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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 2020 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 Field Biologist Masanori Abe, who led this
project under the guidance of the 2020 Avian Program Lead, Nicholas Peterson. This report
should be cited as:
Biological Monitoring Program. 2021. Western Riverside County MSHCP Biological
Monitoring Program 2020 Least Bell’s Vireo Surveys and Nest Monitoring. Prepared for the
Western Riverside County Multiple Species Habitat Conservation Plan. Riverside, CA.
Available online: https://www.wrc-rca.org/species-surveys/.
While we have made every effort to accurately represent our data and results, the
reader should recognize that data management and analysis are ongoing activities. Anyone
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
RCA/Riverside County
Transportation Commission
4080 Lemon Street, 3rd Floor
P.O. Box 12008
Riverside, CA 92502
Ph: (951) 787-7141
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Biological Monitoring Program – 2020

Monitoring Program Administrator
Western Riverside County MSHCP
Biological Monitoring Program
1835 Chicago Ave., Suite C
Riverside, CA 92507
Ph: (951) 320-2168
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INTRODUCTION
Thirteen bird species covered by the MSHCP inhabit riparian areas, including
Least Bell’s Vireo (Vireo bellii pusillus; “vireo”). The Least Bell’s Vireo is one of four
recognized subspecies of Bell’s Vireo (Ridgway 1904; Phillips 1991; Kus et al. 2020)
and is a Neotropical migrant that has experienced population declines due to loss of
habitat and Brown-headed Cowbird (Molothrus ater; “cowbird”) parasitism (Olson and
Gray 1989; Kus et al. 2020). The V. b. pusillus subspecies is classified as endangered at
both the federal and California state levels.
Optimal Least Bell’s Vireo nesting habitat consists of dense shrub layers 0.5–3.0
m above ground in riparian vegetation. In southern California, vireos lay eggs beginning
in April (Kus et al. 2020). Vireos prefer to nest low to the ground (0.3–2.4 m) in habitat
that is intimately tied to riparian thickets (Kus 2002b). Nests are constructed of grasses,
plant stems, or dried leaves, and are lined with fine grass, tied together with spider silk,
and often decorated on the outside with spider egg cases (Kus et al. 2020). Nests are
suspended from lateral or terminal branches, or other small forks in pendulant or
horizontal branches, and are usually located along the periphery of the substrate plant.
Both sexes share in the incubation of usually three or four eggs for ~14 days. As with
most passerines, the young vireos are altricial and nidicolous. Young fledge in 10–12
days and both sexes continue to feed and brood fledglings. Vireos will routinely attempt
multiple broods per breeding season (Kus 2002b).
The species objectives for Least Bell’s Vireo require the demonstration of both
use and successful reproduction within 75% of specified Core Areas (Figure 1) every
three years. We last surveyed for vireos in 2017; thus, the species was the target of our
2020 surveys. We conducted repeat-visit point-transect surveys, which allowed us to
calculate detection probability values. We also conducted nest searching and monitoring
for vireos to document whether they were successfully reproducing in ≥75% of their Core
Areas.
Goals and Objectives
1. Determine whether Least Bell’s Vireos are using ≥75% of their MSHCPdesignated Core Areas.
a. Conduct repeat-visit point-transect surveys within accessible riparian
habitat in Least Bell’s Vireo Core Areas, recording all bird species
observed.
2. Determine whether Least Bell’s Vireos are successfully reproducing in ≥75% of
their designated Core Areas.
a. Conduct nest searches when we observe Least Bell’s Vireos within
designated Core Areas. When active nests are found, re-visit the nest up to
three days per week, and continue to monitor the status of the nest until
fledging or failure occurs.
Western Riverside County MSHCP
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METHODS
Survey Design
The Biological Monitoring Program (BMP) biologists conducted surveys for
Least Bell’s Vireos by making repeat visits to point-transects (n = 37 transects) within six
of the eight MSHCP-identified Core Areas, including Lake Skinner/Diamond Valley
Lake, Murrieta Creek, Temecula Creek, Temescal Wash/Alberhill Creek, Vail Lake, and
Wilson Valley (Figure 1). The Santa Ana Watershed Association’s (SAWA) Wildlife
Habitat Management Services (WHMS) surveyed the remaining two Core Areas, Prado
Basin/Santa Ana River and San Timoteo Canyon, and shared their data with us, but they
used different survey methods (Zembal et al. 2020). The BMP biologists used a removal
sampling design in 2020, wherein we did not conduct subsequent surveys for Least Bell’s
Vireos at points after detecting the species (MacKenzie et al. 2006). The first round of
surveys occurred from 30 March–30 April, the second round from 30 April–20 May, and
the third round from 27 May–12 June. We conducted nest searching and monitoring from
10 April–7 August.
The BMP biologists conducted surveys within the Plan Area in riparian habitat,
including riparian woodland, forest, and scrub, as defined by our GIS vegetation layer
(CDFG et al. 2005). We generated randomly-located transect center points, separated by a
minimum of 250 m, using the Hawth’s Tools extension (Beyer 2004) in ArcGIS (Esri
2018). Each transect consisted of three survey points: a central “B” point and terminal
“A” and “C” points that were exactly 100 m from the “B” point.
The BMP biologists conducted surveys no earlier than 15 min after sunrise and did
not start new transects after 1000 h (i.e., transects already being surveyed at 1000 h were
completed, regardless of time). We terminated surveys if precipitation exceeded a light
drizzle, the temperature was >35 °C, or maximum wind speed was >38 km/h. There were
no environmental constraints for nest search and monitoring.
When we detected a Least Bell’s Vireo, we notified the project leader and nest
searchers upon returning from the field. Nest searchers returned to the site within one
week of the observation and attempted to locate an active nest. Biologists with SAWA’s
WHMS conducted nest searching and monitoring in the San Timoteo Canyon Core Area
and along the Santa Ana River within the Prado Basin/Santa Ana River Core Area, but
not within Prado Basin proper.
Field Methods
Point-transects
The BMP Biologists began by navigating to a survey point using a handheld GPS,
starting at either the “A” or “C” point of the transect. After arriving at the survey point,
we recorded the initial environmental data, including the sky code, ambient noise, average
and maximum wind speeds, and temperature (°C), on the data sheet.
Surveys at each point consisted of exactly five minutes of passive listening. While
surveying, we recorded on our data sheet the first individual of each bird species
Western Riverside County MSHCP
Biological Monitoring Program – 2020

