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Distribution and Demography of Coastal Cactus Wrens in

Southern California, 2015-19

By Suellen Lynn, Alexandra Houston, and Barbara E. Kus

Executive Summary

Surveys and monitoring for the coastal Cactus Wren
(Campylorhynchus brunneicapillus) were completed in
San Diego County between March 2015 and July 2019.
A total of 383 plots were surveyed across 3 genetic clusters
(Otay, Lake Jennings, and Sweetwater/Encanto). From 2015
to 2019, 317 plots were surveyed 8§ times (twice per year in
2015, 2017-19). Additional plots were added in later years as
wrens were discovered in new locations. We found differences
in the proportion of plots occupied in the genetic clusters,
with a lower proportion of plots occupied in the Otay cluster
than in the Lake Jennings and Sweetwater/Encanto clusters
in all years. Plot occupancy increased each year in the Otay
and Sweetwater/Encanto clusters but not in the Lake Jennings
cluster. The number of Cactus Wren territories increased from
2015 through 2018, and then decreased in 2019 in all three
genetic clusters.

We monitored nesting activities for two populations
of Cactus Wrens in southern San Diego County. The Otay
population consisted of two sites within the Otay genetic
cluster, and the San Diego population consisted of two sites
within the Sweetwater/Encanto and Lake Jennings genetic
clusters. Nest monitoring occurred at 10—13 territories per year
in the Otay population and 14—18 territories in the San Diego
population from 2015 through 2019. All territories were
occupied by pairs except two territories in 2015, five in 2016,
and two in 2019. Between 46 and 74 Cactus Wren nests were
monitored each year, which totaled 295 monitored nests from
2015 to 2019. To evaluate the direct influence of precipitation
on breeding success, bio-year precipitation (“precipitation’)
was calculated from July 1 of the prior year through June 30
of the breeding season year. Overall apparent nest success was
positively influenced by precipitation with the lowest apparent
nest success of 50 percent in 2015 and the highest apparent
nest success of 72 percent in 2017, corresponding to the
second lowest and the highest precipitation years, respectively.
Apparent nest success also was higher in the Otay population
than in the San Diego population. The number of brood
nests initiated per pair and the number of renesting attempts
per pair also were higher in years with more precipitation.
Other metrics of Cactus Wren nesting success and productivity
were positively influenced by the amount of precipitation,

including clutch size and egg hatching success. The percent
of hatchlings that fledged was greater in the Otay population
than in the San Diego population but was not influenced by
precipitation. The number of fledglings per pair was higher
in years with more precipitation and was greater in the Otay
population than in the San Diego population. Predation was
the predominant cause of nest failure in both populations.

Analysis of Cactus Wren daily nest survival rate indicated
that there was a population, and possibly a precipitation
effect on nest survival, with the daily survival rate for the
Otay population significantly higher than for the San Diego
population and weak increase in the daily survival rate with
more precipitation.

A total of 629 Cactus Wrens were banded during the
course of the study, 360 in the San Diego population and 269
in the Otay population. Between 2015 and 2019, we resighted
301 color-banded adult birds that ranged between | and
8 years old. One additional color-banded bird was resighted
in San Pasqual Valley (as part of a separate study); this bird
originated in the San Diego population and was excluded from
our analyses.

Annual survival was higher for adult Cactus Wrens
(ranging from 60 to 70 percent) than for first-year wrens
(ranging from 20 to 28 percent) and varied by year. Annual
survival was also weakly but positively correlated with
precipitation. Annual survival was higher for first year
and adult Cactus Wrens following years with increased
precipitation. We found no evidence that survival differed
by population.

Banding also allowed us to examine whether there
were differences in movement of adult and first-year
Cactus Wrens by year or by population. We found that
average dispersal distance for first-year Cactus Wrens was
1.9 kilometers in the Otay population and 1.6 kilometers in
the San Diego population and did not differ by population
or year. Dispersal between populations was not common.

We detected five instances of movement of first-year wrens
between the San Diego and Otay populations. All movements
into and out of the San Diego population were from or

into territories in the Sweetwater area. We detected no
movement between the Lake Jennings site and either of the
Sweetwater or Otay sites; however, we did detect one wren
that dispersed from Lake Jennings to the San Pasqual Valley
population in 2019, which was a distance of 26.4 kilometers.
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Adult Cactus Wrens were site-faithful, with 87 percent of
adults remaining on the same territory between breeding
seasons. Precipitation may be a weak driver of movement
for adult Cactus Wrens, with adults more likely to

remain on the same territory following years of increased
precipitation. There was no difference in adult movement
between populations.

Arthropods were collected in pitfall traps and by vacuum
in 23 Cactus Wren territories during 3 sampling periods
in 2016 (early nesting, peak nesting, and late nesting).
Arthropods of 19 orders and at least 128 families were
collected. Analysis of 43 Cactus Wren fecal samples identified
10 arthropod orders that were present in more than 10 percent
of fecal samples. The most abundant arthropod order collected
was Hymenoptera; however, Cactus Wrens consumed
arthropods in the order Hymenoptera significantly less than
their availability, suggesting that this order was avoided. No
other orders were significantly selected or avoided; however,
selection indices of arthropod families identified that two
families of arthropods (Isopoda Porcellionidae [woodlice]
and Hymenoptera Formicidae [ants]) were avoided. After
excluding the taxa that were avoided or not represented in
fecal samples, 95 percent of Cactus Wren prey items were
collected in pitfall traps and 5 percent were collected by
vacuum. The most abundant prey orders captured were
Diptera, Coleoptera, Hemiptera, Hymenoptera, and Aranea.

Analysis of the abundance of Cactus Wren prey
items by vegetation type and sampling period indicated
that vegetation type by itself was not a significant
predictor of arthropod abundance but interacted with
sampling period. Seasonal availability of arthropods
was highest in the peak nesting period, followed by
early and late nesting periods for California sagebrush
(Artemisia californica), lemonadeberry (Rhus integrifolia),
non-native grass, and bare ground, whereas availability
increased from early to late nesting periods for
blue elderberry (Sambucus mexicana spp. caerulea),
cactus (Opuntia spp. and Cylindropuntia spp.),

California buckwheat (Eriogonum fasciculatum), native bunch
grasses, and black mustard (Brassica nigra). During the early
nesting period, arthropods were most abundant in native bunch
grasses and least abundant in lemonadeberry. During the peak
nesting period, arthropods were most abundant in native bunch
grasses and in areas of bare ground and were least abundant

in cactus and blue elderberry. During late nesting, arthropods
were most abundant in blue elderberry and non-native grass
and least abundant in lemonadeberry and mustard.

Each year from 2015 to 2019, vegetation data were
collected at the same 23 territories where arthropods were
sampled: 9 territories in the Otay population and 14 territories
in the San Diego population. Cactus, California buckwheat,
and non-native grasses were detected within at least 60 percent

of sampling points in the Otay population. Cactus, California
sagebrush, California buckwheat, non-native grass, and black
mustard each were detected within an average of 40 percent of
sampling points in the San Diego population. No native bunch
grass or lemonadeberry were recorded at the Lake Jennings
site within the San Diego population. The cover of shrub
species was relatively stable throughout the 5 years. Cover

of herbaceous species and bare ground had greater annual
variation than shrub species.

We found that vegetation cover varied widely among
territories, with territory accounting for 69 percent of the
variation in vegetation cover. Redundancy analysis allowed
us to identify the vegetation types that accounted for the most
variation. We used the top scores from the redundancy analysis
to identify six vegetation types to be used in generalized linear
mixed models analyzing the relationships between vegetation
type, precipitation, and Cactus Wren breeding productivity.
Three vegetation variables influenced the number of fledglings
produced per pair. California sagebrush had a positive effect
on the number of fledglings per pair whereas non-native grass
and black mustard had a negative effect.

Breeding productivity, survival, and movements of adult
and first-year Cactus Wrens indicated that the Otay population
behaved similarly to, if not out-performed, the San Diego
population during the span of our project, suggesting that the
driving forces behind low numbers of Cactus Wrens in the
Otay population before 2015 were no longer in effect. The
Cactus Wren populations in Otay and San Diego reached a
peak in 2018, which followed a year of high productivity
and survivorship, both of which were correlated with high
precipitation. This peak in population size was consistent with
reproductive timing and productivity in other bird populations
in semi-arid ecosystems that were linked to precipitation
and arthropod abundance. We did not find a strong link
among arthropod abundance, vegetation composition, and
Cactus Wren breeding productivity, likely in part because
arthropod abundance varied by vegetation type and sampling
period, suggesting that different vegetation types provided
important sources of prey at different periods of the breeding
season. Arthropod abundance also may not represent arthropod
availability when vegetation structure discourages the ground
foraging behavior of species such as Cactus Wrens. Cover of
non-native grass negatively influenced breeding productivity,
although arthropods were abundant in non-native grass.

Other factors that could have influenced differential breeding
productivity between the Otay and San Diego populations
were habitat restoration, control of annual herbaceous
vegetation, human disturbance, lingering effects of wildfire,
and nest predation. Overall, precipitation appeared to be a
driver of Cactus Wren breeding productivity and possibly
survival, potentially obscuring proximate effects of arthropod
or vegetation composition.



Introduction

The coastal Cactus Wren (wren, Campylorhynchus
brunneicapillus) is a fragmentation-sensitive resident
species in southern California requiring thickets of cholla
(Cylindropuntia spp.) or prickly pear cactus (Opuntia spp.)
for nesting. Limited naturally by the patchy distribution
of this habitat, Cactus Wren populations have become
further fragmented in recent decades by urbanization,
habitat degradation, and stochastic events such as wildfire
(Solek and Szijj, 2004; Hamilton and others, 2020). As a
result, Cactus Wren populations have diminished in size
and distribution, and occur largely as islands in a matrix of
generally unsuitable habitat.

Among the possible consequences of fragmentation
on Cactus Wren viability is genetic isolation, which could
lead to loss of genetic variability and ability to adapt to
changing environments (Barr and others, 2015). Although
Cactus Wrens, like other birds, are mobile and can
presumably fly long distances between patches (Preston and
Kamada, 2012; Kamada and Preston, 2013), there appears to
be little genetic connectivity among populations in southern
California (Barr and others, 2015). First-year dispersal,
whereby young birds leave their natal territories and establish
breeding territories of their own, is the key process by which
genetic connectivity is achieved, yet this stage of the life
history of birds is probably the most poorly understood and
has not been documented between populations in southern
California before the initiation of this project.

In addition to isolation, population declines in part
of the range have raised concerns regarding the capacity
for long-term persistence of Cactus Wrens in San Diego
County. Coastal Cactus Wren populations have declined in
southern California over the last three decades (Preston and
Kamada, 2012); however, in San Diego County, particularly
steep declines have been detected recently in the southern part
of the county in the vicinity of Otay River valley. Cactus Wren
territories on conserved lands in this region, which numbered
53 in 1992, declined to 14 in 2014 (The Nature Conservancy
and San Diego Management and Monitoring Program, 2015).

Although associated with long-term Cactus Wren
declines, neither fire nor development appear to be the primary
factor responsible for the more recent and localized Otay
wren population decline. Recent multiple years of drought
may have affected wren abundance by reducing arthropod
food resources, which could lower fecundity and survival
(Preston and Kamada, 2012). Annual precipitation has been
less than 75 percent of average (24.9 centimeters [cm])
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in half of the last 20 years (2000-19), and in 8 of those

years, precipitation was less than 50 percent of the average
(National Oceanic and Atmospheric Administration, 2020). In
2014, an extreme drought year, productivity was exceptionally
low, with only 3 fledglings observed during surveys of

a population occupying 14 territories in the Otay region

(The Nature Conservancy and San Diego Management and
Monitoring Program, 2015).

Food availability for Cactus Wrens may be affected
by annual precipitation, and mediated by habitat quality, as
characterized by the composition and cover of native and
non-native plant species, amount of bare ground, and microsite
characteristics such as soils, slope and aspect. Poor habitat
quality may exacerbate food limitation during drought years;
thus, improving habitat quality through management could
increase food availability and enhance wren productivity and
survival. Developing management strategies to increase the
stability of wren populations in years with low rainfall could
be of particular importance if droughts become more frequent,
intense, and prolonged in the future, as predicted by climate
change models.

The goal of this study was to identify factors responsible
for population declines in southern San Diego County,
particularly in the Otay River valley, by examining Cactus
Wren productivity and survival and their relationships to
precipitation, habitat quality, and arthropod food availability.
This report is presented in two chapters. Chapter A presents
our first objective, to perform surveys to assess the population
status of Cactus Wrens in three genetic clusters (Barr and
others, 2015) in southern San Diego County over a 5-year
study period (2015-19; Kus and Lynn, 2022). Chapter B
presents our remaining objectives, to (1) monitor the nesting
activity of Cactus Wren pairs to determine annual productivity
in the Otay River valley (Otay population) compared to
nearby Cactus Wren pairs at Lake Jennings and near the
Sweetwater reservoir (San Diego population); (2) color-band
Cactus Wren adults and nestlings to determine annual
survival and movement of adults and first-year birds among
the Otay and San Diego populations; (3) analyze arthropod
abundance sampled from Cactus Wren territories to assess
food availability; (4) collect data on vegetation structure and
species composition in monitored Cactus Wren territories and
examine relationships between prey abundance and vegetation
composition and cover at the Otay and San Diego populations;
and (5) relate Cactus Wren productivity to precipitation,
vegetation structure/composition, and food availability in the
Otay and San Diego populations. Cactus Wren data used in
this report can be found in Kus and Lynn (2022).
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Chapter A
Survey Methods

Survey plots were established in suitable Cactus Wren
habitat throughout San Diego County by the U.S. Fish
and Wildlife Service (USFWS) in 2011. Suitable habitat
was defined by clusters of cacti on south-facing slopes
on conserved land within the San Diego Multiple Species
Conservation Program boundary (The Nature Conservancy
and San Diego Management and Monitoring Program, 2015).
Multiple, contiguous plots were established where sufficient
habitat occurred within a canyon or open space. Survey plots
ranged in size from 0.03 to 23.7 hectares (ha; 1.6£1.7 ha). We
selected a subset of these plots in southern San Diego County
that represented three genetic clusters, Otay, Lake Jennings,
and Sweetwater/Encanto (Barr and others, 2015; fig. 1).
We surveyed each plot twice each year in 2015, 2017-19.

We did not survey in 2016 because the change in Cactus Wren
numbers from previous surveys to 2015 was not considered
critical to trigger annual surveys.

Each survey plot was visited twice during a survey
year, once between March 1 and May 31, and once between
June 1 and July 31. Using binoculars, plots were scanned for
Cactus Wrens and wren nests on arrival and if wrens were not
immediately detected, a Cactus Wren song was broadcast for
15-30 seconds to elicit response. If no wrens were detected,
plots were then carefully traversed for up to 20 minutes,
looking for wrens or wren nests, periodically broadcasting the
wren song. In addition to recording presence or absence of
Cactus Wrens, observers attempted to count all wrens within
the plot, determine their age (first-year or adult), and resight
legs to record color-band combinations. A Global Positioning
System (GPS; World Geographic System of 1984 [WGS 84])
point was collected where Cactus Wrens were located, and if
no wrens were observed, GPS points were collected at recently
constructed wren nests.

117°10' 117°00' 116°50' 116°40'
| | | | |
EXPLANATION A OREGON IDAHO
Cactus Wren genetic cluster
Ota
A y -
A San Diego—Lake Jennings y =
San Diego—Sweetwater/Encanto “
A g A Q1 %},
A AA L, ]
32°50 kl >
£
N
Study )
area Z
>
MEXICO
32°40'
CA
s OF AMERIZ=
Base modified from U.S. Geological Survey and other Federal digital data, various scales; Map image 0 5 10 MILES
is the intellectual property of Esri and is used herein under license. Copyright © 2020 Esri and its } T 1 T |
licensors. All rights reserved; Albers Equal-Area Conic projection, standard parallels are 29°30" N. 0 5 10 KILOMETERS

and 45°30" N.; North American Datum of 1983

Figure 1.

