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NOTE TO READER: 

This report is an account of survey activities conducted by the Biological Monitoring 
Program for the Western Riverside County Multiple Species Habitat Conservation Plan 
(MSHCP). The MSHCP was permitted in June 2004. Reserve assembly is ongoing and is 
expected to take 20 or more years to complete. The Conservation Area includes lands 
acquired under the terms of the MSHCP and other lands that have conservation value in the 
Plan Area (called public or quasi-public lands in the MSHCP). In this report, the term 
“Conservation Area” refers to these lands as they were understood by the Monitoring 
Program at the time the surveys were conducted. 

The Monitoring Program monitors the status and distribution of the 146 species 
covered by the MSHCP within the Conservation Area to provide information to Permittees, 
land managers, the public, and the Wildlife Agencies [i.e., the California Department of Fish 
and Wildlife (CDFW, formerly California Department of Fish and Game) and the U.S. Fish 
and Wildlife Service]. Monitoring Program activities are guided by defined conservation 
objectives for each Covered Species, other information needs identified in MSHCP Section 
5.3 or elsewhere in the document, and the information needs of the Permittees. A list of the 
lands where data collection activities were conducted in 2015 is included in Section 7.0 of the 
Western Riverside County Regional Conservation Authority (RCA) Annual Report to the 
Wildlife Agencies.  

The primary author of this report was the 2015 Mammal Program Lead, Jennifer 
Hoffman. This report should be cited as: 

Biological Monitoring Program. 2016. Western Riverside County MSHCP Biological 
Monitoring Program 2015 San Bernardino Kangaroo Rat Survey Report. Prepared for the 
Western Riverside County Multiple Species Habitat Conservation Plan. Riverside, CA. 
Available online: http://wrc-rca.org/about-rca/monitoring/monitoring-surveys/. 

While we have made every effort to accurately represent our data and results, it 
should be recognized that data management and analysis are ongoing activities. Readers 
wishing to make further use of the information or data provided in this report should contact 
the Monitoring Program to ensure that they have access to the best available or most current 
data.  

Please contact the Monitoring Program Administrator with questions about the 
information provided in this report. Questions about the MSHCP should be directed to the 
Executive Director of the RCA. Further information on the MSHCP and the RCA can be 
found at www.wrc-rca.org. 

Contact Information: 
Executive Director    Monitoring Program Administrator  
Western Riverside County   Western Riverside County MSHCP  
Regional Conservation Authority  Biological Monitoring Program  
Riverside Centre Building   4500 Glenwood Drive, Bldg. C  
3403 10th Street, Suite 320   Riverside, CA 92501 
Riverside, CA 92501    Ph: (951) 248-2552 
Ph: (951) 955-9700 

http://www.wrc-rca.org/
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INTRODUCTION 
San Bernardino kangaroo rat (Dipodomys merriami parvus; “SBKR”) is a state 

species of special concern and a federally endangered species (USFWS 1998). Like all 
kangaroo rats, this species is a saltatorial, nocturnal, burrow-dwelling rodent with fur-
lined cheek pouches (Ingles 1965; Wilson and Ruff 1999; Reid 2006). As a subspecies of 
D. merrriami, SBKR has four toes on its hind feet, making it easy to differentiate from 
co-occurring kangaroo rats (Williams et al. 1993). The geographic range of SBKR 
extends from the Menifee Valley in Riverside County north to the San Bernardino Valley 
in San Bernardino County (Dudek & Associates 2003). Within the Western Riverside 
County Multiple Species Habitat Conservation Plan (MSHCP) Area, SBKR exists in 
Riversidean alluvial fan sage scrub habitat in the San Jacinto River and Bautista Creek 
(Dudek & Associates 2003).  

San Bernardino kangaroo rat was federally listed as endangered in 1998 with only 
4% of their historical habitat present today (USFWS 1998; USFWS 2009). Primary 
threats to the species include, but are not limited to, habitat loss and fragmentation due to 
flood control projects, sand and gravel mining, urban development and use of off road 
vehicles (Dudek & Associates 2003). Of the 7 remaining populations, most are small 
(less than 8 ha) and one of the largest, the San Jacinto River (140 ha), is included in the 
MSCHP (Dudek & Associates 2003; USFWS 2009). All populations are isolated and at 
risk of extirpation by stochastic environmental events (USFWS 2009).   

Western Riverside County MSHCP Species-Specific Objective 1 for SBKR calls 
for the combined conservation of 4400 acres of occupied habitat in the San Jacinto River 
and Bautista Creek and their tributaries (as measured across any consecutive 8-year 
period; Dudek & Associates 2003). Prior to 2015, the Biological Monitoring Program had 
not conducted target surveys for SBKR. However, we have incidentally captured this 
species in the San Jacinto River while trapping for Los Angeles pocket mouse 
(Perognathus longimembris brevinasus) during 2010-2012 monitoring efforts, and also 
during a small relocation project we conducted for the Riverside County Flood Control 
District in 2014. 

