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Abstract

The California Ridgway’s rail Rallus obsoletus obsoletus (hereafter California rail) is a secretive marsh bird endemic to
tidal marshes in the San Francisco Bay (hereafter bay) of California. The California rail has undergone significant range
contraction and population declines due to a variety of factors, including predation and the degradation and loss of
habitat. Call-count surveys, which include call playbacks, based on the standardized North American marsh bird monitoring
protocol have been conducted throughout the bay since 2005 to monitor population size and distribution of the California
rail. However, call-count surveys are difficult to evaluate for efficacy or accuracy. To measure the accuracy of call-count
surveys and investigate whether radio-marked California rails moved in response to call-count surveys, we compared
locations of radio-marked California rails collected at frequent intervals (15 min) to California rail detections recorded
during call-count surveys conducted over the same time periods. Overall, 60% of radio-marked California rails within 200 m
of observers were not detected during call-count surveys. Movements of radio-marked California rails showed no
directional bias (P = 0.92) irrespective of whether or not playbacks of five marsh bird species (including the California
rail) were broadcast from listening stations. Our findings suggest that playbacks of rail vocalizations do not consistently
influence California rail movements during surveys. However, call-count surveys may underestimate California rail presence;
therefore, caution should be used when relating raw numbers of call-count detections to population abundance.
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Introduction

The California Ridgway’s rail Rallus obsoletus obsoletus
(hereafter California rail; Chesser et al. 2014), previously
known as the California clapper rail Rallus longirostris
obsoletus, is a secretive marsh bird endemic to and
historically abundant in tidal marsh habitat in the San
Francisco Bay (hereafter bay) of California (Cohen 1895).
However, over the past century, the California rail
(Figure 1), like other tidal marsh species, has undergone
significant range contraction and population declines
due to a variety of factors (Takekawa et al. 2006). The
combined threats of conversion of tidal marsh to diked
lands for agriculture and salt production (San Francisco
Bay Area Wetlands Ecosystem Goals Project 1999), urban
encroachment (U.S. Fish and Wildlife Service [USFWS]
2013), predation by both native and nonnative predators
(Albertson 1995; Foin et al. 1997; Harding et al. 2001),
introduction of invasive species (Baye et al. 2004), and
contaminants (Schwarzbach et al. 2006; Ackerman et al.
2012; Casazza et al. 2014) have led the California rail to
be designated as a state and federally listed endangered
species under the California Endangered Species Act
(California Department of Fish and Game 1979) and

US Endangered Species Act (ESA 1973, as amended),
respectively. The subspecies is now restricted mainly to
isolated marsh fragments in the highly urbanized bay
area, with the vast majority found in the central and
southern reaches (California Department of Fish and
Game 2008), where it defends small (2–4-ha) territories in
areas dominated by mid- and lower-intertidal vegetation,
particularly during the breeding season (Rohmer 2010;
Overton 2013). Although the subspecies’ population
dynamics is poorly understood (Liu et al. 2012), recent
work has estimated low annual survival rates (27–47%) in
south bay salt marshes (Overton et al. 2014).

To monitor population size and distribution of the
California rail and other secretive marsh birds, govern-
ment agencies and conservation organizations have
used call-count surveys based on the standardized North
American marsh bird monitoring protocol (Conway
2011). Surveyors listen for marsh bird vocalizations and
play recorded calls along predetermined survey routes
through or adjacent to tidal marshes during the marsh
bird breeding season (Conway 2011). The number of
detected marsh birds and the distance to them are then
estimated and recorded. Throughout the bay, call-count
surveys optimized for California rails have been con-

Figure 1. Photograph of a California Ridgway’s rail Rallus obsoletus obsoletus, previously known as the California clapper rail Rallus
longirostris obsoletus, with chick. The California rail is a secretive marsh bird endemic to and historically abundant in tidal marsh
habitat in the San Francisco Bay of California. Trapping of California rails was conducted at Corte Madera Ecological Reserve, Faber
Tract, Gallinas Creek, and Laumeister Marsh in the bay between 1 January and 31 March 2013.
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ducted since 2005 (Spautz and McBroom 2005; Wood
et al. 2014), and the data collected from these surveys
have played a central role in population monitoring
analyses (Liu et al. 2012) and in guiding local manage-
ment actions such as invasive species control (McBroom
2012).

