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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 2016 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 2016 Mammal Program Lead, Jennifer
Hoffman. This report should be cited as:
Biological Monitoring Program. 2017. Western Riverside County MSHCP Biological
Monitoring Program 2016 Aguanga 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
Western Riverside County
Regional Conservation Authority
Riverside Centre Building
3403 10th Street, Suite 320
Riverside, CA 92501
Ph: (951) 955-9700

Western Riverside County MSHCP
Biological Monitoring Program

Monitoring Program Administrator
Western Riverside County MSHCP
Biological Monitoring Program
4500 Glenwood Drive, Bldg. C
Riverside, CA 92501
Ph: (951) 248-2552
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INTRODUCTION
The Western Riverside County MSHCP calls for the conservation of 5484 acres
of suitable habitat for Aguanga kangaroo rat (Dipodomys merriami collinus; AKR) in
Temecula Creek and Wilson Creek and their tributaries (Objective 1; Dudek &
Associates 2003). At least 75% of conserved habitat must be occupied, with 20% of
occupied habitat supporting a population of at least 5 – 15 individuals per ha, as
measured over any 8-year period (Objective 3).
The range of Aguanga kangaroo rat stretches from the Mason Valley in eastern
San Diego County north along the western edge of the Colorado Desert to Earthquake
and San Felipe Valleys, and northwest into the Aguanga and Wilson Valleys of
southwestern Riverside County (Williams et al. 1993). In Riverside county, the species is
typically found within Riversidean alluvial fan sage scrub associated with flood plains of
Temecula Creek, Wilson Creek, and their tributaries, but may also be found in
Riversidean sage scrub, chaparral and grassland vegetation in adjacent upland areas
(Dudek & Associates 2003). Aguanga kangaroo rat is also often associated with sandy
loam soils that are common throughout the designated core drainages.
The Biological Monitoring program documented the distribution of Aguanga
kangaroo rat in portions of core drainages and tributaries that occur on conserved lands in
summer 2016. We used a repeat-visit survey design to estimate percent-area occupied of
suitable habitat based on a GIS model created by the Biological Monitoring Program. We
also measured vegetation to refine our habitat model, and to expand our knowledge of
habitat parameters that influence occurrence of Aguanga kangaroo rat. Data collected in
2016 was used to design expanded future efforts that included estimation of population
density when the appropriate number of acres is conserved.
We discuss here the methods and results from 2016 surveys used to address
Species-Specific Objective 1 in Temecula Creek and Wilson Creek and their tributaries.
Specifically, our survey goals and objectives for 2016 were as follows:
Goals and Objectives
1. Estimate area of suitable habitat occupied by Aguanga kangaroo rat in
Temecula Creek and Wilson Creek and their tributaries.
a.
Sample Aguanga 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.
a.
Compare presence/absence models that include habitat data collected
at trap sites.
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METHODS
Study Site Selection
We used ArcMap 10.2 Geographic Information Systems (GIS) software (ESRI
2013) to distribute random trapping grid center points across suitable habitat on
conserved lands near Temecula Creek, Tule Creek and Wilson Creek and their tributaries
in the Aguanga Valley area. Tule Creek was included as it was a known historic location
for the species (Dudek & Associates 2003). Suitable habitat was identified using a
preliminary suitable habitat model created by the Biological Monitoring Program. This
model includes habitat types (e.g., Riversidean alluvial fan sage scrub, Riversidean sage
scrub, grasslands and chaparral in associated uplands; PSBS and KTU+A 1995) and soil
types (e.g., sand and loam; NRCS 2006) listed in the Species Account (Dudek &
Associates 2003). 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 trapping grids with a minimum spacing of 110 m (Behrends
et al. 1986).
Survey Methods
We conducted six trapping sessions from 25 July to 30 September 2016, sampling
a total of 62 trapping grids. We surveyed each trapping grid over a single 4-night effort
(Monday-Thursday). 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.
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
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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.

