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ABSTRACT

Improving the efficiency of monitoring protocols prescribed by conservation plans can release typically limited
funding for other management and conservation activities. We present an approach for optimizing protocols that
considers the precision of parameter estimates, costs of implementation, and broader monitoring-program goals. In a
case study of the Coastal California Gnatcatcher (Polioptila californica californica), we compared the efficiency of point-
count surveys (with and without playbacks of vocalizations) and area-search surveys (with playbacks) for estimating
site occupancy. Conducting an area-search survey of a 2.25 ha plot required an average of 19 min longer than
conducting an 18-min point-count survey (15 min of silent observation followed by 3 min of playbacks) at the same
location. However, the estimated detection probability (p) during a single visit was lower for point counts (0.41 = 0.05)
than for area searches (0.69 =+ 0.05), while both methods generated similar occupancy (V) estimates (0.34 = 0.06). To
obtain the specified level of precision for estimates of occupancy (i.e. with 10% coefficient of variation), the total
survey effort (travel time + survey time) was projected to be 35% lower for area searches than for point counts because
of differences in detection probability and, thus, in the required numbers of sites and visits per site. For point counts,
detection probability increased from 0.35 = 0.02 to 0.46 = 0.03 visit ' after playbacks were broadcast at the end of
the count. Free use of playbacks is one of the factors that contributed to the higher detection probability of the area-
search method, but playbacks may introduce a slight positive bias into occupancy estimates. Because there are
tradeoffs in switching to area-search methods, the decision to switch protocols demands full consideration of
monitoring-program goals and the costs and benefits of each survey approach.

Keywords: Coastal California Gnatcatcher, detectability, occupancy, optimization, playback recording, point
count, walking survey

Comparacion entre puntos de conteo y muestreos de area definida para el monitoreo de la ocupacion de
sitios por Polioptila californica californica

RESUMEN

El mejoramiento de la eficiencia de los protocolos de monitoreo prescritos por los planes de conservacion podria
liberar parte de la limitada financiaciéon para su uso en otras actividades de conservacién y manejo. Presentamos una
aproximacion para optimizar los protocolos que considera la precision de los parametros estimados, los costos de
implementacién y los objetivos mas amplios del programa de monitoreo. En un estudio de caso en Polioptila
californica californica contrastamos la eficiencia de los puntos de conteo (con y sin reproduccién de vocalizaciones
previamente grabadas) con la de los muestreos de area definida (con reproduccion de vocalizaciones previamente
grabadas) para la estimacion de la ocupacion de sitios. Hacer un muestreo de area definida de un cuadrante de 2.25 ha
requirido un promedio de 19 minutos mas que hacer conteos en puntos por 18 minutos (15 minutos de observacién
silenciosa seguidos de 3 minutos de reproduccién de sonidos previamente grabados). Sin embargo, el estimado de la
probabilidad de deteccion (p) durante una sola visita fue menor para los puntos de conteo (0.41 = 0.05) que para los
muestreos de drea definida (0.69 * 0.05) aunque ambos métodos generaron estimados de ocupacion (W) similares
(0.34 = 0.06). Para obtener el nivel requerido de precision para los estimados de ocupacion (i.e. 10% del coeficiente de
variacion) se estimo que el esfuerzo total de muestreo (tiempo de viaje + tiempo de muestreo) es 35% menor para los
muestreos de drea definida que para los puntos de conteo debido a diferencias en la probabilidad de deteccién y, por
ende, en el niumero de sitios y el nimero de visitas por sitio requeridos. Para los puntos de conteo, la probabilidad de
deteccion se incrementé de 0.35 = 0.02 a 046 = 0.03 por cada visita luego de la reproducciéon de sonidos
previamente grabados al final del conteo. El uso libre de las vocalizaciones previamente grabadas es uno de los
factores que contribuyen a la mayor probabilidad de deteccion en el método de muestreo de 4rea definida, pero esta
actividad puede introducir un ligero sesgo positivo en los estimados de ocupacion. Debido a que cambiar a métodos
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de muestreo de area definida implica compromisos, la decision de cambiar los protocolos de muestreo requiere
considerar de forma completa los objetivos del programa de monitoreo asi como los costos y beneficios de cada

método.

