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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 2018 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 2018 Coastal California Gnatcatcher Project
Lead, Masanori Abe. This report should be cited as:
Biological Monitoring Program. 2019. Western Riverside County MSHCP Biological
Monitoring Program 2018 Coastal California Gnatcatcher Survey and Nest Monitoring
Report. Prepared for the Western Riverside County Multiple Species Habitat Conservation
Plan. Riverside, CA. Available online: http://wrc-rca.org/about-rca/monitoring/monitoringsurveys/.
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. Any reader
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 Coastal California Gnatcatcher (Polioptila californica californica;
gnatcatcher) is one of 45 bird species covered by the Western Riverside County MSHCP
and is designated as threatened at the Federal level. Gnatcatchers are specialists of coastal
sage scrub (CSS) habitat, one of the unique plant communities found in coastal and
inland southern California and Baja California. This habitat type is characterized by lowgrowing, drought-deciduous, and semi-woody shrubs, such as California buckwheat
(Eriogonum fasciculatum), coast brittle-bush (Encelia farinosa), California sagebrush
(Artemisia californica), black sage (Salvia mellifera), and white sage (Salvia apiana)
(Dudek & Associates 2003). CSS habitat is one of the most endangered habitats in the
U.S. In Western Riverside County, suitable CSS habitat for gnatcatchers has declined by
48% since the 1980s (Hulton VanTassel et al. 2017). Significant declines, however, were
not reported for gnatcatcher populations in southern California between 1966 and 2000
(Mock 2004), so intensive monitoring is critical due to the rapid decline of this species’
breeding habitat.
Gnatcatchers are non-migratory insectivores and are distributed in southern
coastal California and Baja California (Atwood and Bontrager 2001). In the Plan Area,
they are mostly found in the southwestern region, especially in the Riverside Lowlands
and San Jacinto Foothills Bioregions along the Interstate 15/215 corridor from the Santa
Ana River to Temecula, and into the Vail Lake/Wilson Valley area (Dudek & Associates
2003). We also recorded their activity in the northeastern region of the Plan Area.
Gnatcatchers primarily use CSS, but they occasionally use desert scrub and
Riversidean alluvial fan scrub vegetation communities for breeding (Dudek & Associates
2003). Their breeding season starts in approximately mid-March and ends in July in
Riverside County. Gnatcatchers defend an average of 3.4 ha as a their breeding territory
(Braden et al.1997a), and build anopen-cup nest in relatively dense stands of CSS
shrubs, such as California buckwheat, coast brittle-bush, white sage, black sage and
California sagebrush (Atwood and Bontrager 2001). Gnatcatchers in southern California
usually lay three or four eggs and incubate for a mean of 14 days, and then nestlings
fledge approximately 14 days after hatching (Atwood and Bontrager 2001). Parents
provide post-fledged care to young birds for another three weeks (Atwood and Bontrager
2001).
In the spring and summer of 2018, we documented the reproductive success of
Coastal California Gnatcatchers by searching for and monitoring their nests in their nine
Core Areas. The species-specific objectives for gnatcatchers require confirmation of
distribution and successful reproduction within at least 75% of specified Core Areas once
every three years, with successful reproduction defined as a nest that produces at least
one fledgling (Dudek & Associates 2003). The nine Core Areas identified for
gnatcatchers are El Cerrito/Lake Mathews/Estelle Mountain, Lake Skinner/Diamond
Valley Lake, Vail Lake/Wilson Valley/Temecula Creek, Alberhill, Hogbacks/Murrieta
Hot Springs, North Peak Conservation Bank/Meadowbrook, Quail Valley, Railroad
Canyon/Sedco Hills, and Wasson Canyon. We documented that gnatcatchers met the
distribution objective in 2016, but we deferred nest surveys until 2018 due to staff
availability.
Western Riverside County MSHCP
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Goals and Objectives
1. Determine whether gnatcatchers are successfully breeding in at least 75% of their
Core Areas.
a. Locate and monitor active gnatcatcher nests until either fledging or failure
occurs.
2. Estimate nest survival of gnatcatchers.
a. Use the nest survival model included with Program MARK to estimate the
daily nest survival rate (DSR) (White and Burnham 1999; Dinsmore et al.
2002).