A5

C5

E5

C1

E1

North

A1

East
Figure 1. Grid design (5 × 5) for trapping AKR. Boxes represent
individual traps and small arrows indicate direction that open doors face.

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 Aguanga Kangaroo Rat 2016 Sampling
Protocol, available from the Biological Monitoring Program.
Habitat Sampling
We revisited each grid in the fall season following the trapping effort to record
habitat characteristics along 20-m transects that radiated from the grid center in each of
the four cardinal directions. At 1-m intervals, beginning at the grid center, we recorded
the type of ground cover (bare ground, litter, thatch etc.) and any species or structure that
hit the pole in 3 categories: below 8 cm, between 8 – 45 cm and above 45 cm. We
measured the tallest (to the closest 5 cm) vegetation hitting the pole above 45 cm.
Vegetation and/or structure between 8 – 45 cm is potentially important to D. merriami as
this species have been shown to avoid areas with thick cover in this height class
(Rosenzweig 1973). Finally, we recorded soil compaction using a soil penetrometer
(Forestry Suppliers, model 77114), and presence and intensity of disturbance. For a more
complete description of habitat survey methods, see Aguanga Kangaroo Rat 2016
Habitat Sampling Protocol, available from the Biological Monitoring Program.
Western Riverside County MSHCP
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Training
All Biological Monitoring Program field personnel were trained prior to the 2016
AKR 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.
Data Analysis
Trapping
We estimated grid occupancy ( Ψ ) and nightly detection probability (p) in the
Aguanga Valley area, where Aguanga 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. This allowed 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).
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 in the Aguanga Valley area by
extrapolating occupied-grid estimates to the area of modeled moderate- to high-suitability
habitat in this Core Area.
Western Riverside County MSHCP
Biological Monitoring Program
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Habitat Sampling
Aguanga kangaroo rat are found in Riversidean alluvial fan sage scrub,
Riversidean sage scrub, as well as chaparral and grasslands in tributaries adjacent to
Riversidean alluvial fan sage scrub (Dudek & Associates 2003). Little else is known
about the habitat needs for this species. We used Welch’s two-sample t-test to compare
habitat characteristics between grids where AKR were present and grids where AKR
were not present at a 0.05 significance level. We attempted to further refine our
understanding of AKR habitat by adding habitat covariates to a generalized linear mixed
model (GLMM) based on a priori assumptions of AKR 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 2016) 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 selected 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.

RESULTS
Trapping
We captured Aguanga kangaroo rat on 11 of 62 grids (18%) (Figure 2). We
captured 4 additional Covered Species and 6 non-covered species (Table 1). A list of all
captures per trapping grid is found in Appendix A. Based on the trapping data, we had 2
occupancy models that appropriately modeled parameters but neither had clear support as
the strongest model. Consequently, we model-averaged our estimates which gave results
with p varying across trap night. The grid-level probability of detection generally
increased from 0.63 (SE = 0.18) on the first trap night to 0.75 (SE = 0.10) on the last
night, with a peak the third night of 0.79 (SE = 0.12) (Figure 3). Overall, the cumulative
detection probability was high (Pc = 0.99; Figure 3). Of the 24.5 ac of suitable habitat
surveyed in the Aguanga Valley, 4.3 ac (1.7 ha) were occupied by AKR.
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Figure 2. Aguanga kangaroo rat occupied and non-occupied grids in the Aguanga Valley, 25 July - 30 September 2016.
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Table 1. Summary of species recorded while surveying for Aguanga kangaroo rat 25 July - 30 Sept 2016.
Scientific Name
Dipodomys merriami collinus
Perognathus longimembris brevinasus
Chaetodipus fallax fallax
Dipodomys simulans
Neotoma bryanti intermedia
Dipodomys spp
Peromyscus eremicus
Peromyscus maniculatus
Reithrodontomys megalotis
Peromyscus spp
Otospermophilus beecheyi
Mus musculus

Common Name
Aguanga kangaroo rat
Los Angeles pocket mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
Bryant's woodrat
unidentified kangaroo rat
cactus mouse
deer mouse
western harvest mouse
unidentified deer mouse
California ground squirrel
house mouse