Despite their widespread use, call-count surveys are
difficult to evaluate for efficacy or accuracy because they
require assumptions that are rarely validated and have
a high likelihood of being incorrect (Johnson et al. 2009).
Calling rates can change throughout the day and
breeding season when surveys are conducted (Conway
et al. 1993; Liu et al. 2012) and also differ between the
sexes (Legare et al. 1999), thereby biasing estimates of
population density and structure. Furthermore, birds
may move away from or toward surveyors before or after
broadcasting of recorded bird vocalizations (Legare et al.
1999; Lor and Malecki 2002; Bogner and Baldassarre
2002), and such movements would result in under- or
overestimation of detectability and local density (Con-
way and Gibbs 2001).

We compared locations of radio-marked California rails
collected at frequent intervals (15 min) to California rail
detections recorded during call-count surveys conducted
over the same time periods to measure the accuracy of
call-count surveys. Specifically, we measured the distance
between paired radiotelemetry locations and call-count
survey detections in both space and time. We also
investigated whether radio-marked California rails
moved in response to call-count surveys and discussed
the implications such movements would have for
estimates of population density and distribution ob-
tained from call-count surveys.

Study Site

We conducted our study in four tidal salt marshes
(Corte Madera, Faber, Gallinas Creek, and Laumeister;
Figure 2) in the bay. Corte Madera Ecological Reserve
(100 ha; 37u949N, 122u499W) was formed from the
accumulation of sediment by-products of hydraulic gold
mining during the mid-1800s. Faber Tract (42 ha;
37u469N, 122u129W) was the result of the deposition of
dredge material from nearby harbors. Gallinas Creek (136
ha; 38u039N, 122u509W) was part of an ongoing habitat
restoration project to restore wetland habitat adjacent to
Miller Creek and Las Gallinas Creek. Laumeister Marsh (36
ha; 37u479N, 122u129W) has been tidal salt marsh for over
110 y, making it one of the oldest remaining marshes in
the south bay. Ground cover at all study sites was
dominated by Sarcocornia virginica, with nearly all
escape and refuge cover for California rails provided by
Grindelia stricta and Spartina foliosa.

Methods

Capture and radio-marking
We captured and radio-marked 39 California rails with

very-high-frequency transmitters between 1 January and
31 March 2013. TomahawkH live traps (Tomahawk Live
Trap, LLC, Hazelhurst, WI) measuring one of two sizes
(107 6 38 6 41 cm or 41 6 13 6 13 cm) were modified

by removing the treadle mechanism typically used to
trigger the trap and replacing it with a tripwire attached
to an externally mounted spring-snap rat trap (Figure 3).
The snap-bar of the rat trap was attached to the
Tomahawk trap door release mechanism, allowing the
live-trap doors to close when pressure on the tripwire
triggered the rat trap (Overton 2013). The modified live
traps were placed at low tide within well-developed
channels and passively caught California rails as they
moved and foraged through the marsh. Captured rails
were sexed according to culmen length, tarsometatarsus
length, and flat wing length (Overton et al. 2009) and
then fitted with 9.5-g backpack-mounted very-high-
frequency radio-transmitters (model A1120; Advanced
Telemetry Systems, Isanti, MN) attached using modified
Dwyer harnesses (Dwyer 1972) made of 0.5-cm tubular
TeflonTM ribbon (Bally Ribbon Mills, Bally, PA). California
rails were monitored intensively for the first week after
marking, with repeated attempts at visually observing
the bird to verify transmitter fit and acclimatization.
Individual age classes could not be determined at the
time of year that individuals were captured (Pyle 2008).

Radiotelemetry
Every 3 d at each study site between 12 February and

2 April 2013, radio-marked California rails were located
by two observers every 15 min over a period of 2.5 h
before and after sunrise or sunset by using handheld
three-element Yagi antennas and telemetry receivers
(model R4500SD; Advanced Telemetry Systems) from
the perimeter of the study marshes. Observers simulta-
neously measured the azimuth toward the strongest
signal location by using a handheld compass from three
to six locations recorded with handheld global position-
ing system units. Azimuths to the bird’s signal and
distance to the bird were analyzed using LOAS version
4.0 (Ecological Software Solutions, LLC, Hegymagas,
Hungary).