We discuss here the methods and results from 2015 surveys used to address 
Species-Specific Objective 1 in the San Jacinto River and Bautista Creek. Specifically, 
our survey goals and objectives for 2015 were as follows:  

Goals and Objectives 
1. Estimate area of suitable habitat occupied by San Bernardino kangaroo rat in 

the San Jacinto River and Bautista Creek.   
a. Sample San Bernardino kangaroo rat populations with 5 x 5 (40 m x 

40 m, 25 trap) trapping grids. 
b. Estimate occupancy with a closed-capture model using Program 

MARK.  

2. Refine model of suitable habitat. 



2015 San Bernardino Kangaroo Rat Survey Report 

Western Riverside County MSHCP 
Biological Monitoring Program 

2 

a. Compare presence/absence models that include habitat data collected 
at trap sites. 

METHODS 
Study Site Selection  

We sampled conserved lands in the region of the San Jacinto River occurring 
from Highway 79 (Lamb Canyon Rd/Sanderson Avenue) in the north to the USFS 
boundary to the south, and Bautista Creek from the Bautista Dam to the north and the 
Hixon Flat trailhead to the south. We conducted seven trapping sessions from 15 June to 
18 Sept 2015, sampling a total of 66 trapping grids. We surveyed each trapping grid over 
a single 4-night effort (Monday-Thursday). 

 We used ArcMap 10.2 Geographic Information Systems (GIS) software (ESRI 
2013) to distribute random trapping grid center points across suitable habitat in the San 
Jacinto River and Bautista Creek (1408 ac). Suitable habitat was identified using a model 
created by the Biological Monitoring Program that included habitat (e.g., Riversidean 
alluvial fan sage scrub, grasslands and chaparral in associated uplands) and soil types 
(e.g., sand and loam) listed in the Species Objectives. That being said, with little known 
about the distribution of this subspecies we did not fully limit ourselves to the soil and 
habitat mentioned in the Species Account (Dudek & Associates 2003), but rather used 
them as a guide for where might be best to find this subspecies. We removed from our 
inference area segments of suitable habitat that were too small or linear to be randomly 
sampled (e.g., < 0.4 ha, < 40 m wide), were reasonably inaccessible (e.g., > 800 m from a 
road), or occurred on conserved lands closed to all access. Prior to installing trapping 
grids, we visited appropriate habitat to ensure accessibility to sites and to verify the 
quality of that habitat. In an effort to better sample suitable habitat, we moved a number 
of randomly distributed trapping grids to neighboring habitat that may not have been 
sampled otherwise. Additionally, in areas with abundant biological soil crusts, we shifted 
grid locations 25 m in a randomly chosen cardinal direction to avoid disturbing and/or 
trampling the soil. We maintained sample independence by distributing stations with a 
minimum spacing of 110 m (Behrends et al. 1986).  

Survey Methods 
We used 12″ × 3″ × 3.5″ Sherman live traps (H.B. Sherman Traps, Tallahassee, 

FL) modified with paper clips to prevent trap doors from potentially damaging animals’ 
tails. Traps were spaced 10 m apart in a 5 trap × 5 trap grid, covering a 40 m × 40 m 
footprint (0.16 ha; Figure 1). We marked individual traps (n = 25 per grid) using pin flags 
labeled with an alpha-numeric code. Traps were placed ≤ 1 m from each pin flag and 
baited with 1 tbsp of sterilized large white proso millet (Panicum miliaceum). A trap 
station consisted of a pin flag and a single Sherman trap.  
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Figure 1. Grid design (5 × 5) for trapping SBKR. Boxes represent 
individual traps and small arrows indicate direction that open doors 
face.  

We checked traps twice each night in accordance with U.S. Fish and Wildlife 
Service 10(a)(1)(B) permit specifications (USFWS TE088609-0). We opened traps 1–3 h 
before sunset and started the first check near midnight. We reset each trap after checking 
it, and added fresh bait if necessary. The second check began 1 h before dawn, after 
which we removed excess millet to avoid attracting ants and closed the traps. After the 
final dawn shift of the trapping effort, we removed all survey equipment.   

Before surveying each grid, we recorded moon phase (quarter, half, three-quarter, 
full, no moon), sky code (0 = clear/few clouds, 1 = 50% clouded, 2 = overcast, 3 = fog, 4 
= light drizzle) and ground moisture (wet, dry). We did not bait or open traps during 
significant precipitation. We noted the visit number, trap check, grid ID, recorder, 
handler, and start and end times of each grid check. We recorded the status of individual 
trap stations on a quality control form as either open, animal, closed-empty, robbed, or 
missing. We used the unique four-letter species code to record each animal capture. We 
processed captured animals according to standard operating procedures developed by the 
Biological Monitoring Program. We examined the quality control form to ensure that all 
traps were checked, baited and left open after the midnight check. At dawn, we used the 
quality control form to ensure that all traps were checked and closed. Prior to leaving the 
grid, we recorded ambient air and soil temperature. For a more complete description of 
survey methods, see Small Mammal Trapping Standard Operating Procedures V.5, 
available from the Biological Monitoring Program. 