Palabras clave: detectabilidad, grabacion de sonidos previamente grabados, muestreo a pié, ocupacion,
optimizacién, Polioptila californica californica, puntos de conteo

INTRODUCTION

Habitat conservation plans have been developed to
contribute to the survival of threatened and endangered
species and, increasingly, to forestall or prevent the need to
list other sensitive taxa (U.S. Fish and Wildlife Service and
National Oceanic and Atmospheric Administration
[USFWS/NOAA] 1996). Conservation plans include bio-
logical goals that provide the broad guiding principles for
operating the conservation program and associated man-
agement strategies. Monitoring is also an integral compo-
nent of conservation-plan implementation (USFWS/NOAA
2000). Monitoring assists in refining biological goals,
provides important information about range-wide popula-
tion status, and provides information about the effectiveness
of management actions. Monitoring programs often evolve
over time, because time is needed to characterize natural
variability in the populations of interest and to determine
population state parameters and stressors that can be
studied practically. Because more than one population state
parameter can often be used for assessing attainment of
conservation goals, part of refining a monitoring program
involves selecting those population state parameters that are
cost-effective to study and informative for directing
management actions.

Within southern California, USA, the Coastal California
Gnatcatcher (Polioptila californica californica; hereafter
“gnatcatcher”) is a flagship species that has been used to
help guide the design of 11 multiple-species conservation
plans formed in response to the California Natural
Communities Conservation Planning Act (California Fish
and Game Code §§ 2800 et seq.) and the federal
Endangered Species Act (16 U.S.C. 1531 et seq). The goals
of these plans are stated in general terms such as
“maintaining net habitat values on a long term basis for
target species” (R.J. Meade Consulting 1996) or “maintain-
ing ecosystem functions and persistence of extant popu-
lations of covered species” (City of San Diego 1998). Each
plan includes a commitment to monitor the gnatcatcher to
track effectiveness of the conservation plan and, ideally, to
inform management decisions. Although early gnatcatcher
monitoring efforts within some of the plans were focused
on tracking abundance and density (Hamilton 2004,
Winchell and Doherty 2008), estimation of these param-
eters can require substantial effort and expense (Lancia et
al. 1994, Pollock et al. 2002, Williams et al. 2002).
Therefore, the need for abundance information to address

conservation goals must be weighed against other
monitoring and management mandates.

As plan managers have refined the monitoring pro-
grams, constrained budgets and competing priorities have
led them to consider the relative expense, efficiency, and
potential management application of information gathered
by various monitoring methods (Preston and Kus 2015). In
the case of the gnatcatcher, large-scale population
fluctuations of >50% have been documented that are
likely related to weather effects (Atwood and Bontrager
2001), so it can be difficult to discern an appropriate
management response from abundance information. This
has led the monitoring programs to consider site
occupancy and associated variables, such as site-level
colonization and extinction rates, as equally informative
parameters to monitor (Leatherman Bioconsulting 2012,
Winchell and Doherty 2014). Occupancy and abundance
are different population state parameters; however, at
intermediate occupancy rates, occupancy modeling can be
used to study the relationship between site-specific
covariates and site use. Therefore, occupancy may be
equally informative and more cost-effective for guiding
management decisions related to maintaining habitat
quality for the gnatcatcher. Based on the decision of the
monitoring programs to monitor site occupancy as an
indicator of habitat quality, we present an approach to the
optimization of monitoring methods using the gnatcatcher
as a case study. We expect that our general approach could
be applied elsewhere.

Our study is focused on contrasting the relative
efficiency of point counts (Ralph et al. 1995) and plot-
based area-search methods to monitor the gnatcatcher. To
allow for the estimation of abundance and occupancy from
point counts, Winchell and Doherty (2008, 2014) collected
bird-detection distances for the estimation of abundance
(Buckland et al. 2001) and compiled site-detection
histories over repeated site visits for the estimation of site
occupancy (MacKenzie et al. 2002, 2006). Because
improving detectability can improve efficiency of surveys
and monitoring programs (MacKenzie et al. 2006),
Winchell and Doherty (2008, 2014) used playbacks of
recorded gnatcatcher vocalizations during the point counts
to boost individual detectability by prompting a territorial
response from resident birds. To address the concern that
use of playbacks could bias detection distances—and,
thereby, density estimates—they divided the observation
period into (1) an initial period, when silent observations
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were performed for the collection of distance data; and (2)
a subsequent period, when playbacks were employed; the
data from the two periods were then combined to estimate
site occupancy. Using this approach, Winchell (2009)
estimated site-level detection probability to be 0.45 =
0.023 and recommended 6 site visits for monitoring site
occupancy using point counts. Landscape-wide surveys
designed to monitor the effectiveness of a conservation
plan can be costly at this level of effort.