Covered1
Y
Y
Y
Y
Y
N
N
N
N
N
N

Total
51
13
379
219
5
6
429
435
7
7
1
2

1 Non-covered

species were not marked and total refers to the number of times these species were captured, not number of
individuals detected.
1.00

Grid-level probability of detection (SE)

0.90

0.80

0.70

n = 10
0.60

n=8

n=8

0.50

n=4
0.40
1

2

3

4

Trap Night
Figure 3. Sample detection probability for Aguanga kangaroo rat. Nightly grid-level detection
probability based on a single occupancy model, and number of grids out of 62 where Aguanga
kangaroo rat were captured (n) during seven 4-night efforts in the Aguanga Valley area. Values
are estimates ± standard error. Note: We only have data for 53 grids on trap night 1.

Habitat Sampling
We found no significant differences among habitat characteristics between grids where
AKR were present and grids where AKR were not present (Table 2). Variables that were
underrepresented (i.e., moss, rock and other) in plots were excluded from the analysis.
Table 2. Results of Welch's two-sample t-test comparisons between plots (n = 62) occupied and not
occupied by AKR in 2016 for ground cover, soil compaction, and vegetation cover between 8 - 45 cm.
Western Riverside County MSHCP
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Percent presence is included (in parentheses) alongside mean percent cover values, for reference. The
number of grids in each category is shown here.
Habitat characteristics
Ground Cover (%)
Bare
Basal Stem
Crust
Litter
Thatch
Soil Compaction (kg/cm2)
Cover between 8-45 cm

AKR present
(n = 11)

AKR not present
(n = 51)

p-value

95% CI

0.65 (100)
0.01 (55)
0.01 (36)
0.32 (100)
0.01 (36)
0.71 (-)
0.28 (100)

0.67 (100)
0.02 (73)
0 (16)
0.29 (100)
0.01 (18)
1.02 (-)
0.34 (100)

0.562
0.110
0.270
0.378
0.762
0.074
0.268

(-0.096, 0.053)
(-0.021, 0.002)
(-0.006, 0.020)
(-0.042, 0.106)
(-0.016, 0.012)
(-0.637, 0.023)
(-0.165, 0.049)

Before testing for collinearity, we removed 2 independent variables from the analyses
based on their lack of representation; these included percent rock, and percent other. We tested
the 6 remaining ground cover variables for collinearity. We removed percent litter due to its high
collinearity with bare ground. Due to underrepresentation, we combined the bare ground, crust
and moss variables to make a new bare ground variable. Soil compaction and percent cover
between 8 - 45 cm were added to the list of ground code variables. We generated a global model
with the final 5 explanatory variables: percent cover of bare ground (BCM), basal stem (BS),
thatch (T), cover between 8 - 45 cm (MC), and soil compaction (S).
From our 5 explanatory variables we generated 32 models comprised of different variable
combinations, of which 4 variables were included in the top model set (< 2 AICc of the best
model; Table 3). Aguanga kangaroo rat presence was best explained by mixed models that
included the following variables, listed in order of relative importance: cover between 8 - 45 cm,
soil compaction, basal stem, and bare ground (Table 4). These models contained 34% of the
Akaike weight with no other model accounting for > 7% of the weight. Two variables (cover
between 8 - 45 cm and soil compaction) were included in the top model (Table 3). Modelaveraged parameter estimates of the top models showed soil compaction and cover between 8 45 cm were always among the top models (< 2 ΔAICc) resulting in maximum relative
importance values (Table 4). Soil compaction was nearly significant, suggesting AKR prefer less
compact soils.
Table 3. Models that best explained Aguanga 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.
Variable
MC+S
BS+MC+S
BCM+MC+S

K
3
4
4

logLik
-25.57
-25.24
-25.25

AICc
57.56
59.18
59.19

Δ AICc
0
1.62
1.63

wt
0.53
0.24
0.23

*variable names: cover between 8 - 45 cm (MC), Soil compaction (S), bare ground (BCM), and basal
stem (BS).
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Table 4. Model-averaged parameter estimates of the top models for determining AKR presence relative to
habitat variables collected Nov 2016 - Feb 2017.
Model
(Intercept)
MC
S
BS
BCM