Call-count surveys
The periods of frequent radiotelemetry described

above coincided with marsh bird call-count surveys
based on methods described in Conway (2011). Call-
count surveys were conducted by observers other than
those who conducted radiotelemetry. Listening stations
were placed approximately 200 m apart and primarily
located at marsh edges, levees bordering and within
marshes, and boardwalks within the marsh. The number
of listening stations established at each marsh varied due
to site size, configuration, and accessibility. All study sites
had four listening stations, except for Gallinas, which had
only three. Standardized prerecorded vocalizations with
a total duration of 5 min were provided by the Invasive
Spartina Project (www.spartina.org) in conjunction with
the USFWS and played from an mp3 player with portable
speakers after 5 min of passive listening. Multiple bird
species were included in the vocalizations and broadcast
in the following order, with 1 min of vocalizations for
each species: California black rail Laterallus jamaicencis
coturniculus, California rail, sora Porzana carolina, Virginia
rail Rallus limicola, and American bittern Botaurus
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Figure 2. Location of Corte Madera Ecological Reserve, Faber Tract, Gallinas Creek, and Laumeister Marsh in San Francisco Bay,
California, where California Ridgway’s rails Rallus obsoletus obsoletus were captured during 2013.
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lentiginosus. All California rails detected from a listening
station were recorded with the time, estimated direction,
and estimated distance from the listening station. In
addition, the approximate location of each California rail,
or pair of California rails, was plotted on a field map of
the site. California rails detected during transit between
listening stations as well as before or after the 10-min
survey period were also recorded.

Analysis
We compared locations of radio-marked California rails

to California rail detections during call-count surveys
with ArcGIS 10.1 (ESRI, Redlands, CA) and the Data
Management tools module (bearing distance to line,
feature vertices to points). We used additional Data
Management tools (points to lines, split lines at vertices)
to measure movements of radio-marked California rails in
response to broadcast rail vocalizations. We considered
a telemetry location and a call-count detection to be

the same individual if the two occurred within 60 m and
10 min of each other (Legare et al. 1999; Figure 4a). In
contrast, we considered telemetry locations and call-
count detections as separate individuals when they
occurred greater than 60 m (Figure 4b) or 10 min
(Figure 4c) apart. If a telemetry location and call-count
detection occurred within 10 min of each other but
greater than 60 m apart, we considered these detections
to be separate individuals. Call-count detections were
not compared with any telemetry location more than 10
min apart because more proximate locations were
available for comparison. We developed two rose
diagrams (one each for passive and active surveys)
grouping directional movement of California rails into
20u bins during call-count surveys with R 3.0.2 (R
Development Core Team 2012). Rayleigh’s test of
uniformity was conducted with these data to investigate
the mean direction of movement of California rails
during passive and active call-count surveys and

Figure 3. Photograph of a Tomahawk live trap (107638641 cm) modified by removing the treadle mechanism typically used to
trigger the trap and replacing it with a tripwire attached to an externally mounted spring-snap rat trap. The snap-bar of the rat trap
was attached to the Tomahawk trap door release mechanism allowing the live-trap doors to close when pressure on the tripwire
triggered the rat trap. The modified live traps were placed at low tide within well-developed channels and passively caught
California Ridgway’s rails Rallus obsoletus obsoletus as they moved and foraged through the marsh. Trapping was conducted at Corte
Madera Ecological Reserve, Faber Tract, Gallinas Creek, and Laumeister Marsh in San Francisco Bay, California, between 1 January
and 31 March 2013.
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to determine whether mean direction of movement
differed between the two call-count survey types. Data
are reported as mean 6 standard deviation.

Results

In total, we recorded 486 radiotelemetry locations
(Table S4, Supplemental Material) in 39 bouts, with an
average error of 57 6 65 m. Radio-marked California rails
were detected at the same locations between call-count
surveys, indicating little movement by individuals
between adjacent marshes or areas within a marsh. This
finding was consistent across all four study sites and over
the entire study period.

We recorded 143 California rail detections (Table S5,
Supplemental Material) during 12 call-counts (three per
study site). One radio-marked California rail at Corte
Madera was detected twice during a single call-count
survey; no other radio-marked California rails were
detected more than once during a survey. Paired
telemetry locations and call-count detections were
separated by an average of 34 6 14 m and 3.5 6
0.002 min. Radio-marked California rails that were
detected during call-count surveys were, on average,
150 6 60 m from surveyors, whereas those that were not
detected were 244 6 123 m from surveyors. Overall, 59%
(16 of 27) of radio-marked California rails present within
200 m of surveyors were not detected during call-count
surveys.