3

Least Bell’s Vireo Surveys and Nest Monitoring 2020

observed. We recorded information for subsequently-observed individuals only if that
individual was a Covered Species. This allowed us to record data on the detectability,
species richness, and distribution of non-covered species within the Plan Area without
compromising the ability to detect and record Covered Species. For each observation, we
recorded the species, using a four-letter code; the sex of the bird; and the age of the bird.
We also recorded the distance (m) to any Least Bell’s Vireos to estimate density. If the
vireo’s initial location could not be determined, we did not record a distance
measurement. Exact distances were measured using a laser rangefinder and estimation
was not allowed. Finally, we used a separate data sheet for each of the three points along
transects.
At the end of each survey period, we attempted to identify any birds that we
detected during the survey period but were unable to identify. Additional birds detected
during this time were recorded in the “Notes” section of the data sheet. We also recorded
any birds detected between survey points, or in-transit, in the “Notes” section of the data
sheet. If any of those individual birds were subsequently detected during a survey period,
we removed the birds from the “Notes” section and recorded the necessary information
on the survey data sheet. Finally, Covered Species detected outside of survey periods
were considered incidental observations, as were all detections of Covered non-avian
species, regardless of when that species was detected.
Nest Searching
During nest searching, we paid particular attention to the behavior of male vireos.
Males are relatively vocal and easy to detect at their locations, even in a dense riparian
habitat. As a result, we could easily observe their behavior. Also, males frequently return
to nests for incubation because both sexes share incubation duties. Although females are
more secretive and difficult to follow, we tried to observe them, especially in the nestbuilding and nestling stage.
During observations, we maintained a safe distance (>20 m) from the potential
nest site to minimize stress on vireos and the likelihood of potential nest predators being
drawn to the nest. If it was too difficult to observe behaviors due to dense vegetation
cover, we tried to identify the primary area used by the vireos, then approached the
potential nesting area to see the behavior of vireos only for short periods of time. If we
saw a vireo 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, then
checked the potential nest trees or shrubs systematically.
We marked the location of the nest using a handheld GPS unit and recorded the
nest information as required for the nest data sheet. We 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. Additional nest searching and monitoring procedures
are found in Appendix A.
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Nest Monitoring
We attempted to revisit each nest at least every seven days, 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 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 vireo nests, and of distant secondary importance was
gathering information about clutch size, incubation stage duration, and brood parasitism
by Brown-headed Cowbirds.
If investigating a nest’s contents would lead to damaging the nest substrate, or
unnecessarily stressing the parents (e.g., because the nest was 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
Detection Probability
We estimated per-visit (p) and cumulative (P*) detection probabilities for Least
Bell’s Vireo using closed-capture occupancy models (MacKenzie et al. 2006) and these
calculations are based exclusively upon BMP transect survey data and do not take into
account data from the WHMS. We considered locations with observations of these
species to be used rather than occupied because our survey design may not have met the
assumption of population closure (i.e., random movement of animals in and out of sample
plots across visits). We used Program MARK (White and Burnham 1999) to process the
p(.) model, which considers a constant detection probability across time and among
groups. We chose to use this model due to a small sample size and because we used a
removal sampling design. We then calculated cumulative detection probability across
three visits using the following formula where pi is the detection probability on a given
survey visit:
3