Locations of Cactus Wren survey plots in San Diego County, California.



Cactus Wren territories often included all or parts of
multiple survey plots. Therefore, occupancy of survey plots
alone likely overestimated the actual number of wrens in the
survey areas. To arrive at a more standard population count,
surveyors observed the behavior of wrens during surveys to
determine the actual number of Cactus Wrens using a block
of survey plots. Population parameters including number of
wrens, age, breeding status (paired or unknown), evidence of
breeding (nests or fledglings observed), and color-band status
were compiled by territory rather than by survey plot.

We used Chi-square test (and Fisher’s Exact test when
any category contained fewer than five sample points) to
compare the proportions of survey plots that were occupied
across genetic clusters. Data were analyzed throughout using
Program R (R Core Team, 2020). Two-tailed tests were
considered significant if P<0.10. Unless otherwise stated,
means are presented with standard deviations.

Survey Results

We surveyed a total of 383 plots for Cactus Wrens
between 2015 and 2019 (table 1). We surveyed 317 plots

8 times (twice each year in 2015, 2017-19). We dropped 1 plot

(access was denied) and added 53 plots in 2017, which also

Table 1.
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were surveyed in 2018 and 2019. We added 8 more plots in
2018 when wrens were discovered in new locations. Four plots
were surveyed only in 2019 because Cactus Wrens had been
incidentally detected at those locations in prior years.

Overall, Cactus Wrens were detected at least once at 157
of the 383 plots (41 percent) that we surveyed (table 1). Of
the 317 plots that were surveyed all 4 years, 112 (35 percent)
were occupied by Cactus Wrens for at least 1 survey (table 2).
A lower proportion of plots were occupied in the Otay genetic
cluster than in the Lake Jennings and Sweetwater/Encanto
clusters in all years. Plot occupancy increased each year in
the Otay and Sweetwater/Encanto genetic clusters but not
in the Lake Jennings genetic cluster. There were 35 plots
that were occupied in all 4 years: 16 in the Otay genetic
cluster, 8 in the Lake Jennings genetic cluster, and 11 in the
Sweetwater/Encanto genetic cluster.

From 2015 to 2019, we found a minimum of 43 and a
maximum of 99 Cactus Wren territories across all survey plots
(table 3). The total number of territories increased each year
from 2015 through 2018 but then dropped in 2019 in all three
genetic clusters. We determined that most of the territories
were occupied by pairs in all years (table 4).

Number of plots occupied by Cactus Wrens/number of plots surveyed, and proportion

occupied by Cactus Wrens (in parentheses), by genetic cluster and year.

Genetic cluster

Year Otay Lake Jennings S\Ag;t:l:?;er/ Total
2015 24/200 (0.12) 16/48 (0.33) 18/70 (0.26) 58/318 (0.18)
2017 35/205 (0.17)  22/67 (0.33) 31/98 (0.32) 88/370 (0.24)
2018 49/210 (0.23)  25/68 (0.38) 40/100 (0.40) 114/378 (0.30)
2019 50/210 (0.24)  30/72 (0.42) 47/100 (0.47) 127/382 (0.33)
Total unique plots surveyed  63/210 (0.30) 39/72 (0.54) 55/101 (0.54) 157/383 (0.41)

Table 2. Number of plots surveyed all 4 years that were occupied by Cactus Wrens.

[Numbers in parentheses are the proportion of plots that were occupied. Total: number of plots occupied at least one
year/total number of plots surveyed every year. Abbreviations: P, probability that the statistical test result was false;
<, less than]

Genetic cluster

Year _ Swestwater/ Annual Chi-square

Otay Lake Jennings Encanto total value
2015 24(0.12) 16 (0.33) 18 (0.26) 58 (0.13) 154 <001
2017 31(0.16) 16 (0.33) 21 (0.30) 68 (0.21) 11.5 <0.01
2018 41 (0.21) 14 (0.29) 27 (0.39) 82 (0.26) 9.6 0.01
2019 44(0.22) 14 (0.29) 32 (0.46) 90 (0.28) 150  <0.01
Total 54200 (0.27)  21/48 (0.44) 37/69 (0.54) 112317 (035) 177 <0.01
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Table 3. Number of Cactus Wren territories detected in the 317
plots that were surveyed all 4 years (2015, 2017-19).

[Total number of Cactus Wren territories detected across all plots, including
those we did not survey every year, in parentheses.]

Genetic cluster

Year Total
Otay Lake Jennings Sweetwater/

Encanto
2015  12(12) 15 (15) 16 (16) 43 (43)
2017 21 (25) 16 (20) 23 (33) 60 (78)
2018 27 (34) 17 (28) 24 (37) 68 (99)
2019  21(25) 14 (24) 22 (36) 57 (85)

Table 4. Number of Cactus Wren pairs detected in the 317 plots
that were surveyed all 4 years (2015, 2017-19).

[Total number of Cactus Wren pairs detected across all plots, including those
we did not survey every year, in parentheses.]

Genetic cluster

Year Total
Otay Lake Jennings Sweetwater/

Encanto
2015 11 (11) 909) 909 29 (29)
2017 18(22) 15 (18) 20 (28) 53 (68)
2018 21(27) 16 (26) 22 (31) 59 (84)
2019 19(22) 13 (20) 18 (27) 50 (69)

Chapter B
Methods

Breeding Productivity—Data Collection

To examine and compare population parameters
between the Otay and San Diego Cactus Wren populations,
we established two study plots in the Otay population
(Salt Creek and Johnson Canyon) and two study plots in the

San Diego population (Lake Jennings and Sweetwater; fig. 2).

We monitored nesting activity at Cactus Wren territories in
these four study plots weekly between February and August
in 2015-19. In 2016, we added a third study plot in the
Otay population, Wolf Creek, but then abandoned it after
that year because site conditions made collecting accurate
data impractical.

We initially selected Cactus Wren territories for
monitoring in 2015 and included all wren territories
at Salt Creek (five territories) and Johnson Canyon
(five territories) in the Otay population, all but one wren
territory at Lake Jennings (eight territories), and all wren
territories at Sweetwater (Sweetwater Summit Regional Park,
Sweetwater Reservoir, and San Diego National Wildlife

Refuge; six territories) in the San Diego population. In
subsequent years, we monitored new territories when
previously occupied territories were determined to be vacant.

All Cactus Wren nests were located and a GPS point for
each nest was collected. Cactus Wrens build multiple nests,
many of which are “roost” or “dummy” nests that are not used
for breeding. We checked all nests at each territory weekly
until a “brood” nest was identified by the presence of eggs or
nestlings. Nests were approached carefully to avoid flushing
an incubating female or older nestlings. Brood nests were
checked weekly using a fiber optic camera or by reaching a
hand into the nest to feel contents to determine the number of
eggs, the number and age of nestlings, and whether the nest
had successfully fledged young (nestlings reached 19 days of
age or were detected alive outside of the nest). Unsuccessful
nests were placed into one of three nest fate categories. Nests
found empty or destroyed before the estimated fledge date
and where adult wrens were not found tending fledgling(s)
were considered depredated. Nests failing for reasons such
as collapse of the host cactus or the presence of a clutch of
infertile eggs were classified as failing because of other causes
that were known. Nests that appeared intact and undisturbed
but were abandoned with Cactus Wren eggs or nestlings were
classified as having failed because of unknown causes. We
located and monitored all nesting activity for each focal pair
through the entire breeding season.

From these data, we calculated several measures of
productivity: egg clutch size, egg hatch rate (number and
percent of eggs that hatched), nest hatch rate (number and
percent of nests with eggs that hatched), hatchling fledge
rate (number and percent of hatchlings that fledged), nest
fledge rate (number and percent of nests with hatchlings that
fledged), egg fledge rate (number and proportion of eggs
that produced fledglings), apparent nest success (number of
nests with eggs that produced fledglings), and the number of
fledglings produced per pair. We compared the egg hatch rate
with the hatchling fledge rate and the nest hatch rate with the
nest fledge rate to determine which stage of the nesting cycle
was more vulnerable to failure. We also compared egg hatch
rate with nest hatch rate and hatchling fledge rate with nest
fledge rate to determine if factors that influenced these stages
were affecting the entire nest (nest scale) or only affecting
some of the nest contents (partial nest failure).

Breeding Productivity—Data Analysis

We used Chi-square and Fisher’s Exact tests to
determine if there were differences in proportions of
renesting attempts between Cactus Wren populations and
years and after successful or failed first nesting attempts
and to determine if there were differences between
populations in the proportion of failed nests that failed
as a result of depredation or other causes. To evaluate
the direct influence of precipitation on breeding success
and productivity, bio-year precipitation (hereafter,
“precipitation”) was calculated from July 1 of the year
before breeding through June 30 of the breeding season year.
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Figure 2. Cactus Wren nest monitoring plot locations in San Diego County, California, 2015-19.

Although this definition of bio-year does not include the entire
breeding season, very little precipitation fell between June and
the end of the breeding season (September), and therefore,

the defined period was functionally inclusive of the entire
breeding season. We used logistic regression to determine if
precipitation and population (Otay or San Diego) influenced
egg hatch rate, hatchling fledge rate, the proportion of pairs
that attempted a second nest, and apparent nest success. We
used precipitation data from the El Cajon weather station
(National Oceanic and Atmospheric Administration, 2020).
We used Poisson regression to determine if precipitation and
population influenced the number of brood nests produced

per pair per year and egg clutch size because Poisson was
appropriate for count data. For Poisson and quasi-Poisson
regressions, we used incident rate ratios (elestimatel) to

quantify the amount of change in the response variable for
each predictor variable, holding all other variables in the
equation constant.

We used the RMark package (Laake, 2013) in
Program R (R Core Team, 2020) to model the effects of
Cactus Wren population (Otay or San Diego) and precipitation
(as described in the preceding paragraph) on daily survival
rate (DSR) of Cactus Wren nests (White and Burnham, 1999;
Dinsmore and others, 2002). Nest survival was calculated
across a 39-day cycle encompassing egg-laying, incubation,
hatching, and nestling periods. Age of nests at the time
they were discovered was calculated by forward- or
backward-dating of nests in relation to known dates
of egg-laying, hatching, or hatchling age. We used an
information-theoretic approach (Akaike’s Information
Criteria for small sample sizes or AIC_; Burnham and
Anderson, 2002) to evaluate support for nest survival models
regarding the effects of population and precipitation. We used
logistic regression with a logit link to build models. First, we
generated a constant survival model to serve as a reference
for the effects of Cactus Wren population and precipitation on
DSR. We then modeled the covariates and evaluated support
for the model in relation to the constant survival model. Well
supported models had AAIC, less than 2.
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Survivorship and Movement—Data Collection

We banded wrens at nest monitoring sites with a
combination of colored leg bands unique to each individual
to evaluate survivorship and dispersal of adults and first-year
birds. Adults and fledglings were captured opportunistically
at monitored territories using mist nets and song playback to
attract birds to nets. All hatchlings from accessible nests in
monitored territories were banded at 5-15 days old (age target
was 6—12 days old; hatchlings outside of this age range
were evaluated for banding potential on an individual basis).
During banding of nestlings, we recorded age (in days),
weight, and collected fecal samples for a diet analysis. During
banding of adults, we recorded sex, weight, and reproductive
status. We resighted all Cactus Wrens at survey plots and
monitoring sites, when possible, to identify individuals based
on color-band combinations. When bands were missing or
observations were unclear, we returned on non-survey days
to obtain photographs using a Canon 7D Mark II digital
single-lens reflex camera with the Canon 100—400 millimeter
(mm) F/4.5-5.6 zoom lens. Photographs were useful for
determining fine color differences (faded bands) or reading
numbers on metal bands.

Cactus Wrens do not exhibit obvious sexual dimorphism
when observed under normal field conditions. Gender is
typically determined by specific behavioral cues (position
during copulation, incubation [performed only by the female])
or morphology of birds in the hand (females have brood
patches, males have cloacal protuberances). Gender cannot
be determined for nestlings without genetic analysis. If none
of these cues were observed, for convenience in reporting we
assigned an adult as “male” if it sang or called more frequently
or was more visually obvious (potentially advertising
territory boundaries), although females can also exhibit these
behaviors. As a result, we did not have a large sample of
confirmed-gender adults, and therefore, we did not attempt
gender-related analyses of survivorship or movements except
as general summaries.

Survivorship and Movement—Data Analysis

We used the RMark package (Laake, 2013) in Program R
(R Core Team, 2020) to model the effects of age (first-year or
adult), population (Otay or San Diego), precipitation, and year
on Cactus Wren survivorship. We calculated annual survival
from 2015 to 2019 by creating an encounter history matrix
of all individual Cactus Wrens ever encountered within the
study area. Survivorship was assumed to be constant for adults
once they survived their first year. For precipitation, we used
bio-year in the previous year (July 1-June 30 for the bio-year
ending in the previous breeding season (for example, survival
for 2017-18 as a function of the precipitation in the bio-year
ending in 2017) as a time-varying individual covariate. We
used precipitation data from the El Cajon weather station
(National Oceanic and Atmospheric Administration, 2020).
We used logistic regression with a logit link to build and rank
models by AIC, and present annual real estimates from the

top model. Because we expected survival to differ between
first-year and adult birds, age was included in all models. If
there was support for multiple models (AAIC, less than 2), we
averaged all models using AIC, weights to obtain annual real
estimates of survival for adult and first-year Cactus Wrens. We
also evaluated the effect of covariates within our top models
by examining the odds ratio for each covariate (the odds that
the covariate had an effect on survivorship where “no effect”
equals 1, negative effect less than 1, positive effect greater
than 1). We then calculated the 95-percent confidence interval
of the odds ratio to determine the likelihood that the effect
was significant. Where the confidence interval was greater
than or less than 1, we concluded that we had 95-percent
confidence that the covariate had a positive or negative effect
on survivorship relative to the reference condition.

We calculated natal dispersal distance for first-year
Cactus Wrens by measuring the straight-line distance between
the center of an individual’s natal territory and the center of
the same individual’s breeding territory the following year.
We used the Kruskall-Wallis test to determine whether natal
dispersal distance differed by population. Similarly, adult site
fidelity was determined by measuring the distance between
the center of a bird’s breeding territories in successive
years. Wrens exhibited site fidelity if they returned to within
100 meters (m) of their previous year’s territory. We used
logistic regression to determine whether site fidelity differed
by population or with precipitation in the previous bio-year.

Diet Analysis and Prey Availability—
Data Collection

Cactus Wren fecal samples were analyzed to identify
arthropod taxa that were considered Cactus Wren prey and
we assessed the abundance of these taxa by vegetation type
within wren territories. Fecal samples were collected from
nestlings when a fecal sac was produced during the banding
process. In 2016, 43 fecal samples were collected and
analyzed for diet content using deoxyribonucleic acid (DNA)
barcoding and screened against the custom database from the
San Diego Natural History Museum arthropod collections of
our study areas to obtain operational taxonomic units (OTU),
which is a quantified representation of each taxon within a
fecal sample (A. Vandergast, unpub. data, 2020). The genetic
amplification and analysis process introduces some known
errors that can skew the volume of an OTU within a sample
or introduce contaminants, so a taxon was excluded from
further examination if it accounted for less than 1 percent of
the OTUs in a given fecal sample. Operational taxonomic
units were grouped into arthropod orders and families and
identified to species when possible. The sampling unit for
analysis was the number of fecal samples that contained
each OTU. Any taxa determined to be present in the
environment but not likely to come from the fecal sample
(for example, parasites such as mites [order Acari] and thrips
[order Thysanoptera], or taxa that were likely miscoded
such as Decapoda) were removed from further examination.