An alternative method that has been used to estimate
gnatcatcher abundance is territory mapping, in which
surveyors search prescribed areas for gnatcatchers while
occasionally playing a recording of gnatcatcher vocaliza-
tions (Hamilton 2004). Results from territory-mapping
surveys suggest that detection probabilities of gnatcatcher
pairs using these methods could be reasonably high (e.g.,
66—91% of presumed territories detected per survey), but
efforts to correct for imperfect detection during these
surveys have relied on assigning unmarked birds to
presumed territories (Hamilton 2004).

We investigated gnatcatcher survey methods to evaluate
whether site-level detection probabilities can be increased
and efficiencies gained if one is solely interested in
monitoring the rate of site occupancy within suitable
gnatcatcher habitat within a habitat reserve. We contrasted
point-count with area-search survey methods and used a
cost—benefit approach to understand the trade-offs
between time spent in the field and number of site visits
required for optimal standard occupancy monitoring
(MacKenzie et al. 2006). To investigate the effect of
playbacks on site-level detection probability and precision
of occupancy estimates, we studied how use of playbacks
influenced these estimates during point-count surveys.
Finally, because gnatcatcher detectability may be influ-
enced by nesting behavior and habitat quality, we
examined patterns in detectability over time and across
modeled habitat suitability to investigate whether survey
methods can be optimized in association with these
variables.

METHODS

This study took advantage of an existing monitoring
program for the gnatcatcher within San Diego County that
uses point counts for data collection and includes public,
quasi-public, military, and preserve lands within its
sampling frame (Winchell and Doherty 2014). Potential
sampling locations were identified as the points of
intersection within a 600 X 600 m grid randomly overlaid
on the study area. Points were spaced 600 m apart to avoid
double-counting birds and to help ensure independence
among points (C. S. Winchell personal observation). The
San Diego County monitoring program uses a California
Gnatcatcher Habitat Evaluation Model (Technology Asso-
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ciates International Corporation [TAIC] 2002, Winchell
and Doherty 2008) to implement stratified random
sampling among locations that are ranked according to 4
levels of habitat suitability: low, moderate, high, and very
high. Because low and moderate suitability strata have
extremely low occupancy rates (Winchell and Doherty
2014), our contrast of point-count and area-search
methods used a randomly selected subset of locations
within the “very high” and “high” habitat-quality strata
where we had a reasonable likelihood of encountering
gnatcatchers and where future statistical monitoring is
feasible. Our investigation of the effectiveness of playback
surveys used all the point locations surveyed by the San
Diego monitoring program.

Point-count surveys were conducted by the San Diego
County monitoring program’s survey team at 355 ran-
domly selected locations. Each point was visited one time
each week from April 13 to May 24, 2009, with an
objective of performing 6 surveys at each location. During
each visit, the surveyor navigated to the point and
implemented a 2-min “cool-down” period that was used
to record the temperature (°C), relative humidity (%),
average wind speed (km hr '), and cloud cover. Surveys
were not conducted if average wind speed exceeded 20 km
hr™!, precipitation was greater than a drizzle, or ambient
temperature was <4.5°C. Following the cool-down period,
observers stood at the point location and used binoculars
to search the vicinity for gnatcatchers over an 18-min
observation period, divided into a 15-min period of silent
observation, followed by a 3-min playback period during
which a standardized digital recording of gnatcatcher
vocalizations was broadcast. The playback recording was
broadcast from an iPod attached to a speaker at 85—-100
decibels at 1 foot from the speaker and included 2 rounds
of 30 s of gnatcatcher mew calls followed by 60 s of silence.
Observers recorded each auditory or visual detection of a
gnatcatcher, the bird’s sex and age, and the time, distance,
and angle of the observation. All point-count data were
truncated at 85 m to achieve a survey area similar in size to
that of plots surveyed using area-search methods (i.e. 2.25
ha) and to ensure that estimates of occupancy were
comparable.