Habitat Sampling 
We revisited each grid within 180 days of trapping to record habitat 

characteristics on 20 m radius (0.04 ha) circular plots centered on each grid. We visually 
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estimated percent total herbaceous and grass cover (hereafter called herbaceous cover), 
shrub, tree, and, total vegetation cover and recorded ocular percent-cover estimates of 
dominant and co-dominant species within each vegetation class. We also recorded 
percent cover of deerweed (Acmispon glaber), California buckwheat (Erigonum 
fasciculatum), scale broom (Lepidospartum squamatum) and California croton (Croton 
californicus) regardless of dominance, due to their potential importance to SBKR (Dudek 
& Associates 2003). We estimated total percent cover of litter, sand, rock, gravel, other 
(e.g., trash) and ground vegetation in each sample plot. Ground vegetation was defined as 
any vegetation occurring below 15 cm that could obstruct the movement of SBKR. 
Finally, we recorded soil compaction using a soil penetrometer (Forestry Suppliers, 
model 77114), presence and intensity of disturbance, number of nearby perching sites 
that could be used by predators, and presence of soil crusts within the plot. For a more 
complete description of habitat survey methods, see San Bernardino Kangaroo Rat 2015 
Habitat Sampling Protocol, available from the Biological Monitoring Program. 

Training 
All Biological Monitoring Program field personnel were trained prior to the 2015 

SBKR trapping field season. Program training focused on proper animal handling and 
identification, and data collection procedures. Only crew members with this training, or 
those trained on-site and working under the supervision of trained biologists, were 
allowed to handle animals during this effort. Crew members were able to identify 7 
covered and 6 non-covered small mammal species in-hand. Crew members handling 
small mammals could do so safely and proficiently and take measurements according to 
standard operating procedures. Prior to habitat data collection, field personnel were 
trained on the habitat sampling protocol, with particular attention towards calibrating 
ocular percent cover estimates, as well as identifying target and common plant species. 

Data Analysis 
Trapping 

We estimated grid occupancy (Ψ ) and nightly detection probability (p) at the San 
Jacinto River, where San Bernardino kangaroo rat were present, using a closed-capture 
occupancy model that derived estimates based on grid-level presence/absence data 
(MacKenzie et al. 2002). The output from these models was a percent estimate of 
occupied grids that accounted for animals present but undetected. Accuracy and precision 
of grid occupancy was generally a function of the number of sampling occasions and 
grids trapped (and to some extent nightly detection probability) rather than the absolute 
number of animals detected, thus allowing us to design surveys that would maximize the 
reliability of estimates given the availability of resources and project timeframes 
(MacKenzie et al. 2002; MacKenzie and Royle 2005). Additionally, we estimated grid 
occupancy and nightly detection probability for Los Angeles pocket mouse (LAPM), a 
MSHCP Covered Species. The San Jacinto River is a Core Area for LAPM. Data 
collected from incidental captures throughout our 2015 SBKR season, when added to 
data collected previously at this Core Area during target trapping efforts for LAPM, will 
aid us in determining population trends for LAPM.  
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Occupancy estimates based on the method described above relied on 4 critical 
assumptions: occupancy status of sites did not change over the survey period; probability 
of occupancy was constant among sites, or differences were modeled; probability of 
detections was constant among sites, or differences were modeled; and capture histories 
were independent among trap locations (MacKenzie et al. 2006). We kept the survey 
period short (4 trap nights per grid) to maximize the probability of population closure 
during the sampling period. We also used Program MARK to construct separate sets of 
candidate models that accounted for differences in grid occupancy and nightly detection 
probability across survey periods (White and Burnham 1999). We maintained 
independence among grid locations by spacing them at a minimum of 110-m intervals. 
We constructed 2 candidate models that examined the effect of trap night on nightly 
detection probability while assuming grid occupancy to be constant across occasions.  
We ranked candidate models in each set according to differences in Akaike’s Information 
Criterion for small samples (ΔAICc), and calculated an Akaike weight (wi) for each. We 
then derived weighted-average estimates across the entire candidate set unless there was 
clear support (e.g., wi > 0.9) for a single model (Burnham and Anderson 2002). Finally, 
we calculated the acreage of occupied suitable habitat at the San Jacinto River by 
extrapolating occupied-grid estimates to the area of modeled moderate- to high-suitability 
habitat in this Core Area. 

Habitat 
San Bernardino kangaroo rat are found in alluvial fan sage scrub and little else is 

known about the habitat needs for this species (Dudek & Associates 2003; USFWS 
2009). We attempted to further refine our understanding of SBKR habitat by adding 
habitat covariates to a generalized linear mixed model (GLMM) based on a priori 
assumptions of SBKR habitat needs. GLMMs are, in essence, an extension of generalized 
linear models that include both random and fixed effects, with a binomial error 
distribution to test for differences in habitat between kangaroo rat occupied and non-
occupied grids. We carried out statistical analyses using R statistical package v. 3.2.4 (R 
Core Team 2015) with the package “MuMIn” (Bartoñ 2016). Some assumptions are 
similar to those in logistic regression (e.g., data must be independent and cannot have 
collinearity; Bolker 2008), however, the assumption of data needing to be normally 
distributed is relaxed with GLMMs (Bolker 2008). We quantified the multicollinearity 
among our remaining independent variables by looking at the variance inflation factor 
(command “vif”, package “car”; Fox and Weisberg 2011). Variance inflation factor (VIF) 
measures the severity of multicollinearity (correlation) between predictor variables 
(Miles and Shevlin 2001). We calculated VIF for the global model and considered 
multicollinearity to be present if VIF exceeded 3 (Zuur et al. 2010). We sequentially 
dropped the variables with the highest VIF until all remaining variables had VIF ≤ 3. We 
ranked each model according to Akaike’s Information Criterion (AIC), and calculated 
AIC weights (wi) across the entire candidate set. Model averaging was performed on all 
models within two ΔAICc of the best model. We report model-averaged parameter 
estimates, their unconditional standard error (SE) and the relative importance of each 
parameter to the other parameters in the final model.  
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RESULTS 
Trapping 