𝑃𝑃∗ = 1 − �� 1 − 𝑝𝑝𝑖𝑖 �
𝑖𝑖=1

Finally, we calculated variances for P* using the delta method (MacKenzie et al.
2006; Powell 2007).
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Nest Survival
We used Least Bell’s Vireo nest data (n = 20) collected by BMP to estimate a
daily nest survival rate (DSR) and nest survival rate in 2020 by using the nest survival
model in Program MARK (White and Burnham 1999; Dinsmore et al. 2002). DSR
represents the probability that an active nest will survive from day t to day t + 1. We
pooled all reproductive data from the Core Areas prior to estimating the DSR. Our
sample size in 2020 was too small to estimate an area-dependent DSR; therefore, 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 (i.e., 29 days for Least Bell’s Vireo; Kus et al
2020), provided us with a period nest survival estimate for vireos.

RESULTS
Detections of Target Species
The BMP biologists surveyed for Least Bell’s Vireos in six Core Areas and
detected them in four, specifically Lake Skinner/Diamond Valley Lake, Murrieta Creek,
Temecula Creek, and Temescal Wash/Alberhill Creek (Figure 1, Table 1). We did not
detect any vireos in the Vail Lake and Wilson Valley Core Areas. The WHMS biologists
detected vireos in two additional Core Areas, specifically the Prado Basin/Santa Ana
River and San Timoteo Canyon Core Areas (Zembal et al. 2020). Combined, the BMP
and WHMS biologists documented vireos using 75% of their designated Core Areas
during the current reporting period (2018–2020; Figure 1), thereby meeting the use
objective for the species.
The BMP biologists surveyed 36, 31, and 26 transects during the first, second,
and third rounds, respectively. We could not survey one transect in the Lake
Skinner/Diamond Valley Lake Core Area during the first round due to the delay of the
access permit of the reserve, but we surveyed this transect during the second and third
rounds. Within the six Core Areas the BMP biologists surveyed, we detected 14 Least
Bell’s Vireos along six transects during the first round, seven vireos from five transects
during the second round, and zero vireos during the third round. We detected vireos along
two transects in the Lake Skinner/Diamond Valley Lake Core Area, one transect in the
Murrieta Creek Core Area, three transects in the Temecula Creek Core Area, and five
transects in the Temescal Wash/Alberhill Creek Core Area (Table 1).
Overall, the BMP biologists detected 88 avian species during our 2020 surveys,
including 17 covered by the MSHCP (Appendix B). We have also incidentally detected
Least Bell’s Vireos on several occasions within the following locations within the current
reporting period (2018–2020). Lake Perris/Mystic Lake (Existing Core H; n = 3
detections), Sycamore Canyon/March Preserve (Existing Core D; n = 3), and Wasson
Canyon (Subunit 5 of the Elsinore Area Plan; n = 4).
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Table 1. Summary of transect-level surveys and nest monitoring of Least Bell’s Vireo (LBVI) in 2020, and
productivity of breeding pairs monitored by BMP biologists. Productivity data are restricted to Conserved
Land. Data for nests monitored by WHMS biologists can be found in Zembal et al. (2020).
No.
transects
surveyed

No. transects
with LBVI
detection

No. pairs

Mean clutch
size (n nests)

Minimum
no.
fledglings

Lake
Skinner/Diamond
Valley Lake

10

2

16

3.6 (9)

7

Murrieta Creek

1

1

1

NA (0)

0

Temecula Creek

3

3

3

NA (0)

0

Temescal Wash/
Alberhill Creek

6

5

9

4 (1)

5

Vail Lake

2

0

0

NA (0)

NA

Wilson Valley

15

0

0

NA (0)

NA

Total

37

11

29

3.6 (10)