Estimate

Unconditional SE

Z

p

95 % CI

2.2267
-5.6546
-1.9058
-3.6044
-0.5555

2.0253
3.0317
0.9566
11.9498
1.7426

1.08
1.83
1.95
0.3
0.31

0.280
0.068
0.051
0.766
0.753

(-1.81,6.27)
(-11.72, 0.41)
(-3.82, 0.01)
(-56.64, 26.08)
(-8.26, 3.52)

Relative
Importance
1.00
1.00
0.24
0.23

DISCUSSION
Aguanga Kangaroo Rat Detections
Data collected in 2016 indicate that Species-Specific Objective 1 for Aguanga kangaroo
rat is not currently met, despite the inclusion of additional trapping grids near Tule Creek and its
tributaries. We started our 2016 survey effort by distributing trapping grids in suitable habitat
across 24.5 ac, which was delineated using vegetation communities and soil types defined in the
Species Account and pre-survey ground-truthing. The data collected as a result of these trapping
efforts will be used to validate and refine a preliminary suitable habitat model for Aguanga
kangaroo rat, which is being developed by the Monitoring Program. From this habitat model we
will create a Core Area delineation map which will be used to calculate the amount of suitable
acreage available for this species.
The relatively high cumulative detection probability we calculated gives us confidence
that we are detecting Aguanga kangaroo rat when they are present. Though we generally see
nightly detection probability increase with each successive trap night, we had some difficulties
this year which gave us some unexpected results. We lost data, or the opportunity to collect data,
for 21 grids this year. Grids were closed for a number of reasons ranging from extreme weather,
observer fatigue, and depredation of trapped AKR by raccoon. We also experienced a computerrelated data transfer malfunction where we lost all data on nine trapping grids from trap night
one. Two of these trapping grid were occupied by AKR. That being said, we should continue to
employ the 5 x 5 trapping grids as they continue to work well as a method to survey a large area
of suitable habitat when looking at species distribution.
Habitat Suitability Results
Merriam’s kangaroo rat (D. merriami) prefer habitat with large expanses of bare ground
(Rosenzweig 1973; Price 1978). Excessive ground cover may inhibit kangaroo rat foraging and
predator evasion behavior (Longland and Price 1991). Merriam’s kangaroo rat has been shown to
avoid areas with vegetation cover between 8 - 45 cm (Rosenzweig 1973). We included, in our
analysis, a measurement of vegetation at this height to determine its effects on our Merriam’s
kangaroo rat subspecies. While not statistically significant, we saw that increased cover in this
height category negatively affected AKR occupancy. We should continue to view this type of
cover as a detriment to AKR occupancy and save our resources by not surveying areas with
heavy cover.
Soil compaction appears to be an important factor for determining AKR presence.
Kangaroo rats generally prefer loose, friable soils favorable to burrowing (Hafner et al. 1998;
Brock and Kelt 2004; Breme et al. 2006). Soil compacted by grazing, vehicle use, and military
Western Riverside County MSHCP
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training is detrimental to kangaroo rats as burrowing is impeded. We found trapping grids with
more compact soil were less likely to be occupied by AKR.
As stated, our habitat suitability model is being created using information in the Species
Account. However, the Species Account was written based on studies of Merriam’s kangaroo rat
(D. merriami) which has many subspecies and a large distribution across the western portion of
the United States and Mexico. Our Plan Area contains 2 subspecies of Merriam’s kangaroo rat,
the San Bernardino kangaroo rat (D. m. parvus) and the Aguanga kangaroo rat. The former is a
federally endangered species and both are considered data deficient by the IUCN (2017).
Meanwhile, D. merriami is a species of least concern with a large collection of literature (Daly
1992, Hafner et al. 1998, Koontz et al. 2001). Attaching the needs of the widely distributed D.
merriami to the data deficient Aguanga kangaroo rat highlights the necessity to continually
improve our AKR suitable habitat model.
Recommendations
Future Surveys
Habitat sampling for Aguanga kangaroo rat should be carried out immediately preceding
or following a trapping effort. This would ensure we are collecting habitat data on resources,
especially annual plant species, available to kangaroo rats when the animals are most active (i.e.,
collecting seeds for caches). Additionally, minimizing the time between trapping and habitat
surveys could increase the ease with which we compare habitat data between AKR occupied and
non-occupied trapping grids. For example, grids surveyed later in the 2016-17 season had more
measurable vegetation than those surveyed earlier in the season due to above-average rainfall.
To expand our knowledge of Aguanga kangaroo rat distribution, we should prioritize
trapping suitable habitat not previously surveyed by the Biological Monitoring Program, parcels
newly acquired by the Regional Conservation Authority, and expand our trapping efforts beyond
the known localities described in the Species Account (i.e., Temecula Creek and Wilson Creek
and their tributaries). In addition to trapping these new, or never before surveyed parcels, we
should explore what role habitat type plays on AKR occupancy and distribution. Trapping grids
distributed at equal density on suitable habitat types (i.e., Riversidean alluvial fan sage scrub,
Riversidean sage scrub) could provide information not only on AKR habitat requirements but
also help validate and refine our habitat models for this species. Finally, our knowledge of this
subspecies could be greatly strengthened by partaking in proposed genetic studies on Dipodomys
species in our Plan Area.

