the bullfrog is a predator to the red-legged frog that may influence its
habitat use patterns. We analyzed the spatial and temporal locations and body sizes of both frog species within a large, fish-
less seasonal marsh during 1996. Overall, California Red-legged frogs and American Bullfrogs showed similar spatial dis-
tributions; however, seasonal changes were observed. California Red-legged Frogs increased their mean distances between
conspecifics in the marsh seasonally from winter through summer while frog numbers decreased. In contrast, bullfrogs
showed the opposite pattern where mean distances between conspecifics decreased over time, but the abundance of bullfrogs
increased from winter through summer. During each season the mean distances between red-legged frogs and bullfrogs was
greater compared to distances to their respective conspecifics, except for spring when bullfrog conspecifics were slightly
more distant than red-legged to bullfrog distances. American Bullfrogs were significantly larger than California Red-legged
Frogs at our site. Our findings suggest that frog abundance, which is strongly influenced by breeding behavior, changing
habitats, and possibly predation risk of red-legged frogs by bullfrogs are the dominant factors driving the spatial patterns
observation at Ledson Marsh. Also, once winter breeding was completed, California Red-legged Frogs seemed to avoid pre-

dation by American Bullfrogs by spatial separation within the marsh or by leaving the marsh altogether.

Key Words.—amphibians; distribution; Lithobates catesbeianus; predator avoidance; Rana draytonii; size

INTRODUCTION

Unlike most birds and reptiles, ecologically similar
species of amphibians have been found to overlap spa-
tially more often than expected at random (Hofer et al.
2004). This spatial overlap is likely due to limited re-
sources such as breeding ponds (following the resource
tracking hypothesis), suggesting that resource effects
override direct interspecific competition or predation
(Hofer et al. 2004). However, ecologically similar spe-
cies should spatially partition the use of these resources
at a microhabitat scale if predation, in fact, influences
amphibian assemblages (Sredl and Collins 1992).

The American Bullfrog (Lithobates catesbeianus
[=Rana catesbeianal) is native to eastern North America
and are among the largest amphibians on the continent
(Bury and Whelan 1984). Adult bullfrogs are a gape-lim-
ited, sit-and-wait predator that can take relatively large
prey (Bury and Whelan 1984). Within their native range,
bullfrogs play an important role in structuring amphibian
assemblages through intraspecific predation and compe-
tition (Werner 1994; Hecnar and M’Closkey 1997).

In its introduced range, the American Bullfrog has
been implicated in the decline and extirpation of many
native ranid frogs (Licht 1974; Nussbaum et al. 1983;
Hayes and Jennings 1986; Kiesecker and Blaustein 1997;
Kupferberg 1997; Rosen and Schwalbe 2002) and is an
invasive species in the western United States (Meshaka
2005). In California, American Bullfrogs were first in-

troduced in 1896 (Jennings and Hayes 1985) and now
occur throughout the state except in desert and alpine
areas. American Bullfrogs are known to prey on a vari-
ety of native aquatic and terrestrial vertebrate species in
their introduced range (Bury and Whelan 1984; Wu et al.
2005; Govindarajulu et al. 2006), including the Califor-
nia Red-legged Frog (Rana draytonii) federally listed as
threatened (Moyle 1973; Cook and Jennings 2001; Cook
2002). The California Red-legged Frog and American
Bullfrog are ecologically similar. Both frog species are
highly aquatic and mainly nocturnal (Lannoo 2005; Steb-
bins 2003; Storer 1925; pers. obs.). Maintaining endan-
gered species populations where the invasive bullfrog is
established is challenging, but is imperative for conser-
vation efforts.

Seasonality of available habitat and animal activity
play important roles in spatio-temporal frog assemblages
(Kopp and Eterovick 2006) and may contribute to the
persistence of red-legged frogs despite the predatory ef-
fects of the larger bullfrogs (Adams et al. 2011). None-
theless, seasonal variation in activity of the California
Red-legged Frog (e.g. breeding phenology) along with
spatial distributions has not been assessed in the presence
of American Bullfrogs. Complex interactions between
pond breeding species are often difficult to discern, but
microcosm experiments have elucidated some of these
interactions (Luckinbill 1973; Morin 1986; Wilbur 1987;
Kiesecker et al. 1998; Hero et al. 2001). However, few
studies have examined this in a natural field setting. The
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study of American Bullfrogs and prey interactions has
been confounded by the presence of predatory fish and
habitat alteration (Adams 1999; Kiesecker et al. 2001).

Our study was undertaken at a large, fishless marsh
with stable wetland habitats. We analyzed body size and
the spatial and temporal patterns of American Bullfrogs
and California Red-legged Frogs to determine spatial
partitioning and how it may be attributable to physical
and biological factors, such as predation risk. Based on
the size and immobile feeding behavior of American
Bullfrogs, we predict that predation risk is related to rela-
tive abundances of both frog species and the proximity of
individual frogs.

METHODS

Study area.—Ledson Marsh is a seasonal wetland
encompassing approximately 11 ha when fully hydrated,
located in Annadel State Park, Sonoma County, Califor-
nia. It lies at an elevation of 476 m on a hilly plateau
surrounded by native grassland, oak woodland (Quercus
spp.), and Douglas-fir (Pseudotsuga menziesii) forest.
Ledson Marsh was created in 1930 by the construction of
a small earthen dam and has had established marsh veg-
etation for over half a century. Dominant plants include
California Bulrush (Scirpus californicus), Broad-leaved
Cattail (Typha latifolia), Spikerush (Eleocharis macro-
stachya), and Smartweed (Polygonum hydropiperoides).
During winter the marsh fills to a maximum depth of ap-
proximately 1.5 m. Water levels slowly recede during
spring and summer and the marsh is typically completely
dry in early fall, a pattern likely prevalent under natu-
ral conditions prior to widespread manipulation of Cali-
fornia’s hydrology during the past century. Red-legged
frog breeding occurs during winter whereas the bullfrog
breeding period is longer, occurring in spring and sum-
mer.