METHODS
Survey Design
Our searches occurred within 250 m × 250 m (6.25 ha) grid cells that were
delineated using ArcGIS (ESRI 2006). First, we revisited the locations within Core Areas
where we detected gnatcatcher pairs or nests during previous surveys in 2008, 2011, and
2014 (Biological Monitoring Program 2009, 2012, 2015). Second, if the lands had been
recently acquired for Conservation, or did not have any prior gnatcatcher records, we
used Google Earth satellite imagery or conducted ground-truthing to identify the best grid
cells in which to conduct pair and nest searches. We selected grid cells that seemed to
have the highest likelihood of gnatcatcher occupancy based on availability of suitable
habitat. Once we arrived at survey sites we conducted an area search to confirm suitable
gnatcatcher habitat, and then searched for pairs of gnatcatchers. We conducted nest
searches for gnatcatchers without time-of-day constraints and continued until the species
reproduction objective was met (i.e., we observed successful fledging in at least 75% of
Core Areas).
Field Methods
Nest Searching
We uploaded assigned survey grid cells on a handheld GPS unit. When we found
a pair of gnatcatchers during a survey within an assigned survey grid cell, we stayed in
that cell and observed the birds’ behaviors until we had recorded the data necessary to
determine the status of the pair. We recorded on the datasheets and maps any behaviors
and locations associated with nesting. If we saw a gnatcatcher carrying nesting materials
or food, or heard begging or alarm calls, these behaviors usually indicated an active nest
was nearby, so we stayed in the area and systematically checked shrubs within
approximately 25 m. During observations, we maintained a safe distance (>20 m) from
the potential nest site to minimize stress on gnatcatchers and avoid the likelihood of
potential nest predators being drawn to the nest. If it was too difficult to observe these
behaviors due to rough terrain or dense vegetation cover, we tried to identify the primary
area used by the gnatcatchers then systematically checked each shrub within this area
(Reynolds 1981).
During the previous three survey efforts conducted in 2008, 2011, and 2014 by
the Monitoring Program, the most commonly selected gnatcatcher nest substrates were
California buckwheat (n = 22 nests), white sage (n = 17), coast brittle-bush (n = 13),
Western Riverside County MSHCP
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yellow bush-penstemon (Keckiella antirrhinoides) (n = 8), California sagebrush (n = 7),
and black sage (n = 3). Despite California buckwheat being a dominant component of
CSS in our Core Areas, gnatcatchers have selected white sage almost as frequently as
California buckwheat (Biological Monitoring Program 2009, 2012, 2015). Therefore, we
paid particular attention to white sage that occurred within our search areas.
Upon identifying a potential nest site, we approached the site and attempted to
determine whether it was active. We marked the location of the nest using a handheld
GPS unit and recorded the nest information as required for the nest datasheet. Biologists
marked locations as close to the nest as possible without disturbing the nest itself.
Investigation of the actual nest was as brief and non-intrusive as possible.
Nest Monitoring
We attempted to revisit each nest every seven days (range 3-21), and during these
follow-up visits we determined whether the nest was active by approaching briefly, as
described below, provided no avian predators were nearby. If we observed avian
predators, we monitored nests by watching the behavior of the adults from a safe
distance. Doing this allowed us to determine the nest’s stage (e.g., incubation or nestling)
while minimizing risk of predation and stress on the adults.
When we needed to approach the nest to check the stage, we minimized time
spent near the nest. We also took different paths to the nest during each visit to avoid
making a clear path to the nest, and conducted mock nest searches in nearby vegetation
both before and after investigating the actual nest, decreasing the chance of predators
detecting the nest (Martin and Geupel 1993). We kept in mind that the primary focus of
this project was to document successful gnatcatcher nests, and of distant secondary
importance was gathering information about clutch size, incubation stage duration, etc. If
investigating a nest’s contents would lead to damaging the nest substrate, or
unnecessarily stressing the parents (e.g., because the nest is in dense foliage), we
forewent assessing the nest contents and instead simply observed whether it was active
by watching the behaviors of the parents from a safe distance (Heath et al. 2008). We
conducted follow-up visits until the nest fledged young or failed. To verify fledging we
documented the begging calls of young birds and observed parents delivering food to
areas other than the nest (Heath et al. 2008).
Data Analysis
Nest Survival
We estimated a daily nest survival rate (DSR) and nest survival rate for
gnatcatchers in 2018 by using the nest survival model in Program MARK (White and
Burnham 1999; Dinsmore et al. 2002). DSR represents probability of active nests on day
t will survive to day t+ 1; the value close to 1 indicates higher survival rate. We pooled
all reproductive data from the Core Areas prior to estimating the DSR. The sample size
in 2018 (n = 47) was too small for us to estimate an area-dependent DSR, so we used a
constant model (i.e., no covariates) for estimating the DSR. Finally, DSR estimates,
when raised exponentially to a power that is equal to the length of a nesting cycle, from
first egg laid until the first chick fledges (which is usually 31 d for this species; Atwood
and Bontrager 2001), provided us with a period nest survival estimate for California
Gnatcatchers.
Western Riverside County MSHCP
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Additionally, we pooled 2008, 2011, 2014, and 2018 data to analyze site and year
effects on the DSR in Program MARK (White and Burnham 1999; Dinsmore et al.
2002). we then ranked candidate models using Akaike's Information Criterion for small
samples (AICC) and Akaike weights. None of the particular models with covariates were
more strongly supported than the others by AICc (∆AICc = 0.43) so we ultimately chose
to use model averaging methods across the entire candidate set as described by Burnham
and Anderson (2002).
Training
Surveyors demonstrated proficiency at both visual and aural identification of
gnatcatchers, Covered CSS birds, and other common co-occurring CSS bird species by
successfully passing an examination that required them to correctly identify audio
recordings and photos of all covered CSS bird species, and at least 80% of typical cooccurring, non-covered species. We practiced visual and aural bird identification using a
variety of avian field guides (e.g., Sibley 2014) and a computer software program
(Thayer 2006) for several weeks prior to the beginning of field surveys. Surveyors
received additional training in the reproductive and behavioral biology of gnatcatchers
which enabled them to conduct nest searches and monitor gnatcatcher nests in a manner
that minimized both the stress on the adult birds and the likelihood of attracting potential
nest predators. Inexperienced surveyors shadowed experienced surveyors several times
before being allowed to conduct surveys on their own.