ACKNOWLEDGEMENTS
We thank the land managers in the MSHCP Plan Area, who in the interest of
conservation and stewardship facilitate Monitoring Program activities on the lands for which
they are responsible. Funding for the Biological Monitoring Program is provided by the Western
Riverside Regional Conservation Authority and the California Department of Fish and
Wildlife. Biological Monitoring Program staff who conducted surveys in 2016 were Jennifer
Hoffman (Mammal Program Lead), Esperanza Sandoval, Tara Graham, Lynn Miller, Ana
Hernandez, Michelle Murphy Mariscal, Cristina Juran, Jessica Burton and Karyn Drennen.
Assistance during data collection was provided by Zachary Piserchia.

Western Riverside County MSHCP
Biological Monitoring Program

10

2016 Aguanga Kangaroo Rat Survey Report

LITERATURE CITED
Bartoñ K. 2016. MuMIn: Multi-Model Inference. R package version 1.15.6. Available from
https://CRAN.R-project.org/package=MuMIn
Behrends P, Daly M, Wilson MI. 1986. Range use patterns and spatial relationships of
Merriam's kangaroo rats (Dipodomys merriami). Behaviour 96:187–209.
Bolker BM. 2008. Ecological models and data in R. Princeton University Press, Princeton, NJ.
Brehme C, Burnham K, Kelt D, Olsen A, Montgomery S, Hathaway S, R. Fisher R. 2006.
Stephens’ Kangaroo Rat (Dipodomys stephensi) Monitoring Protocol for MCB Camp
Pendleton. Prepared for AC/S Environmental Security, Marine Corps Base, Camp
Pendleton.
Burnham KP, Anderson DR. 2002. Model selection and multimodel inference: a practical
information-theoretic approach. 2nd Edition. Springer-Verlag, New York.
Daly M, Jacobs LF, Wilson MI, Behrends PR. 1992. Scatter hoarding by kangaroo
rats (Dipodomys merriami) and pilferage from their caches. Behavioral Ecology, 3:102111.
Dudek & Associates. 2003. Western Riverside County Multiple Species Habitat Conservation
Plan (MSHCP). Final MSCHSP, volumes I and II. Prepared for County of Riverside
Transportation and lands Management Agency by Dudek & Associates, Inc. Approved
June 17, 2003.
ESRI 2015. ArcGIS Desktop: Release 10.4. Redlands, CA: Environmental Systems Research
Institute, 1999-2015.
Fox J, Weisberg S. 2011. An {R} Companion to Applied Regression, Second Edition. Sage,
Thousand Oaks, CA.
IUCN 2017. The IUCN Red List of Threatened Species. Version 2017-1.
<http://www.iucnredlist.org>. Accessed on 7 Feb 2017.
Koontz TL, Shepherd UL, Marshall D. 2001. The effect of climate change on Merriam's
kangaroo rat, Dipodomys merriami. Journal of Arid Environments, 49:581-591.
Longland WS, Price MV. 1991. Direct observations of owls and heteromyid rodents: Can
predation risk explain microhabitat use? Ecology 72(6):2261–2273.
MacKenzie DI, Nichols JD, Lachman GB, Droege S, Royle JA, Langtimm CA. 2002. Estimating
site occupancy rates when detection probabilities are less than one. Ecology 83:2248–
2255.
MacKenzie DI, Royle AJ. 2005. Desinging occupancy studies: General advice and allocating
survey effort. Journal of Applied Ecology 42:1105–1114.