12

Core Area

Detection Probability Analysis
The per-visit detection probability (p) (± SE) for Least Bell’s Vireo surveyed by
BMP biologists was 0.60 (± 0.18), and the cumulative detection probability (P*) (± SE)
across the three survey rounds was 0.94 (± 0.09).
Nesting of Target Species
The BMP and WHMS biologists collectively documented evidence of successful
reproduction by Least Bell’s Vireos on Conserved Land within five (62.5%) designated
Core Areas (Table 2) during the current reporting period (2018–2020). This number
includes successful nests and family groups whose nests we did not locate. Because this
is below the 75% threshold, we cannot conclude that the species’ reproductive objective
was met within the current reporting period.
The BMP biologists monitored 24 Least Bell’s Vireo nests in 2020, distributed
among four Core Areas (Table 2). The BMP biologists found four fledgling groups in
two Core Areas, Lake Skinner/Diamond Valley Lake and Temecula Creek, without
locating the nests (Table 2). The BMP biologists also found one group of fledglings
within the Murrieta Creek Core Area (Figure 2). This group of fledglings used Conserved
Land for foraging, but the nest, which was seen by BMP biologists, was not on
Conserved Land. Additionally, a pair of vireos in Murrieta Creek, whose male had a
USGS aluminum band and three other color bands on his legs, used Conserved Land for
reproduction. Specifically, the pair made at least two nesting attempts, but both failed due
to depredation (Table 2). The sighting of the banded bird was reported to the USGS Bird
Banding Laboratory.
Western Riverside County MSHCP
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Of the 24 nests monitored by the BMP biologists in four Core Areas in 2020
(Table 2), seven (29.2%) were successful and 17 (70.8%) failed. Of the 17 failed nesting
attempts, 13 (76.5%) were depredated, three (17.6%) failed for unknown reasons, and
one (5.9%) was abandoned following cowbird parasitism. Eight of the 13 depredated
nests were intact, so we assumed avian or snake predators attacked them. Finally, two
nests were parasitized by Brown-headed Cowbirds, with one of these ultimately
depredated; this loss to depredation is included in the preceding depredation count.
Details on nests monitored by WHMS biologists can be found in Zembal et al. (2020).
Table 2. Summary of reproductive results for Least Bell’s Vireo nests monitored by BMP biologists
in 2020. The number of family groups represents groups of fledglings whose nests we did not locate.
The family group within Murrieta Creek foraged on Conserved Land but did not nest on Conserved
Land, so it is not included in this table. The number of parasitized nests reflects the number of nests
parasitized by Brown-headed Cowbirds. Finally, WHMS biologists also found evidence of successful
nesting within the Prado Basin/Santa Ana River (excluding Prado Basin proper) and San Timoteo
Canyon Core Areas; details on these nests can be found in Zembal et al. (2020).
No. nests per outcome
(% of known nests in Core
Area)

No.
Nests

Successful

Failed

No. family
groups

No.
parasitized
nests (n
complete
nests)

Lake Skinner/Diamond
Valley Lake

15

5 (33%)

10 (67%)

2

0 (11)

Murrieta Creek

2

0 (0%)

2 (100%)

0

0 (2)

Temecula Creek

5

0 (0%)

5 (100%)

2

2 (4)

Temescal Wash
/Alberhill Creek

2

2 (100%)

0 (0%)

0

0 (2)

Vail Lake

0

0

0

0

0

Wilson Valley

0

0

0

0

0

Total

24

7 (29)

17 (71)

4

2 (19)

Core Area

Least Bell’s Vireo nests monitored by BMP biologists produced a total of at least
12 fledglings and the minimum estimated average number of fledglings was 0.5
fledglings per monitored nest (n = 24 nests) (Table 1; Table 2). The average size of
completed clutches (n = 10 nests with completed clutches) was 3.6 eggs. We found
evidence of nest parasitism by Brown-headed Cowbirds in two nests, both of which were
in the Temecula Creek Core Area and belonged to the same pair of vireos.
Least Bell’s Vireo nests found by the BMP biologists in 2020 were a mean (± SD)
height of 0.8 m (± 0.5 m; range = 0.5–2.8 m; n = 22 nests) above ground. Nest substrates
Western Riverside County MSHCP
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(n = 23 nests) consisted of Salix spp. (n = 9 nests), Sambucus nigra (n = 4), Baccharis
salicifolia (n = 3), B. salicina (n = 2), Tamarix spp. (n = 2), Salvia mellifera (n = 1), dead
shrub (n = 1), and dead forb (n = 1). Vireos usually build a nest in the lower sections of
the nest substrates, but one pair in the Lake Skinner/Diamond Valley Lake Core Area
built the nest at 2.8 m above ground in Salix.
Nest Survival
BMP biologists observed the highest apparent nest survival rate in the Temescal
Wash/Alberhill Creek Core Area (100%, n = 2 nests) followed by Lake Skinner/Diamond
Valley Lake (33%, n = 15), Temecula Creek (0%, n = 5), and Murrieta Creek (0%, n = 2)
Core Areas. The DSR (± SE) of Least Bell’s Vireo nests monitored by the BMP
biologists was 0.96 (± 0.01) in 2020 and the nest survival rate was 30%, assuming a 29day nesting cycle. We did not have enough data to calculate variations in nest survival
based upon nest stages and Core Areas in 2020. Additional data for nests monitored by
WHMS biologists can be found in Zembal et al. (2020).