RESULTS
We detected successful reproduction of gnatcatchers in 100% of their designated
surveyed Core Areas in 2018 (Fig.1, Table 1). All nests monitored in North Peak
Conservation Bank/Meadowbrook failed; however, we documented a family group,
consisting of fledglings and adults, in the Core Area. All the fledglings we detected were
still highly dependent upon their parents and had limited flight skills, so we assumed they
fledged within the Core Areas in which we detected the birds.
We followed 60 nests in the nine Core Areas in 2018 (Table 1), 22 (36.7%) of
which were successful, and 38 (63.3%) of which failed. We detected an additional 21
family groups whose nests we did not locate (Table 1). We detected gnatcatcher nests
most frequently within the Lake Skinner/Diamond Valley Lake Core Area (n = 12),
followed by the Quail Valley Core Area (n = 10) (Table 1). Of the 38 failed nesting
attempts, 32 (84.2%) were depredated; two (5.3%) in the vicinity of Lake Skinner were
parasitized by Brown-headed Cowbirds (Molothrus ater), with one of these ultimately
depredated during the incubation phase and the other fledging a cowbird; two (5.3%)
were abandoned during the construction phase; one (2.6%) was abandoned while eggs
were present; and two (5.3%) failed for unknown reasons. Of the 32 depredated nests,
seven were intact so we assumed an avian predator attacked them. We documented five
cases of gnatcatchers recycling old nest materials following nest failure, with the adults
making frequent trips between the new and old nest sites to gather material.
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Figure 1. California Gnatcatcher nest and fledgling detections in 2018.
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The number of nesting pairs that we monitored in 2018 varied from seven in the
Lake Skinner/Diamond Valley Lake Core to two pairs in the Railroad Canyon/Sedco
Hills Core Area (Table 1). However, these numbers were a sample of what was present in
each Core Area and did not reflect the actual, total number of pairs. Moreover, we
determined the pair based upon behavioral cues within our search areas, not derived from
individual markings.
Table 1. Distribution, abundance, and outcome of California Gnatcatcher pairs, nests, and family groups
detected within designated Core Areas in 2018.
No. nests per outcome
(% of known nests in Core Area)
Successful
Failed
3 (50)
3 (50)

Core Area
No. pairs No. nests
Alberhill
4
6
Hogbacks/Murrieta Hot
4
4
1 (25)
Springs
Lake Mathews/Estelle
3
4
3 (75)
Mountain/El Cerrito
Lake Skinner/Diamond
7
12
2 (17)
Valley Lake
North Peak Conservation
3
8
0
Bank/Meadowbrook
Quail Valley
5
10
4 (40)
Railroad Canyon/Sedco
2
2
2 (100)
Hills
Vail Lake/Wilson
5
8
4 (50)
Valley/Temecula Creek
Wasson Canyon
5
6
3 (50)
Total
38
60
22 (37)
1
We detected these family groups without finding a nest location.