Area-search surveys were conducted by a second survey
team over a 12-days-longer, but overlapping, time interval
(i.e. April 6-May 29, 2009) within 150 X 150 m plots that
were overlaid and centered over 97 randomly selected
point-count locations within the “very high” and “high’
suitability strata (TAIC 2002), excluding military lands and
areas that burned in 2007 wildfires. Our plot size was
scaled to approximate the size of a single gnatcatcher pair’s
territory (Atwood et al. 1998, Atwood and Bontrager 2001)
to minimize heterogeneity in detection probability arising
from variability in the number of individuals within a plot
(Royle and Nichols 2003). To address the assumption that
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all sites were closed to a change in gnatcatcher occupancy
during the ~8 wk of surveys, we initiated surveys several
weeks after territories were established and ignored
observations of juveniles when determining site occupan-
cy. Survey timing was coordinated between the 2 teams to
avoid conducting both types of surveys at a location on the
same day, because we were concerned that exposure to
multiple surveyors and playbacks in a single day could
harass birds and bias results. Area-search surveys were
conducted once every 2 wk at each location, with an
objective of completing 4 surveys location.

Upon arriving at a field plot, area-search surveyors
recorded the same environmental data and adhered to the
same weather-based survey restrictions as point-count
surveyors. Within each plot, the surveyor walked along a
route of his or her choosing and surveyed for gnatcatchers
with the aid of binoculars and the recording of gnatcatcher
vocalizations. Surveyors broadcast playbacks at their
discretion but were limited to a maximum of 6 playbacks
survey ' to minimize behavioral harassment, and were
instructed not to use playbacks from the plot edge to
minimize the potential of calling birds into the plot.
Because there was considerable variability in topographic
conditions and vegetation cover among plots that affected
travel rates, we did not standardize area searches by time
but capped search times at 1 hr and focused on traveling
through the entire plot during the survey. To help
standardize survey rates and minimize bias due to
familiarity with a plot, we discussed and practiced area-
search methods in the field with all surveyors together
before data collection began; surveyors were instructed to
follow similar routes during each survey. To aid with
navigation and recording of data, each surveyor was given
an aerial photo of each plot and carried with them a GPS
device that displayed their position in relation to the plot
center point and its boundary. During the survey, the
observer recorded the number, sex, and age of any
gnatcatchers that were detected and spot-mapped the
location of each observation on the aerial photo. If a bird
was initially observed outside of the plot but flew into the
plot during the course of the survey, this was recorded as a
positive detection. Surveys were concluded when the
surveyor had covered the entire plot or an adult
gnatcatcher was detected within the plot.

To evaluate the relative efficiency of point-count and
area-search surveys, we needed estimates of the time
required to travel to survey sites, time to conduct each
survey, and detection probability per visit for each survey
type. From these we could calculate the number of sites,
number of visits per site, and total hours of travel and
survey effort required to estimate occupancy with a
specified level of precision for each survey type (MacKen-
zie et al. 2006). Members of the area-search team recorded
travel time to visit survey points, which was considered a
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set cost per visit because the 2 surveys were conducted
independently. Surveyors also recorded the duration of
each area search, which was terminated during a given visit
as soon as a gnatcatcher was detected. To correct for the
methodological difference between survey methods that
allowed area searches but not point counts to be
terminated once a gnatcatcher was detected, we estimated
the point-count effort needed per visit by calculating the
time elapsed to the first detection of a gnatcatcher; if no
gnatcatchers were detected during a point count, the
standard duration of 18 min was used. Finally, because we
performed 6 point-count surveys and 4 area-search
surveys, we used the survey times associated with our first
4 point counts to contrast survey time requirements.

All survey data were analyzed using a single-season
occupancy model (MacKenzie et al. 2006) in Program
MARK (White and Burnham 1999) to estimate probabil-
ities of detection (p) and occupancy (V). Because our
comparison of survey methods relied on data collected at
the same survey locations, we analyzed each dataset
separately to address the lack of independence. To contrast
estimates of p and \ derived from point counts and area
searches, we compiled separate detection histories for the
97 locations surveyed by both methods (6-visit histories for
point counts, including playback detections; and 4-visit
histories for area searches, which also employed play-
backs). For both analyses, we modeled detection probabil-
ity as a constant, as varying over time (i.e. survey week for
point counts, biweekly for wandering transects), or as
varying in relation to the 2 modeled habitat-suitability
strata (TAIC 2002). Occupancy was modeled as a constant
or as varying by habitat suitability. We used both additive
and factorial models to combine model factors and used all
possible combinations of factors to achieve a balanced
model set (Doherty et al. 2012). To contrast point-count
detection probabilities with and without use of playbacks,
we again constructed 2 datasets that were analyzed
separately but included all 355 points surveyed. The first
dataset included 6-visit detection histories derived from
the 15-min silent-observation period at each point; the
second dataset used 6-visit detection histories derived
from the entire 18-min period, including detections during
the 3-min playback period. Because we were primarily
interested in the effect of playback vocalizations, we
modeled occupancy as a constant and we modeled
detection probabilities as a constant or as varying over
time (i.e. survey week).