DISCUSSION
Detections of Target Species
Based upon BMP and WHMS data (Zembal et al. 2020), we documented that
Least Bell’s Vireos were using six (75%) Core Areas during the current reporting period
(2018–2020); therefore, the use objective is currently being met (Figure 1). BMP
biologists did not have permission to access most areas in the Vail Lake Core Area, so
only two transects were surveyed in this Core Area. According to our GIS vegetation
layer, those two transects were within acceptable vireo habitat, but both sites ultimately
did not have suitable habitat for vireos (e.g., no thick vegetation layer was available for
vireo nesting).
BMP biologists detected Least Bell’s Vireos in all of the apparently suitable
habitat that we surveyed in 2020, except the Wilson Valley Core Area. Within this Core
Area, we conducted surveys in several areas with apparent habitat, but we did not detect
vireos in those habitats.
Distribution of populations and reproduction rates of Least Bell’s Vireos have
appeared to remain stable in western Riverside County since 2008 (Biological
Monitoring Program 2009, 2012, 2015, 2018). During these five survey efforts, we
consistently documented successful use and reproduction of vireos in the Prado
Basin/Santa Ana River, San Timoteo Canyon, Lake Skinner/Diamond Valley Lake,
Temescal Wash/Alberhill Creek, and Temecula Creek Core Areas. BMP biologists
documented use and successful reproduction in the Murrieta Creek Core Area in 2008
and 2011, but after 2011 we did not detect any vireos in this Core area until 2020 due to a
reduction in the amount of land that was classified as conserved. We have never detected
vireos in Vail Lake Core Area. We have detected vireo twice in the Wilson Valley Core
Area, specifically along Cahuilla Creek, with the most recent detection occurring in 2010,
despite having surveyed here during each survey effort through 2020. We have never
detected any reproductive attempts in Wilson Valley Core Area.
Western Riverside County MSHCP
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Detection Probability Analysis
We used a removal sampling design because of limited staff availability in 2020,
so the estimated detection probability may be biased low; however, the cumulative
detection probability (0.94) suggested our survey methods were effective at allowing us
to detect vireos. Male vireos generally sing frequently with a conspicuous voice, so they
are relatively easy to detect. The removal sampling design with three rounds was
apparently an effective way to survey this species.
Nesting of Target Species
By combining BMP and WHMS data, we documented that Least Bell’s Vireos
were successfully reproducing in five (62.5%) Core Areas in 2020; as a result, the
reproductive objective was not met within the current reporting period (2018–2020). In
the Murrieta Creek Core Area, which has a small amount of Conserved Land (2.6 ha), we
documented one pair of vireos nesting on Conserved Land throughout the breeding
season. This pair made at least two nesting attempts, but both nests were depredated
during the incubation stage. Another pair was using the same type of habitat in the creek
about 50 m away, but they did not nest on Conserved Land. This second pair successfully
fledged at least three young and the family group used Conserved Land for foraging.
The male of the nesting pair on Conserved Land within the Murrieta Creek Core
Area had a USGS aluminum gold leg band. According to the USGS (Barbara Kus,
personal communication.), this bird was a second-year bird that hatched at Camp
Pendleton, San Diego and received the aluminum band. Later in that season, a USGS
surveyor recaptured the bird and put three more color bands on his legs. Site fidelity of
adult Least Bell’s Vireo is very high (Kus 2002b). They not only use the same territory,
but also sometimes use the same nest substrate that they used the previous year.
Therefore, we expect that this banded male will return to the Murrieta Creek Core Area in
2021.
In 2020, the BMP documented two cases of Brown-headed Cowbird parasitism.
Specifically, two (50%) of four nests in the Temecula Creek Core Area were parasitized,
with the same pair of vireos having both parasitized nests. This is consistent with
previous investigations that have found that cowbirds are more likely to parasitize nests
of vireo pairs whose nests were previously parasitized that season (Kus 2002a). We did
not document any other cases of parasitism in the remaining three Core Areas monitored
by BMP biologists in which vireos nested.
The rate of cowbird parasitism appeared to be low at the sites we surveyed in
2020. In 2020, nest parasitism was occurring in 8.3% of vireo nests monitored by BMP
biologists, and 3% in 2017 (Biological Monitoring Program 2018). Similarly, none of the
27 nests we monitored in 2014 contained cowbird eggs (Biological Monitoring Program
2015). In 2011, the rate was 23% (Biological Monitoring Program 2012), which was a
little higher than the other years, but it was still low compared to some previous studies
(Kus 1999; Griffith and Griffith 2000; Kus and Whitfield 2005). This phenomenon may
result from the ongoing cowbird population management in western Riverside County,
via trapping efforts, though we do not have information on cowbird trapping near the
Western Riverside County MSHCP
Biological Monitoring Program – 2020