No. family groups1
6

3 (75)

1

1 (25)

0

10 (83)

6

8 (100)

1

6 (60)

2

0

1

4 (50)

3

3 (50)
38 (63)

1
21

Nest Survival and Reproduction
We calculated a DSR for gnatcatcher nests of 0.966 (95% CI = 0.950–0.977),
implying a period nest survival estimate of 0.342 (95% CI = 0.204–0.486), assuming an
average of 31 days from the initiation of egg laying to fledging (Grishaver et al. 1998;
Atwood and Bontrager 2001). We included data from 47 gnatcatcher nesting attempts in
the nest survival analysis and excluded 13 nests, 11 of which were found during the
construction stage but failed before confirmed egg laying, and two of which were
abandoned during construction. We did not have enough data to calculate variations in
nest survival based upon nest stage in 2018.
We pooled the 2018 data with all previous surveys, which included data from
2008, 2011, and 2014, to evaluate the effects of year and site on DSR. The models
including year and site did not get substantially more support than the model without
covariates (Constant, Table 2), suggesting that site and year effects were not strong and
that use of model-averaging was appropriate, which averaged (± SE) 0.962 (± 0.011)
across years. Even though the model selection did not provide clear evidence of year
and site variations, we were able to see some differences among estimated DSR between
years and sites (Table 3). For example, in 2008 the DSR was lower than the other
survey years (Table 3); El Cerrito/Lake Mathews/Estelle Mountain and Railroad
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Canyon/Sedco Hills sites showed higher DSR, while Hogsbacks/Murrieta Hot Sprints
showed relatively lower DSR (Table 3).
Table 2. Model selection results for California Gnatcatcher nest survival models from Program MARK.
Models are ranked based on Akaike’s Information Criterion for small samples (AICC).
Model
Ka
Year
4
Sites
9
Constant
1
Sites + Year
12
a
Number of parameters
b
AICC weight

Model likelihood
258.2663
269.7268
250.8511
259.4552

AICC
271.2966
271.5349
271.7295
275.0667

∆ AICC
0
0.2383
0.4329
3.7701

wi b
0.35151
0.31203
0.2831
0.05337

Table 3. Daily nest survival rates (DSR) and nest survival rates using Program MARK nest survival
analysis for each covariate. SE and CI of DSR indicate standard error and confidence interval, respectively.
Site covariates are abbreviated as follows: AL (Alberhill); ES (El Cerrito/Lake Mathews/Estelle Mountain);
MSR (Lake Skinner/Diamond Valley Lake); MU (Hogbacks/Murrieta Hot Springs); NP (North Peak
Conservation Bank/Meadowbrook); QV (Quail Valley); RR (Railroad Canyon/Sedco Hills); WA (Wasson
Canyon); WI (Vail Lake/Wilson Valley/Temecula Creek).
Covariates
Constant
2008
2011
2014
2018
AL
ES
MSR
MU
NP
QV
RR
WA
WI

DSR
0.964
0.942
0.97
0.978
0.966
0.973
0.994
0.95
0.919
0.954
0.961
0.991
0.965
0.959

SE
0.005
0.013
0.011
0.008
0.007
0.011
0.006
0.014
0.035
0.014
0.015
0.009
0.012
0.014

CI_Upper
0.972
0.963
0.986
0.989
0.977
0.988
0.999
0.971
0.966
0.975
0.981
0.999
0.982
0.98

CI_Lower
0.954
0.91
0.939
0.956
0.95
0.94
0.962
0.915
0.818
0.915
0.92
0.942
0.931
0.921

Nest Survival
0.320914
0.156884
0.388977
0.50177
0.342209
0.428053
0.829809
0.203907
0.072909
0.232273
0.291357
0.755585
0.331396
0.273135

We documented one pair in North Peak Conservation Bank/Meadowbrook and
one pair in Quail Valley that each had five failed nesting attempts in 2018, and neither
ultimately produced fledglings. The average number of nesting attempts per pair was
1.56, and annual reproductive success (± SE) was 1.95 (± 0.45) per female per year in
2018.
Nest Substrates
Gnatcatchers used 11 species as nest substrates during the 2008, 2011, 2014, and
2018 breeding seasons (Table 4). The most commonly used nest substrates across years
were California buckwheat (n = 45 nests, or 34.4% of nests overall), followed by coast
brittle-bush (n = 24, or 18.3%), and white sage (n = 21, or 16.3%). In 2018, the most
commonly used substrates were California buckwheat (n = 23, or 38.3%), coast brittlebush (n = 12, or 20.0%), and black sage (n = 7, or 11.7%). The nest success rates among
common nest substrates that were used more than 10 times varied from 45.5% in yellow
bush-penstemon to 25% in California sagebrush. Finally, we observed Great Basin
Western Riverside County MSHCP
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sagebrush (Artemisia tridentata), basketbush (Rhus trilobata), white-flowered currant
(Ribes indecorum), and tamarisk (Tamarix ramoissima) each used as nest substrates once
during our surveys (Table 4).
Table 4. Count of nesting substrates used by California Gnatcatchers in 2018 and during previous
survey years (2008, 2011, 2014), and frequency of successful nests built within each substrate.
Substrate
California sagebrush
Great Basin sagebrush
coast brittle-bush
thickleaf yerba santa
(Eriodictyon crassifolium)
California buckwheat
yellow bush-penstemon
basketbush
white-flowered currant
white sage
black sage
tamarisk
Total