Data collection.—We collected field data in 1996
from winter until the marsh dried in the fall (17 Janu-
ary to 23 September). Surveys were performed at one to
four week intervals depending on frog activity. We con-
ducted nocturnal frog surveys with headlamps by walk-
ing through the marsh or by poling an inflatable boat. We
identified frogs to species in the water and we estimated
their sizes. When possible, we hand-captured frogs and
we recorded snout-vent length (SVL). We grouped all
frogs either observed in situ or captured into three size
categories based on SVL: small (50-100 mm), medium
(101-150 mm), and large (> 150 mm [American Bullfrog
only]). We classified season based on observed frog ac-
tivity patterns: winter (17 January to 10 March), spring
(11 March to 9 June), summer (10 June to 14 August),
and fall (15 August to 23 September). We recorded frog
and egg mass locations with a Trimble Navigation Ex-
plorer GPS. We rectified coordinates using a base station
resulting in GPS accuracy <2 m.

Data analysis.—To compare frog size data, we used
a Pearson’s chi-square test using the aforementioned size
categories for both species. We used the frog location
data to create point layers in ArcGIS Desktop 9 (version
9.3.1; ESRI 2009) then used Hawth’s Analysis Tools
(Beyer 2004) to calculate distance metrics from those
point layers. We measured Euclidian distances between
each individual frog and the nearest red-legged frog and
bullfrog for each survey visit. To detect differences in
Euclidian distances within groups by season and in inter-
and intra-specific mean distances over all seasons com-
bined, we used full factorial generalized linear mixed
models with unbounded variance components in JMP
(SAS 2008). We used survey visit, season, species pair,
and their interactions as fixed effects and randomized in-
dividuals nested in survey visit. Hence, we treated each
survey visit as an independent survey and we accounted
for repeated measures of any individual in the model.
We chose the more conservative method of a repeated-
measures technique here because we could not rule out
the possibility of re-recording the same individuals each
survey visit. To detect significant differences across ef-
fect levels, we used post-hoc Tukey-Kramer pairwise
comparisons or Student’s ¢-tests (for single comparisons)
where appropriate. For all tests, a = 0.05.

RESuLTS

Frog sizes.—During 22 sampling nights at Led-
son Marsh, we estimated the sizes of 202 California
Red-legged Frogs and 113 American Bullfrogs (Table
1). American Bullfrogs were significantly larger than
California Red-legged Frogs across all study seasons
(x*= 136.05, df = 131, P < 0.001). American Bullfrogs
were predominantly of adult size, with 54% > 150 mm
SVL. In comparison, California Red-legged Frogs were
composed entirely of small and medium-sized frogs.
The largest frog we recorded at Ledson Marsh was an
American Bullfrog at 210 mm SVL, whereas the larg-
est California Red-legged Frog we found was little more
than half this size at 135 mm SVL. In comparison, the
maximum reported size of an American Bullfrog size is
about 200 mm SVL (Bury and Whelan 1984) and 138
mm SVL for the California Red-legged Frog (Hayes and
Miyamoto 1984).

Seasonal frog patterns and habitat.—Overall, both
California Red-legged Frogs and American Bullfrogs
showed similar spatial distributions under changing sea-
sonal habitats at Ledson Marsh (Fig. 1). The exception
was during winter when the marsh was inundated and
California Red-legged Frogs were aggregated mainly in
two breeding areas along the southern edge of the marsh
where most eggs were deposited (Fig. 1-A). Although
fewer in number, American Bullfrogs were located pe-
ripherally around the marsh. Very few frogs of either spe-
cies were in the deep, open water at the interior of the
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Figure 1. Seasonal distribution of California Red-legged Frogs (Rana draytonii) and American Bullfrogs (Lithobates catesbeianus),
egg masses, breeding chorus’, and habitats at Ledson Marsh in Sonoma County, California, in 1996. During fall season most cattail and
bulrush contained wet soils and limited standing water. North is up and the maximum width of the marsh is 515 m.

marsh. American Bullfrogs began to breed in the spring
when the water level began to decrease. At this time both
frog species were distributed along the perimeter of the
marsh and some occupied the interior (Fig. 1-B). During
summer, the shoreline had substantially receded and both
frog species used the marsh interior (Fig. 1-C). During
fall most of the marsh was dry and the few active frogs of
either species were clustered in a small wetted area near
the dam (Fig. 1-D).

Spatial distribution and distances between indi-
vidual frogs.—Overall, the distances between frog con-
specifics were similar to the abundance of frogs observed
at the marsh, except during fall (Tables 2 and 3). Califor-
nia Red-legged Frogs increased their mean distances be-
tween conspecifics in the marsh seasonally from winter
through summer while frog numbers decreased. Also, the

wetted surface area of the marsh decreased during this
period. Only during fall, when the marsh was nearly dry
and red-legged frog abundance was low, did distances
between California Red-legged Frogs decrease from the
previous season. In contrast, American Bullfrogs showed
the opposite pattern where mean distances between
conspecifics decreased from winter through fall; how-
ever, the abundance of bullfrogs increased from winter
through summer.

The annual mean distances of American Bullfrogs
to conspecifics (X ,, = 59.8 m) was significantly less
compared to red-legged frog to bullfrog distances (X,
= 86.8 m; Fl’% =4.16, P = 0.044). Also, the California
Red-legged Frog to conspecific distances (X, = 26.9 m)
compared to red-legged frog to bullfrog distances (X
= 86.8 m) for all seasons was significantly different (F,
=46.23, P <0.001). This indicates that overall there was
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Table 1. Sample size (n) and sizes of California Red-legged Frogs
(Rana draytonii) and American Bullfrogs (Lithobates catesbeianus) at
Ledson Marsh in Sonoma County, California, in 1996. Size categories
are from captured and observed frogs recorded during evening surveys
from all seasons. The sizes of 22 Caifornia Red-legged Frogs and six
American Bullfrogs were not recorded during field surveys.

Size Category (SVL)

Species " Small Medium Large

(50-100 mm) (101-150 mm)  (>150 mm)
California
Red-legged 202 36.1% 63.9% 0%
Frog
American 3 9030 25.7% 54.0%
Bullfrog

Table 2. Season and number of surveys, number found, and abundanc-
es (frogs per survey) of California Red-legged Frogs (RLF; Rana dray-
tonii) and American Bullfrogs (BF; Lithobates catesbeianus) at Ledson
Marsh in Sonoma County, California, in 1996. Frogs were observed
during evening spotlight surveys.