Movements of radio-marked California rails showed no
directional bias regardless of whether or not playbacks
were broadcast from listening stations. Rose diagrams
displaying California rail movements during passive
surveys (without playbacks; Figure 5a, n = 249) and
active surveys (with playbacks; Figure 5b, n = 181)
showed a similar response, with California rails exhibiting
a tendency to move in random directions during both
types of call-count surveys. Results from Rayleigh’s test of
uniformity (passive surveys: R = 0.018, P = 0.92; active
surveys: R = 0.021, P = 0.92) confirmed that the
distribution of California rail directional movements
during the two types of call-count surveys showed no
significant difference from a random, uniform distribution.

Discussion

Our findings indicate an overall underestimation of
California rail presence due to low probability of
detection for call-count surveys in tidal salt marshes
throughout the bay and suggest that population
abundance in marsh complexes may be greater than
uncorrected counts reported in previous studies (Liu et
al. 2012). Nearly 60% of radio-marked California rails
within 200 m from surveyors were not detected during
call-count surveys. However, our study encompassed
only a few areas and did not include study sites with low

Figure 4. Examples of radio-marked California Ridgway’s rails
Rallus obsoletus obsoletus that were either detected or missed
during call-count surveys. A telemetry location and call-count
detection that occurred within 60 m and 10 min of each other
were considered to be the same individual California rail
(a; circled in red). A telemetry location and call-count detection
that occurred within 10 min of each other but were more than
60 m apart were considered to be two distinct individual
California rails (b). A telemetry location and call-count detection
that were within 60 m of each other but occurred more than 10
min apart were also considered to be two distinct individual

r

California rails (c). Radiotelemetry and call-count surveys were
conducted at Corte Madera Ecological Reserve, Faber Tract,
Gallinas Creek, and Laumeister Marsh in San Francisco Bay,
California, between 12 February and 2 April 2013.
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Figure 5. Directional movements of radio-marked California Ridgway’s rails Rallus obsoletus obsoletus during passive surveys
(a; R = 0.018, P = 0.92) and active surveys (b; R = 0.021, P = 0.92) across all sites showed no difference from a random, uniform
distribution for radiotelemetry and call-count surveys conducted at Corte Madera Ecological Reserve, Faber Tract, Gallinas Creek, and
Laumeister Marsh in San Francisco Bay, California, between 12 February and 2 April 2013.
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California rail density; therefore, we are not suggesting
that California rail population estimates based on call-
count surveys be adjusted by this particular measure-
ment of error. However, a similar yet broader study with
larger sample sizes across a wider range of study sites
might provide further insight to an appropriate adjust-
ment. In practice, California rail surveys conducted in the
bay are used only as an index for population trends, not
as an estimate of abundance or density, and the index
value is not biased by undercounting individuals as
would abundance or density estimates (Johnson 2008).

To our knowledge, this is the first study to use
radiotelemetry to investigate the accuracy of call-count
surveys in detecting the endangered California rail in the
bay; other studies have measured the effectiveness of
call-count surveys in detecting other marsh bird species.
Legare et al. (1999) found that 40–65% of eastern black
rails Laterallus jamaicensis jamaicensis responded during
call-count surveys, which is comparable to our results.
Their study also found that responses from male black
rails peaked at 60 m from playback location, which was
the cut-off that we used to determine whether
a vocalizing and radio-marked California rail was the
same individual. Bogner and Baldassarre (2002) detected
radio-marked least bitterns Ixobrychus exilis only during
a quarter of call-count surveys, which is less than during
our study but may be due to differences in species
behavior.