We captured San Bernardino kangaroo rat on 21 of 66 grids (32%); all captures 
were in the San Jacinto River Core Area (Figure 2). We captured four additional Covered 
Species and six non-covered species (Table 1). A list of all captures per trapping grid is 
found in Appendix A. We considered a single model (wi 

= 0.90) that estimated p as 
varying across trap night. The grid-level probability of detection generally increased from 
0.76 (SE = 0.09) on the first trap night to 1.0 (SE = 0.000) on the last night. The 
cumulative detection probability was high (Pc 

 
= 1; Figure 3). The extrapolated area of 

occupied moderate- to high-suitability habitat, from our model-based estimates of grid 
occupancy for San Bernardino kangaroo rat at San Jacinto River-Bautista Creek, was 451 
ac (253 ha). 

Table 1. Summary of species recorded while surveying for San Bernardino kangaroo rat, 15 June - 18 
Sept 2015. 

Scientific Name Common Name Covered Total1 
Dipodomys merriami parvus  San Bernardino kangaroo rat Y 70 
Perognathus longimembris brevinasus  Los Angeles pocket mouse Y 405 
Chaetodipus fallax fallax  northwestern San Diego pocket mouse Y 176 
Dipodomys simulans  Dulzura kangaroo rat Y 28 
Neotoma bryanti intermedia  Bryant's woodrat Y 1 
Mus musculus house mouse N 7 
Neotoma fuscipes  dusky footed woodrat N 1 
Peromyscus boylii  brush mouse N 33 
Peromyscus spp unidentified deer mouse N 4 
Peromyscus eremicus  cactus mouse N 55 
Peromyscus maniculatus  deer mouse N 1751 
Reithrodontomys megalotis  western harvest mouse N 51 
Dipodomys spp unidentified kangaroo rat - 2 
Neotoma spp unidentified woodrat - 1 
Unidentified animal  - - 1 
Anaxyrus boreas Western Toad N 3 
Melozone crissalis California Towhee N 4 
1 Non-covered species were not marked and “Total” refers to the number of times these species were 
captured, not number of individuals detected.  

 
We captured Los Angeles pocket mouse, a Covered Species, on 55 grids (83%) 

sampled at San Jacinto River-Bautista Creek. We had 2 models that appropriately 
modeled parameters but neither had clear support as the strongest model. Therefore, we 
model averaged our estimates with p varying across trap night. The grid-level probability 
of detection generally increased from 0.69 (SE = 0.06) on the first trap night to 0.89 (SE 
= 0.04) on the last night. The cumulative detection probability was high (Pc 

 
= 0.99). The 

extrapolated area of occupied moderate- to high-suitability habitat, from our model-based 
estimates of grid occupancy for Los Angeles pocket mouse at San Jacinto River-Bautista 
Creek, was 1169 ac (473 ha). 
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Figure 2. San Bernardino kangaroo rat occupied and non-occupied grids sampled at San Jacinto River and Bautista Creek 15 June -18 Sept 2015.
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Figure 3. Sample detection probability for San Bernardino kangaroo rat. Nightly grid-level 
detection probability based on a single occupancy model, and number of grids out of 66 where 
San Bernardino kangaroo rat were captured (n) during seven 4-night effort at San Jacinto River-
Bautista Creek. Values are estimates ± standard error. 

Habitat Sampling   
We were unable to survey three trapping grids due to changes in habitat conditions at 

Bautista Creek since trapping occurred. Changes included vegetation removal for flood control 
measures as well as intermittent stream flow and accumulation of water from recent storms. We 
used Welch’s two-sample t-test to compare habitat characteristics between grids where SBKR 
were present and grids where SBKR were not present and found few significant differences 
(Table 2). Results showed that grids where SBKR were present had less litter and herbaceous 
cover, and more bare ground than grids where no SBKR were detected. Additionally, using a 
Pearson’s Chi-square test, we found no difference (P = 0.996) in the number of predator 
perching sites between grids where SBKR were present and grids where SBKR were not present.  

Before testing for collinearity, we removed 5 independent variables from the analyses 
based on their lack of ecological significance and lack of representation; these included percent 
rock cover, tree cover, litter cover, perching sites, and presence of biological soil crusts. Rock 
was recorded in low quantity throughout the survey area. Tree cover was recorded on 11 plots 
with only 3 plots having over 10% tree cover. Percent litter cover was removed due to a high 
likelihood that it would be correlated with other ground cover variables, such as bare ground 
cover and herbaceous cover. The majority (n = 49) of plots were categorized as having minimal 
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(between 1-10) perching sites, rendering comparisons ineffective. There were no patterns to 
suggest that the presence of biological soil crusts were relevant to SBKR presence. We tested the 
10 remaining habitat variables for collinearity. We removed those variables having the highest 
collinearity as follows: percent total vegetation, percent ground vegetation and percent shrub 
cover. We generated a global model with the final 7 explanatory variables: percent cover of 
Croton californicus (CR), Eriogonum fasciculatum (ER), Acmispon glaber (AC), Lepidospartum 
squamatum (LP), herbaceous cover (HG), bare ground (BG), and soil compaction (SO).   