Number Found Abundance
Season Surveys RLF BF RLF BF
Winter 5 78 13 15.6 2.6
Spring 9 91 60 10.1 6.7
Summer 5 38 41 7.6 8.2
Fall 3 17 5 5.7 1.7
All 22 224 119 10.2 5.4

Table 3. Mean, standard deviation (s), minimum (Min), and maxi-
mum (Max) of relative distances between California Red-legged Frogs
(Rana draytonii) and American Bullfrogs (Lithobates catesbeianus)
at Ledson Marsh in Sonoma County, California, in 1996. Frog group-
ings for red-legged frog (R) and bullfrog (B) are listed by season. Frog
groups within a season that share the same letter are not significantly
different (P > 0.05).

Mean (m) S Min Max

Winter

R:R 16.3a 25.5 2.47 155.0

R:B 176.9b 162.4 3.77 441.0

B:B 93.8b 138.4 6.67 329.0
Spring

R:R 33.9a 41.7 1.6 258.0

R:B 58.3b 56.0 2.0 258.0

B:B 61.9b 111.0 5.6 453.0
Summer

R:R 35.6a 31.2 2.2 110.0

R:B 57.9a 60.2 1.9 283.0

B:B 51.8a 57.0 2.9 248.0
Fall

R:R 18.2a 39.5 2.4 170.0

R:B 30.1ab 44.1 2.9 208.0

B:B 8.4b 6.5 2.7 14.0

more spatial separation between California Red-legged
Frogs and American Bullfrogs than to conspecifics of ei-
ther species at the marsh.

The distance patterns between California Red-legged
Frogs and American Bullfrogs differed during the four
seasons studied (Table 3). During each season the mean
distances between red-legged frogs and bullfrogs was
greater compared to distances to their respective conspe-
cifics, except for spring when American Bullfrog con-
specifics were slightly more distant then red-legged to
bullfrog distances. When comparing distances between
frog groups (R:R, R:B, and B:B) within each season, sig-
nificant differences were found between American Bull-
frog conspecifics (B:B) and red-legged frogs conspecif-
ics (R:R) during the winter, spring, and fall. Additionally,
the distances between red-legged frogs and bullfrogs
(R:B) were more distant than between red-legged frog
conspecifics (R:R) during all seasons, but was significant
only in winter and spring (Table 3).

DISSCUSSION

There are several physical and biological factors that
could be influencing spatial patterns of California Red-
legged Frogs and American Bullfrogs at Ledson Marsh.
Possible factors include competition, habitat and re-
source use, breeding and foraging behavior, and preda-
tion. Ecologically similar species, such as the California
Red-legged Frog and American Bullfrog, should show
spatial separation if one or more of these factors are
present (Toft 1985; Cook and Jennings 2007). Also, the
confounding indirect effects from predatory fish intro-
ductions or habitat alterations (Kiesecker and Blaustein
1997) are absent from Ledson Marsh, and therefore can
be eliminated from further consideration.

Although competition for food resources may influ-
ence the distribution of California Red-legged Frogs
and American Bullfrogs, it is unlikely that the high frog
densities and resource limits necessary for competition
to occur (Hayes and Jennings 1986) would be present
at Ledson Marsh because of the productive, eutrophic
marsh with an abundance of aquatic and semi-aquatic
prey (pers. obs.; also see Cook and Jennings 2007).

Cook and Jennings (2007) compared habitat uses of
California Red-legged Frogs and American Bullfrogs
at Ledson Marsh during 1996. Their study emphasized
the similarities of habitat use between frog species, but
there was more separation in habitat use during winter
than other seasons. We found a congruent spatial pattern
where both frog species were most spatially separated
during winter. However, this spatial separation between
frog species continued into spring and fall even though
their use of habitat overlapped (Cook and Jennings
2007). This suggests that habitat use cannot explain the
spatial patterns between frog species at Ledson Marsh.



Western Wildlife 1:1-7 « 2014

A possible explanation for the observed spatial pat-
terns could be breeding behavior of frogs that affects
their abundance and, in turn, the distances between frogs.
Both California Red-legged Frogs and American Bull-
frogs had their highest abundance and shortest conspecif-
ic distances during their respective breeding periods. The
exception was during fall when the marsh was nearly dry
and neither frog was breeding. Frogs clustered seasonally
at breeding sites and formed a ring of frogs around the
margins of the marsh that shrank with the receding shore-
line. This suggests that frogs were not randomly distrib-
uted and frog abundances alone cannot entirely explain
spatial patterns at Ledson Marsh.

Both American Bullfrogs and California Red-legged
Frogs are opportunistic, gape-limited predators with
similar diets (Lannoo 2005). Although breeding aggre-
gates of California Red-legged Frogs can explain winter
spatial patterns, the similar foraging behavior and habitat
overlap of both frog species coupled with the contrasting
spatial separation during spring and fall cannot entire-
ly explain the observed spatial pattern of these frogs at
Ledson Marsh during all seasons. Kiesecker et al. (2001)
showed that native frogs have the ability to chemically
detect American Bullfrogs and alter their habitat use and
foraging behavior to avoid predators. Our spatial analysis
suggests that California Red-legged Frogs may possess
such ability and respond similarly. We found potential
predation is lowest during the winter season when Amer-
ican Bullfrogs have the broadest spatial distribution and
low abundances. However, when American Bullfrogs in-
creased in numbers during the spring season, California
Red-legged Frogs appeared to avoid American Bullfrogs
by congregating with conspecifics, even though both frog
species used similar microhabitats (Cook and Jennings
2007) and California Red-legged Frog breeding aggrega-
tions had dispersed.

Although predation may be reciprocal between frog
species through ontogeny, size disparity suggests higher
predation on California Red-legged Frogs by American
Bullfrogs. Due to the seasonally fluctuating water lev-
els at Ledson Marsh, American Bullfrog reproduction is
minimal and most individuals apparently are adult im-
migrants (Cook and Jennings 2007; pers. obs.). Based on
the size structure of frogs at Ledson Marsh, it is reason-
able to conclude that California Red-legged Frogs of all
sizes are vulnerable to predation by the predominantly
large-sized American Bullfrog.