It is worth noting that fecal samples were collected from
nestlings only. It is likely that adult Cactus Wrens consumed
similar prey to what was fed to nestlings, but there may

be some items missing from our analysis that adult

Cactus Wrens consumed.

The San Diego Natural History Museum collected
arthropods in 2016 at 9 monitored territories in the Otay
Cactus Wren population and at 14 monitored territories
in the San Diego Cactus Wren population (San Diego
Natural History Museum, unpub. data, 2017). Using
pitfall traps (for ground and litter-dwelling arthropods)
and back-pack vacuums (for canopy-dwelling and aerial
arthropods), arthropods were collected in the following
vegetation species known to be used by foraging Cactus
Wrens: blue elderberry (Sambucus nigra spp. caerulea;
hereafter “elderberry”), cactus (cholla or prickly pear),
California sagebrush (Artemisia californica; hereafter
“sagebrush”), California buckwheat (Eriogonum fasciculatum;
hereafter “buckwheat”), lemonadeberry (Rhus integrifolia),
native bunch grass, non-native grass (multiple species),
and black mustard (Brassica nigra; hereafter “mustard”).
Arthropods also were collected from bare ground using
pitfall traps (no vacuum samples were collected from bare
ground). We refer to the plant species and bare ground
collectively as “vegetation types.” Pitfall traps were open
for 10 to 15 days and target plants were vacuumed for
30 seconds to collect arthropods from the foliage. Any large
arthropods flushed while vacuuming also were collected
when possible. Not all vegetation types were adequately
represented at every Cactus Wren territory to support a pitfall
trap or to provide enough substrate for a vacuum sample in
2016, when prey sampling occurred. Also, pitfall traps were
sometimes disturbed, preventing the collection of arthropods
at that vegetation type. Plant types that were not sampled
at all territories included native bunch grass (sampled
at 6 territories), elderberry (sampled at 10 territories),
lemonadeberry (sampled at 10 territories), mustard (sampled
at 21 territories), buckwheat (sampled at 22 territories), and
non-native grass (sampled at 22 territories). Samples were
collected during three periods of the Cactus Wren breeding
season corresponding to early nesting (courtship, nest
building, egg laying, February—early March), peak nesting
(feeding hatchlings, May—June), and late nesting (feeding
fledglings, independent fledglings, September). Arthropods
greater than 5 mm in length were identified, counted,
and sorted into groups or taxa with known or presumed
significance to Cactus Wren (Hamilton and others, 2020).
Arthropod biomass was not calculated.

Diet Analysis and Prey Availability—
Data Analysis

To determine which arthropod taxa to include in prey
abundance analyses, we used R package adehabitatHS
(Calenge, 2006) to calculate resource selection indices (w,)
which examined the relationship between arthropods
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consumed by Cactus Wrens (found in fecal samples) and
available (collected in pitfall traps and by vacuum; Reynolds
and others, 20006):

0;
W= 5 (1)
where
w;  is the resource selection index for
arthropod order i,
0, is the relative proportion of fecal samples that

contained order i (the proportion of fecal
samples that contained order 7 divided by
the sum of the proportions of fecal samples
that contained orders i through n, where
n=the total number of orders), and

)2 is the proportion of prey arthropods collected
in pitfall traps that were classified
into order i

Values of w, greater than 1 were evidence of selection
(used disproportionately more than their availability), values
less than 1 were evidence of avoidance (used less than their
availability), and values equal to 1 indicated arthropods
were used in proportion to their availability. We calculated
95-percent confidence intervals from standard errors (SE)
provided for each w; by adehabitatHS:

0,*(1 -0,
M Vg py (2)
where

2u is the sum of the proportions of fecal samples
that contained orders i through n, where
n=the total number of orders.

Upper 95 percent confidence interval = w;+ 1.96*SE, (3)

Lower 95 percent confidence interval = w,— 1.96*SE; (4)

Resource selection indices were considered significant
if the 95-percent confidence intervals for w; did not contain 1
(Reynolds and others, 2006). First, we calculated resource
selection indices for arthropods by orders in which they were
classified. Next, we calculated resource selection indices for
arthropod families to identify if there were any families that
drove the selection or avoidance at the order level. Families
that were avoided were not considered prey and were excluded
from further arthropod prey analyses. Arthropod families
that were selected or were neither selected nor avoided were
considered prey and included in subsequent analyses. We
included all unidentified larval arthropods in our Cactus Wren
analyses as prey despite the inability to classify them into
orders or families.
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The sampling units for arthropod prey abundance
analyses were the number of arthropod prey collected per
sampling event (pitfall trap session or vacuuming session)
by vegetation type, Cactus Wren territory (to control for
differences in sampling between territories), and sampling
period. Because only a small proportion of arthropods were
collected by vacuum, we performed further analyses only on
arthropods collected by pitfall trap.

We used generalized linear mixed modeling (GLMM;
Faraway, 2006) to build a series of models describing the
relationship between vegetation type, sampling period, and
the number of arthropod prey collected in pitfall traps. We
included sampling period as a fixed effect because it did not
have enough levels to include as a random effect. Cactus Wren
territory was a random effect, and we nested vegetation type
(all pitfall trap samples collected at a unique vegetation type
location) within Cactus Wren territory also as a random
effect and treated the arthropod data as Poisson-distributed.
We used AIC, to evaluate models; the model with the lowest
AIC, and any model within two AIC, of the lowest model
were considered well supported. Odds ratios were examined
to evaluate the influence of each level of each variable (fixed
effects) on arthropod abundance. If there was support for
multiple models (AAIC, less than 2), we averaged all models
using AIC, weights to obtain real estimates of arthropod
abundance for each level of each variable.

Vegetation Composition—Data Collection

We collected and analyzed vegetation data at
Cactus Wren territories to compare vegetation structure and
species composition across territories and relate it to arthropod
prey availability and wren productivity. Permanent vegetation
sampling plots were established in 2015 at the same 23
monitored wren territories where arthropods were collected.
Vegetation plots consisted of 30 points arranged in a 5 x 6 grid
with 15 m between points in both directions. Points were
revisited annually at the end of the breeding season and the
presence or absence of the following species recorded within a
2-m-radius circle surrounding the point: native bunch grasses,
non-native annual grasses, cactus, elderberry, lemonadeberry,
sagebrush, buckwheat, and mustard. Percent cover of each
species was calculated as the percent of the 30 sampling points
at which the species was present. The substrate at the center
of each point was recorded as plant, bare ground, or litter to
calculate the percent of bare ground within each plot. In 2016,
we did not estimate cover of shrubs, but instead only recorded
presence or absence of herbaceous species.

Vegetation Composition—Data Analysis

Shrub data were not collected in 2016. The lack of data
presented several options for our analyses. These included
ignoring 2016 altogether, pooling data across years, or
interpolating the missing values (estimating 2016 shrub cover
based on the known data points in 2015, 2017—19 using
linear regression). Ignoring 2016 and pooling data across
years entailed a loss of information, particularly in analyses
of the relationship between nest success and vegetation cover
where inter-annual variation was one of our main interests.
Thus, we felt that interpolation of the 2016 cover values,
especially if interpretation of patterns for that year was done
cautiously, was the more appealing option. We reasoned that
woody species are not prone to major shifts in cover between
successive years (unless there was a major disturbance such
as a fire, landslide, and so forth), autocorrelation between
successive years tended to be in the strong to moderate range,
2016 was the fourth consecutive drought year (interannual
variation over the last several years was relatively low), the
sampling design gave us the capability of estimating cover
in each territory, and we would be interpolating and not
extrapolating the cover values. These five conditions taken
together indicated to us that interpolated cover values for
2016 would be reasonable and provide us greater flexibility
and ecological insight than simply removing that year from
the analyses or pooling data across years. We used GLMM
to estimate the missing cover values and then used those in
subsequent analyses. We used a binomial error structure in
the model, with cover estimated as the proportion of point
intercept hits out of 30 points. Year was specified as the fixed
effect and coded as time (for example, 2015=1, 2016=2, and
so forth) to avoid problems with convergence because of
large numbers. Territory was specified as a random effect,
which allowed us to estimate cover in 2016 for each one.

We performed a preliminary analysis to evaluate random
slope-intercept models, but these did not converge because
of singularity (insufficient sample size relative to the number
of parameters in the model). Therefore, all estimates of shrub
cover in 2016 were derived from random intercept models.

Analysis of vegetation data entailed two separate but
related steps. The first consisted of a multivariate analysis
(redundancy analysis [RDA]; Buttigieg and Ramette, 2014)
focused on differences in vegetation cover among territories.
This step allowed us to evaluate: (1) the range in variation of
vegetation cover among territories, (2) the degree to which
vegetation cover varied by year, (3) the most important
variables for differentiating vegetation across the territories,
and (4) how distinct the populations (Otay and San Diego)
were in vegetation structure. In the second step, we used a
GLMM to relate the most important vegetation variables from
the RDA to the number of fledglings produced per pair.



We used the RDA to evaluate the degree to which
vegetation cover varied among territories and years.
Redundancy analysis combines principal components analysis
(PCA) and multiple regression to summarize variation in
response variables (in our case, percent cover of vegetation
types), such as (1) among sampling units (territories within
each year), and (2) in relation to a set of explanatory (or
predictor, environmental) variables. The explanatory variables
can be either continuous (for example, elevation, soil
moisture) or categorical (for example, burned or unburned);
when explanatory variables are categorical, RDA can be
conceptualized as a form of multivariate analysis of variance
(ANOVA). Redundancy analysis creates two sets of ordination
axes, one based on linear combinations of response variables
(vegetation types; the PCA component) and one based on
the linear combination of response variables after they are
“constrained” by the explanatory variables (territory and year);
the multiple regression component. Thus, RDA is among
multivariate methods known as constrained ordinations. The
PCA step provides the total amount of variation in vegetation
species cover and the regression gives the proportion of that
variation that is accounted for by the explanatory variables.
One of the notable strengths of constrained ordination is
it allows simultaneous evaluation of overall variation in
a dataset and variation relative to explanatory variables.

Other variables can be included as covariates, which further
enables evaluation of the relative contribution of explanatory
variables, covariates, and residual variation to overall
variation in the data. Scores are derived for sampling units,
species (vegetation types), and the explanatory variables in
ordination space, and significance of the overall ordination
and the variables in the model are evaluated with Monte Carlo
permutation tests. This makes RDA free of the restrictive
assumptions of more traditional parametric multivariate
analyses, such as multivariate ANOVA, discriminant analysis,
and canonical correlation analysis.

We specified two separate RDA models. Territory was
the explanatory variable and year was a covariate in the first
model, whereas year was the explanatory variable and territory
was the covariate in the second model. This approach allowed
us to calculate the relative contributions of territory and
year to the overall variation in the data; in other words, the
variability among territories within years, and the variability
in vegetation across years, which differed in precipitation.
Territory and year were each considered a categorical variable
in both models. Although uncommon vegetation species
have little effect on the results of an RDA, they can distort
visualization of the ordination axes and scores. Thus, we
performed a preliminary analysis to determine if any of the
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vegetation variables could be removed from the models. Based
on this, we removed elderberry, lemonadeberry, and native
bunch grass from further analyses, resulting in a matrix with
dimensions of 115 sampling units (23 territories x 5 years)

and 6 vegetation variables (bare ground, buckwheat, cactus,
mustard, non-native grass, and sagebrush). Monte Carlo tests
were based on 999 permutations.

We used Poisson regression with the number of
fledglings per pair as the response variable in a GLMM
(Christensen, 2019) with territory as a random effect to
analyze the effects of vegetation composition and bio-year
precipitation on annual productivity. We used the results of
the RDA as a guide to determine which vegetation variables
to include in the models. We included precipitation in the
analysis to compare the relative effect of precipitation to
the contribution of the vegetation variables to the model. To
compare the magnitude of the effects of each model parameter,
we standardized the vegetation and precipitation variables
by calculating the z scores for each variable, rescaling the
variables to have a mean of zero and a standard deviation of
one. Z scores are calculated using the following formula:

2=(x- ) +o )

where
u is the mean, and
o is the standard deviation.

Results

Breeding Productivity

Nesting activity was monitored annually at
10-13 territories in the Otay population (fig. 34, 3B) and
1418 territories in the San Diego population (fig. 3C, 3D)
from 2015 through 2019 (table 5). All territories except three
in 2016 (two in Otay and one in San Diego) and two in 2017
(both in San Diego) were considered fully monitored, meaning
that all brood nests within the territory were found and
documented during the breeding season. One or more brood
nests may have been missed at partially monitored territories.
All monitored territories were occupied by pairs except two
territories that were occupied by single birds in 2015, five in
2016, and two in 2019. We monitored 4674 Cactus Wren
brood nests per year. Of these nests, 46—71 were in fully
monitored territories (table 6).
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Figure 3. Locations of monitored Cactus Wren territories, southern San Diego County, 2015-19. See figure 2 for geographic reference.



Table 5. Number of fully and partially monitored Cactus Wren
territories by population, southern San Diego County, 2015-19.

Year Otay San Diego Total
Pairs  Single | Pairs Single | Pairs  Single
2015 10 0 12 2 22 2
2016 1 2 213 3 324 5
2017 12 0 117 0 129 0
2018 13 0 18 0 31 0
2019 12 1 15 1 27 2

I'Two pairs were partially monitored; brood nests may have been missed.
2One pair was partially monitored; brood nests may have been missed.

3Three pairs were partially monitored; brood nests may have been missed.

Table 6. Number of Cactus Wren brood nests and precipitation
at monitored territories by population, southern San Diego County,
2015-19.

[Average brood nests per pair calculated from fully monitored territories.
Precipitation is in centimeters and is compiled from the bio-year (July 1—
June 30) that ended in the breeding year. Abbreviation: +, plus or minus]

Breeding Nests with eggs | Brood nests per pair .
- - Precipitation
year Otay SanDiego | Otay San Diego
2015 20 26 2.0+0.7 2.2+1.0 24.2
2016 127 230 2.6x1.3 2.34+0.7 35.0
2017 31 343 2.6+0.7 2.7+0.5 52.8
2018 18 30 1.4+1.0 1.7+0.8 17.1
2019 31 39 2.6x0.7 2.6+£0.9 49.0

'Four nests were in partially monitored territories.
2Two nests were in partially monitored territories.

3Three nests were in partially monitored territories.

Nesting Attempts

The Cactus Wren breeding season began in January
or February and ended in July or August. The earliest
first nest initiation (first egg laid in the first nest) was
on January 23, 2017, in the San Diego population and
February 12, 2019, in the Otay population. The latest first
nest initiation was April 12, 2018, in the Otay population and
February 26, 2016, in the San Diego population.

Fully monitored Cactus Wren pairs laid eggs in zero to
four brood nests each year. The number of brood nests per
Cactus Wren pair did not differ between populations; however,
there was a significant, relationship between the number of
brood nests and the amount of precipitation (for every 1-cm
increase in precipitation, there was a 1-percent increase in the
number of brood nests per Cactus Wren pair; table 7).

The number of pairs that attempted a second nest
was significantly and positively related to the amount of
precipitation and did not differ between populations (table 8).
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In 2018, the driest year of the study, Cactus Wren pairs were
more likely to renest after a failed first nesting attempt than
they were after a successful first nesting attempt (fig. 4;
Fisher’s Exact test, P=0.07). A similar, but non-significant,
pattern was seen in 2015, another dry year (Fisher’s Exact
test, P=0.16). In all other years, Cactus Wren pairs were as
likely to renest after a failed first nesting attempt as they were
after a successful first nesting attempt (Fisher’s Exact test,
2016, 2017, 2019: P>0.99). Over all years, 75—100 percent
of Cactus Wren pairs attempted to renest after a failed first
nesting attempt, and 38—100 percent attempted to renest after a
successful first nesting attempt.