 
Table 2. Results of Welch's two-sample t-test comparisons between plots (n = 63) occupied and not occupied by 
SBKR in 2015 for ground cover, soil compaction, and focal species. Percent presence is included (in parentheses) 
alongside mean percent cover values, for reference. The number of grids in each category is shown here. Bold p-
values are significant at the 0.05 level. 

Habitat characteristics 
SBKR present 

(n = 21) 
SBKR not 

present (n = 42) p-value 95% CI 
Ground Cover (%)     
 Ground Vegetation 0.16 (100) 0.19 (100) 0.257 (-0.017, 0.061) 

 Litter 0.09 (100) 0.14 (100) 0.019 (0.006, 0.068) 
 Rock 0.01 (71) 0.02 (67) 0.058 (0.000, 0.020) 
 Bare Ground 0.75 (100) 0.65 (100) 0.006 (-0.120, 0.020) 
 Tree 0 (0) 0.03 (26) 0.058 (-0.001, 0.035) 
 Shrub  0.16 (100) 0.14 (98) 0.421 (-0.047, 0.020) 
 Herb/Grass 0.08 (100) 0.15 (100) 0.003 (0.017, 0.777) 

Soil Compaction (kg/cm2) 0.75 (-) 1.19 (-) 0.064 (-0.019, 0.623) 
Focal Species (%)     

 Croton californicus 0.02 (100) 0.01 (9) 0.117 (-0.016, 0.002) 
 Lepidospartum squamatum 0.07 (86) 0.03 (67) 0.057 (-0.047, 0.001) 
 Acmispon glaber 0.002 (48) 0.002 (36) 0.966 (-0.002, 0.001) 

  Eriogonum fasciculatum 0.02 (90) 0.02 (81) 0.634 (-0.009, 0.015) 
 

 
From our 7 explanatory variables we generated 128 models comprised of different 

variable combinations, four of which were included in the top model set (< 2 AICc of the best 
model; Table 3). San Bernardino kangaroo rat presence was best explained by mixed models that 
included the variables, listed in order of relative importance, Croton californicus, herbaceous 
cover, Lepidospartum squamatum, bare ground, and soil compaction (Table 4). These models 
contained 28% of the Akaike weight with no other model accounting for > 4% of the weight. 
Three variables (Croton californicus, herbaceous cover, and Lepidospartum squamatum) were 
included in the top model (Table 3). Model-averaged parameter estimates of the top models 
showed Croton californicus and herbaceous cover were always among the top models (< 2 
ΔAICc) resulting in maximum relative importance values (Table 4). Similarly, these two 
variables had significant p-values, suggesting SBKR prefer higher amounts of croton cover and 
less herbaceous cover. 
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Table 3. Models that best explained San Bernardino kangaroo rat presence, ranked using Akaike's 
Information Criterion values corrected for small sample size. Columns include number of parameters 
(K), Log Likelihood, AICc values, delta AICc (ΔAICc), and model weight. 

Top Models K logLik AICc ΔAICc wt 
CR+HG+LP 4 -29.01 66.71 0 0.43 
CR+HG 3 -30.87 68.15 1.44 0.21 
BG+CR+HG+LP 5 -28.66 68.37 1.66 0.19 
CR+HG+SO 4 -29.86 68.4 1.69 0.18 
*variable names: Croton californicus (CR), Lepidospartum squamatum (LP), herbaceous and grass 
cover (HG), bare ground (BG), and soil compaction (SO). 

Table 4. Model averaged parameter estimates of the top models for determining SBKR presence relative 
to habitat variables collected Nov 2015-Jan 2016. 

  Estimate 
Unconditional 

SE Z p 
95 % confidence 

interval 
Relative 

importance 
(Intercept) -0.79169 1.97682 0.396 0.6922 (-4.71, 3.12) - 
CR 60.31428 26.88095 2.199 0.0279 (6.56, 114.07) 1 
HG -13.121 6.43365 2.005 0.0450 (-25.95, -0.29) 1 
LP 8.56077 8.90704 0.953 0.3407 (-0.60, 28.64) 0.61 
BG 0.52105 1.85288 0.277 0.7815 (-4.15, 9.77) 0.19 
SO -0.08523 0.23756 0.356 0.7221 (-1.19, 0.26) 0.18 

 

DISCUSSION 
Data collected in 2015 indicate that Species-Specific Objective 1 for San Bernardino 

kangaroo rat is not currently met. We estimated that SBKR occupied approximately 451 ac (253 
ha) of suitable habitat sampled in the San Jacinto River in 2015, which is 3989 ac short of the 
objective for this region. We started our 2015 survey effort by distributing trapping grids across 
1408 ac, which was delineated using pre-survey ground truthing as well as boundaries defined in 
the Species Account. Similarly the USFWS (1997) reports 1002 ac of available habitat in the San 
Jacinto River, or even less acreage (775 ac) when degradation of habitat is taken into account. 
Based on aerial photography estimates, still less acreage (350 ac) of historically occupied habitat 
remains in the San Jacinto River, as reported by McKernan (1997).  