To assess goodness-of-fit of our models, we replaced
missing values in our datasets (i.e. missed site visits) with
nondetections and performed the median ¢ procedure in
Program MARK. When this procedure suggested there
was a lack of model fit to the data (i.e. ¢ > 1), we adjusted
the estimates and models in our original dataset by the
value of ¢ For model selection, we used Akaike’s
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TABLE 1. Model rankings by survey method for the California
Gnatcatcher in southern California, USA. Predictor variables for
detection probabilities (p) and occupancy () were modeled to
remain constant (.), vary by habitat quality strata (g), vary over
time (t), and vary from combinations of these factors. For model
selection, we used Akaike’s Information Criterion corrected for
small sample size (AIC; only models with AAIC. < 10 are listed;
w; = AIC. weight; k = number of parameters).

Model
Survey method Model AAIC.  w;  likelihood Kk
Point count pOs() @ 0.00 043 1.00 2
p()\(g) 093 027 0.63 3
p(@) () 1.60 0.19 0.45 3
p(9).\(g) 2.80 0.11 0.25 4
p()() 9.84  0.00 0.01 7
Area search p(@) () ® 0.00 027 1.00 3
p()() 043 022 0.81 2
p(9).\(g) 0.76  0.19 0.68 4
p()\(g) 096 0.17 0.62 3
p(g+t), () 397 0.04 0.14 6
p() () 421 0.3 0.12 5
p(g+t),(g) 486  0.02 0.09 7
p(t).\(9) 488 0.02 0.09 6
p(g*t), () 545  0.02 0.07 9
p(g*t),\(g) 646 0.1 0.04 10
2 AIC, = 232.96.
b AIC. = 221.06.

Information Criterion corrected for small sample size
(AIC.). Models within 2 AIC. units of the best model were
considered competitive, and model weights (w;) were
calculated to assess the relative likelihood of individual
models within each candidate set (Burnham and Anderson
2002). Parameter estimates are presented as means = SE
with 95% confidence intervals (CI).

RESULTS

Point-Count vs. Area-Search Surveys

We conducted a total of 556 point-count surveys and 382
area-search surveys, at 48 sites modeled as having “very
high” and 49 sites modeled as having “high” habitat
suitability for the gnatcatcher. We conducted an average
of 5.7 point counts location* (range: 1-6) and 3.9 area
searches location ' (range: 3—4). We detected gnatcatchers
at 31 locations during point counts and 33 locations
during area searches, but not all at the same sites by both
methods. Gnatcatchers were detected in common at just
25 locations, with apparent site-occupancy differences
recorded at 14 of the 97 locations. Point-count surveys
detected gnatcatchers at 6 locations where area searches
did not, and area searches detected gnatcatchers at 8
locations where point counts did not. We did not observe
gnatcatchers beyond 85 m (i.e. our truncation distance)
during point counts at any of the 8 locations where
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gnatcatchers were observed only during area-search
surveys.

For point-count surveys, the model that estimated
detection and occupancy probabilities as constants [p(.),
P(.)] received the greatest support (w; = 0.43) within the
candidate set; this model was also competitive for area-
search surveys (AAIC. = 0.43, w; = 0.22; Table 1). These
models indicated that detectability (p) was higher using the
area-search method (0.69 = 0.05, 95% CI: 0.59-0.78) than
using the point-count method (0.41 * 0.05, 95% CI: 0.31—
0.51), but estimated occupancy rates () were similar
between methods (point count: 0.34 = 0.06, 95% CI: 0.23—
0.47; area search: 0.34 + 0.06, 95% CI: 0.24—0.46). Without
data truncation, point-count detectability (p = 0.44 * 0.05,
95% CI: 0.34—0.54) and occupancy ( = 0.36 £ 0.07, 95%
CI: 0.24-0.50) estimates from the [p(.), Y(.)] model (AIC.=
222.21, AAIC. =0, w;=0.39) were a little higher than these
estimates calculated with truncation.