On average, Cactus Wren pairs fledged the highest
number of broods in the wettest years, 2017 (1.9+0.7) and
2019 (1.7£1.1), and the lowest number of broods in the driest
years, 2018 (0.9+0.6) and 2015 (1.0+0.7). In 4 of the 5 years
of our study, a few fully monitored Cactus Wren pairs failed
to fledge any nests (fig. 5). The proportion of pairs that did
not fledge any nests was similar between populations from
2015 through 2017 (2015: 25 percent at San Diego versus
20 percent at Otay; 2016: 8 percent at San Diego versus
11 percent at Otay; 2017: 0 percent at both populations) until
2018, when 35 percent of San Diego pairs and 9 percent
of Otay pairs failed to fledge any nests. Similarly, in 2019,

33 percent of San Diego pairs and no Otay pairs failed to
fledge any nests. Several Cactus Wren pairs fledged two
or more broods each year from 2015 to 2019. During 3 of
4 years, 4 (2016) or 5 (2017 and 2019) Cactus Wren pairs
fledged 3 broods, and in 2019, 1 Cactus Wren pair fledged
4 broods.

Nest Success

Of the 295 Cactus Wren nests monitored from 2015
to 2019 (286 in fully monitored territories, 9 in partially
monitored territories), apparent nest success (the percent
of brood nests that successfully fledged young) ranged
from 50 percent in 2015 (23/46) to 72 percent in 2017
(53/74) across all territories (table 9). Apparent nest success
increased significantly with the amount of precipitation and
was higher in the Otay population than in the San Diego
population (table 10).

The most common cause of nest failure was presumed
to be predation (71-100 percent of all nest failures), although
only one confirmed predation event was witnessed. A
California kingsnake (Lampropeltis getula californiae) was
discovered coiled in a nest at Lake Jennings with agitated
adult Cactus Wrens nearby in 2015. Other causes of failure
included 3 nests in which eggs did not hatch and were either
infertile or died during a heat wave, 2 nests that failed after
one or both adults disappeared (likely depredated), 3 nests that
were abandoned after anthropogenic disturbance, and 11 nests
that were abandoned for no apparent reason, 6 with eggs and
5 with hatchlings.
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Table 7. Results of Poisson regression of the number of Table 8. Results of logistic regression of the number of
Cactus Wren brood nests per pair as a function of the amount of attempted Cactus Wren renests after a first nesting attempt as a
precipitation and by population (Otay or San Diego). function of the amount of precipitation and by population (Otay or
San Diego).
[Incident rate ratio is the multiplicative amount of change in number of nests
with every 1-centimeter change in precipitation, holding all other variables [Precipitation was compiled for the bio-year (July 1-June 30) ending in the
constant. Precipitation was compiled for the bio-year (July 1-June 30) ending current breeding year. Abbreviations: P, probability that the statistical test
in the current breeding year. Abbreviations: P, probability that the statistical result was false; <, less than]
test result was false; <, less than]
. . Standard Incident Category Estimate St::c:zrd Z-value P
Coefficient  Estimate Z-value P .
error rateratio  percept -1.78 0.75 -2.38 10.02
Interoept 031 0.18 170 10.09 137 Precipitation 0.10 0.02 4.13 1<0.001
Population 0.03 0.12 0.29 0.77 1.04 (San Diego)
(San Diego)

ISignificant result.
ISignificant result.
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Figure 4. Proportion of Cactus Wren pairs that renested after
successful and failed first nesting attempts by year and by
precipitation, southern San Diego County, 2015-19. Precipitation
was compiled for the bio-year (July 1-June 30) ending in the
current breeding year.



Chapter B 15

0.7 60
w 06 e P | EXPLANTION
= IR \\ ; 50 v
S R ’ 5 Nests fledged
\
S 05 e \ J/ 2
= et N / -4 E . 0
; — // \ / o
g 04 — f” \\ /, 8 D 1
t', ’,’ \ / | c
g \ ; w S [ o
«— 03 — -~ 3 4 o
) - \ /7 = . 3
g NS 0 =
o — =
£ 02 (ot = |
=S 2
° I o ———Bio-year (July 1 to June 30)
8- 01 I T precipitation
0.0 0

2015 2016 2017 2018

Year

2019
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Table 9. Fate of monitored Cactus Wren nests in all monitored
territories by population and year, southern San Diego County,
2015-19.

[Percent successful or failed were the percent of all nests that were successful
or failed within each population per year, in parentheses. Percent of
depredated, other, or unknown nest fates were the percent of all failed nests
within each nest failure category, per population per year, in parentheses.]

Nest fate 2015 2016 2017 2018 2019
Otay

Successful 11(55) 18(67) 24(77) 12(67) 28(90)

Failed 9(45) 9(33) 7(23) 6(3) 3(l10)
Depredated 9 (100) 7(78) 7(100) 5(83) 3 (100)
Other 0 1(11) 0 0 0
Unknown 0 1(11) 0 1(17) 0

Total 20 27 31 18 31

San Diego

Successful 12 (46) 18(60) 29(67) 13(43) 18 (46)

Failed 14 (54) 12(40) 14(33) 17(57) 21(54)
Depredated  13(93) 9(75) 13(93) 12(71) 15(71)
Other 0 3(25) 0 2(12)  2(10)
Unknown 1(7) 0 1(7) 3(18) 4(19)

Total 26 30 43 30 39

Total

Successful 23 (50) 36 (63) 53(72) 25(52) 46(66)

Failed 23(50) 21(37) 21(28) 23(43) 24(34)
Depredated 22 (96) 16(76) 20(95) 17(74) 18 (75)
Other 0 4 (19) 0 2(9) 2(8)
Unknown 1(4) 1(5) 1(5) 417 4017

Total 46 57 74 48 70

Table 10. Results of logistic regression of Cactus Wren apparent
nest success as a function of the amount of precipitation and of
population (Otay or San Diego).

[Precipitation was compiled for the bio-year (July 1-June 30) ending in the
current breeding year. Abbreviation: P, probability that the statistical test
result was false]

Standard

Category Estimate Z-value P
error
Intercept 0.10 0.39 0.26 10.79
Precipitation 0.02 0.01 -3.39 10.01
Population —0.87 0.26 =339 10.001
(San Diego)

ISignificant result.
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Across both populations, the proportion of unsuccessful
nests that failed as a result of predation versus other causes of
nest failure varied by year. Nest failure as a result of predation
was lower in 2016, 2018, and 2019 (74—76 percent of failures)
than in 2015 and 2017 (95-96 percent of failures; Fisher’s
Exact test, P=0.08). We did not find a significant difference in
the percent of nests that failed as a result of predation between
the Otay and San Diego populations in any year or across all
years combined (Fisher’s Exact test, P>0.17); however, there
were notably more nest failures that could not be attributed to
predation in the San Diego population (16) than in the Otay
population (3), particularly in 2018 and 2019 (table 9). All nest
failures were attributed to predation in the Otay population in
2015, 2017, and 2019.

Productivity

We found 1,082 Cactus Wren eggs in 295 monitored nests
from 2015 to 2019 in the Otay and San Diego populations
(tables 11, 12). Cactus Wren clutch size ranged from two to
eight eggs. Although we found nests with single eggs, we
could not confirm that these were full clutches (for example,
we found nests later in the nest cycle that may have lost eggs
or egg laying was interrupted and the nest abandoned). Two
nests were discovered with eight eggs at the same territory in
2 different years. Both nests were abandoned shortly after eggs
were laid. One other nest was found containing six nestlings,
all of which successfully fledged. We do not know if this
nest initially contained more than six eggs. Clutch size did
not differ between populations but was positively associated
with precipitation (for every 1-cm increase in precipitation,
there was a 1-percent increase in clutch size; table 13; fig. 6).
The effect of precipitation on wren clutch size was most
pronounced between the wet years of 2017 and 2019 and the
extreme dry year of 2018 (fig. 6).

The percent of eggs that hatched was higher as
precipitation increased and was higher in the Otay population
than in the San Diego population (table 14). Disparities
within years between the percent of eggs that hatched and
the percent of nests with eggs that hatched indicate that the
factors affecting hatch rate were operating at the egg level
(for example, infertile or inviable eggs, crushed eggs, partial
predation) rather than at the nest level. At least one egg was
lost from 87 nests before the date the nest failed (26 nests) or
was ultimately successful (61 nests), whereas 59 nests failed
during the egg stage. In contrast, the percent of hatchlings that
fledged and the percent of nests with hatchlings that fledged
at least one young were similar within years, indicating that
factors affecting fledge rate were operating at the nest level.
The percent of hatchlings that fledged was higher in the Otay
population than in the San Diego population but was not
significantly related to precipitation. In the Otay population,
the percent of eggs that hatched was consistently lower than
the percent of hatchlings that fledged indicating that factors

causing partial nest failure were occurring in late egg or early
nestling stages. In the San Diego population, the percent of
eggs that hatched was lower than the percent of hatchlings that
fledged from 2015 through 2017, but in 2018 and 2019, the
relationship was reversed. The number of fledglings produced
per egg combined the egg hatch rate and the hatchling fledge
rate, and therefore appeared higher in the Otay population but
did not track bio-year precipitation.

We found 579 fledglings in all fully and partially
monitored Cactus Wren territories from 2015 to 2019 in the
Otay and San Diego populations (tables 11, 12). The number
of fledglings per fully monitored pair ranged from 0 to 12.
The average number of fledglings per fully monitored pair
was higher with more precipitation and was higher in the Otay
population than in the San Diego population (table 15; fig. 7).

Daily Nest Survival

Using Cactus Wren population and precipitation as
covariates, we built five models with potential to predict that
a nest would survive from one day to the next. The constant
model was least supported of all models (table 16). Adding
precipitation and population separately moderately improved
model fit. The models that included both precipitation
and population were the two best supported for predicting
Cactus Wren daily nest survival. The top model showed
that nests had a higher likelihood of survival in the Otay
population than the San Diego population (table 17; fig. 8).
The 95-percent confidence interval of the odds ratio did
not include 1, indicating that population was a significant
contributor to this model. The odds ratio for the San Diego
population in this model was 0.59, indicating that when
precipitation was held constant, the odds that a nest in the
San Diego population would survive 1 day were 41 percent
less than the odds that a nest in the Otay population would
survive 1 day. In the top model, precipitation had an odds ratio
of 1.03 and the lower boundary of the 95-percent confidence
interval was slightly above 1, indicating that for every
1-cm increase in precipitation DSR increased by 3 percent.
The second-ranked model included an interaction between
population and precipitation, specifically that while DSR
tracked precipitation in both populations from 2015 to 2018,
in 2019, Otay DSR responded to high precipitation while
San Diego DSR did not (fig. 8). This interaction, along with
the population variable, did not contribute significantly to
predicting DSR because the 95-percent confidence intervals
of the odds ratios included 1. In the second-ranked model,
the odds ratio for precipitation was 1.07, indicating that
precipitation had a slightly positive effect on DSR (for every
1-cm increase in precipitation, DSR increased by 7 percent).
Population was included in the top three models and in two of
these models, DSR for the Otay population was significantly
higher than the DSR for the San Diego population (95-percent
confidence interval of the odds ratio did not include 1).
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Reproductive success and productivity of nesting Cactus Wrens in the Otay population, San Diego County, 2015-19.
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[Calculations of average clutch size include only nests that had a known full clutch. Calculations of average young fledged per pair include only fully monitored

Cactus Wren pairs. Abbreviation: +, plus or minus]

Parameter 2015 2016 2017 2018 2019

Nests with eggs 20 27 31 18 31
Eggs laid 78 98 114 56 124
Average clutch size 4.0+0.6 3.8+0.8 3.9+0.8 3.4+0.7 4.5+0.5
Hatchlings 47 63 92 37 102
Nests with hatchlings 15 20 29 13 30

Hatching success
Percent of eggs that hatched 60 64 81 66 82
Percent of nests with eggs in which at least one hatched 75 74 94 72 97
Fledglings 35 57 76 33 92
Nests with fledglings 11 18 24 12 28

Fledging success
Percent of hatchlings that fledged 74 90 83 89 90
Percent of nests with hatchlings from which at least one fledged 73 90 83 92 93
Fledglings per egg 0.4 0.6 0.7 0.6 0.7
Average number of young fledged per pair 3.5£2.3 5.243.1 6.3£2.8 2.5+1.9 7.7£2.5
Total number of pairs fully monitored 10 11 12 13 12
Pairs fledging at least one young (percent) 8 (80) 10 (91) 12 (100) 10 (77) 12 (100)

Table 12.

Reproductive success and productivity of nesting Cactus Wrens in the San Diego population, San Diego County, 2015-19.

[Calculations of average clutch size include only nests that had a known full clutch. Calculations of average young fledged per pair includes only fully monitored

Cactus Wren pairs. Abbreviation: +, plus or minus]

Parameter 2015 2016 2017 2018 2019

Nests with eggs 26 30 43 30 39
Eggs laid 85 117 170 87 153
Average clutch size 3.1+0.6 3.8+0.7 3.9+0.8 3.0+0.4 4.1+0.7
Hatchlings 46 77 129 61 99
Nests with hatchlings 15 22 38 23 31

Hatching success
Percent of eggs that hatched 54 66 76 70 65
Percent of nests with eggs in which at least one hatched 58 73 88 77 79
Fledglings 34 64 99 35 54
Nests with fledglings 12 18 29 13 18

Fledging success
Percent of hatchlings that fledged 74 83 77 57 55
Percent of nests with hatchlings from which at least one fledged 80 82 76 57 58
Fledglings per egg 0.4 0.5 0.6 0.4 0.4
Average number of young fledged per pair 2.842.4 5.34£3.1 6.4+2.7 1.9£2.0 3.6£3.3
Total number of pairs fully monitored 12 13 17 18 15
Pairs fledging at least one young (percent) 9 (75) 11 (85) 15 (88) 11 (61) 10 (67)
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Table 13. Results of Poisson regression of Cactus Wren clutch
size as a function of the amount of precipitation and of population
(Otay or San Diego).

[Incident rate ratio is the multiplicative amount of change in clutch size

with every 1-centimeter change in precipitation, holding all other variables
constant. Precipitation was compiled for the bio-year (July 1-June 30)
ending in the current breeding year. The Otay population is the reference and,
therefore, is included in the intercept. Abbreviations: P, probability that the
statistical test result was false; <, less than]

Coefficient  Estimate Standard Z-value P Incldeqt

error rate ratio
Intercept 1.16 0.12 9.97 1<0.001 321
Precipitation 0.01 0.003 2.10 10.04 1.01
Population —0.05 0.07 —-0.75 0.45 0.95
(San Diego)
ISignificant result.
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Figure 6. Average Cactus Wren egg clutch size by year,
population, and precipitation, southern San Diego County,
2015-19. Error bars represent 1 standard deviation. Precipitation
was compiled for the bio-year (July 1-June 30) ending in the
current breeding year.

Table 14. Results of logistic regressions of Cactus Wren
hatching and fledging success as a function of the amount of
precipitation and by population (Otay or San Diego).

[Precipitation was compiled for the bio-year (July 1-June 30) ending in the
current breeding year. The Otay population is the reference and, therefore, is
included in the intercept. Abbreviation: P, probability that the statistical test
result was false; <, less than]

Category Estimate Stz:lr(:::rd Z-value P
Percent of eggs that hatched

Intercept 0.23 0.21 1.08 0.28
Precipitation 0.02 0.004 3.90 1<0.001
Population —-0.23 0.14 -1.91 10.06

(San Diego)

Percent of hatchlings that fledged

Intercept 1.61 0.31 5.25 1<0.001
Precipitation 0.01 0.01 0.76 0.45
Population —0.99 0.19 —5.23 1<0.001

(San Diego)

ISignificant result.