Merriam’s kangaroo rat (D. merriami), of which SBKR are a subspecies, prefer large 
areas of open habitat and therefore might avoid areas with dense ground cover (Rosenzweig 
1973; Price 1978). San Bernardino kangaroo rat occur in areas with relatively open vegetation 
structure (McKernan 1997; Dudek & Associates 2003). Excessive ground cover may impede 
kangaroo rat foraging behavior or predator evasion (Longland and Price 1991). It has been 
reported that San Bernardino kangaroo rat prefer habitat with < 20% annual cover and less than 
40% perennial cover (Braden and McKernan 2000). Our models show a negative correlation 
between percent herbaceous cover and SBKR presence.  

San Bernardino kangaroo rat are said to occupy habitats comprised of predominately 
native vegetation, particularly where species indicative of alluvial fan sage scrub occur, such as 
Croton californicus, Eriogonum fasciculatum, Acmispon glaber, and Lepidospartum squamatum 
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(Dudek & Associates 2003). By including these native species, along with other habitat 
parameters into our habitat model, we were able to determine if SBKR occupancy in the 
population we sampled was related to native vegetation. Our top models included 2 of the 4 
native focal species (Croton californicus and Lepidospartum squamatum), indicating that San 
Bernardino kangaroo rat presence was positively related to both of these plant species. However, 
Croton californicus was the only plant species that had a significant positive correlation to 
SBKR presence. Both plant species are found in stable alluvial fan sage scrub habitat on sandy 
soils comprised of sandy loam (Hanes et al. 1989, Hickman 1993, Calflora 2016), potentially 
indicating an indirect association. While other kangaroo rat species (e.g., D. heermanni) utilize 
Croton californicus as a food source (Kelt 1988), we are not sure how SBKR utilize this plant 
species. Perhaps, the correlation of SBKR presence to these two species may be tied more to the 
health of the habitat (i.e., low levels of disturbance and non-native plant invasion, low soil 
compactness) than to the plants themselves.  

A Regional Conservation Authority MSHCP Vegetation Control Plan that included 
habitat management/modification was implemented in a small area of the San Jacinto River set 
aside for the translocation of SBKR in 2012 (Dustin McLain, RCA Management Program, 
personal communication). While this land did not occur directly within the San Jacinto River 
wash (i.e. habitat indicative of alluvial fan sage scrub) it may serve as temporary refugia for 
SBKR and other small mammal species in the event of flooding. Translocation of SBKR and 
LAPM to the managed area was carried out by the San Diego Zoo in response to an Eastern 
Municipal Water District water recharge project taking place in the river (Debra Shier, San 
Diego Zoo Institute for Conservation Research, personal communication). Habitat management 
activities in preparation for the translocation included planting native species such as California 
buckwheat, baccharis broom (Baccharis sarothroides), brittlebush (Encelia farinosa), and 
fourwing saltbush (Atriplex canescens), as well as removing thatch and non-native grasses to 
increase bare ground. During our 2015 trapping efforts, we surveyed two trapping grids that fell 
within this management area to determine whether SBKR had become established since the 
translocation efforts; however only LAPM were captured. Researchers at the San Diego Zoo 
have not captured SBKR on this site for a couple of years (Thea Wang, San Diego Zoo Institute 
for Conservation Research, personal communication).  

Finally, it is worth noting that we captured more than 400 Los Angeles pocket mouse in 
the course of this survey. The San Jacinto River is a Core Area for this MSHCP Covered Species 
(Dudek & Associates 2003). We have trapped this Core Area for 3 years (from 2010-2012), and 
will use information from this survey as additional data to determine population trends for the 
Los Angeles pocket mouse.   

Recommendations 
Future Surveys 

Our trapping methods remain appropriate as relatively high cumulative detection 
probability (ranging from 76% to 100%) gives us high confidence that we are detecting San 
Bernardino kangaroo rat when it is present with the current study design. The 5 x 5 trapping 
grids continue to work well as a method to survey a large area of suitable habitat and should 
continue to be employed. Grids should be selectively installed within patches too small (e.g., < 
0.4 ha, or < 30 m wide) for random placement.  
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In an effort to gain more applicable information on habitat, surveys should be completed 
in a timely manner after the cessation of trapping. We started our habitat surveys 3 months after 
our trapping effort. As a result, we could not perform surveys on some plots due to habitat 
modification. Conducting habitat surveys shortly after trapping surveys would also ensure that 
vegetation is in a similar state to when trapping was conducted. Finally, future surveys should 
include the small strip of land to the NE of Bautista Creek dam which was not included in our 
2015 surveys.  

We should continue to refine our habitat model based on our current findings. Even with 
the information obtained from model estimates, some questions remain regarding how the height 
of herbaceous cover, community structure and makeup (native vs. non-native vegetation species) 
affect SBKR occupancy. Only variables with strong a priori support should be added to the 
habitat model, making interpretation of the model easier.   