11

Least Bell’s Vireo Surveys and Nest Monitoring 2020

sites we surveyed. Prior to cowbird trapping in California, which began as early as 1983,
parasitism rates of vireo nests were 33–80% (Kus and Whitfield 2005). Cowbird trapping
along the San Diego, San Luis Rey, and Santa Margarita rivers resulted in lower levels of
nest parasitism (0–42%; Kus 1999; Griffith and Griffith 2000; Kus and Whitfield 2005).
Cowbird trapping has been an ongoing activity carried out by SAWA.
Nest substrate selection by Least Bell’s Vireos in 2020 likely reflected the
availability of plant species within the layer of their preferred nest heights. Vireos prefer
dense vertical structure and thick understory vegetation for nest site selection (Hendricks
and Rieger 1989; Kus 1998, 2002b). The most common nest substrate in our study was
Salix spp. (39% of nests), and this preference was similar to what we reported in 2011
and 2014 (45% and 100%, respectively). Interestingly, one pair of vireos in the Lake
Skinner Core Area used Salvia mellifera as a nest substrate. This coastal sage scrub shrub
was in the vicinity of a large riparian area. Two other pairs of vireos used dead shrubs
and weeds, and in both cases the nests were also covered by live Baccharis salicifolia.
and Salix spp. We did not observe any strong nest substrate preference for a particular
species by vireo in this study.
One pair built a nest at a height of 2.8 m in a Salix spp. and this nest was higher
than has been reported by Kus (2002b). The range of nest heights in Santa Margarita
River were 0.3–2.4 m (n = 226 nests; Kus 2002b) and San Luis Ray River were 0.3–1.7
m (n = 195 nests; Kus et al. 2008). In a separate study, vireo nests in southern California
were 0.7–1.6 m above ground (n = 55 nests; Kus et al. 2020). Finally, nests in the Santa
Ynez River were 0.4–1.2 m above ground (n = 32 nests; Olson & Gray 1989).
Nest Survival
The estimated DSR in 2020 (0.96) was the same as in 2008 (0.96), but lower than
in 2011 (0.99) (Biological Monitoring Program 2009, 2012). The reasons why the DSR in
2011 was higher are not entirely clear, but it may have occurred because of a
comparatively small sample size that led to a large estimate bias. Overall, though, the
DSR estimates we observed were relatively stable across these three years. We propose to
evaluate the site-specific DSR in the future if we can apply additional survey efforts to
this project; alternatively, we can pool data across years because we survey for Least
Bell’s Vireos every three years.
The apparent nest survival value of nests monitored by BMP biologists in 2020
was 29%, which is lower than in another study in California (51%, Kus et al. 2020). We
used apparent nest survival rate to compare our study to other studies because many
investigators also use this metric in their reports. Additionally, BMP biologists observed
a minimum of 0.5 fledglings per monitored nest. This is below the range of a previous
investigation that had 1.1–2.4 fledglings observed per nest (Kus 2002b); however, the
data are not directly comparable because BMP biologists stopped looking for additional
fledglings at a nest site as soon as just one was detected.
We observed differences in apparent nest survival rates between the Core Areas
but these differences could not be statistically analyzed due to small sample sizes within
some Core Areas. The Core Areas with higher apparent nest survival rates were relatively
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large, except Temescal Wash, and the areas with lower rates were smaller Core Areas
that were adjacent to urban areas, which could increase rates of cowbird parasitism
(Burhans and Thompson 2006). These differences in apparent nest survival might result
from the sample size that we explained above or might result from the timing when we
found the nests. The nests found during the early stage of the nesting cycle tend to have
higher rates of failure because the exposure time to risk is longer; on the other hand, the
nests found during the later stages of the nesting cycle typically have a higher chance of
success because their exposure time to risk is shorter (Mayfield 1975).
Recommendations
As described previously, the Murrieta Creek Core Area has little Conserved Land
and can likely support just one pair of Least Bell’s Vireos in its current configuration;
however, habitat upstream and downstream of the Conserved Land also provides suitable
habitat for nesting vireos. We recommend that the RCA attempt to include these areas in
the MSHCP Conservation Land, which may increase the likelihood of our Program being
able to meet both the use and reproduction objectives for the species.
Continued efforts should be made to acquire access to conduct surveys in the Vail
Lake Core Area, specifically within the vicinity of the lake itself. This is a Core Area for
Least Bell’s Vireo and suitable habitat may exist, but we are unable to make this
determination without being able to access the site.
We recommend replacing the Wilson Valley Core Area for Least Bell’s Vireo
with the Lake Mathews/Estelle Mountain (Existing Core C) Core Area. We have detected
vireo just two times within the Wilson Valley Core Area where suitable habitat is sparse.
By contrast, we have detected vireo 50 times within the Lake Mathews/Estelle Mountain
area and suitable habitat is abundant in this location.
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). 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). To estimate this value, however, we need to
band adult females to identify individual reproduction throughout the breeding season.
This is not within the scope of work performed by the BMP biologists. Instead, it would
be more efficient to increase our efforts in nest searching and monitoring.
Nest searching and monitoring is also very time-consuming and requires many
trained biologists. Our sample sizes, with the exception of the sites monitored by the
SAWA’s WHMS biologists, was small due to the limited availability of trained biologists
in 2020 and other concurrent projects. Increasing the accuracy of this analysis, and thus
estimating future population trends more accurately, investing more efforts on nest
searching and monitoring are essential. Moreover, a comparison of the nest vegetation
characteristics of successful and unsuccessful nests could guide future habitat