For area searches, the 4 top models received almost
equal support (w; = 0.17-0.27). The most competitive
model [p(g), V()] suggested that the probability of
detecting a gnatcatcher during an area-search survey at a
site, given that it was occupied, was greater in habitat of
“very high” quality (0.75 = 0.06, 95% CI: 0.63-0.85) than in
habitat of “high” quality (0.59 = 0.09, 95% CI: 0.42-0.75)
and that occupancy did not differ between strata (0.35 =
0.06, 95% CI: 0.25-0.46). There was some support (w; =
0.19) for the model that also allowed occupancy to vary by
stratum, but confidence intervals for these estimates were
broadly overlapping (“very high™ 0.41 * 0.08, 95% CI:
0.27-0.57; “high™ 0.28 * 0.08, 95% CI: 0.16-0.45). There
was virtually no support for models incorporating
variability in detection probability over time for either
survey (Table 1).

The average time to travel to a survey location was 41.75
+ 19.5 min (SD), to conduct a point count (to first
gnatcatcher detection) was 16.50 * 4.25 min, and to
conduct an area search was 3525 * 14.0 min. The
relatively small time savings from a standardized 18-min
point count reflected the lack of gnatcatcher detections
during most surveys and late gnatcatcher detections
during others. Overall, the duration of area-search surveys
was more variable than that of point counts, which was
due to a combination of varying terrain among survey
plots and the ability to terminate the survey once a
gnatcatcher was detected. The average time that it took to
travel to a survey location was greater than the average
length of either survey.

Point Counts with and without Playbacks

of Vocalizations

Across the larger sample of 355 locations visited as part of
the San Diego County gnatcatcher monitoring program,
we conducted a total of 1,835 point counts, achieving an
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average of 5.17 survey visits location™ (range: 1-6).
During these surveys, we recorded 317 gnatcatcher
detections distributed among 121 locations. Of these
detections, 29% (n = 92) were recorded during the final 3
min of the survey when playbacks were broadcast. Had the
surveys concluded before the final 3 min, we would have
detected gnatcatchers at 16 fewer locations.

Average detectability estimates for point-count surveys
conducted without or with the aid of playbacks are
provided by the model that estimated detection and
occupancy probabilities as constant for each dataset [p(.),
P(.)]. With this model, detection probability was estimated
to be 0.35 = 0.02 (95% CI: 0.30-0.40) without playbacks
and 046 * 0.03 (95% CL 0.41-0.51) with playbacks;
estimates of occupancy were 0.35 * 0.03 (95% CI: 0.29—
0.41) and 0.37 = 0.03 (95% CI: 0.31-0.44), respectively.
For point-count surveys with playbacks, the time-constant
model (AIC, = 924.9, k = 2) received far more support
(AAIC. = 0, w; = 0.94) than the alternative model
considered [p(t), V(.)], which allowed detection probability
to vary across weeks (AAIC. = 5.44, w; = 0.06). For point-
count surveys without playbacks, however, the model that
allowed detection probability to vary during the season
(AIC.=1007.1, k=7) was better supported (AAIC.=0, w;
= 0.74) than the time-constant model (AAIC, = 2.12, w; =
0.26). However, there was broad overlap in estimates of
detection probability during the 6-wk survey period,
ranging from 0.26 = 0.05 (95% CI: 0.18-0.36) during the
third week to 0.48 = 0.05 (95% CI: 0.37-0.58) during the
final week of the survey window (April 20—May 3).

DISCUSSION

Area-search surveys that allowed use of a vocalization
playback throughout the search were more efficient for
documenting site occupancy by gnatcatchers than point-
count surveys that employed the same playback but only at
the end of the observation period. Although individual
point counts required an average of 19 min less time to
complete than individual area searches at the same sites,
the increase in detection probability for area searches
(0.69) vs. point counts (0.41) was appreciable enough to
reduce both the number of sites and the number of visits
per site required to achieve the same robust occupancy
estimate. Thus, the efficiency of the shorter point-count
survey time was far outweighed by the efficiency of
performing a smaller total survey effort with the area-
search method.