Table 15. Results of quasi-Poisson regression of the number
of Cactus Wren fledglings produced per pair as a function of the
amount of precipitation and of population (Otay or San Diego).

[Incident rate ratio is the multiplicative amount of change in number of
fledglings per pair with every 1-centimeter change in precipitation, holding
all other variables constant. Precipitation was compiled for the bio-year
(July 1-June 30) ending in the current breeding year. The Otay population
is the reference and, therefore, is included in the intercept. Abbreviations:
P, probability that the statistical test result was false; <, less than]

Coefficient Estimate Standard t-value P Inclder_lt
rror rate ratio
Intercept 0.64 0.19 346 1<0.001 1.90
Precipitation 0.03 0.004 6.19  1<0.001 1.03
Population -0.24 0.11 -2.18 10.03 0.78
(San Diego)

ISignificant result.
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Figure 7. Average number of Cactus Wren fledglings per pair by
year, population, and precipitation, southern San Diego County,
2015-19. Error bars represent 1 standard deviation. Precipitation
was compiled for the bio-year (July 1-June 30) ending in the
current breeding year.

Table 16. Logistic regression models of daily Cactus Wren
nest survival as a function of the amount of precipitation
and Cactus Wren population (Otay or San Diego) in southern
San Diego County, 2015-19.

[Models are ranked from best to worst based on Akaike’s Information
Criterion for small samples (AIC,), the difference between the model’s AIC,
and the highest-ranked model’s AIC, (AAIC,), and AIC, weights. AIC, is
based on —2 x log, likelihood and the number of parameters in the model.
Precipitation was compiled for the bio-year (July 1-June 30) ending in the
current breeding year.]

. Number of AIC,
Model Deviance parameters AIC, AAIC, weight
Population + 713.2 3 7192 0 0.45
precipitation
Population * 711.8 4 719.8 0.6 0.33
precipitation
Population 717.3 7213 2.1 0.16
Precipitation 719.6 723.6 45 0.05
Constant 724.1 726.1 6.9 0.01
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Table 17. Parameter estimate ([3), standard error, odds ratios
and 95-percent confidence intervals for the top three models
explaining daily survival rate of Cactus Wren nests at Otay and
San Diego populations, southern San Diego County, 2015-19.

[Models are in order of best-supported to least-supported. Reference
represents Cactus Wren nests in the Otay population in 2015. All other
values are relative to the reference values. Precipitation was compiled for the
bio-year (July 1-June 30) ending in the current breeding year.]

95-percent
Effect B St::r(la:rd ?;?: confidence
interval

Population + precipitation

Reference 41 03 60.47 132.73-111.75
Precipitation 0.0 0.0 1.03  '1.001-1.07
Population (San Diego) —0.5 0.2 0.59 10.39-0.90
Population * precipitation
Reference 37 05 39.02 15.56-97.86
Precipitation 0.1 0.0 1.07  '1.005-1.14
Population (San Diego) 0.1 0.6 1.12 0.36-3.42
Precipitation * population 0.0 0.0 0.96 0.89-1.03
(San Diego)
Population

Reference 46 02 104.10  173.1-148.32
Population (San Diego) —0.5 0.2 0.58 10.38-0.89

Values indicate 95-percent confidence intervals that didn’t include 1; those
variables were considered significant contributors to the model.
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Figure 8. Daily nest survival rate of Cactus Wren nests by
population and precipitation in southern San Diego County, 2015-19.
Precipitation was compiled for the bio-year (July 1-June 30) ending
in the current breeding year. Error bars represent the standard
error of the mean daily nest survival rate.
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Survivorship and Movement Table 18. Birds banded by year, age, and population, southern
San Diego County, 2015-19.
We banded 629 Cactus Wrens between 2015 and 2019

(table 18). In total, 579 first-year wrens were banded: 260 in First-year

the Otay population and 319 in the San Diego population. A Year (nestlings or fledglings) Adults Total
total of 50 Cactus Wrens were banded as adults: 9 in the Otay Otay

population and 41 in the San Diego population.

During surveys and monitoring between 2015 and 2015 3 2 33
2019, we resighted 301 adult birds with color-bands 2016 57 2 59
(153 individuals, some of which were resighted in 2017 64 1 65
multiple years; tables 19, 20), 105 in the Otay population 2018 32 4 36
(101 individuals) and 196 in the San Diego population 2019 76 0 76
(52 indi\{ifiuals), 'most of which we were able to identify. Total 260 9 269
One additional bird that had originally been banded as a -
hatchling in the San Diego population was identified in the San Diego
San Pasqual Valley as a part of a separate study; that bird was 2015 42 14 56
excluded from our analyses. We were unable to identify seven 2016 75 2 77
birds as a result of missing bands. Adult birds ranged in age 2017 102 3 105
from 1 to 8 years old (table 20), with the oldest birds banded 2018 44 2 66
initially in 2011 in a previous study (Barr and others, 2015), - = 0 =
one of which was present for all 5 years of the project.

Total 319 41 360
Grand total 579 50 629

Survivorship

The best models explaining annual survival of
Cactus Wrens included age (first-year or adult) and either
year or precipitation in the previous bio-year (AAIC =0.3;
table 21). Examination of the odds ratios showed that survival
of adult Cactus Wrens was significantly higher than that of [Number of birds banded in previous years in parentheses.
first-year Cactus Wrens (table 22). Age was an important Abbreviation: —, not applicable]
variable in all of the models. In both models that contained

Table 19. Number of adult color-banded Cactus Wrens detected
by population and year, southern San Diego County, 2015-19.

year we found that survival was lower in 2018-19 than in any Year Otay San Diego Other
of the other time intervals. Although there was less support population population

for an effect of precipitation on survival, there was some 2015 14(2) 116 (2) —
favidence (odds rat%o=1 .01, with the 95—p§rcent conﬁden(j‘e. 2016 11 (9) 24 (22) _
interval bour}dary Ju.st.ab(.)ve 1) that survival may be positively 2017 23 (22) 238 (35) .
correlated with precipitation (table 22; fig. 9). There was less 5018 241 (37 20 (48

support for a population effect on survival; examination of the (37) (48) o
odds ratio in all models that included population suggested 2019 ?26 (26) 748 (48) M
that population did not Cont.rlbu’[e significantly to the model "Two San Diego and two Otay birds were originally banded as nestlings
(the 95-percent confidence interval spanned 1). in2011.

We averaged models to obtain estimates of annual
survival for adult and first-year Cactus Wrens. Annual survival
for adults ranged from 60 to 70 percent whereas first-year
survival ranged between 20 and 28 percent (table 23; fig. 9).
Survival was similar for the San Diego and Otay populations.
The highest values occurred in 2017-18 and the lowest
in 2018-19 for both age classes and in both populations,
coinciding with the years of highest and lowest precipitation
(fig. 9). Detection probability was high (0.94) for adult and
first-year wrens.

2Two birds were not identified.
30ne bird was not identified.

4Originally banded as a nestling in 2018 in the San Diego population and
was found during surveys in the San Pasqual Valley in 2019 (not included
in analyses).



Table 20. Number of banded adult Cactus Wrens by age, year, and population, southern San Diego

County, 2015-19.

[—, no data; >, greater than or equal to]
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Otay San Diego
Age (years)
2015 2016 2017 2018 2019 | 2015 2016 2017 2018 2019

1 — 7 13 18 1 — 10 16 23 8

>1 2 2 1 4 — 14 2 4 22 —

2 — — 6 12 12 — — 9 11 11

>2 — 1 1 — 2 — 11 2 12

3 — — — 3 — — — 8

>3 — — 1 1 — — — 6 — 1

4 1 — — — 2 2 — — — 3

>4 — — — 1 — — — — 5 —

5 — — — — — — 1 — — —

>5 1 — — — 1 — — — — 3

6 — — — — — — — 1 — —

>6 — 1 — — — — — — — —

7 — — — — — — — — 1 —

>7 — — 1 — — — — — — —

8 — — — — — — — — — 1
Unknown age — — — 2 2 — — — — 1
Grand total 4 11 23 41 26 16 24 38 70 48

Table 21.  Survivorship models for the effects of age, previous hio-year precipitation
(July 1-June 30), year, and population on adult and first-year survival of Cactus Wrens, southern

San Diego County, 2015-19.

[Models are ranked from best to worst based on Akaike’s Information Criterion for small samples (AIC,), AAIC,, and
Akaike weights. AIC, is based on —2 x log, likelihood and the number of parameters in the model.]

Model Deviance ':‘::‘n':::e‘:'s AIC,  AAIC, W’Z'izcht
Age + year 518.7 6 803.2 0.0 0.28
Age + precipitation 795.5 4 803.5 0.3 0.24
Age 525.9 3 804.3 1.0 0.17
Age + year + population 518.3 7 804.8 1.6 0.13
Age + precipitation + population 795.0 5 805.1 1.9 0.11
Age + population 525.3 4 805.8 2.6 0.08

21
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Table 22. Parameter estimate ({3), standard error, odds ratios and 95-percent confidence intervals
for the top five models (AAIC, less than 2) explaining annual survival of Cactus Wrens, southern
San Diego County, 2015-19.

[Reference represents first-year birds (in all models) in the Otay population (in models with population included) and
survival 2015-16 in models with year. All other values are relative to the reference values.]

Effect B St::r(:)?rd (r):ttli: conf?:e[l)lz:acfnl’::erval
Age + year
Reference! —-0.95 0.25 0.39 0.24-0.63
Adults! 1.89 0.21 6.64 4.40-10.02
2016-17 0.00 0.31 1.00 0.55-1.84
2017-18 —-0.06 0.29 0.94 0.53-1.66
2018-19! —0.64 0.32 0.53 0.28-0.99
Age + precipitation
Reference! —1.47 0.28 0.23 0.13-0.40
Adults! 1.76 0.20 5.82 3.96-8.55
Precipitation’ 0.01 0.01 1.01 1.00-1.02
Age
Reference! -1.05 0.12 0.35 0.28-0.44
Adults! 1.68 0.19 5.37 3.71-7.78
Age + year + population
Reference! -1.02 0.27 0.36 0.21-0.62
Adults! 1.88 0.21 6.57 4.35-9.92
201617 0.00 0.31 1.00 0.55-1.84
2017-18 —-0.06 0.29 0.94 0.53-1.66
2018-19! —0.64 0.32 0.53 0.28-0.99
Population (San Diego) 0.12 0.18 1.13 0.79-1.63
Age + precipitation + population
Reference! -1.54 0.30 0.21 0.12-0.39
Adults! 1.75 0.20 5.76 3.92-8.47
Precipitation’ 0.01 0.01 1.01 1.00-1.02
Population (San Diego) 0.13 0.19 1.14 0.79-1.63

Values indicate 95-percent confidence intervals that didn’t include 1; those variables were considered significant

contributors to the model.
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Figure 9. Annual survival of adult and first-year Cactus Wrens
in the San Diego and Otay populations and precipitation in
southern San Diego County, 2015-19. Precipitation was compiled
for the bio-year (July 1-June 30) ending in the previous breeding
year. Error bars are standard error of the mean annual survival.

Table 23. Annual survival and standard error (in parentheses)
for adult and first-year Cactus Wrens, southern San Diego County,
2015-19.

[Survival estimates were derived from averaging all models.]

Years Ad_ult First:year
survival survival
Otay
2015-16 0.67 (0.06) 0.25 (0.04)
2016-17 0.68 (0.05) 0.26 (0.03)
2017-18 0.69 (0.05) 0.27 (0.03)
2018-19 0.60 (0.06) 0.20 (0.05)
San Diego
2015-16 0.68 (0.06) 0.26 (0.04)
2016-17 0.69 (0.05) 0.27 (0.03)
2017-18 0.70 (0.05) 0.28 (0.03)
2018-19 0.61 (0.05) 0.21 (0.05)
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Movement

First-Year Dispersal

We were able to calculate natal dispersal distance
for 100 first-year Cactus Wrens between 2015 and
2019 (table 24). Cactus Wrens banded in their first year in the
Otay population that were detected as adults the following
year dispersed on average 1.9+2.6 kilometers (km), whereas
those banded in the San Diego population dispersed an
average of 1.6+2.6 km. Average natal dispersal distance did
not differ by population or by year (table 25).

Although dispersal between populations was rare, we
documented five instances of natal dispersal between the
Otay and the San Diego populations (table 26), all between
Sweetwater and either the Johnson Canyon or Salt Creek sites
within the Otay population. Four Cactus Wrens dispersed
from Sweetwater to either Salt Creek or Johnson Canyon
and one dispersed from Johnson Canyon to Sweetwater. We
detected no dispersal between our Lake Jennings site and
either Sweetwater or Otay; however, as a part of another study
we detected one wren that dispersed from Lake Jennings to the
San Pasqual Valley in 2019, a distance of 26.4 km. This bird
was not included in our analyses.

Adult Site Fidelity

Resighting banded birds also allowed us to document
the movement of adult Cactus Wrens between territories
through the years. We found that adult Cactus Wrens
were very territory-faithful, with 87 percent of adults
(85 and 88 percent in the Otay and San Diego populations,
respectively) remaining on the same territory (within 100 m;
table 27). Banded birds that moved between years (n=18)
moved on average 0.3+0.2 km in the San Diego population
and 2.742.5 km in the Otay population (table 28). There
were four birds in the Otay population that moved more than
1 km between breeding seasons. No adults in the San Diego
population moved more than 1 km and only three moved more
than 400 m between years.

Results of logistic regression of the likelihood that
adult Cactus Wrens remained on the same territory between
years as a function of population and previous bio-year
precipitation suggest that precipitation was a weak driver of
adult movement, with Cactus Wrens more likely to remain
on the same breeding territory following years with higher
precipitation in the bio-year before the movement (table 29).
For example, precipitation from July 1, 2014, to June 30,
2015, was related to birds dispersing between 2015 and 2016.
There was no difference between the proportion of adult wrens
that dispersed between years in the Otay population compared
with the San Diego population.
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Table 24. Average natal dispersal distance by population and
year for first-year Cactus Wrens, southern San Diego County,
2015-19.

[Distances are in kilometers.]

Average Standard

Years distance deviation Range
Otay
2015-16 33 34 8 (0.5-11.0)
2016-17 1.1 2.3 12 (0.1-8.3)
2017-18 2.0 2.4 17 (0-8.3)
2018-19 0.7 0.1 2 (0.7-0.8)
Overall 1.9 2.6 39 (0-11.0)
San Diego
2015-16 0.7 0.7 9 (0-2.3)
2016-17 1.6 2.5 18 (0-9.9)
2017-18 2.1 34 25 (0-12.5)
2018-19 1.0 1.6 9 (04.8)
Overall 1.6 2.6 61 (0-12.5)

Table 25. Results of Kruskall-Wallis tests comparing the
dispersal distance of first-year Cactus Wrens by year and
by population.

[H, Kruskal-Wallis Chi-squared statistic; P, probability that the statistical test

Table 26. Cactus Wren natal dispersal between the Otay and
San Diego populations, southern San Diego County, 2015-19.

[Sex: F, female; M, male]

Natal site, Adult site, Distance
Years opulation opulation Sex moved
pop pop (kilometers)
2015-16 Johnson Sweetwater, F 11.0
Canyon, San Diego
Otay
2016-17 Sweetwater, Salt Creek, Otay F 9.9
San Diego
2017-18 Sweetwater, Johnson Canyon, M 12.5
San Diego Otay
2017-18 Sweetwater, Salt Creek, Otay M 10.3
San Diego
2017-18 Sweetwater, Salt Creek, Otay F 8.0
San Diego
2018-19 Lake San Pasqual Valley, F 126.4
Jennings, San Pasqual
San Diego Valley

Not included in analyses.