management and estimates of population trends, but this also requires a larger sample
size. As we mentioned above, apparent nest survival rate produces bias and is not suitable
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to use for assessing habitat conditions and reproductive status; therefore, we are always
use DSR and nest survival rate in addition to apparent nest survival.
Management for Least Bell’s Vireos should continue to include the use of Brownheaded Cowbird trapping where appropriate. Investigators have established a direct
relationship between cowbird control efforts, including trapping, and increased nesting
success of vireo, and this has likely contributed to increases in vireo populations in
western Riverside County.
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Appendix A. Tips for nest searching.
Construction
1. Important to remember is that the majority of species are most sensitive to
disturbances, and thus much more likely to abandon a nest, during construction.
One shall not try to locate a nest when the pair is still bonding, unless done so
from a distance.
2. Females are the ones to watch during this stage, because they do the building
most of the time. There are exceptions to this, e.g., Yellow-billed Cuckoos.
3. Look for females carrying nesting material in their beak (dead grass, spider
silk, leaves, hair, fur, small twigs, rootlets, etc.). Remember #1 and sit at a
distance, be patient, and you can observe the female make repeated, and
regular trips to gather material with which they construct their nest. Easiest
way to find a nest (personal opinion) and best time to find a nest.
4. Sit near potential sources of nesting material (e.g., patches of thistle) to try to
detect females gathering material. Follow with binoculars; again, best done at a
modest distance to avoid disturbance.
5. Keep in mind that ground-nesters are particularly tricky due to the inherent
vulnerability of their nests. Ground-nesters will often land a short distance away
and walk to the nest to throw off predators.
6. Shrub-nesters can be found by either systematic or random searches, and do not
forget #1.
Egg-laying
1. Female spends the least amount of time around a nest during this stage, returning
only to lay, usually once a day. She may sit on nest if weather is particularly
harsh.
2. Both sexes tend to look at the nest when they are near it. Sometimes you can
follow their gaze to the nest, or approximate nest location.
3. Copulation often occurs very near the nest, even on the same branch.
4. If you see a female hanging around an area and not feeding, chances are she
has a nest nearby. Watch her closely, especially for #2 or #3 above.
5. Areas in which you observe the above behaviors (egg-laying stage) should be
searched carefully, thoroughly, and quickly. Keep in mind that approaches to
suspected nests sites should follow a circuitous, rather than a direct, route, with
some mock nest searching along the way. If you do not locate a nest, back off,
especially if adult is scolding, and continue observations to narrow down search
radius.
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Incubation
1. When males increase frequency of singing, and the female becomes scarce,
incubation has begun. This is why it becomes important to create an accurate
territory map, to precisely relocate the pair if the female is not available to follow.
2. During incubation, females will often travel through the pair’s territory very
alertly, and will flush from nest very quietly. You can hear the female flush,
however, which is an excellent tip to be aware of during random searches.
3. Observe closely any females that appear to be moving fast through a site;
this is often a cue that she is heading back to the nest.
4. If walking through the site does not produce the female(s) you are looking for, sit
and watch for 20–30 min. Females will often leave nest to feed or stretch in this
amount of time.
5. Females often make distinctive chip notes just prior to leaving the nest, and
may continue chip notes while away (sometime called contact calls).
6. Males that are being particularly quiet are likely watching a nest while the
female is away foraging.
7. In some species the male will bring food to the incubating female.
8. If a female acts nervous or jumpy while being followed, such as bouncing or
foraging rapidly, back off and observe. You are likely close to a nest if the
female exhibits this “nest dance.”
9. If a female disappears into a shrub or the undergrowth and does not reappear
within a few minutes she may be on the nest. Search the area methodically
(remember, circuitous route and mock nest searches) while being alert for the
sound or sight of the female flushing off the nest.
10. If the male of the species you are following does not incubate, and you
follow a female for >30 min, chances are good that she does not have a
nest.
Nestling Stage
1. Watch for both adults for food items being carried. Follow bird to locate nest.
This is an excellent observation that makes nest finding relatively easy. Males are
typically less cautious around the nest and are usually easier to follow than the
female.
2. For most species, if a monitored nest fails, you can expect a re-nesting attempt,
given that it is early enough in the breeding season.
3. Many species will also begin another nesting attempt after successfully
fledging a nest, often while still tending to the first brood.
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Remember that we are trying to be as hands-off as possible during nest searching
and monitoring. We need to keep human odors and intrusions to the smallest degree
possible to minimize stressing the birds and attracting predators. Birds will abandon nests
if put under too much stress, even during the nestling stage. Predators can be curious in
nature and will follow strange odors (e.g., humans) to nests. Some researchers have
suggested that nest searching has a negative intrinsic value by causing nest predation to
increase above background levels. We need to remember this always, possibly above all
else, when in the field searching or monitoring.
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Appendix B. Avian species detected during 2020 Least Bell’s Vireo
surveys. Species in bold are covered by the MSHCP.
COMMON NAME
Acorn Woodpecker