We conclude that frog abundance, which is strongly
influenced by breeding behavior, changing habitats, and
possibly predation risk of California Red-legged Frogs
by American Bullfrogs are the dominant factors driving
the spatial patterns observation at Ledson Marsh. Despite
the lack of replication that would be seen in a long-term
study over many years, the decrease we found in inter-
specific distances and corresponding decrease in Califor-
nia Red-legged Frogs abundances at the marsh suggests

that once winter breeding is completed, red-legged frogs
avoid predation from American Bullfrogs by distancing
themselves spatially or by leaving the marsh altogether.
Also, post-breeding California Red-legged Frogs that
remain at the marsh have a relatively high exposure to
American Bullfrog predation.

Acknowledgements.—We thank Marla Hastings for
supporting this research and Phillip Rosen, Mason Ryan,
and Nathan Lichti for critically reviewing earlier versions
of the manuscript. We also thank Tim Ziesmer for assis-
tance in the field. This research was conducted under the
auspices of the California Department of Parks and Rec-
reation, California Department of Fish and Wildlife (SC-
000514), U.S. Fish and Wildlife Service (TE816187),
and Sonoma State University Institutional Animal Care
and Use Committee Standards (2004-46).

LITERATURE CITED

Adams, M.J. 1999. Correlated factors in amphibian de-
cline: exotic species and habitat change in western
Washington. The Journal of Wildlife Management
63:1162-1171.

Adams, M.J., C.A. Pearl, S. Galvan, and B. McCreary.
2011. Non-native species impacts on pond occupancy
by an anuran. The Journal of Wildlife Management
75:30-35.

Beyer, H.L. 2004. Hawth’s Analysis Tools for ArcGIS.
Available from www.spatialecology.com/htools (Ac-
cessed 3 September 2012).

Bury, R.B., and J.A. Whelan. 1984. Ecology and Man-
agement of the Bullfrog. Department of the Interior.
US Fish and Wildlife Service, Resource Publication
155,Washington, D.C., USA.

Cook, D.G. 2002. Rana aurora draytonii (California
Red-legged Frog) predation. Herpetological Review
33:303.

Cook, D.G., and M.R. Jennings. 2001. Rana aurora
draytonii (California Red-legged Frog) predation.
Herpetological Review 32:182—-183.

Cook, D.G., and M.R. Jennings. 2007. Microhabitat use
of the California Red-legged Frog and introduced
Bullfrog in a seasonal marsh. Herpetologica 63:430—
440.

ESRI. 2009. ArcGIS Desktop 9. Environmental Systems
Research Institute, Inc. Redlands, California, USA.
Govindarajulu, P., W. Price, and B. Anholt. 2006. Intro-
duced Bullfrogs (Rana catesbeiana) in western Can-
ada: has their ecology diverged? Journal of Herpetol-

ogy 40:249-260.

Hayes, M.P., and M.R. Jennings. 1986. Decline of ranid
frog species in western North America: are Bullfrogs
(Rana catesbeiana) responsible? Journal of Herpetol-
ogy 20:490-509.

Hayes, M.P., and M.M. Miyamoto. 1984. Biochemical,
behavioral and body size differences between Rana



Cook and Currylow e Frog Spatial Patterns

aurora aurora and R. a. draytoni. Copeia 1984:1018—
1022.

Hecnar, S.J., and R.T. M’Closkey. 1997. Changes in
the composition of a ranid frog community follow-
ing Bullfrog extinction. American Midland Naturalist
137:145-150.

Hero, J., W. Magnusson, C. Rocha, and C. Catterall.
2001. Antipredator defenses influence the distribution
of amphibian prey species in the central Amazon Rain
Forest. Biotropica 33:131-141.

Hofer, U., L. Bersier, and D. Borcard. 2004. Relating
niche and spatial overlap at the community level.
Oikos 106:366-376.

Jennings, M., and M. Hayes. 1985. Pre-1900 overharvest
of California Red-legged Frogs (Rana aurora drayto-
nii): the inducement for Bullfrog (Rana catesbeiana)
introduction. Herpetologica 41:94-103.

Kiesecker, J.M., and A.R. Blaustein. 1997. Population
differences in responses of Red-legged Frogs (Rana
aurora) to introduced Bullfrogs. Ecology 78:1752—
1760.

Kiesecker, J.M., A.R. Blaustein, and C.L. Miller. 2001.
Potential mechanisms underlying the displacement
of native Red-legged Frogs by introduced Bullfrogs.
Ecology 82:1964-1970.

Kopp, K., and P. Eterovick. 2006. Factors influencing
spatial and temporal structure of frog assemblages at
ponds in southeastern Brazil. Journal of Natural His-
tory 40:1813-1830.

Kupferberg, S.J. 1997. Bullfrog (Rana catesbeiana) in-
vasion of a California river: the role of larval competi-
tion. Ecology 78:1736-1751.

Lannoo, M. 2005. Amphibian Declines: the Conserva-
tion Status of United States Species. University of
California Press, Berkeley, California, USA.

Licht, L.E. 1974. Survival of embryos, tadpoles, and
adults of the frogs Rana aurora aurora and Rana pre-
tiosa pretiosa sympatric in southwestern British Co-
lumbia. Canadian Journal of Zoology 52:613-627.

Luckinbill, L.S. 1973. Coexistence in laboratory popula-
tions of Paramecium aurelia and its predator Didini-
um nasutum. Ecology 54:1320-1327.

Meshaka Jr., W.E. 2005. Exotic species. Pp. 271-274 in
Amphibian Declines: the Conservation Status of Unit-

ed States Species. Lannoo, M.J. (Ed.). University of
California Press, Berkeley, California, USA.

Morin, P.J. 1986. Interactions between intraspecific com-
petition and predation in an amphibian predator-prey
system. Ecology 67:713-720.

Moyle, P. 1973. Effects of introduced Bullfrogs, Rana
catesbeiana, on the native frogs of the San Joaquin
Valley, California. Copeia 1973:18-22.

Nussbaum, R.A., E.D. Brodie, and R.M. Storm. 1983.
Amphibians and Reptiles of the Pacific Northwest.
University Press of Idaho, Moscow, Idaho.