Conservation and Management 
Based on our findings, we recommend that sites selected for future translocation efforts, 

or sites modified and managed to promote SBKR persistence, should include variables we have 
found to be indicative of SBKR presence (e.g., high percent coverage of bare ground relative to 
vegetative cover, low soil compactness, presence of important plant species such as Croton and 
Lepidospartum), and habitat modifications/restoration should be monitored regularly to maintain 
suitable conditions for the species (e.g., reduce non-native herbaceous species cover). Since the 
translocation of SBKR to the site modified by the RCA Management Program in 2012, there 
appears to have been an erosion event that may have changed the soil structure to one that is 
unsuitable for, or not preferred by, SBKR (Jennifer Hoffman, Biological Monitoring Program, 
personal observation). In fact, soil compactness measured at this site averaged 2.625 kg/cm2 
compared to 0.747 kg/cm2 measured on grids at other spots along the San Jacinto River that were 
occupied by SBKR. Dominant vegetation species on these grids were not indicative of SBKR’s 
preferred habitat (i.e., alluvial fan sage scrub, typified by the dominant presence of 
Lepidospartum), but rather were more indicative of transitional upland habitat (dominated by 
Encelia farinosa, with scattered Eriogonum fasciculatum and Lepidospartum) and had mostly 
non-native forbs in the herbaceous layer. Continuing to refine our understanding of the 
relationship between habitat features and the current distribution of San Bernardino kangaroo rat 
within the Plan Area will enable us to better monitor for, and manage, this species.  
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Appendix A. Species recorded per grid while surveying for San Bernardino 
kangaroo rat, 15 June - 18 Sept 2015. 

Station Code Scientific Name Common Name Covered Total 
DMPA01 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 

 Peromyscus maniculatus deer mouse N 3 
 Reithrodontomys megalotis western harvest mouse N 13 

DMPA02 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 
 Peromyscus maniculatus deer mouse N 10 
 Reithrodontomys megalotis western harvest mouse N 3 

DMPA03 Neotoma spp unidentified woodrat - 1 
 Neotoma macrotis Big-eared woodrat N 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 
 Peromyscus maniculatus deer mouse N 32 
 Reithrodontomys megalotis western harvest mouse N 20 

DMPA04 Peromyscus maniculatus deer mouse N 23 
 Reithrodontomys megalotis western harvest mouse N 1 

DMPA05 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 8 
 Peromyscus maniculatus deer mouse N 20 
 Reithrodontomys megalotis western harvest mouse N 2 

DMPA06 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 16 
 Peromyscus maniculatus deer mouse N 42 

DMPA07 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 9 
 Peromyscus maniculatus deer mouse N 35 

DMPA08 Dipodomys merriami parvus San Bernardino kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 14 
 Peromyscus maniculatus deer mouse N 54 

DMPA09 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 22 
 Peromyscus maniculatus deer mouse N 12 

DMPA10 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 6 
 Peromyscus maniculatus deer mouse N 90 

DMPA11 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 15 
 Peromyscus maniculatus deer mouse N 54 

DMPA12 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 3 
 Peromyscus maniculatus deer mouse N 70 

DMPA13 Dipodomys merriami parvus San Bernardino kangaroo rat Y 4 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 
 Peromyscus maniculatus deer mouse N 53 

DMPA14 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 8 
 Peromyscus maniculatus deer mouse N 72 

DMPA15 Dipodomys merriami parvus San Bernardino kangaroo rat Y 4 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 6 
 Peromyscus maniculatus deer mouse N 73 

DMPA16 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 2 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 8 
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Appendix A. Continued. 
Station Code Scientific Name Common Name Covered Total 
 

DMPA16 Peromyscus maniculatus deer mouse N 58 

DMPA17 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 3 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 
 Peromyscus maniculatus deer mouse N 46 

DMPA18 Anaxyrus boreas Western toad N 1 

 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 6 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 
 Peromyscus maniculatus deer mouse N 41 

DMPA19 Dipodomys merriami parvus San Bernardino kangaroo rat Y 5 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 6 
 Peromyscus maniculatus deer mouse N 39 

DMPA20 Dipodomys merriami parvus San Bernardino kangaroo rat Y 6 
 Dipodomys simulans Dulzura kangaroo rat Y 2 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 9 
 Peromyscus maniculatus deer mouse N 31 

DMPA21 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 3 
 Peromyscus maniculatus deer mouse N 72 

DMPA22 Dipodomys merriami parvus San Bernardino kangaroo rat Y 1 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 10 
 Peromyscus maniculatus deer mouse N 44 

DMPA23 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 1 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 9 
 Peromyscus maniculatus deer mouse N 42 

DMPA24 Dipodomys merriami parvus San Bernardino kangaroo rat Y 2 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 
 Peromyscus maniculatus deer mouse N 81 

DMPA25 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 2 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 7 
 Peromyscus maniculatus deer mouse N 29 

DMPA26 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Melozone crissalis California towhee N 2 
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Appendix A. Continued. 
Station Code Scientific Name Common Name Covered Total 

 

DMPA26 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 6 
 Peromyscus maniculatus deer mouse N 70 

DMPA27 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 4 

 Mus musculus house mouse N 3 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 4 
 Peromyscus maniculatus deer mouse N 35 

DMPA28 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 6 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 4 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 6 
 Peromyscus maniculatus deer mouse N 74 