Table 27.

Percentage of banded adult Cactus Wrens that
remained on the same territory (or within 100 meters of previous
year's territory), southern San Diego County, 2015-19.

result was false] Number of adults Number of adults Percent
Years returning to from previous remaining
Catagory u O?;g:;:sm p territory o year on territory
Year 3.9 3 0.27 2015-16 2 100
Population 1.3 1 0.26 2016-17 89
2017-18 12 15 80
2018-19 19 22 86
Overall 41 48 85
San Diego
2015-16 12 12 100
2016-17 15 16 94
2017-18 25 25 100
2018-19 28 38 74
Overall 80 91 88
Total 121 139 87




Table 28. Average between-year movement of adult
Cactus Wrens that did not remain on the same territory by
population and year, southern San Diego County, 2015-19.

[Distances are in kilometers. Abbreviation: —, no data]
s ianee  deviatin Range
Otay
2015-16 — — — —
201617 1.8 — 1 (1.8-1.8)
2017-18 3.5 2.7 3 (0.5-5.6)
2018-19 2.1 3.1 3 (0.1-5.7)
Overall 2.7 2.5 7 (0.1-5.7)
San Diego
2015-16 — — — —
201617 0.2 — 1 (0.2-0.2)
2017-18 — — — —
2018-19 0.4 0.2 10 (0.1-0.7)
Overall 0.3 0.2 11 (0.1-0.7)

Table 29. Results of logistic regression of the effects of
population and precipitation during the previous bio-year

(July 1=June 30) on the probability that adult Cactus Wrens would
remain on the same breeding territory in the subsequent year,
southern San Diego County, 2015-19.

[Otay is the reference population for the estimate.
Abbreviation: P, probability that the statistical test result was false]

Category Estimate  Standard error Z-value P
Intercept 0.72 0.67 1.1 0.28
Population

(San Dicgo) 0.24 0.53 0.4 0.65
Precipitation 0.04 0.02 1.8 10.07

ISignificant effect.

Diet Analysis and Prey Sampling

A total of 37,111 individual arthropods of 19 orders
and at least 128 families were collected in pitfall traps and
by vacuum in 2016. Of the 37,111 individual arthropods,
2 percent (902/37,111) of arthropods were collected by
vacuum while the remainder were collected in pitfall
traps. Of these, 36,663 (99 percent) were classified in
orders identified in fecal samples. Of all arthropods
that were collected in pitfall traps and by vacuum, 448
belonged to orders not represented in fecal samples
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(class Arachnida, orders Opiliones: 112, Pseudoscorpiones:

3, and Solfugida: 26) or were not identified to order

(class Diplopoda: 48, class Insecta: 13, unidentified

larvae: 246). Of all arthropods collected, 15,900 (43 percent)
belonged to families that were found in fecal samples

(15,823 collected in pitfall traps, 77 collected by vacuum); the
remaining 57 percent were either not identified or belonged to
families that were not identified in fecal samples.

We found 10 arthropod orders in more than 10 percent
of Cactus Wren nestling fecal samples (table 30). We found
16 arthropod families of 9 orders in more than 10 percent
of fecal samples. No single arthropod family in the order
Neuroptera was represented in more than 10 percent of fecal
samples, although collectively, neuropterans were found
in 12 percent of fecal samples. All 10 orders and 12 of the
16 families most commonly found in fecal samples were
collected in pitfall traps and by vacuum. Four of the arthropod
families found commonly in fecal samples were not collected
by pitfall traps or by vacuum.

The most abundant arthropod order collected was
Hymenoptera (36 percent), followed by Isopoda (23 percent),
Diptera (16 percent), Coleoptera (10 percent), and Hemiptera
(10 percent). Each of the remaining arthropod orders made up
less than 1 percent of all arthropods collected. Cactus Wrens
consumed arthropods in the order Hymenoptera significantly
less than their availability (table 31). Selection indices for all
other arthropod orders were within the 95-percent confidence
intervals indicating that Cactus Wrens did not significantly
select or avoid them.

We identified 29 arthropod families in fecal samples and
that were also collected in pitfall traps or by vacuum. Two
of these families (Isopoda Porcellionidae [woodlice] and
Hymenoptera Formicidae [ants]) were avoided (consumed
significantly less than their availability; table 32). All other
families were consumed in proportion to their availability.
Because woodlice and ants were avoided, we excluded
them from further prey abundance analyses. Additionally,
individuals within orders and classes not identified in fecal
samples and individuals identified only to class Insecta were
excluded from further prey abundance analyses. Unidentified
larvae (246) were included in prey analyses.

After excluding the arthropod taxa that were avoided
or not represented in fecal samples, the remaining 17,697
individual arthropods were considered Cactus Wren prey.

Of the arthropods considered Cactus Wren prey, 95 percent
(16,823) were captured in pitfall traps and 5 percent (874)
were captured by vacuum. Diptera (32 percent) was the most
abundant order within the taxa considered Cactus Wren prey,
followed by Coleoptera (20 percent), Hemiptera (20 percent),
Hymenoptera (12 percent), and Aranea (9 percent). All other
taxa represented 1 percent or less of the number of arthropods
that were considered Cactus Wren prey.
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Table 30. The proportion of 2016 Cactus Wren nestling fecal samples (n=43) that contained each
arthropod order (and families that were found in at least 10 percent of fecal samples), and the
proportion of arthropods collected of each order and family.

[Proportion of arthropods collected: in pitfall traps and by vacuum. Proportion presented for order includes all
arthropods collected that were identified to that order including those that were not identified to family (n=36,663;
excludes 246 unidentified larvae). Proportion presented for family includes all arthropods identified to family; families
not found in at least 10 percent of fecal samples are not itemized in this table although their number is included in the
total number of arthropods collected (#=19,836). Abbreviations: <, less than; —, no data]

Order and family Proportion of Proportion of
fecal samples arthropods collected
Lepidoptera (butterflies and moths) 0.79 0.01
Erebidae 0.63 <0.01
Noctuidae 0.16 —
Orthoptera (grasshoppers) 0.56 <0.01
Acrididae 0.53 <0.01
Hemiptera (cicadas, leathoppers, and stink bugs) 0.53 0.10
Cicadidae 0.26 —
Pentatomidae 0.14 <0.01
Coreidae 0.12 <0.01
Dictyopharidae 0.12 <0.01
Diptera (flies and midges) 0.47 0.16
Tipulidae 0.26 <0.01
Sarcophagidae 0.16 0.01
Blattodea (termites and cockroaches) 0.33 <0.01
Termitidae 0.30 —
Termitoidae 0.28 0.01
Coleoptera (beetles) 0.30 0.10
Tenebrionidae 0.23 0.01
Araneae (spiders) 0.28 0.04
Araneidae 0.21 <0.01
Isopoda (woodlice) 0.26 0.23
Porcellionidae 0.16 0.35
Trachelipodidae! 0.14 —
Hymenoptera (bees, ants, and wasps) 0.19 0.36
Apidae 0.12 0.05
Neuroptera (lacewings and antlions) 0.12 <0.01
Scolopendromorpha? (centipedes) 0.05 <0.01
Dermaptera (earwigs) 0.05 0.01
Embioptera® (webspinners) 0.05 <0.01
Ephemeroptera (mayflies) 0.05 —
Odonata (dragonflies and mayflies) 0.05 —
Mantodea (mantises) 0.02 <0.01
Scorpiones (scorpions) 0.02 <0.01

IThe genus of this isopod family identified in fecal samples was a marine isopod from in southern Asia but was the
closest match in the genetic barcode bank. It likely represents a different, uncoded isopod genus.

2Arthropods identified to class Chilopoda were assigned to order Scolopendromorpha to match the morphotype with
fecal samples.

SEmbioptera=Embiidina.
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Table 31. Selection indices of arthropod orders used by and
available to Cactus Wrens in southern San Diego County, 2016.

[Selection index (w;): proportion of fecal samples containing the arthropod
order divided by the proportion of this order collected in all pitfall traps and
by vacuum. Values of w; less than 1 suggest avoidance, values of w; greater
than 1 suggest selection.]

Selection
Artopodorder ndex S e
(w)

Mantodea 71.06 64.6 —62.0-197.7
Lepidoptera 42.88 43.2 —41.5-127.6
Orthoptera 37.34 46.4 —44.5-128.2
Scolopendromorpha 35.53 63.8 —61.2-160.5
Neuroptera 26.65 77.0 =73.9-177.6
Embioptera 17.05 78.6 —75.5-171.1
Scorpiones 16.40 7.2 —6.9-30.5
Blattodea 16.31 274 —26.3-70.0
Dermaptera 2.57 11.8 —11.4-25.8
Araneae 1.64 3.0 —2.9-17.5
Hemiptera 1.42 1.8 -1.7-5.0
Coleoptera 0.78 1.4 -1.3-34
Diptera 0.75 1.0 -1.0-2.8
Isopoda 0.28 0.5 -0.5-1.4
Hymenoptera! 0.13 0.3 -0.3-0.7

ISignificant avoidance or selection.

We created a series of GLMMs to determine the
contribution of vegetation type and sampling period to
the abundance of arthropods collected in pitfall traps. The
highest ranked model contained the interaction between
vegetation type and sample period and the AIC, weight was
1, indicating that no other models carried enough weight to
be considered viable (table 33). In this model, the 95-percent
confidence interval for the odds ratio of all vegetation types
(when not interacting with sample period) included 1,
indicating that arthropod abundance by vegetation type alone
did not contribute significantly to the model (table 34). No
other model had an AIC, score within two of the top ranked
model. The magnitude of the variance for the random effects
(vegetation type within territory=0.50—0.52 for all models;
territory=0.03—0.05 for all models) was comparable in scale
to the parameter estimates in all models, indicating that the
random effects were strong (there was high variability in
arthropod abundance between territories and vegetation types
within territories).

According to the top model, arthropod prey abundance
was 17 percent higher in the peak nesting period than in the
early nesting period and was 33 percent lower in the late
nesting period than in the early nesting period (table 34;
fig. 10). Arthropod abundance was also influenced by

interactions between vegetation type and sampling period
in the top model. Vegetation types departing from the “peak
greater than early greater than late” pattern of arthropod
seasonal abundance included elderberry, cactus, buckwheat,
native bunch grass, and mustard, all of which exhibited a
pattern of “early greater than peak greater than late” arthropod
availability (fig. 10). Notably, during the early nesting period,
arthropods were most abundant in native bunch grass and
least abundant in lemonadeberry. Arthropods were most
abundant in elderberry (although not significantly represented
in the models) and non-native grass and least abundant in
lemonadeberry and mustard in the late nesting period. During
peak nesting period, arthropods were most abundant in native
bunch grass and in patches of bare ground (although not
significantly represented in the models) and least abundant
in cactus and elderberry. Differences in arthropod prey
abundance between vegetation types alone were minor and no
vegetation type stood out as supporting substantially more or
fewer arthropods than any other.

Insufficient arthropods were captured during
vacuum sampling to incorporate into GLMM analysis.
Visual inspection of the capture rate indicates that the
highest arthropod abundance was in non-native grass and
sagebrush (fig. 11).
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Table 32. Selection indices of arthropod families used by and available to Cactus Wrens in southern
San Diego County, 2016.

[Selection index (w;): proportion of fecal samples containing the arthropod family divided by the proportion of the
family collected in all pitfall traps and by vacuum. Values of w, less than 1 suggest avoidance, values of w; greater
than 1 suggest selection.]

Arthropod order and family isn‘:iI:: t(Ilt’vi,-l) St::'lr(:)?rd conf?:;?lzzc?n::arval
Araneae Araneidae 243.3 515.2 —494.6-1,253.2
Hemiptera Coreidae 180.3 519.5 —498.7-1,198.4
Lepidoptera Erebidae 139.1 158.4 —152.1-449.6
Hemiptera Lygaeidae 108.2 707.1 —678.8-1,494.1
Coleoptera Cerambycidae 108.2 498.0 —478.1-1,084.3
Neuroptera Myrmeleontidae 72.1 233.1 —223.8-529
Mantodea Mantidae 54.1 353.4 —339.2-746.7
Diptera Syrphidae 46.4 173.7 —166.7-386.7
Hemiptera Dictyopharidae 38.6 111.3 —106.9-256.8
Orthoptera Acrididae 36.1 45.2 —43.4-124.7
Lepidoptera Geometridae 27.0 124.5 —119.5-271.1
Araneae Agelenidae 18.0 117.8 —113.1-248.9
Diptera Tipulidae 17.8 33.8 —32.4-83.9
Embioptera Oligotomidae 10.8 49.8 —47.8-108.4
Coleoptera Tenebrionidae 10.5 21.0 —20.2-51.7
Araneae Oxyopidae 8.3 54.4 —52.2-114.9
Hemiptera Pentatomidae 7.6 20.0 —19.2-46.9
Diptera Bombyliidae 7.2 332 —31.9-72.3
Araneae Thomisidae 4.7 21.7 —20.8-47.1
Diptera Sarcophagidae 4.5 10.8 -10.4-25.7
Dermaptera Anisolabididae 4.3 28.3 —27.1-59.7
Araneae Salticidae 2.4 15.7 —15.1-33.2
Diptera Anthomyiidae 2.2 14.4 —13.8-30.5
Coleoptera Coccinellidae 1.4 9.2 —8.8-19.4
Coleoptera Carabidae 0.9 4.1 —4.0-9.0
Dermaptera Forficulidae 0.8 5.2 -5.0-11.0
Hymenoptera Apidae 0.5 1.5 -1.5-3.5
Isopoda Porcellionidae! 0.1 0.3 -0.3-0.6
Hymenoptera Formicidae! 0.0 0.2 —0.2-0.4

ISignificant avoidance or selection.



Table 33. Generalized linear mixed models for the effect of vegetation type (plant) and sampling
period on the abundance of arthropods in pitfall traps within Cactus Wrens territories in southern

San Diego County, 2016.

[Period: early nesting period, peak nesting period, late nesting period; plant: sagebrush, buckwheat, lemonadeberry,
elderberry, cactus, native bunch grass, non-native grass, mustard, bare ground; models are ranked from best to worst
based on Akaike’s Information Criterion for small samples (AIC,), the difference between the model’s AIC, and the
highest-ranked model’s AIC, (AAIC,), and AIC_ weights. AIC, is based on —2 x log, likelihood and the number of
parameters in the model.]

Chapter B

Model Deviance l:l‘::::zt'e‘:fs AIC, AAIC, W’:'i‘;'i“
Period * plant 8,797.4 29 8,859.34 0.00 1.00
Period 9.291.6 5 9,301.78 442.43 0.00
Period + plant 9,287.0 13 9.313.77 45443 0.00
Constant 11,573.5 3 11,579.54 2,720.20 0.00

Plant 11,569.5 11 11,592.07 2,732.73 0.00

29
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Table 34. Parameter estimate ((3), standard error, odds ratio, and 95-percent confidence intervals
for each fixed effect describing the relationship of Cactus Wren population, sample period, and
vegetation type (plant) to arthropod abundance in the top model period * plant.

[Reference includes the early nesting sampling period and non-native grass. Odds ratio values greater than one
indicate that the effect had a positive influence on arthropod abundance; values less than one indicate the effect had a
negative influence on arthropod abundance.]