Western Riverside County MSHCP
Biological Monitoring Program

11

2016 Aguanga Kangaroo Rat Survey Report

MacKenzie DI, Nichols JD, Royle JA, Pollock KH, Bailey LL, Hines JE. 2006. Occupancy
estimation and modeling: inferring patterns and dynamics of species occurrence.
Academic Press, San Diego, CA.
Miles J, Shevlin M. 2001 Applying regression and correlation: A guide for students and
researchers. Sage, Thousand Oaks, CA.
Pacific Southwest Services, Inc. and KTU+A (PSBS and KTU+A). 1995. Western Riverside
County Multi- Species Habitat Conservation Plan Phase I - Information Collection and
Evaluation Report.
Price MV. 1978. The role of microhabitat in structuring desert rodent communities. Ecology,
59: 910-921.
R Core Team. 2016. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.
Rosenzweig ML. 1973. Habitat selection experiments with a pair of coexisting heteromyid
rodent species. Ecology 111–117.
Soil Survey Staff, Natural Resources Conservation Service (NRCS), United States Department
of Agriculture (USDA). 2006. Soil Survey- Western Riverside Area (CA679).
White GC, Burnham KP. 1999. Program MARK: survival estimation from populations of
marked animals. Bird Study 46 Supplement:120-138.
Williams DF, Gennoways HH, Braun JK. 1993. Taxonomy. p. 56 In: Gennoways HH, Brown
JH, editors. Biology of the Heteromyidae. Special Publication Number 10, The American
Society of Mammalogists. Brigham Young University, Provo, UT.
Zuur AF, Ieno EN, Elphick CS. 2010. A protocol for data exploration to avoid common
statistical problems. Methods in Ecology and Evolution 1:3–14.

Western Riverside County MSHCP
Biological Monitoring Program

12

2016 Aguanga Kangaroo Rat Survey Report

Appendix A. Species recorded per grid while surveying for Aguanga kangaroo rat,
25 July - 30 Sept 2016.
Station Code
DMCO-01