Rosen, P.C., and C.R. Schwalbe, editors. 2002. Wide-
spread Effects of Introduced Species on Reptiles and
Amphibians in the Sonoran Desert Region. University
of Arizona Press and Arizona-Sonora Desert Museum,
Tucson, Arizona, USA.

SAS. 2008. JMP 8.0. SAS Institute Inc., Cary, North
Carolina, USA.

Sredl, M.J., and J.P. Collins. 1992. The interaction of pre-
dation, competition, and habitat complexity in struc-
turing an amphibian community. Copeia 1992:607—
614.

Stebbins, R.C. 2003. Western Reptiles and Amphibians.
Houghton Mifflin Company, New York, New York,
USA.

Storer, T.I. 1925. A Synopsis of the Amphibia of Califor-
nia. University of California Publications in Zoology.
27:1-342.

Toft, C.A. 1985. Resource partitioning in amphibians
and reptiles. Copeia 1985:1-21.

Veen, T., B. Sheldon, F. Weissing, M. Visser, A. Qvarn-
strom, and G. Satre. 2010. Temporal differences in
food abundance promote coexistence between two
congeneric passerines. Oecologia 162:873—-884.

Werner, E.E. 1994. Ontogenetic scaling of competitive
relations: size-dependent effects and responses in two
anuran larvae. Ecology 75:197-213.

Wilbur, H.M. 1987. Regulation of structure in complex
systems: experimental temporary pond communities.
Ecology 68:1437-1452.

Wu, Z., Y. Li, Y. Wang, and M. Adams. 2005. Diet of in-
troduced Bullfrogs (Rana catesbeiana): predation on
and diet overlap with native frogs on Daishan Island,
China. Journal of Herpetology 39:668—674.



Western Wildlife 1:1-7 « 2014

Davip G. Cook is a Wildlife Biologist interested in natural history,
population ecology, and conservation of endangered species. David re-
ceived a B.S. from California Polytechnic at San Luis Obispo in 1991
and an M.A. from Sonoma State University in 1997. His recent studies
include biotic and abiotic factors affecting the long-term coexistence
of the threatened California Red-legged Frog and introduced Ameri-
can Bullfrog, metapopulation dynamics and preserve viability of the
endangered California Tiger Salamander (Ambystoma californiense),
road mortality effects on California Tiger Salamander populations, Chi-
nook Salmon (Oncorhynchus tshawytscha) spawning distribution in the
Russian River basin, and Western Pond Turtle (Actinemys marmorata)
demography. (Photographed by Rich Stabler).

ANDREA F. CURRYLOW received her B.S. from the University of Califor-
nia at Davis in 2003. She worked as an Environmental Consultant, fo-
cusing on Mojave Desert Tortoises (Gopherus agassizii) before earning
her M.S. from Purdue University in 2011 studying the effects of timber
harvests on the ecology and behavior of Eastern Box Turtles (Zerra-
pene carolina). Andrea is currently a Ph.D. student at the University of
Southern California studying comparative ecophysiology of the Criti-
cally Endangered Ploughshare Tortoise (Astrochelys yniphora), Radi-
ated Tortoise (Astrochelys radiata), and Spider Tortoise (Pyxis arach-
noides) in Madagascar. (Photographed by Angelo Mandimbihasana).



Western Wildlife 1:8-11 « 2014
Submitted: 16 October 2013; Accepted: 4 March 2014

NOTES
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Abstract.—The Giant Kangaroo Rat (Dipodomys ingens) is a keystone species endemic to the San Joaquin Valley of Cali-
fornia and adjacent valleys, and is listed by both California and the federal government as Endangered. Little is known
regarding the occurrence of ectoparasites on Giant Kangaroo Rats. Previous work resulted in the identification of two flea
species (Hoplopsyllus anomalus and Meringis californicus) and ticks (Ixodes sp.) on Giant Kangaroo Rats on the Carrizo
Plain in San Luis Obispo County, California (Tabor et al. 1993). One additional flea species, Echidnophaga gallinacea, was
identified on Giant Kangaroo Rats during trapping efforts within the same geographical location.

Key Words.—California; Dipodomys ingens; endangered species; fleas; kangaroo rat; parasites

The Giant Kangaroo Rat (Dipodomys ingens) is a
keystone species endemic to the San Joaquin Valley of
California and adjacent valleys (Goldingay et al. 1997,
Schiffman 1997), and is listed by both California and the
federal government as Endangered (U.S. Fish and Wild-
life Service 1998). The primary causes of endangerment
are loss of habitat due to land conversion (urban develop-
ment and agriculture) and fragmentation by the develop-
ment of highway and water delivery infrastructures (U.S.
Fish and Wildlife Service 1998). Little is known regard-
ing the occurrence of ectoparasites on the Giant Kanga-
roo Rat. Previous work resulted in the identification of
two flea species (Hoplopsyllus anomalus and Meringis
californicus) and ticks (Ixodes spp.) on Giant Kangaroo
Rats on the Carrizo Plain, San Luis Obispo County,
California (Williams and Kilburn 1991; Williams 1992;
Tabor et al. 1993). Here we identify one additional flea
species occurring on the Giant Kangaroo Rat not previ-
ously reported.

From 27-28 October 2011, we established one trap-
ping grid on a private inholding within the Carrizo Plain
National Monument (T11N, R26W, Sec 1; elevation 670
m). We used Sherman live traps (7.5 x 9.5 x 30.5 cm;
H.B. Sherman Traps, Tallahassee, Florida) in a 10 x 10
grid with 10-m centers (100 total traps). We baited traps
with white proso millet and placed an unbleached paper
towel inside. We set traps shortly before sunset and
closed them 3—4 h later. All captured rodents were iden-
tified to species and we recorded mass, hind foot length,
sex, general health, age, and reproductive condition. To
permanently mark animals, we injected a passive inte-
grated transponder (PIT) tag under the dorsal surface be-
tween the shoulder blades. We collected fleas from Giant

Kangaroo Rats and placed them in a glass vial (6 x 60
mm) filled with 70% isopropyl alcohol. Following data
and flea collection, we released captured rodents at the
trap site. We identified fleas to species using field keys
(Hubbard 1947; Holland 1949; Campos 1971; Lewis
et al. 1988), mounted fleas on glass slides, and depos-
ited them at the Denver Museum of Nature & Science
(DMNS; 2001 Colorado Boulevard, Denver, Colorado
80205).