To illustrate using parameter values similar to those
estimated here: When site occupancy is 0.34 and the
detection probability is 0.41, the recommended optimal
number of visits to a site is 4, using a standard survey
design in which all sites are surveyed an equal number of
times (from MacKenzie et al. 2006: equation 6.1). To
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achieve a 10% coefficient of variation for the occupancy
estimate, the number of sites that should be sampled is 260
(from MacKenzie et al. 2006: equation 6.3). Based on the
average time required to travel to a site and conduct a
point count, this would result in a total recommended
survey effort of 1,005 hr. Using the same occupancy rate
and desired level of precision but a higher detection
probability of 0.69, the optimal number of visits to a site
would drop to 2, and the number of sites that should be
sampled would be 253. Based on the time required to
travel to a location and conduct an area search, this would
result in a total recommended survey effort of 649 hr.
These calculations suggest that the higher estimated
detection probability associated with area searches could
reduce the total survey time needed to obtain an
occupancy estimate for the gnatcatcher at a specified level
of precision by as much as 35%.

For comparison of occupancy estimates, we truncated
our point-count data at 85 m to equate the search areas
among methods, which slightly reduced the efficiency of
the point counts. Selection of too short a truncation
distance has potential to reduce detection probabilities by
discarding potentially useful data. Our analysis of the
untruncated data suggests that point-count detection
probabilities could have been slightly better had we
selected a larger survey area and/or a longer truncation
distance, but the area-search method is still considerably
more efficient for estimating site occupancy of the
gnatcatcher.

Although it is not explored here, combining the higher
detectability of the area-search method with a removal
design, in which no further surveys of a site are conducted
once the species is detected, can likely further increase
efficiency (MacKenzie et al. 2006). Such a design is well
suited to a circumstance when the primary focus of the
survey is to confirm a species’ presence, which is often the
case with listed species. Combining the removal design
with the area-search method may also be well suited for a
situation such as ours, in which lengthy travel and
navigation times to sites make it impractical to rotate
surveyors among visits, and familiarity with a site has
potential to result in higher detection probabilities during
subsequent visits (MacKenzie et al. 2006).

Because funding for implementation of a conservation
plan is always constrained, the potential cost savings from
changing survey methods can be compelling, but the
decision to do so should consider the tradeoffs involved.
One potential criticism of the area-search method as it was
implemented here is its focus on a single species, which
can be inefficient if one is charged with monitoring
multiple species. Because multiple species can be easily
recorded during point counts, this method has the
potential to be the more efficient one if the monitoring
program’s goals involve monitoring the abundance of other
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avian species. Given that the plot-based method could be
adapted to monitor occupancy of several species simulta-
neously, the methodology that is most efficient for
multispecies monitoring must be determined by assessing
the total survey effort required to achieve all monitoring-
program goals.

Another potential criticism of both the point-count and
area-search methods applied here is the use of playbacks
during the surveys, which may introduce heterogeneity in
detection probability among visits (e.g., due to habituation,
variations in detection of the playback associated with
habitat, topography, wind, ambient noise, stage of the
nesting cycle, specific location where playback is broad-
cast) and could positively bias occupancy estimates by
drawing birds onto the plot. Our comparison of 15-min
point counts with and without 3 min of additional
playback time at the end of the count confounded the
effect of the longer observation period with the effect of
the playback but provided an indication of the benefit that
is gained by broadcasting recorded vocalizations during
surveys. Detection probabilities were indeed higher with
the added playback period: 29% of all gnatcatcher
detections were recorded during the 3-min playback
period, which constituted only 16% of the observation
period. However, the relatively small gain in detectability,
from 0.35 without playback to 0.46 with playback, suggests
that factors other than the free use of playbacks
contributed to the larger gain in detectability (to 0.69)
that was realized during area-search surveys.

Our analysis of the entire point-count dataset that
excluded playback detections found some limited support
for a model in which gnatcatcher detectability varied by
week. The lack of a linear seasonal trend in detectability,
however, suggests that it may be difficult to time surveys to
coincide with seasonal periods when gnatcatchers are most
detectable, at least during the time interval we studied,
which was after the onset of breeding. Interestingly,
support for time-varying models in detectability was not
found when detections during the playback period were
included in the point-count data, or during area searches,
which also used playbacks. This suggests that use of
playbacks during surveys may help overcome time-
dependent behavioral shyness of gnatcatchers. To help
control for potential heterogeneity in detection probability
among plots that may arise from the area-search method,
we recommend standardizing search times and the
locations and number of times that playbacks can be
employed.