DMCO-02

DMCO-03

DMCO-04

DMCO-05

DMCO-06

DMCO-07

DMCO-08

DMCO-09

DMCO-10

DMCO-11
DMCO-12

Scientific Name
Dipodomys merriami collinus
Peromyscus maniculatus
Peromyscus spp
Chaetodipus fallax fallax
Dipodomys merriami collinus
Peromyscus maniculatus
Dipodomys merriami collinus
Peromyscus maniculatus
Perognathus longimembris brevinasus
Dipodomys simulans
Dipodomys merriami collinus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys merriami collinus
Neotoma bryanti intermedia
Perognathus longimembris brevinasus
Otospermophilus beecheyi
Chaetodipus fallax fallax
Dipodomys merriami collinus
Neotoma bryanti intermedia
Peromyscus maniculatus
Perognathus longimembris brevinasus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys merriami collinus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys spp
Dipodomys merriami collinus
Peromyscus eremicus
Peromyscus maniculatus
Reithrodontomys megalotis
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Chaetodipus fallax fallax
Dipodomys simulans
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Peromyscus spp
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Common Name
Aguanga kangaroo rat
deer mouse
unidentified deer mouse
northwestern San Diego pocket mouse
Aguanga kangaroo rat
deer mouse
Aguanga kangaroo rat
deer mouse
Los Angeles pocket mouse
Dulzura kangaroo rat
Aguanga kangaroo rat
deer mouse
northwestern San Diego pocket mouse
Aguanga kangaroo rat
Bryant's woodrat
Los Angeles pocket mouse
California ground squirrel
northwestern San Diego pocket mouse
Aguanga kangaroo rat
Bryant's woodrat
deer mouse
Los Angeles pocket mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
Aguanga kangaroo rat
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
unidentified kangaroo rat
Aguanga kangaroo rat
cactus mouse
deer mouse
western harvest mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
unidentified deer mouse
13

Covered
Y
N
N
Y
Y
N
Y
N
Y
Y
Y
N
Y
Y
Y
Y
N
Y
Y
Y
N
Y
Y
Y
Y
N
Y
Y
Y*
Y
N
N
N
Y
Y
N
N
Y
Y
N
Y
Y
Y
Y
N
N
N

Total
6
14
1
7
4
2
7
6
1
1
2
3
1
13
1
2
1
1
12
1
5
5
16
2
2
1
10
1
1
1
13
9
2
8
2
3
2
4
3
9
13
2
17
1
3
1
3
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Appendix A. Continued
Station Code
DMCO-13

DMCO-14

DMCO-15

DMCO-16

DMCO-17
DMCO-18

DMCO-19

DMCO-20

DMCO-21

DMCO-22

DMCO-23

DMCO-24

Scientific Name
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys merriami collinus
Peromyscus eremicus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys merriami collinus
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Neotoma bryanti intermedia
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
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Common Name
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
Aguanga kangaroo rat
cactus mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
Aguanga kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
Bryant's woodrat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse

14

Covered
Y
Y
N
Y
Y
Y
N
Y
Y
Y
N
N
Y
Y
N
N
Y
N
Y
Y
N
Y
Y
N
N
Y
Y
N
N
Y
Y
N
N
Y
Y
N
N
Y
Y
Y
N
N
Y
Y
N
N

Total
26
3
11
6
3
2
4
14
2
1
1
1
4
12
17
14
3
1
2
6
26
5
11
7
3
2
8
7
19
4
3
15
19
5
4
25
8
20
2
1
25
6
5
8
4
12
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Appendix A. Continued
Station Code
DMCO-26**

DMCO-27

DMCO-28

DMCO-29

DMCO-30

DMCO-31

DMCO-32

DMCO-33

DMCO-34

DMCO-35

DMCO-36

Scientific Name
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys spp
Neotoma bryanti intermedia
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Peromyscus eremicus
Peromyscus maniculatus
Perognathus longimembris brevinasus
Reithrodontomys megalotis
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Perognathus longimembris brevinasus
Reithrodontomys megalotis
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
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Common Name
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
unidentified kangaroo rat
Bryant's woodrat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
cactus mouse
deer mouse
Los Angeles pocket mouse
western harvest mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
Los Angeles pocket mouse
western harvest mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse

15

Covered
Y
Y
N
N
Y
Y
N
N
Y
Y
N
Y
Y
N
Y
Y
Y*
Y
N
N
Y
Y
N
N
Y
Y
N
N
Y
N
N
Y
N
Y
Y
N
N
Y
Y
N
N
Y
N
Y
Y
N

Total
21
1
16
16
19
5
1
6
20
3
1
1
11
1
10
4
1
1
1
1
12
6
2
1
8
7
1
8
4
14
3
2
1
6
2
11
24
4
1
5
16
2
1
7
12
2
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Appendix A. Continued
Station Code
DMCO-37