We captured 16 Giant Kangaroo Rats (three males; 13
females) and collected six fleas that we identified to three
species, one of which has not been previously reported as
occurring on Giant Kangaroo Rats: Echidnophaga gal-
linacea. Meringis californicus (n = 1; DMNS accession
number ZE.45276; Fig. 1) are commonly associated with
Dipodomys species (Ewing and Fox 1943) and Echid-
nophaga gallinacea (n =2; accession numbers ZE.45280
and ZE.45281; Fig. 2) are typically found on domestic
poultry and rodents (Koehler et al. 2009). Hoplopsy!-
lus anomalus (n = 3; accession numbers ZE.45277,
ZE.44278, and ZE.45279; Fig. 3) are commonly associ-
ated with sciurids, but on the Carrizo Plain, Giant Kan-
garoo Rats have largely filled the sciurid niche (Tabor et
al. 1993).

Tabor et al. (1993) collected 283 fleas from 67 Gi-
ant Kangaroo Rats, with an average of 4.34 fleas per
kangaroo rat. Of these 283 fleas, all were Hoplopsyllus
anomalus (92 males, 189 females, one unknown) except
for one male Meringis californicus. All fleas collected
in our study were female. Tabor et al. (1993) also had a
female-biased sampling, with two females collected for
every male. Females are larger than males and are typi-
cally able to survive longer than males (Krasnov 2008).
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Fleas and other parasites can potentially adversely
affect their host species (Clark et al. 2006). However,
from examining the Giant Kangaroo Rats with fleas dur-
ing our study, we did not observe unhealthy or weakened
kangaroo rats due to infestations. Fleas rarely numbered
more than two or three on any individual, with many
kangaroo rats not harboring fleas. Precinct excavation
work occurring on a nearby study site did not shown any
noticeable infestations of the burrow systems (Howard
Clark, unpubl. data). Low numbers of fleas may be a
function of the time of the year fleas were collected. For
example, E. gallinacea were primarily collected during
the spring in one study (Metzger 2000) where soil mois-
ture is relatively higher than in the fall when our study
occurred. Both E. gallinacea and H. anomalus are com-
monly associated with California ground squirrels (Oto-
spermophilus beecheyi) and although no ground squirrels
were within the immediate vicinity of our study grids,
the species occurs regionally and may facilitate parasite
exchange.

Occasionally, when a burrow or den system of a mam-
mal becomes infested, the host will abandon the burrow
or den (Kilgore 1969). Abandonment of precincts by
Giant Kangaroo Rats due to parasite infestations has not
been documented and it appears that flea loads on Giant
Kangaroo Rats is low to moderate at most. Our finding
of multiple species of fleas on Giant Kangaroo Rats at
one locality show that parasitic biodiversity can be high
and further research is needed to determine how Giant
Kangaroo Rats manage flea loads and what effects fleas
have on kangaroo rat populations, if any.
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When a large body of knowledge has been produced
on a group of closely related species, especially when
they are becoming comparatively rare on the landscape,
it is paramount that these works be easily accessible to
researchers, students, and the general public. With the
advent of the World Wide Web, it may seem that bibliog-
raphies are becoming obsolete, but after a brief search, an
interested party will soon discover that there is no logical
order behind the results they obtain. Further confusion
results from searches that yield articles that are mainly
opinion or conjecture rather than peer-reviewed material.
In addition, it is becoming increasingly difficult to keep
abreast on the emerging new literature, even when using
internet search engines, because of the continual increase
of potential article outlets. A concise catalog of available
peer-reviewed material is necessary for any researcher
wishing to extract the available information on a given
species. Herein is a compilation of the large body of
peer-reviewed information on two species of fox: the Kit
Fox, Vulpes macrotis, and the Swift Fox, V. velox. These
two foxes are closely related and are often used as um-
brella species in conservation efforts of their ecosystems,
which include grassland prairie and arid deserts. The
conservation of these two fox species will in turn provide
protection for a suite of other plant and wildlife species
in dire need of preservation. For every peer-reviewed
article included in this compilation, there are likely three
or four “gray literature” reports, theses, dissertations,
and inter-agency articles; these are not included because,
ideally, anything noteworthy in these publications has
also been published in scientific journals. On the other
hand, as unorthodox as it may seem, popular magazine
articles about these foxes have also been included in the
compilation. Typically, such material is not included in
a scientific venue such as this, but it is important that the
public finds this compilation useful as well. Articles in
magazines such as Smithsonian and National Wildlife are
crucial in educating the public about endangered species.
Such references are included here, in a separate section,
because they typically have a much larger readership and
distribution than other forms of gray literature and, as
a result, make a larger impact on wildlife conservation
awareness. Also included in this collection are signifi-
cant conference proceedings, book chapters, and books
written on these foxes. Caution should be exercised
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when reading older works. Recent works either confirm
or invalidate older hypotheses, and cross-referencing by
the reader is recommended.
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Abstract.—We assessed the effects of geophysical (i.e., seismic) survey energy sources on local kangaroo rat abundance
on study sites in the Lokern area of California. Seismic surveys are routinely conducted in this region where several rare
kangaroo rat species occur. We monitored kangaroo rat abundance by live-trapping on three study plots: one subjected
to a “vibroseis” energy source, one subjected to a “shot-hole” energy source, and one control. Compared to capture rates
prior to the simulated seismic surveys, rates were higher immediately after and one month later on all plots. Trends in rates
were nearly identical on all three plots indicating that the seismic energy sources had no detectable effects on abundance.
Although we did not detect adverse effects during this simulated survey, potential impacts also should be assessed during an

actual full-scale seismic survey.

Key Words.—capture rate; Dipodomys; gas; oil; seismic survey; shot-hole; vibroseis

INTRODUCTION

Over 95% of the San Joaquin Valley floor in California
has been converted from native habitat to urban sprawl
or agricultural land (USFWS 1998). A large portion of
the remaining area has been developed by the petroleum
industry for oil and gas production (US Fish and Wild-
life Service [USFWS] 1998). Since the early 1900s, the
San Joaquin Valley has experienced substantial physical
alteration of its natural environment from oil and gas ex-
ploration, drilling, and extraction.