Because measures of occupancy are scale dependent (i.e.
a larger site is likely to have a higher probability of
occupancy than a small site), the potential attraction of
birds in response to playbacks and violations of the
assumption of closure across multiple visits are both of
great concern in terms of introducing positive bias. The
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estimate of occupancy increased only slightly, from 0.35 to
0.37, when comparing point counts without and with
playbacks, respectively. This difference was well within the
margin of error of these estimates, which suggests that bias
arising from attraction to playbacks may be minimal.

The issue of population closure may be more problem-
atic. To compare estimates of occupancy from point counts
with those from area searches, we truncated our point-
count observations at a radius of 85 m to approximate the
size of our 150 X 150 m area-search plots. This circular
survey area overlaps but covers a slightly different
geographic area than the square survey plot. Although
we obtained equivalent occupancy estimates from the 2
survey methods, we observed differences in the patterns of
apparent site occupancies. The lack of correspondence
among apparent site occupancies may be due to the slight
differences in the survey areas, but may also indicate that
our survey areas were smaller than the size of those
gnatcatchers’ territories or included only parts of them.
Either scenario would result in a lack of closure (i.e. the
species was not consistently present on a site and available
for detection throughout the survey window) and would
indicate that estimates from both methods better represent
site “use” instead of occupancy.

Nevertheless, equivalency in the occupancy estimates
suggests that, despite the possibility that the area-search
method with playbacks being used throughout the plot has
a higher possibility of attracting gnatcatchers from beyond
the plot edge into the survey area, the attraction of birds
during area searches was not more appreciable than when
playbacks were used at the end of point counts.
Interestingly, our examination of the untruncated point-
count data did not reveal gnatcatcher detections beyond 85
m at any of the locations where area searches detected
gnatcatchers and point counts did not. Overall, for both
survey methods, it may be difficult to achieve closure when
monitoring a territorial species in continuous habitat
where a multitude of factors can affect territory size and
location (Atwood et al. 1998, Preston et al. 1998). Using
broadcast vocalizations for gnatcatcher surveys has poten-
tial to result in slightly positively biased estimates of
occupancy. Thus, the decision about use of playbacks must
jointly consider the cost savings of this approach and
whether the bias introduced is likely to mask biologically
meaningful trends in occupancy relevant to management
decisions.

Based on the results of prior gnatcatcher monitoring in
San Diego County, which indicated that site occupancy is
influenced by habitat suitability (Winchell and Doherty
2008, Winchell 2009), we stratified sampling across 2 of
the original 4 suitability strata (“high” and “very high’) to
see how this stratification might influence a recommended
survey design. Our failure to find strong support for
habitat-related differences in occupancy may, in part, have
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been due to our use of only 2 rather than all 4 strata;
alternatively, the smaller sample size in our study may not
have provided sufficient power to detect a difference. Our
results did suggest, however, that habitat suitability
influenced detection probability during area-search sur-
veys. Because area-search surveys require the surveyor to
travel throughout a plot while recording gnatcatcher
detections whereas point-count surveys are largely passive,
area-search methods may be more sensitive to differences
between the strata in topography and the structure of
vegetation. Although the difference between point esti-
mates of detectability for the 2 strata does not prompt a
change in the recommended number of site visits, it does
alter the number of recommended sites that should be
visited for estimation of the same occupancy rate with a
desired coefficient of variation. Thus, an optimized
monitoring program should be based on a range of
anticipated values across the sampled strata for both
detection probability and occupancy.

Conclusion

Constrained budgets generally present a considerable
challenge for implementing monitoring programs and
management actions prescribed by conservation plans.
Because conservation dollars are limited and monitoring is
expensive, improving the efficiency of protocols is
important. Here, we present an approach to optimizing
protocols that considers the precision of parameter
estimates, costs of implementation, and consideration of
broader monitoring-program goals. Application of this
approach may be suitable for other programs that are
overlaying sampling designs to collect data on both
occupancy and abundance and that have a goal of
monitoring habitat quality through occupancy, and for
species that occur within discrete habitat strata, at low
densities, and in nonclustered distributions.
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