No. nests in
2018
4
0
12

No. nests in
2008, 2011, 2014
7
1
12

% of successful
nests
25.0
0
41.7

4

1

0

23
3
0
1
5
7
1
60

22
8
1
0
16
3
0
71

43.2
45.5
0
100
28.6
40.0
0

DISCUSSION
We documented successful reproduction in 100% of the nine California
Gnatcatcher Core Areas, which includes both successful nests and observations of family
groups. Therefore, the reproductive objective is currently being met for gnatcatchers
within the current reporting period (2015–2018). Distribution of populations and
reproduction rates of gnatcatchers appears to remain stable in western Riverside County
since we started survey in 2008 (Biological Monitoring Program 2009, 2012, 2015).
Within this time, during four survey efforts, we documented successful reproduction in
89% or more of the Core Areas.
Probability of occupancy by gnatcatchers in appropriate habitats was very high in
2018 (i.e., we did not encounter in any apparently suitable habitats in which gnatcatchers
were absent). We focused our surveys on habitats that are characterized by the MSHCP
(Dudek & Associates 2003) and previous studies (Grishaver et al. 1998; Sockman 2000;
Mock 2004) as being suitable for gnatcatchers, and we frequently found gnatcatchers
within these habitats in 2018. We followed 60 nests in 2018 and documented an
additional 21 family groups, both of which only represent a small proportion of the
number of gnatcatchers that were present in the Core Areas. This was especially true in
the Lake Skinner/Diamond Valley Lake and Vail Lake/Wilson Valley/Temecula Creek
Core Areas, both of which had large amounts of apparently suitable habitat. In other Core
Areas, sizes of appropriate habitats were smaller than those two Core Areas, but they
could still support sustainable numbers of pairs.
Nest Survival and Reproduction
None of the candidate models were strongly supported by AIC analysis (Table 2)
and neither year- nor site-effect showed strong support when all survey years were
Western Riverside County MSHCP
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included. However, we were able to discern small variations in DSR estimates when
survey years and sites were separated (Table 3), but these effects were not strong enough
to improve any one candidate model. Therefore, the model averaging method worked the
best in our analysis. Our covariates were all categorical variables, so our data had to be
broken into small groups that may not have had large enough sample sizes to adequately
evaluate. We may be able to improve upon this by including data from subsequent survey
years.
The estimated DSR in 2018 was similar to the DSR in 2011 and 2014, but the
DSR in 2008 was the lowest of our survey years (Table 3). The reason why the DSR in
2008 was lower than others is not entirely clear, but it may have occurred because of a
comparatively small sample size that led to a large estimate bias. The DSR in 2018, 2014,
and 2011 were similar to other studies (Sockman 1997; Grishaver et al. 1998; Braden
1999).
We observed small differences due to the site-effect on the DSR (Table 3), but the
model including site-effect was not supported by AIC analysis. The DSR of nests within
the Lake Mathews/Estelle Mountain/El Cerrito Core Area was higher than those in other
Core Areas. The surveyed areas contained relatively steep hillsides with dense coast
brittle-bush covering much of the gnatcatcher territories, which likely provided suitable
cover from avian predators. This dense cover may be advantageous to gnatcatchers by
hiding nests and flight paths from predators. The DSR of gnatcatchers is influenced by
terrain, vegetation composition, and density, so the higher nest survival rate in this Core
Area suggests this microhabitat provides ideal breeding condition for gnatcatchers.
Locations in Estelle Mountain where gnatcatchers were absent did not provide suitable
habitat because the CSS shrub density was likely too low.
The average number of nesting attempts per pair whose nests were located was
1.56 in 2018. This estimate was lower than what investigators reported in Los Angeles
(3.0 ± 0.62 SD), Orange (3.3 ± 1.67 SD), and San Diego counties (4.2 ± 0.84 SE)
(Grishaver et al. 1998; Atwood and Bontrager 2001). The number of nesting attempts in
our study may have been an underestimate because we likely missed nests due to a
shortage of biologists working on the project. Further, our visits to each site occurred
infrequently enough that we missed nesting attempts, especially those that failed early in
the nesting season. Finally, gnatcatchers breed in western Riverside County from late
March through mid-July, during which time they quickly rebuild after each failed nesting
attempt. This would further suggest that pairs in our study area likely attempted more
than the 1.56 nests we documented.
The estimated annual reproductive success in 2018 was 1.95 fledglings per
female, which may also be an underestimate and is lower than has been reported
elsewhere in southern California gnatcatcher populations. Previous investigations found
average (± SD) gnatcatcher reproductive success values of 3.0 (± 0.62) in Los Angeles
County, 2.5 (± 0.48) in Orange County (Atwood and Bontrager 2001), and 2.4 (± 1.16) in
San Diego County (Grishaver et al. 1998). Our estimate may be low for the same reasons
described above for the average number of nesting attempts, specifically infrequent visits
to sites causing us to miss some nest attempts. Because annual reproductive success is an
important metric to consider when monitoring avian species across multiple years
Western Riverside County MSHCP
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(Thompson et al. 2001) and many gnatcatcher investigators in southern California use
this value to monitor and compare gnatcatcher reproductive status, we will continue to
monitor as many nesting attempts as possible in subsequent gnatcatcher survey efforts to
acquire accurate estimates. However, our estimated DSR was not exceptionally low
compared with other passerine species, so we do not consider that gnatcatcher
reproduction in western Riverside County is low even if the annual reproductive success