DMPA29 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 4 
 Melozone crissalis California towhee N 2 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 7 
 Peromyscus maniculatus deer mouse N 18 
 Reithrodontomys megalotis western harvest mouse N 3 

DMPA30 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 8 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 16 
 Peromyscus maniculatus deer mouse N 9 

DMPA31 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 
 Peromyscus maniculatus deer mouse N 37 

DMPA32 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 3 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 10 
 Peromyscus maniculatus deer mouse N 46 

DMPA33 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 1 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 11 
 Peromyscus maniculatus deer mouse N 31 

DMPA34 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 17 
 Peromyscus maniculatus deer mouse N 26 

DMPA35 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 8 
 Peromyscus maniculatus deer mouse N 4 

DMPA36 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 10 
 Peromyscus maniculatus deer mouse N 13 

DMPA37 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 16 
 Peromyscus maniculatus deer mouse N 12 



2015 San Bernardino Kangaroo Rat Survey Report 

Western Riverside County MSHCP 
Biological Monitoring Program 

18 

Appendix A. Continued. 
Station Code Scientific Name Common Name Covered Total 

 

DMPA38 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 
 Peromyscus maniculatus deer mouse N 1 
 Reithrodontomys megalotis western harvest mouse N 3 

DMPA39 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 12 
 Peromyscus maniculatus deer mouse N 16 

DMPA40 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 8 
 Reithrodontomys megalotis western harvest mouse N 1 

DMPA41 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 6 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 7 
 Peromyscus maniculatus deer mouse N 4 

DMPA42 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 2 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 16 
 Peromyscus eremicus cactus mouse N 4 
 Peromyscus maniculatus deer mouse N 33 

DMPA43 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 4 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 6 
 Peromyscus maniculatus deer mouse N 14 

DMPA44 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 5 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 3 
 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 
 Peromyscus maniculatus deer mouse N 4 

DMPA45 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 4 

 Dipodomys merriami parvus San Bernardino kangaroo rat Y 2 
 Dipodomys simulans Dulzura kangaroo rat Y 3 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 10 
 Peromyscus eremicus cactus mouse N 1 
 Peromyscus maniculatus deer mouse N 7 

DMPA46 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 18 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 
 Neotoma spp unidentified woodrat - 1 
 Peromyscus eremicus cactus mouse N 32 
 Peromyscus maniculatus deer mouse N 3 
 Reithrodontomys megalotis western harvest mouse N 1 

DMPA47 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 8 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 4 

DMPA48 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 14 

 Neotoma bryanti intermedia Bryant's woodrat Y 1 
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Appendix A. Continued. 
Station Code Scientific Name Common Name Covered Total 

 

DMPA48 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 
 Peromyscus eremicus cactus mouse N 6 

DMPA49 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 

DMPA50 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 12 
 Peromyscus maniculatus deer mouse N 4 

DMPA51 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 4 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 5 

DMPA52 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 10 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 3 
 Peromyscus boylii brush mouse N 2 
 Peromyscus maniculatus deer mouse N 13 
 Reithrodontomys megalotis western harvest mouse N 1 

DMPA53 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 11 

 Peromyscus boylii brush mouse N 2 
 Peromyscus maniculatus deer mouse N 4 
 Reithrodontomys megalotis western harvest mouse N 3 

DMPA54 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 6 

 Peromyscus boylii brush mouse N 3 
 Peromyscus maniculatus deer mouse N 2 

DMPA55 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 3 

DMPA56 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 9 

 Neotoma spp unidentified woodrat - 1 
 Peromyscus boylii brush mouse N 10 
 Peromyscus eremicus cactus mouse N 1 
 Peromyscus maniculatus deer mouse N 4 

DMPA57 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 1 

 Dipodomys simulans Dulzura kangaroo rat Y 2 
 Peromyscus maniculatus deer mouse N 4 

DMPA58 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 18 

 Dipodomys simulans Dulzura kangaroo rat Y 1 
 Neotoma spp unidentified woodrat - 1 
 Peromyscus boylii brush mouse N 12 
 Peromyscus eremicus cactus mouse N 3 
 Peromyscus maniculatus deer mouse N 8 

DMPA59 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 16 

 Dipodomys simulans Dulzura kangaroo rat Y 2 
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Appendix A. Continued. 
Station Code Scientific Name Common Name Covered Total 

 

DMPA59 Peromyscus boylii brush mouse N 4 
 Peromyscus eremicus cactus mouse N 2 
 Peromyscus maniculatus deer mouse N 9 
 Unidentified animal - - 1 

DMPA60 Peromyscus maniculatus deer mouse N 4 
DMPA61 Mus musculus house mouse N 4 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 3 
 Peromyscus maniculatus deer mouse N 26 

DMPA62 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 4 
 Peromyscus maniculatus deer mouse N 74 

DMPA63 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 1 
 Peromyscus maniculatus deer mouse N 5 

DMPA64 Anaxyrus boreas Western toad N 2 

 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 2 

 Perognathus longimembris brevinasus Los Angeles pocket mouse Y 3 
 Peromyscus maniculatus deer mouse N 11 

DMPA65 Chaetodipus fallax fallax 
northwestern San Diego 
pocket mouse Y 11 

DMPA66 Neotoma spp unidentified woodrat - 1 
 Peromyscus eremicus cactus mouse N 6 
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