Oil and gas exploration often occurs in the form of
geophysical, or seismic, surveys. Geophysical surveys
are routinely conducted in areas with potential hydrocar-
bon resources in an effort to locate crude oil and natural
gas reserves. These surveys are conducted by generat-
ing energy waves that reflect off of subterranean strata
(Milligan 2004). Two common methods of creating
these energy waves include generating strong vibrations
(“vibroseis”) and detonating a buried explosive charge
(“shot-hole;” Milligan 2004). The seismic images pro-
duced by the resulting energy waves are recorded by geo-
phones to produce an underground map of oil and gas
deposits. Some of these deposits are chosen for drilling
and extraction.

The effects of drilling and resource extraction pro-
cesses on wildlife have been well documented. Such
effects can include habitat loss, disturbances associated
with noise and activity from production operations, ex-
posure to toxins, and entrapment and drowning in spilled
oil or waste water from wells (Flickinger 1981; Kaplan
et al. 1996; Cypher et al. 2000, Lyon and Anderson 2003;
Ingelfinger and Anderson 2004; Trail 2006; Ramirez
2010). However, the effects of geophysical surveys have
not been well studied. Because these surveys involve the
generation of subterranean energy waves, fossorial ani-
mals may be particularly vulnerable to effects. The ob-
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jective of this project was to determine the effects of two
common forms of exploratory seismic surveys on semi-
fossorial mammals, particularly kangaroo rats (Dipodo-
mys spp.). In the San Joaquin Valley, seismic surveys
are routinely conducted in habitats occupied by kangaroo
rats, including several rare species.

METHODS

Study area.— We studied the effects of exploratory
seismic surveys in the Lokern Natural Area in western
Kern County, California (35.43N, 119.62W; Fig. 1). The
study area encompassed approximately 47 ha consisting
entirely of the U.S. Bureau of Land Management land.
The Lokern Natural Area is within a region considered
to be important habitat for federally listed species such
as San Joaquin Kit Fox (Vulpes macrotis mutica), Blunt-
nosed Leopard Lizard (Gambelia sila), and Giant Kanga-
roo Rat (D. ingens; USFWS 1998).

Vegetation on the three plots was a mosaic of arid
shrubland and annual grassland. The predominant nat-
ural community in the study area was Valley Saltbush
Scrub (Holland 1986). This community is characterized
by open shrublands with a forb understory comprised
of annual plants representative of Non-native Grassland
(Holland 1986). Common shrubs on the plots includ-
ed Desert Saltbush (Atriplex polycarpa) and Russian
Thistle (Salsola tragus). Other plant species included
Red-stemmed Filaree (Erodium cicutarium), Red Brome
(Bromus madritensis ssp. rubens), and Arabian Grass
(Schismus arabicus).

Field methods.—From 15 October 2008 to 21 No-
vember 2008, we conducted small mammal surveys to
census and mark small mammals on the study plots. On
each plot we established a grid of 60 trap stations (5 x
12 pattern) with 10-m spacing, and placed a 7.6 x 8.9
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Figure 1. Location of the Lokern study site in the San Joaquin Valley, California used to study the effect of seismic activity on abun-

dances of kangaroo rats (Dipodomys spp.).

x 33.3-cm Sherman live trap (model XLKR; H.B. Sher-
man Traps, Tallahassee, Florida) at each station. The
grids were approximately 100 m apart to reduce the po-
tential for treatments to affect other plots and for indi-
vidual rodents to use more than one plot. We trapped
small mammals on each plot for four nights just prior to
vibroseis and shot-hole activities (beginning 14 October
2008), two nights immediately after (beginning 22 Oc-
tober 2008), and four nights four weeks after (beginning
18 November 2008) seismic activities. We marked all
individuals captured for the first time with a numbered
eartag (1005 size 1 monel; National Band and Tag Co.,
Newport, Kentucky).

Seismic exploration events (shot-hole and vibroseis)
were simulated by personnel of Occidental Petroleum on
two of the study plots with the third site serving as a con-
trol where no activity occurred. Shot-holes were drilled
to a depth of 6.1 m and a 1-kg charge of Geoprime dBX
pentolite (Dyno Nobel Inc., Salt Lake City, Utah) was
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placed down hole to be detonated. A total of 10 shot-
holes were drilled at 34-m spacing along the edge of
one study plot. Charges were detonated sequentially at
ca. 5-min intervals. We established 10 vibroseis points
at 34-m spacing along the edge of a second plot. One
22,246-kg vibroseis truck was used operating at an 80%
drive level for 10 s at each point. Each linear sweep was
10 s in duration and ranged from 8-100 Hz. We located
the lines of shot-holes and vibroseis points ca. 10 m from
the edge of their respective trapping plots. Shot-hole
detonations and vibroseis were conducted between late-
morning and mid-afternoon when small mammals were
down in burrows. We watched for any animals appear-
ing above-ground during the activities. After the conclu-
sion of the simulated seismic surveys, we immediately
inspected nearby small mammal burrows for collapse or
damage.

Statistical analysis.—We compared the abundance of
kangaroo rats between trapping before seismic activity
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and one month later and among vibroseis, shot-hole, and
control plots using contingency table analysis (o = 0.05).

RESuLTS

We restricted our analyses to kangaroo rat species be-
cause we did not capture the other small mammal species
in sufficient numbers to include them. Kangaroo rat spe-
cies we captured included Giant Kangaroo Rats (federal-
ly and state-listed as endangered), Heermann’s Kangaroo
Rats (D. heermanni), and Short-nosed Kangaroo Rats (D.
nitratoides brevinasus; federal species of concern, state
Species of Special Concern). Other species we captured
were North American Deermice (Peromyscus manicula-
tus) and Tulare Grasshopper Mice (Onychomys torridus).