estimate was lower than in previous investigations in surrounding counties.
In 2018, we documented two cases of Brown-headed Cowbird parasitism. Of 131
nests we have monitored during prior survey efforts these were the first cases that have
been documented. One nest was ultimately depredated during the incubation stage and
the other nest fledged one cowbird while three gnatcatcher eggs remained unhatched.
While monitoring one of these parasitized nests, we observed only the male gnatcatcher
carrying food to the cowbird nestling. According to Braden et al. (1997b), parasitism by
cowbirds was common in Riverside County, especially in the area near Lake Skinner,
although we monitored 31 gnatcatcher nests in the Lake Skinner area from 2008 to 2014
without detecting parasitism. Cowbird trapping as part of the recovery efforts for Least
Bell's Vireo (Vireo bellii pusillus) has likely decreased the brood parasitism rates near
Lake Skinner (Braden et al. 1997b), and this may explain why it has occurred so rarely in
our studies.
Nest Substrates
Nest substrate selection by gnatcatchers in 2018 reflected the availability of plants
within the sites. In most of areas in western Riverside County, California buckwheat is
the most dominant CSS species, followed by coast brittle-bush. As a result, gnatcatchers
in 2018 used California buckwheat most commonly as a nest substrate, followed by coast
brittle-bush. The relationship between use and availability of other shrub species
followed a similar pattern, except for white sage. This was the only species that
gnatcatchers seemed to use as a nest substrate at a rate that exceeded the availability in
the landscape. Interestingly, though, this selection did not improve nest survival rate.
Overall, these results suggest that gnatcatchers are generalists when selecting for nest
substrates within CSS habitat, because they nested in 11 different substrate species that
were available in the CSS habitat. Gnatcatchers are a specialist of CSS habitat but not a
specialist within CSS habitat. One study in San Diego County showed that gnatcatcher’s
populations were positively correlated with California sagebrush, and negatively
correlated with black sage (Winchell and Doherty 2018); however, in western Riverside
County, gnatcatchers frequently used the habitat where black sage was common and used
this shrub as a nest substrate. The nest survival rate on the nest in black sage did not
differ from those in other substrates.
Nest survival rates in each nest substrate did not strongly differ among species.
Although, the nest survival rates of nests in California buckwheat, yellow bushpenstemon, coast brittle-bush, and black sage were similar to each other, those in white
sage and California sagebrush were slightly lower. Our sample sizes of nests within each
substrate were small, likely accounting for at least some of the differences seen in Table
4. Finally, we could not see any strong selection for particular species as a nest substrate.
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Recommendations
Future Surveys
Reproductive information is a key factor when estimating the future trend of
sensitive species and evaluating pertinent habitat attributes (Shaffer 2004). Moreover, the
abundance of birds, itself, is not always related to reproductive success, habitat quality, or
future population trends (Van Horne 1983). As previously mentioned, our results were
likely underestimates due to small sample sizes. One of the best measures of reproduction
in avian species is annual reproductive success, specifically number of young produced
per female per year (Thompson et al. 2001). Previous investigations of gnatcatchers in
and surrounding Riverside County have used this value to assess reproductive success of
the species, and for our data to be comparable we must visit study sites more frequently
in future survey efforts. This will also help to increase the nest sample size, which will
allow us to perform more robust analyses.
Nest searching and monitoring requires many trained biologists and is very timeconsuming. Our sample size for analysis of reproduction was small due to the limited
availability of a small group of trained biologists in 2018. Increasing the accuracy of this
analysis, and thus estimating future population trends more accurately, requires us to
spend more time training biologists and conducting nest searches, and monitoring more
nests, which could increase the sample size for data analysis. Moreover, a comparison of
the nest vegetation characteristics of successful and unsuccessful nests could guide future
habitat management and estimates of population trends, but also requires a larger sample
size.
Finally, for future analyses, we plan on using the most recent robust nest survival
model, a general Bayesian hierarchical model by WINBUGS (Spiegelhalter et al. 2003),
to estimate the DSR (Schmidt et al. 2010) and compare with the DSR calculated by
program MARK. The nest survival model used in Program MARK is based on a
binomial distribution framework, which is generally restrictive when fitting field data and
commonly lacks heterogeneity and independence. As a result, the DSR calculated by
binomial distribution is often underestimated (Schmidt et al. 2010). However, an
advantage to using Program MARK is that the software is user-friendly and estimating
DSR is a relatively simple process, whereas the Bayesian hierarchical model by
WINBUGS is much more complicated and difficult to understand. Ultimately, the
Bayesian hierarchical model is a robust tool for evaluating nest survival, so we will
continue studying the process in anticipation of future surveys. We will then be able to
compare these two models and determine how much the results differ and which model
will be most useful for future nest survival analysis.
Core Area Definitions
We recommend including Lake Perris (Existing Core H), Badlands/Potrero
(Proposed Core 3), and Tule Valley (Proposed Core 6) as additional Core Areas for
California Gnatcatchers. We have frequently detected the species in these locations for at
least the last 12 years and including these as Core Areas would help us to better
understand their status in western Riverside County.