SCIENTIFIC NAME
Melanerpes formicivorus

Allen’s Hummingbird

Selasphorus sasin

American Coot

Fulica americana

American Crow

Corvus brachyrhynchos

American Kestrel

Falco sparverius

Anna's Hummingbird

Calypte anna

Ash-throated Flycatcher

Myiarchus cinerascens

Audubon’s Warbler

Setophaga coronata auduboni

Barn Swallow

Hirundo rustica

Bell's Sparrow

Artemisiospiza belli

Bewick's Wren

Thryomanes bewickii

Black-chinned Sparrow

Spizella atrogularis

Black-headed Grosbeak

Pheucticus melanocephalus

Black Phoebe

Sayornis nigricans

Black-throated Gray Warbler

Setophaga nigrescens

Blue-gray Gnatcatcher

Polioptila caerulea

Blue Grosbeak

Passerina caerulea

Brown-headed Cowbird

Molothrus ater

Bullock's Oriole

Icterus bullockii

Bushtit

Psaltriparus minimus

California Quail

Callipepla californica

California Scrub-Jay

Aphelocoma californica

California Thrasher

Toxostoma redivivum

California Towhee

Melozone crissalis

Canada Goose

Branta canadensis

Canyon Wren

Catherpes mexicanus

Cassin's Kingbird

Tyrannus vociferans

Cliff Swallow

Petrochelidon pyrrhonota

Coastal California Gnatcatcher

Polioptila californica californica

Common Poorwill

Phalaenoptilus nuttallii

Common Raven

Corvus corax

Common Yellowthroat

Geothlypis trichas

Cooper's Hawk

Accipiter cooperii

Costa's Hummingbird

Calypte costae

Double-crested Cormorant

Phalacrocorax auritus

Downy Woodpecker

Dryobates pubescens

Eurasian Collared-Dove

Streptopelia decaocto
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Appendix B. Continued.
COMMON NAME

SCIENTIFIC NAME

European Starling

Sturnus vulgaris

Great Egret

Ardea alba

House Finch

Haemorhous mexicanus

House Sparrow

Passer domesticus

House Wren

Troglodytes aedon

Hutton’s Vireo

Vireo huttoni

Killdeer

Charadrius vociferus

Lawrence’s Goldfinch

Carduelis lawrencei

Lazuli Bunting

Passerina amoena

Least Bell's Vireo

Vireo bellii pusillus

Lesser Goldfinch

Spinus psaltria

Lincoln’s Sparrow

Melospiza lincolnii

Loggerhead Shrike

Lanius ludovicianus

Mallard

Anas platyrhynchos

Mourning Dove

Zenaida macroura

Nashville Warbler

Leiothlypis ruficapilla

Northern Flicker

Colaptes auratus

Northern Mockingbird

Mimus polyglottos

Northern Rough-winged Swallow

Stelgidopteryx serripennis

Nuttall's Woodpecker

Dryobates nuttallii

Oak Titmouse

Baeolophus inornatus

Orange-crowned Warbler

Leiothlypis celata

Pacific-slope Flycatcher

Empidonax difficilis

Pied-billed Grebe

Podilymbus podiceps

Phainopepla

Phainopepla nitens

Red-shouldered Hawk

Buteo lineatus

Red-tailed Hawk

Buteo jamaicensis

Red-winged Blackbird

Agelaius phoeniceus

Rock Wren

Salpinctes obsoletus

Ruby-crowned Kinglet

Regulus calendula

Savannah Sparrow

Campylorhynchus
brunneicapillus couesi
Passerculus sandwichensis

Say's Phoebe

Sayornis saya

Song Sparrow

Melospiza melodia

San Diego Cactus Wren

Southern California Rufouscrowned Sparrow
Spotted Towhee
Tree Swallow
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Appendix B. Continued.
COMMON NAME
Turkey Vulture

SCIENTIFIC NAME
Cathartes aura

Violet-green Swallow

Tachycineta thalassina

Warbling Vireo

Vireo gilvus

Western Bluebird

Sialia mexicana

Western Kingbird

Tyrannus verticalis

White-breasted Nuthatch

Sitta carolinensis

White-crowned Sparrow

Zonotrichia leucophrys

White-tailed Kite

Elanus leucurus

White-throated Swift

Aeronautes saxatalis

White-winged Dove

Zenaida asiatica

Wilson's Warbler

Cardellina pusilla

Wrentit

Chamaea fasciata

Yellow-breasted Chat

Icteria virens

Yellow Warbler

Setophaga petechia
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