95-percent
Effect B Standard error Odds ratio in(:::‘\'l;dleol;iﬁe

odds ratio
Reference! 3.39 0.16 29.54 21.4-40.78
Period: peak! 0.16 0.05 1.17 1.06-1.29
Period: late! —0.40 0.06 0.67 0.60-0.75
Plant: sagebrush 0.03 0.22 1.03 0.67-1.59
Plant: bare ground 0.27 0.20 1.32 0.89-1.95
Plant: mustard 0.25 0.20 1.29 0.87-1.90
Plant: cactus 0.11 0.22 1.12 0.73-1.72
Plant: buckwheat 0.17 0.22 1.19 0.77-1.84
Plant: native bunch grass 0.52 0.35 1.68 0.85-3.30
Plant: lemonadeberry -0.22 0.26 0.80 0.48-1.34
Plant: elderberry 0.27 0.26 1.32 0.79-2.20
Period: peak; plant: sagebrush 0.01 0.07 1.01 0.88-1.15
Period: late; plant: sagebrush! —-0.25 0.08 0.78 0.66-0.92
Period: peak; plant: bare ground —-0.13 0.07 0.88 0.77-1.01
Period: late; plant: bare ground! -0.51 0.09 0.60 0.51-0.72
Period: peak; plant mustard! —0.44 0.07 0.64 0.56-0.74
Period: late; plant mustard! -1.26 0.09 0.28 0.24-0.34
Period: peak; plant: cactus! —0.42 0.07 0.66 0.57-0.75
Period: late; plant: cactus! —-0.94 0.09 0.39 0.33-0.47
Period: peak; plant: buckwheat! —-0.35 0.07 0.70 0.61-0.81
Period: late; plant: buckwheat! —0.61 0.09 0.54 0.46-0.64
Period: peak; plant: native bunch grass' —-0.30 0.09 0.74 0.62-0.89
Period: late; plant: native bunch grass! -1.13 0.14 0.32 0.25-0.42
Period: peak; plant: lemonadeberry! 0.25 0.08 1.28 1.10-1.49
Period: late; plant: lemonadeberry! —-0.79 0.11 0.46 0.37-0.56
Period: peak; plant: elderberry! -0.51 0.08 0.60 0.52-0.70
Period: late; plant: elderberry —-0.14 0.09 0.87 0.73-1.04

IThe influence was significant.
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Figure 10. Average number of arthropod prey collected in pitfall traps by sampling period and vegetation type, southern San Diego
County, 2016. Bars represent standard error of the mean number of arthropods per pitfall trap.
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Vegetation Composition

Vegetation was sampled at 23 territories, 9 in the
Otay population and 14 in the San Diego population, from
2015 to 2019. We measured cover each year for three
herbaceous species (native bunch grasses, non-native
grasses, and mustard), for five shrub species (cactus,
elderberry, lemonadeberry, sagebrush, and buckwheat),
and for bare ground. Four of the vegetation types were
widespread, occurring at all territories; however, elderberry,
lemonadeberry, native bunch grass, and mustard were absent
at one or more Cactus Wren territories. Vegetation types that
accounted for the most cover in the Otay population were
cactus, buckwheat, and non-native grasses, each occurring in
at least 60 percent of sampling points across territories in most
years (fig. 12). In the San Diego population, cactus, sagebrush,

Buckwheat

Mustard

Non-native
grass

Lemonadeberry  Native bunch
grass

Vegetation type

Average number of arthropod prey collected by vacuum by vegetation type, southern San Diego County, 2016. Error

buckwheat, non-native grass, and mustard were present in at
least 40 percent of sampling points across territories in most
years (fig. 13). One notable difference between the Otay and
San Diego populations was the absence of lemonadeberry

or native bunch grass at all Lake Jennings territories within
the San Diego population. Laurel sumac (Malosma laurina),
which is floristically and structurally similar to lemonadeberry,
was the prevalent shrub at Lake Jennings. In contrast,
lemonadeberry and native bunch grass were present at all

but two of the Otay territories. Elderberry was not common
in either population and was only sampled at four territories
(two in Otay and two in San Diego). The cover of individual
shrub species was fairly stable through time, with small
annual changes. We found greater annual variation within the
herbaceous species and bare ground.
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Figure 12. Average annual percent cover (percentage of sampling points with vegetation type within 2 meters) of vegetation types
for Cactus Wren territories in the Otay population, southern San Diego County, 2015-19. Shrub values for 2016 were estimated using
generalized linear mixed modeling. Error bars are 1 standard deviation.
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Figure 13. Average annual percent cover (percentage of sampling points with vegetation type within 2 meters) and standard deviation

of vegetation types for Cactus Wren territories in the San Diego population, southern San Diego County, 2015-19. Shrub values for 2016
were estimated using generalized linear mixed modeling. Error bars are 1 standard deviation.



Variation in Vegetation Composition Between Territories
and Years

Model 1: Variation Among Territories

The first RDA model characterized the variation in the
vegetation composition and cover across territories, with year
as a covariate. We found that vegetation cover varied widely
among territories. A high proportion (69 percent) of the total
variation in the data was explained by the effect of territory
(F=19.9, P<0.001); this was approximately four times greater
than that explained by the covariate year (table 35). Monte
Carlo permutation tests indicated that the first five RDA axes
were significant (£>30.6, P<0.001). Only three of the axes
had a clear ecological interpretation; thus, our interpretation is
restricted to these axes (table 36).

The first three axes accounted for 80 percent of the
variation in vegetation composition and cover attributable to
territory. The first axis was a gradient from mustard-dominated
to buckwheat- and cactus-dominated territories, the second
was a gradient from territories with high cover of sagebrush
and cactus to those with high cover of buckwheat, and the
third was a gradient from territories with high cover of
non-native grass and buckwheat to those with high cover
of cactus (table 36). There was little indication territories in
the San Diego and Otay populations differed in vegetation
composition along the first two RDA axes (fig. 14). Centroids
of the territories were generally mixed in ordination space
(fig. 14). The 95-percent confidence ellipses indicated
vegetation composition within territories did not vary greatly
among years.

Territories in the San Diego and Otay populations also
were intermixed in ordination space along the second and
third axes, although not to the degree as along the first and
second axes. A higher proportion of the territories in the
San Diego population were characterized by sagebrush and
cactus whereas a higher proportion of territories in the Otay
population had relatively high cover of buckwheat (fig. 15).
Consistent with the first two axes, the 95-percent confidence
ellipses and graphs of individual year indicated vegetation
composition within territories did not vary greatly among
years for the second and third axes (fig. 15).

Model 2: Variation Across Years

The second RDA model characterized the variation in
vegetation cover across years, with territory as a covariate.
Monte Carlo permutation tests indicated that the first three
RDA axes were significant (F>6.9, P<0.001). Only two
of the axes had a clear ecological interpretation; thus, our
interpretation is restricted to these axes (table 37). Because
Model 2 simply interchanged the explanatory variable
(year) and covariate (territory), the total variation in the data
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explained by these two sources were mirror images of those

in Model 1 (17.3 percent by year, 69 percent by territory,

table 35). Although the amount of total variation accounted
for by year was notably less than territory, it nonetheless was a
substantial effect (F=27.5, P<0.001).

The first two axes accounted for 93 percent of the
variation attributable to year. The first axis was a strong
gradient from territories with high cover of bare ground to
those with low cover of bare ground (table 37). The second
axis was a clear gradient from territories with high cover
of non-native grass to those with high cover of mustard
(table 37). Centroids and the 95-percent confidence ellipses
of the years indicated a general progression consistent with
variation in inter-annual variation in precipitation, with 2017
and 2019 being years with considerably more precipitation
than 2015, 2016 and 2018 (fig. 16). This progression
was particularly evident from graphs of the individual
years (fig. 17).

Table 35. Partitioning of the variance in vegetation cover from
redundancy analysis (RDA) describing the proportion of the
variance explained by Cactus Wren territory and year, southern
San Diego County, 2015-19.

Proportion

Category of v:riance
Total 1.00
Year 0.17
Territory 0.69
Unconstrained 0.14

Table 36. Vegetation type scores (loadings) from redundancy
analysis for RDA axes 1-3 (scores represent the magnitude of
each vegetation type on the axis), the proportion of variation
explained by each axis and the cumulative variation explained by
each successive axis.

Category RDA1 RDA2 RDA3
Non-native grass —0.04 0.27 —-0.52
Sagebrush 0.48 0.64 -0.33
Bare ground 0.22 —-0.20 0.05
Mustard 0.95 —-0.19 —-0.04
Cactus —-0.59 0.51 0.33
Buckwheat —-0.67 —-0.35 —0.54
Proportion explained 0.43 0.20 0.17
Cumulative proportion 0.43 0.63 0.80
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Figure 14. Variation in vegetation composition by redundancy
analysis axis 1 and axis 2 among 23 Cactus Wren territories

in southern San Diego County, California. Crosses (+) and
95-percent confidence ellipses indicate the centroids and
inter-annual variation, respectively, of each territory across
five years (2015-19). The first axis (RDA1) is a gradient from
territories with higher cover of mustard to those with higher
cover of buckwheat and cactus. The second axis (RDA2) is a
gradient from territories with higher cover of sagebrush and
cactus to those with higher cover of bare ground.
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Figure 15. Variation in vegetation composition by redundancy
analysis axis 2 and axis 3 among 23 Cactus Wren territories

in southern San Diego County, California. Crosses (+) and
95-percent confidence ellipses indicate the centroids and
inter-annual variation, respectively, of each territory across
five years (2015-19). The first axis (RDA2) is a gradient from
territories with higher cover of sagebrush and cactus to those
with higher cover of bare ground. The second axis (RDA3) is a
gradient from territories with higher cover of non-native annual
grass and buckwheat to those with higher cover of cactus.



Table 37. Vegetation type scores (loadings) from redundancy
analysis for RDA axes 1-3 where the scores represent the
magnitude of each vegetation type on the axis, the proportion
of variation explained by each axis and the cumulative variation
explained by each successive axis.

Category RDA1 RDA2 RDA3
Non-native grass 0.15 0.30 -0.12
Sagebrush -0.14 0.08 —-0.04
Bare ground -0.91 0.04 0.03
Mustard —-0.11 —-0.20 -0.22
Cactus —-0.22 0.08 —-0.09
Buckwheat —0.09 0.03 0.03
Proportion explained 0.81 0.12 0.06
Cumulative proportion 0.81 0.93 0.99
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Figure 16. Variation in vegetation composition across years by

Cactus _é_ +

Mustard

-1
RDA1

redundancy analysis axis 1 and axis 2 among 23 Cactus Wren

territories in southern San Diego County, California. Crosses (+)

and 95-percent confidence ellipses indicate the centroids and

variation of each year across 23 territories. The first axis (RDA1)

is a gradient from years with higher cover of bare ground to

those with low cover of bare ground. The second axis (RDA2) is
a gradient from years with high cover of non-native annual grass

to those with high cover of mustard.
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ground to those with low cover of bare ground. The second axis (RDA2) is a gradient from years with high cover of non-native annual

grass to those with high cover of mustard.
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Relationship Between Vegetation and
Cactus Wren Productivity

We performed a GLMM on the effect of vegetation
composition and cover on Cactus Wren productivity. We
used the vegetation variables identified in the RDA that
were found to have a strong effect on the ordination of the
territories (non-native grass, sagebrush, bare ground, mustard,
cactus, and buckwheat). Three vegetation variables affected
the number of fledglings produced per pair. Percent cover
of sagebrush (P=0.07; fig. 184) had a positive effect on
productivity whereas non-native grass (P=0.004; fig. 18C)

and mustard (P=0.10; fig. 18B) had negative effects (table 38).

Precipitation, as previously discussed (see “Breeding
Productivity” section) also was significant in this model,
with the number of more fledglings produced with increasing

precipitation (P<0.001; fig. 18D). Comparisons of the
estimates of the slope coefficients reveal that the precipitation
effect (0.42) was 2.6 times stronger than the effect of any
vegetation cover variables (highest estimate for vegetation
cover variables was —0.16, non-native grass; table 38).

To determine whether the vegetation effects on breeding
productivity were between-year (as a result of annual changes
in precipitation or other effects) or within-year differences
we also analyzed each year separately. In 3 of the 5 years, we
found a negative effect of non-native grass and mustard on
the number of fledglings produced per pair, suggesting that
these were within-year effects (table 39). The results for other
variables were less clear, appearing either in only a single year
(sagebrush and cactus) or having different signs in different
years (bare ground and buckwheat).
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Figure 18. Generalized linear mixed model results and 95-percent confidence interval showing the effects of percent cover (percent of
sampling points with vegetation type within 2 meters) of sagebrush, mustard, non-native grass, and precipitation on the number of
fledglings produced per pair by Cactus Wrens, southern San Diego County, 2015-19.
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Table 38. Results from the generalized linear mixed model on the effects of precipitation
and vegetation cover on the number of fledglings produced by Cactus Wrens, southern
San Diego County, 2015-19.

[Precipitation was compiled for the bio-year (July 1-June 30) ending in the current breeding year.
Abbreviations: P, probability that the statistical test result was false; <, less than]

Category Estimate Standard error Z-value P
Intercept 1.29 0.08 17.04 <0.001
Precipitation 0.42 0.08 5.47 1<0.001
Non-native grass —=0.16 0.05 -2.90 10.004
Sagebrush 0.15 0.08 1.78 10.07
Bare ground 0.05 0.08 0.59 0.55
Mustard —-0.15 0.09 —-1.67 10.10
Cactus 0.02 0.08 0.22 0.83
Buckwheat 0.00 0.08 —-0.06 0.95

ISignificant result.

Table 39. Summary of the results from five generalized linear models on the effects of vegetation
cover on the number of Cactus Wren fledglings per pair in each year, southern San Diego County,
2015-19.

[Significant results are indicated by a + (positive effect; +, P=0.10; ++, P=0.05; +++, P=0.01; ++++, P=0.001),
a - (negative effect; -, P=0.10; --, P=0.05; ---, P=0.01), or ND (no effect). Abbreviation: P, probability that the
statistical test result was false]

Non-native Bare

Year grass Sagebrush ground Mustard Cactus Buckwheat
2015 ND ND ND -- ND ND
2016 - ND ND - ND ND
2017 - ND --- ND ND -
2018 ND ND ND ND ND ND

2019 -- Rinininis Rnininis - 4 4=F
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Discussion

Between 2015 and 2019, the Cactus Wren population in
the Otay River valley increased from a low of 12 territories
in 2015 (comparable to the 2014 low count) to peak at
34 territories in 2018 before dropping back down to 25 in
2019. The Cactus Wren populations in the Lake Jennings and
Sweetwater/Encanto genetic clusters also peaked in 2018,
signifying that conditions across southern San Diego County
likely promoted the increase, rather than localized conditions
specific to one genetic cluster or population. The proportion
of Cactus Wren survey plots that were occupied increased
from 2015 through 2019 at the Otay and Sweetwater/Encanto
genetic clusters but decreased at the Lake Jennings genetic
cluster. The number of Cactus Wren territories increased
from 2015 through 2018 at all three genetic clusters, although
the increase at Lake Jennings was minor compared to the
other two populations. In addition, although the number
of territories in all three genetic clusters decreased from
2018 to 2019, the final number of territories at Otay and
Sweetwater/Encanto was greater than the number of territories
detected in 2015, whereas the final number of territories at
Lake Jennings was less than the number detected in 2015.
The difference in the population trend at Lake Jennings
relative to the other two genetic clusters suggests a variety
of possibilities that may be interconnected. First, cactus
scrub habitat patches in the Lake Jennings area tended to be
smaller and more disjunct than in the Otay population, and
the Lake Jennings Cactus Wrens may already occupy all
currently suitable habitat known in the area. Therefore, any
increase in the population would require crowding into areas
already occupied by other wrens. This is supported by how
little inter-annual movement was detected at the San Diego
population (including Lake Jennings and Sweetwater/Encanto)
compared to the Otay population. Second, Lake Jennings
Cactus Wrens that did move may have dispersed outside and
north of our study plots where we did not perform surveys.