Western Riverside County MSHCP
Biological Monitoring Program

11

2018 Coastal California Gnatcatcher Survey and Nest Monitoring Report

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. Program staff who conducted surveys in 2018 were:
Masanori Abe, Jessica Burton, Tara Graham, Lynn Miller, Robert Packard, Esperanza
Sandoval, and Ana Sawyer. Assistance during data collection was provided by Tania
Asef (Metropolitan Water District).

LITERATURE CITED
Atwood JL, Bontrager DR. 2001. California Gnatcatcher (Polioptila californica). In
Poole AF, Gill FB, editor. The Birds of North America Online. Cornell Lab of
Ornithology, Ithaca, New York. Available from http://doi.org/10.2173/bna.574
(accessed February 2019).
Biological Monitoring Program. 2009. Coastal California Gnatcatcher, Least Bell’s
Vireo, Southwestern Willow Flycatcher, Yellow-breasted Chat, and Yellow
Warbler Nesting Report, 2008. Prepared for the Western Riverside County
Multiple Species Habitat Conservation Plan. Riverside, CA. Available from
http://wrc-rca.org/about-rca/monitoring/monitoring-surveys/ (accessed October
2018).
Biological Monitoring Program. 2012. Coastal Sage Scrub Bird Surveys and Nest
Monitoring, 2011. Prepared for the Western Riverside County Multiple Species
Habitat Conservation Plan. Riverside, CA. Available from http://wrcrca.org/about-rca/monitoring/monitoring-surveys/ (accessed October 2018).
Biological Monitoring Program. 2015. Coastal California Gnatcatcher (Polioptila
californica californica) Survey Report, 2014. Prepared for the Western Riverside
County Multiple Species Habitat Conservation Plan. Riverside, CA. Available
from http://wrc-rca.org/about-rca/monitoring/monitoring-surveys/ (accessed
October 2018).
Braden GT. 1999. Does nest placement affect the fate or productivity of California
Gnatcatcher nests? The Auk 116:984–993
Braden GT, McKernan RL, Powell SM. (1997a). Association of within-territory
vegetation characteristics and fitness components of California Gnatcatchers. The
Auk 114:601–609.
Braden GT, McKernan RL, Powell SM. (1997b). Effects of nest parasitism by the
Brown-headed Cowbird on nesting success of the California Gnatcatcher. The
Condor 99:858–865.
Burnham KP, Anderson DR. 2002. Model selection and multimodel inference: A
practical information-theoretic approach. 2nd Edition. Springer-Verlag, New York.