DMCO-38

DMCO-39

DMCO-40

DMCO-41

DMCO-42

DMCO-43

DMCO-44

DMCO-45

DMCO-46
DMCO-47

DMCO-48

DMCO-49
DMCO-50
DMCO-51

Scientific Name
Chaetodipus fallax fallax
Dipodomys simulans
Mus musculus
Peromyscus eremicus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus eremicus
Peromyscus maniculatus
Reithrodontomys megalotis
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys spp
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Dipodomys spp
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys simulans
Peromyscus eremicus
Peromyscus maniculatus
Peromyscus spp
Chaetodipus fallax fallax
Chaetodipus fallax fallax
Neotoma bryanti intermedia
Peromyscus eremicus
Peromyscus maniculatus
Chaetodipus fallax fallax
Dipodomys merriami collinus
Peromyscus eremicus
Dipodomys simulans
Peromyscus maniculatus
Dipodomys simulans
Reithrodontomys megalotis
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Common Name
northwestern San Diego pocket mouse
Dulzura kangaroo rat
house mouse
cactus mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
cactus mouse
deer mouse
western harvest mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
unidentified kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
unidentified kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Dulzura kangaroo rat
cactus mouse
deer mouse
unidentified deer mouse
northwestern San Diego pocket mouse
northwestern San Diego pocket mouse
Bryant's woodrat
cactus mouse
deer mouse
northwestern San Diego pocket mouse
Aguanga kangaroo rat
cactus mouse
Dulzura kangaroo rat
deer mouse
Dulzura kangaroo rat
western harvest mouse

16

Covered
Y
Y
N
N
Y
Y
N
N
N
N
Y
N
N
Y
Y
Y*
N
N
Y
Y
Y*
N
N
Y
Y
N
N
Y
Y
N
N
Y
Y
N
N
N
Y
Y
Y
N
N
Y
Y
N
Y
N
Y
N

Total
4
6
2
4
5
4
1
2
4
1
2
9
13
1
3
1
24
21
10
8
1
20
12
3
9
52
7
4
7
40
7
6
10
39
26
1
9
9
1
3
1
12
1
5
2
4
4
1
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Appendix A. Continued
Station Code
DMCO-52

Scientific Name
Common Name
Covered
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus maniculatus
deer mouse
N
Perognathus longimembris brevinasus Los Angeles pocket mouse
Y
DMCO-53
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus maniculatus
deer mouse
N
DMCO-54
Peromyscus maniculatus
deer mouse
N
DMCO-55
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus maniculatus
deer mouse
N
DMCO-56
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Peromyscus maniculatus
deer mouse
N
DMCO-57
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Peromyscus eremicus
cactus mouse
N
DMCO-58
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus eremicus
cactus mouse
N
Peromyscus maniculatus
deer mouse
N
DMCO-59
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus eremicus
cactus mouse
N
Peromyscus maniculatus
deer mouse
N
Peromyscus spp
unidentified deer mouse
N
DMCO-60
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus eremicus
cactus mouse
N
Peromyscus maniculatus
deer mouse
N
DMCO-61
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Dipodomys simulans
Dulzura kangaroo rat
Y
Peromyscus eremicus
cactus mouse
N
Peromyscus maniculatus
deer mouse
N
Reithrodontomys megalotis
western harvest mouse
N
DMCO-62
Chaetodipus fallax fallax
northwestern San Diego pocket mouse
Y
Dipodomys simulans
Dulzura kangaroo rat
Y
Dipodomys spp
unidentified kangaroo rat
Y*
Peromyscus maniculatus
deer mouse
N
DMCO-63
Dipodomys simulans
Dulzura kangaroo rat
Y
Dipodomys spp
unidentified kangaroo rat
Y*
Peromyscus maniculatus
deer mouse
N
Peromyscus spp
unidentified deer mouse
N
*animal escaped before being identified to species, all kangaroo rat species in area are covered species
** there was no DMCO-25
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Total
2
5
1
2
21
4
2
8
1
5
10
2
5
4
2
6
8
4
9
16
1
2
5
5
4
4
5
15
14
1
1
8
1
17
6
1
11
1