In 2019, we found one Cactus Wren in San Pasqual Valley
that had dispersed from Lake Jennings. This was the only
Cactus Wren that we located outside of the Lake Jennings area
that originated from Lake Jennings. No Cactus Wrens from
Lake Jennings were found in the more southern survey areas
(Otay and Sweetwater/Encanto) nor were any Cactus Wrens
from the southern survey areas found at Lake Jennings. Likely
there are barriers to dispersal south of Lake Jennings (for
instance, Interstate 8 and urban development) that present
obstacles to genetic exchange between these two areas.

Barr and others (2015) found little to no genetic connectivity
among the three genetic clusters, suggesting a high degree

of isolation among them. Although uncommon, we
documented five instances of dispersal between the Otay and
Sweetwater/Encanto populations. Third, the Lake Jennings
Cactus Wrens may be experiencing low breeding productivity
or survivorship, demonstrating a true contraction of

that population.

Breeding productivity, survival, and movements of adult
and first-year Cactus Wrens indicate that the Otay population
behaved similarly to, and in some cases out-performed, the
San Diego population over the span of our project. Daily
nest survival rate was consistently and significantly higher
within the Otay Cactus Wren population than within the
San Diego population. The Otay population also produced at
least as many fledglings per pair each year as the San Diego
population, and twice as many fledglings per pair as the
San Diego population in 2019. Survivorship of adults and
first-year birds were equal between the Otay and San Diego
populations, as was the distance of first-year dispersal and
adult movements between years. Cumulatively, we found
little evidence that the driving force behind low numbers of
Cactus Wrens in the Otay population before 2015 was still
occurring as of 2015.

The Otay and San Diego Cactus Wren populations
exhibited a similar pattern in breeding productivity from
2015 through 2018. However, this pattern was disrupted
in 2019. Breeding productivity for both populations was
low in 2018 and increased in 2019 in the Otay population
but not in the San Diego population. In 2019, although the
Otay and San Diego populations initiated a similar number
of brood nests per pair, the Otay population produced twice
as many fledglings per pair, had higher egg hatching and
hatchling fledging success, and higher overall nest fledging
success than the San Diego population. One third of the
pairs in the San Diego population did not successfully fledge
young in 2019, whereas all 12 pairs in the Otay population
successfully fledged young. Nests (and individual eggs and
hatchlings) in the San Diego population were more susceptible
to loss between hatching and fledging than during the egg
stage in 2019.

Differential hatching and fledging success at the two
populations in 2019 may have been influenced by the
positive effect of habitat restoration in the Otay population,
the persistence of annual herbaceous cover in the San Diego
population, the continued, and possibly increased, disturbance
in the San Diego population and associated predators,
lingering effects of 2003 and 2007 wildfires in parts of the
San Diego population or a combination of any of these
factors. Cactus planting and habitat restoration (annual herb
control, shrub-thinning) was initiated at Salt Creek in the
Otay population in 2009 (Bennett and Dodero, 2011), and
beginning in 2016 (Goddard, 2019), occurred near and within
monitored Cactus Wren territories. Areas of thick shrubs
(buckwheat, sagebrush, and lemonadeberry) were thinned or
removed entirely from cactus patches over several seasons
(during non-breeding periods). Annual grasses and forbs
were sprayed with herbicide in the clearings. Cactus buds
(mostly cholla) were snapped off mature cactus and planted
throughout the restoration site. Three restoration patches
were established within our monitoring area in Salt Creek
and were used by Cactus Wrens shortly after restoration
activity began. Public access to the Salt Creek area was also
discouraged with locked gates and sensitive habitat signs.



The mesa west of Johnson Canyon (Lonestar Ridge, also in
the Otay population) has been undergoing habitat restoration
since at least 2008 (The Nature Conservancy and San Diego
Management and Monitoring Program, 2015) to remove
weeds and to establish and enhance cactus growth for sensitive
wildlife species including Cactus Wrens. Additionally, the
riparian vegetation at the bottom of Johnson Canyon (next to
monitored Cactus Wren territories and used by post-fledging
families) was restored starting in 2016. Weed control in

the cactus scrub in Johnson Canyon began in 2008 and has
continued in Lonestar Ridge and Johnson Canyon throughout
our project period. Public access to Johnson Canyon and

the western mesa has also been restricted by locked gates,
although the dirt road along the bottom of the canyon
continued to be used.

Conversely, mustard, a disturbance-driven invasive
annual plant, was more common across Cactus Wren
territories in the San Diego population than in the Otay
population. Mustard cover was negatively associated with
Cactus Wren breeding productivity. Also, monitored territories
in the San Diego population were subject to disturbance,
mostly from recreation, throughout the 5-year period of our
project. Monitored territories at Lake Jennings occurred
mostly within the Lake Jennings Park campground and
along a well-travelled fishing access road and much of the
Lake Jennings cactus scrub was within the perimeter of the
2003 Cedar wildfire. The number of territories in this area
increased between 2015 and 2019, although the number of
occupied survey plots did not, suggesting that Cactus Wrens
may have been crowding into the available habitat at
Lake Jennings, and some pairs may have been pushed into
marginal habitat. One pair at Lake Jennings colonized a
popular fishing spot in 2018 and 2019. This territory was not
monitored in 2018, but all four nests in this territory failed in
2019. In 2018, a wren pair built a nest largely composed of
fishing line and at least one young wren became entangled
in the fishing line and died. The birds at this territory and in
neighboring territories were frequently observed foraging
in open dumpsters. In 2017, an adult male disappeared
shortly after its nest fledged, leaving the female to tend to six
fledglings before a new, unbanded male claimed the territory.
In 2019, one Cactus Wren pair disappeared from a territory at
Lake Jennings, abandoning a nest with hatchlings. One adult
disappeared from another Lake Jennings territory, leaving its
mate to tend a single fledgling.

Habitat restoration has been occurring on the San Diego
National Wildlife Refuge, near monitored Cactus Wren
territories, replacing cactus burned in wildfires. In 2018, a
cactus patch that had been planted in 2011 (J. Martin, biologist
at San Diego National Wildlife Refuge, oral commun., 2021)

Discussion LY |

was colonized by a pair of Cactus Wrens that remained
on-territory at least through 2019. However, two other
territories in this area at the nearby Sweetwater Summit
County Park were abandoned between 2018 and 2019. In
2019, both adults disappeared from a territory in Sweetwater
Summit County Park, (adjacent to a campground and within a
trail system that was regularly used by hikers and bicyclers) in
the week their hatchlings were predicted to fledge. The family
was not seen again in 2019 and the nest was assumed to have
failed. Another pair near the Sweetwater Summit County
Park campground had four nests in 2019, all of which failed
the week before the hatchlings were predicted to fledge. The
cause of failure for three of these nests was likely predation,
although one contained dead hatchlings and ants when it was
discovered to have failed.

Nest predation has been identified as possibly adversely
affecting bird nesting in coastal sagebrush communities,
particularly in Cactus Wrens in Orange County (Preston and
Rotenberry, 2006; Kamada and Preston, 2013). Between
26 and 48 percent of Cactus Wren nests were presumed
depredated during the 5 years of our project. Nest depredation
rates as a proportion of all nest failures were similar between
the two populations throughout all years; however, in 2019,
the San Diego population experienced a much higher nest
failure rate (54 percent) than the Otay population (10 percent)
and 29 percent of the nest failures at the San Diego population
were attributed to causes other than nest depredation (although
two nests failed when one or both adults disappeared).

We attributed the disappearance of adults and many nest
failures to predation; however, examination of predation and
documentation of the presence of predators was not part of our
study design. More intensive techniques that might elucidate
the role of predators in Cactus Wren nest fate include cameras
directed at active nests and regular surveys for predators,
including corvid and raptor nest surveys. Although predation
appeared to be a major contributor to nest failures and the
disappearance of adults, other sources of nest failure may be
important to consider.

Although we found variability in vegetation composition
and arthropod abundance among territories, we were able to
control for that variation to recognize patterns in these two
variables across territories. When controlling for Cactus Wren
territory, arthropod abundance was most strongly affected
by a combination of vegetation type and sampling period
but was not influenced by vegetation alone. The inclusion
of sampling period suggests that different vegetation types
were important sources of arthropod prey at different periods
of the Cactus Wren breeding cycle, and therefore, a mix of
plant species provides the most stable and reliable prey source
throughout the year.
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Auvailability of arthropods during early and peak
nesting periods is likely to affect breeding productivity (the
number of fledglings produced; Simons and Martin, 1990;
[llera and Diaz, 2006). These are the periods during
which adults initiate nests and lay eggs, and availability
of prey can influence the number of eggs laid and energy
expenditure of adults required to brood eggs and tend
nestlings. We found that the most vulnerable stage of the
Cactus Wren nesting cycle was during the transition from
eggs to hatchlings: hatching rate increased with more
precipitation and was higher in the Otay population than in
the San Diego population. Furthermore, the hatching rate
of individual eggs was lower than for entire nests, suggesting
infertility, partial predation, inadequate tending by adults,
asynchronous hatching which may lead to increased fatality
of younger nestlings, or other factors that caused partial nest
failure while allowing some hatchlings to survive and fledge.
During the early and peak breeding periods, arthropods
were most abundant in native bunch grass, which was
absent from Lake Jennings within the San Diego population
and uncommon at virtually all Cactus Wren territories that
we sampled.

Lemonadeberry and elderberry also were uncommon
across all territories and absent from several. However,
arthropod prey abundance was high in elderberry, relative
to other vegetation, in the early and late nesting periods and
was moderately high in lemonadeberry in the peak nesting
period. Non-native grass was common across all Cactus Wren
territories and supported low arthropod prey abundance in
the early nesting season relative to other vegetation; however,
it supported moderate arthropod prey abundance in the peak
nesting season and high arthropod abundance in the late
nesting period.

Despite the relative abundance of arthropod prey in
non-native grass, we found a negative relationship between
Cactus Wren breeding productivity and cover of non-native
grass. Arthropod abundance (as sampled by pitfall traps)
and arthropod availability may not be equal, depending on
vegetation structure (see Hutto, 1990; Wolda, 1990). The
structure of native bunch grass required that pitfall traps be
placed in close proximity to the base of the grass and not
actually within the clump. For arthropods to be captured,
they had to move away from the base of the clump to fall into
the pitfall trap. This behavior makes arthropods vulnerable
to depredation by Cactus Wrens which frequently forage on
open ground and litter near the base of vegetation. Therefore,
pitfall traps in native bunch grass vegetation likely sample the
availability of the arthropods to Cactus Wrens and not just the
abundance of arthropods in the vegetation type. Annual plants,
such as non-native grass and mustard, grow in large patches
with thick stem density and foliage near the ground, vegetation
structure that may be less attractive to ground-foraging

Cactus Wrens but that can easily accommodate a pitfall
trap within the patch. Therefore, although arthropods may
be abundant in these vegetation types, they may not be

as available to Cactus Wrens as their abundance predicts.
Non-native grass cover was particularly high within the
San Diego population where it averaged 15 to 20 percent
more cover than any other vegetation type. Mustard cover
was also high in the San Diego population relative to the
Otay population.

Cactus Wren breeding productivity was positively related
to sagebrush cover. Sagebrush contained moderately high
arthropod abundance in the peak and late nesting periods
relative to other vegetation types and was relatively common
in Cactus Wren territories in the San Diego population, though
less so in the Otay population. Shrubs such as sagebrush and
buckwheat have high stem and foliage density near the base;
however, these shrubs also have higher canopy area per stem,
requiring more space between shrub stems and providing
openings near the ground that were accessible to wrens.
Vacuuming of foliage was intended to collect canopy-dwelling
arthropods such as lepidopteran larvae, which have been
identified as common Cactus Wren prey. Only 5 percent of
arthropod prey were collected using the vacuum protocol for
this study, likely an under-representation of the abundance
of these canopy-dwelling species. Future examination of
arthropod prey relationships could be improved by spending
more time vacuuming foliage.

Overall, precipitation appeared to be a driver of
Cactus Wren survivorship and breeding productivity, likely
obscuring any proximate effects of arthropod or vegetation
composition. The effect of precipitation on the number of
fledglings produced was more than two times the effect
of any of the vegetation cover variables. The relationship
between vegetation and breeding productivity was further
complicated by the fact that vegetation cover was also affected
by precipitation, making it challenging to tease apart whether
differences in productivity were a result of within-year
differences in vegetation structure or between-year changes
in vegetation attributable to the level of annual precipitation.
Vegetation cover also varied by territory and by year with
shifts in the amount of annual herbaceous vegetation
(especially non-native grasses and mustard) that tracked
precipitation levels. We found that generally Cactus Wren
productivity increased with precipitation and that the cover
of non-native grasses and mustard also increased with
precipitation. However, even when evaluating vegetation
and productivity on an annual basis, we found negative
relationships between the number of fledglings produced and
the cover of both of these vegetation types in 3 out of 5 years,
suggesting that Cactus Wrens were negatively affected by
the cover of non-native grasses and mustard, regardless of
precipitation levels.



It is possible that there is a link between arthropod
abundance, vegetation composition, and Cactus Wren breeding
productivity and survivorship that we did not discover
because we only sampled arthropods for one breeding season
(2016) that followed a bio-year of moderate precipitation.
Precipitation was likely sufficient to stimulate primary
productivity and provide an adequate prey base during 2016.
In a low precipitation year, arthropods would likely be more
limited and may express more of a relationship with particular
vegetation types that provide refuge and resources (for
instance, vegetation types that are more resilient to drought).

The peak in Cactus Wren numbers at all locations in
2018 corresponded to high breeding productivity the previous
year (2017) followed by high annual survival from 2017
to 2018. The number of Cactus Wren nesting attempts, the
proportion of nests that successfully fledged, egg clutch size,
and the number of fledglings produced per pair during our
project were all correlated with precipitation. Similarly, low
precipitation in the 2017—18 bio-year corresponded to low
breeding productivity in 2018 and low annual survival from
2018 to 2019. DeSante and Geupel (1987), Grant and others
(2000), and Morrison and Bolger (2002) documented the
influence of the timing and amount of precipitation in arid
and semi-arid ecosystems such as southern California on
reproductive timing and output in birds. Increased number
of nesting attempts and increased size and survivorship of
young have been linked to increased food availability during
the Cactus Wren nestling stage (Simons and Martin, 1990).
Similarly, Illera and Diaz (2006) found that the onset of
Canary Island Stonechat (Saxicola dacotiae) breeding
closely matched the onset of precipitation in a semi-arid
system with seasonal autumn-winter rains. Arthropod
availability on the Canary Islands also was positively related
to the previous month’s rainfall, and the number of nesting
attempts, egg clutch size, and the number of fledglings
produced per stonechat pair were correlated with arthropod
availability. Franga and others (2020) also found that the
onset of reproduction was correlated with the onset of
seasonal precipitation, although they did not find a direct
link between precipitation and the timing of reproduction
and instead suggested that the proximate mechanism of prey
availability was the cue triggering breeding. In our study, daily
nest survival for Cactus Wrens was not strongly associated
with precipitation, suggesting that once a nest was initiated,
other factors (for example, predation, location-specific
arthropod availability) were more important determinants of
its survival. Preston and Rotenberry (2006) found that food
availability and nest predation each had an effect on annual
reproductive output in birds in southern California chaparral.
Although precipitation was identified as a consistent driver
of Cactus Wren survivorship and breeding productivity, year
was better than precipitation at predicting survivorship. This
supports the contention that a combination of factors varied
annually to influence Cactus Wren demographics.
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