Western Riverside County MSHCP
Biological Monitoring Program

12

2018 Coastal California Gnatcatcher Survey and Nest Monitoring Report

Dinsmore SJ, White GC, Knopf FL. 2002. Advanced techniques for modeling avian nest
survival. Ecology 83:3476–3488.
Dudek & Associates. 2003. Western Riverside County Multiple Species Habitat
Conservation Plan (MSHCP). Final MSHCP, Volumes I and II. Prepared for
County of Riverside Transportation and Lands Management Agency. Prepared by
Dudek & Associates, Inc. Approved June 17, 2003.
[ESRI] Environmental Systems Research Institute. 2006. ArcGIS: Release 10.1
[software]. Redlands, California: Environmental Systems Research Institute,
1999–2012.
Grishaver MA, Mock PJ, Preston KL. 1998. Breeding behavior of the California
Gnatcatcher in southwestern San Diego County, California. Western Birds
29:299–322.
Heath SR, Kershner EL, Cooper DM, Lynn S, Turner JM, Warnock N, Farabaugh S,
Brock K, Garcelon DK. 2008. Rodent control and food supplementation increase
productivity of endangered San Clemente Loggerhead Shrikes (Lanius
ludovicianus mearnsi). Biological Conservation 141:2506–2515.
Hulton VanTassel HL, Bell MD, Rotenberry J, Johnson R, Allen MF. 2017.
Enviromental change, shifting distributions, and habitat conservation plans: A
case study of the California Gnatcatcher. Ecology and Evolution 7:10326–10338.
Martin TE, Geupel GR. 1993. Nest-monitoring plots: Methods for locating nests and
monitoring success. Journal of Field Ornithology 64:507–514.
Mock, P. 2004. California Gnatcatcher (Polioptila californica). In The Coastal Scrub and
Chaparral Bird Conservation Plan: a strategy for protecting and managing coastal
scrub and chaparral habitats and associated birds in California. California Partners
in Flight. Available from http://www.prbo.org/calpif/htmldocs/scrub.html
Reynolds TD. 1981. Nesting of the Sage Thrasher, Sage Sparrow, and Brewer’s Sparrow
in Southeastern Idaho. The Condor 83:61–64.
Schmidt JH, Walker JA, Lindberg MS, Johnson DS, Stephens SE. 2010. A general
Bayesian hierarchical model for estimating survival of nests and young. The
Auk 127:379–386.
Shaffer TL. 2004. A unified approach to analyzing nest success. The Auk 121:526–540.
Sibley DA. 2014. The Sibley guide to birds, 2nd edition. Alfred A Knopf, New York.
Sockman KW. 1997. Variation in life-history traits and nest-site selection affects risk of
nest predation in the California Gnatcatcher. The Auk 114:324–332.
Sockman KW. 2000. Seasonal variation in nest placement by the California Gnatcatcher.
Wilson Bulletin 112:498–504.

Western Riverside County MSHCP
Biological Monitoring Program

13

2018 Coastal California Gnatcatcher Survey and Nest Monitoring Report

Spiegelhalter D, Thomas A, Best N, Lunn D. 2003. WinBUGS User Manual, Version
1.4. Medical Research Council Biostatistics Unit, Cambridge, United Kingdom.
Available from https://www.mrc-bsu.cam.ac.uk/software/bugs/the-bugs-projectwinbugs/ (accessed February 2019).
Thayer PW. 2006. Thayer Guide to Birds of North America [CD-Rom]. Version 3.5.
Naples, FL: Thayer Birding Software 1.
Thompson BC, Knadle GE, Brubaker DL, Brubaker KS. 2001. Nest success is not an
adequate comparative estimate of avian reproduction. Journal of
Field Ornithology 72:527–536.
Van Horne B. 1983. Density as a misleading indicator of habitat quality. Journal of
Wildlife Management 47:893–901.
White GC, Burnham KP. 1999. Program MARK: Survival estimation from populations
of marked animals. Bird Study 46 Supplement:120–138. Downloaded August
2009.
Winchell CS, Doherty PF. 2018. Restoring habitat for California Gnatcatchers (Polioptila
californica californica). The Condor:581–595.

Western Riverside County MSHCP
Biological Monitoring Program

14