Across all trapping sessions, we caught 39, 63, and
105 individual kangaroo rats on the vibroseis, shot-hole,
and control plots, respectively (Table 1). Capture rate
trends for the three sessions were virtually identical on
all three plots (Fig. 2). Capture rates increased markedly
during the “after” trapping session. The capture rates for
the “one month” session were slightly higher than the
“before” session rates on all three plots. Changes in the
number of individuals captured between the initial ses-
sion and one month later did not differ among plots ()2
= 0.02, 2 df, p = 0.99). The proportion of recaptured
individuals after one month on the vibroseis, shot-hole,
and control plots was 60%, 85%, and 79%, respectively,
and did not differ among plots (y* = 3.22, 2 df, p = 0.20).
We did not observe small mammals exiting burrows after
shot-hole detonation or during the vibroseis survey, and
we did not detect any physical damage to small mammal
burrows near the seismic survey sample points, including
several burrows that were within 1 m of shot-holes.

DiscussioN

We did not detect any immediate or long-term impact
to kangaroo rat abundance from the simulated seismic
surveys. Population reductions could have resulted
from direct mortality due to energy sources or burrow
collapse, or from indirect mortality due to physical im-
pairment (e.g., inability to forage, increased predation)
or emigration. However, capture rates on all three study
plots were higher both immediately after the simulated
seismic surveys and one month later. We suspect that the
marked increase in rates immediately after the surveys
may have been an artifact, as capture rates for kangaroo
rats commonly increase during a trapping session as ad-
ditional animals discover, habituate to, and enter traps.
We observed this same trend within sessions. The “after”
trapping session commenced just five days following the
conclusion of the “before” session, and so animals were
probably still habituated to the traps, resulting in the high
capture rates. The decrease in rates by the “one month”
session likely reflects a decline in habituation and not a
decline in abundance because the rates were still higher
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Table 1. Total number of individual kangaroo rats captured on each
study plot during each trapping session during simulated seismic sur-
vey activity in the San Joaquin Valley, California, in 2008. The number
of recaptured marked individuals is given in parentheses.

Trapping session

Plot Before After 1 month
Vibroseis 12 12 (9) 15(9)
Shot-hole 16 25 (13) 20 (17)

Control 29 37 (34) 38 (30)
Trap nights/plot 240 120 240
35 q
30 u Before
B After

# 1 month

20 A

Kangaroo rats/100 trap nights

Vibroseis Shot-hale

Control
Study plot

Figure 2. Number of kangaroo rats trapped per 100 trap nights dur-
ing three trapping sessions on three seismic survey study plots in the
Lokern area of Kern County, California, in 2008.

compared to the “before” session. Regardless of the rea-
sons for the variation in capture rates, the trends were
nearly identical on all three plots, indicating that the dif-
ferences were attributable to factors other than the simu-
lated seismic surveys.

Environmental monitoring studies following geo-
physical exploration projects that employed vibroseis
and shot-hole source methods in the southern San Joa-
quin Valley reported a decline in the number of small
mammal burrows within vibroseis corridors 90 days and
one year following surveys compared to control areas,
but a substantial increase in burrows two years follow-
ing the surveys (Steve Tabor and Rex Thomas, unpubl.
report). The results of these monitoring studies indicated
no long-term impact to the habitat or to the small mam-
mal species following vibroseis activities (Steve Tabor
and Rex Thomas, unpubl. report). Similarly, in another
unpublished report (George Menkens and Stanley Ander-
son), vibroseis activity did not impact the physical living
space, vegetation structure, or population dynamics of
White-tailed Prairie Dogs (Cynomys leucurus) in Wyo-
ming.

Other research has suggested that loud noises, such
as those from off-road vehicles, can lead to temporary
hearing impairment in kangaroo rats and may lead to
higher levels of depredation (Brattstrom and Bondello
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1983). Several kangaroo rat species use foot-drumming
to communicate identity and to advertise territory (Ran-
dall 1984; 1989; 1997; Shier et al. 2012). It has been
suggested that kangaroo rats, including D. ingens, use
their acute low frequency hearing to detect and interpret
foot-drumming signals from conspecifics and to avoid
predation (Webster and Webster 1980; Randall 1984).
Shier et al. (2012) found that Stephen’s kangaroo rats (D.
stephensi) foot-drummed in response to low frequency
vehicle traffic noise and concluded that such noise poten-
tially disrupted intraspecific communication. We did not
attempt to assess physiological impacts from seismic en-
ergy sources to kangaroo rat individuals. More research
investigating the effects of the seismic energy sources on
kangaroo rats at an individual level would be necessary
to evaluate potential physiological impacts to these spe-
cies. If such impacts did occur on our study site, they did
not affect kangaroo rat abundance during the monitoring
period.

This study was designed to investigate population
level effects of the energy sources used in seismic explo-
ration on resident small mammals and not the physical
impacts to the habitat. Although we did not detect any
adverse effects to kangaroo rat abundance in our study
area from simulated vibroseis and shot-hole surveys, ac-
tual surveys are more extensive and have the potential to
impact small mammal populations both directly and indi-
rectly. To detect petroleum resources further beneath the
surface, two to four vibroseis trucks typically are needed,
along with support vehicles (Milligan 2004). Shot-hole
surveys may produce less environmental impact as few-
er and smaller vehicles are required. Anytime vehicles
are operated off-road, the tracks created can persist for
months or years, particularly in arid areas like the San
Joaquin Valley, and there is always a danger of others
following these tracks and effectively converting them
into roads. Such conversion could further fragment and
degrade these already dwindling habitats.

Management implications.—We did not detect any
adverse impacts to kangaroo rat abundance from under-
ground vibrations and noise associated with vibroseis
and shot-hole survey methods. However, in an actual
seismic survey, impacts could result from associated ac-
tivities, such as extensive off-road vehicle use. In current
seismic surveys conducted in the southern San Joaquin
Valley, various mitigation measures are required in an ef-
fort to reduce or avoid impacts to kangaroo rats and other
small mammals. These measures include balloon tires
to reduce burrow collapse, avoiding sensitive resources
including rodent burrows, and restricting activities to
daylight hours when most animals in this region are in-
active (William Dixon, pers. comm.). It is important to
maintain these mitigation measures to avoid impacts to
small mammals as well as other burrow-dependent spe-
cies such as endangered Blunt-nosed Leopard Lizards
and San Joaquin Kit Foxes.
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