Factors affecting detectability are often issues of
concern in studies using call-count surveys. Such studies
commonly use a distance of 200 m from surveyors as the
limit at which marsh birds can reliably be detected (Liu et
al. 2012; McBroom 2012), and the differences between
distance to detected and undetected radio-marked
California rails in our study support this approach.
Radio-marked California rails that were detected during
call-count surveys were within 200 m from surveyors,
whereas California rails that were not detected were
farther than 200 m away. Furthermore, the use of
playbacks seemed to show no consistent influence on
movements of radio-marked California rails during call-
count surveys, as they were neither attracted to nor
repelled by playbacks. Similarly, Legare et al. (1999)
found that black rails were equally likely to move toward
playbacks as they were to remain in the same location.
However, our results conflict with those from studies that
have documented attraction to playbacks, such as with
least bitterns where playback elicited short flights toward
playback locations and defensive behavior (Bogner and
Baldassarre 2002; Lor and Malecki 2002). Any consistent
movement by marsh birds toward or away from
playbacks would violate an assumption of distance
sampling and result in a biased estimate of marsh bird
density (Conway and Gibbs 2001). Previous studies (Liu
et al. 2009; Henkel et al. 2013) have used distance
sampling analysis to calculate bay-wide population
estimates for the California rail, and our finding that
California rails were not responding directionally to
playbacks suggested that this method could be used
with distance sampling. Other factors that have been
shown to affect the detection rate of California rails

during call-count surveys include time of day and tide
level (Liu et al. 2012; Lehmicke et al. 2013), but these
factors were not taken into account in our limited study.

To address the conservation issues surrounding the
California rail and other obligate tidal marsh species, the
USFWS created the Recovery Plan for Tidal Marsh
Ecosystems of Northern and Central California (USFWS
2013). Recovery goals for these sensitive species include
‘‘securing self-sustaining wild populations of each
covered species throughout their full ecological, geo-
graphical, and genetic range; ameliorating or eliminating,
to the extent possible, the threats that caused the
species to be listed or of concern and any future threats;
and restoring and conserving healthy ecosystem func-
tion supportive of tidal marsh species’’ (USFWS 2013).
Call-count surveys, such as those conducted during our
study, have been used to monitor progress toward these
recovery goals for the California rail in the bay since 2005
(Spautz and McBroom 2005; Wood et al. 2014). Therefore,
it is of significance to the conservation of this endan-
gered species that the effectiveness of call-count surveys
in monitoring population trends is investigated thor-
oughly. This is the first attempt we are aware of to use
radiotelemetry to do so, and our findings suggest that
although call-count surveys constitute a useful method
to monitor population trends, improvements that in-
crease detection probability could be considered to
provide a more accurate index of population size.

Supplemental Material

Please note: The Journal of Fish and Wildlife Manage-
ment is not responsible for the content or functionality of
any supplemental material. Queries should be directed to
the corresponding author for the article.

Table S1. Table of California Ridgway’s rail Rallus
obsoletus obsoletus locations as estimated by radiote-
lemetry. For each estimated California Ridgway’s rail
location, the following are listed: easting (in Universal
Transverse Mercator [UTM]), northing (in UTM), bird
identification, date, study site, and time. To protect the
specific location data of this state and federally
endangered species, easting and northing figures listed
here represent relative distances (m) from average
easting and northing across all radiotelemetry locations.
Radiotelemetry was conducted at Corte Madera Ecolog-
ical Reserve, Faber Tract, Gallinas Creek, and Laumeister
Marsh in San Francisco Bay, California, between 12
February and 2 April 2013.

Found at DOI: http://dx.doi.org/10.3996/092014-JFWM-
069.S1 (36 KB XLSX).

Table S2. Table of California Ridgway’s rail Rallus
obsoletus obsoletus detections during call-count surveys.
For each California rail detection, the following are listed:
study site, station identification, survey start time,
estimated compass bearing from surveyor to detection,
estimated distance from surveyor to detection (m), and
the minute(s) of the call-count survey (passive or active)
during which the detection(s) occurred. Specific location
data have been removed to protect this state and
federally endangered species. Call-count surveys were
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conducted at Corte Madera Ecological Reserve, Faber
Tract, Gallinas Creek, and Laumeister Marsh in San
Francisco Bay, California, between 12 February and 2
April 2013.

Found at DOI: http://dx.doi.org/10.3996/092014-JFWM-
069.S2 (18 KB XLSX).

Reference S1. Liu L, Wood J, Nur N, Stralberg D,
Herzog M. 2009. California clapper rail Rallus longirostris
obsoletus population monitoring: 2005–2008. Report of
PRBO Conservation Science to California Department of
Fish and Game, Stockton, California.

Found at DOI: http://dx.doi.org/10.3996/092014-
JFWM-069.S3; also available: http://www.prbo.org/refs/
files/12002_ LeonardLiu2009.doc (2942 KB DOC).

Reference S2. Liu L, Wood J, Nur N, Salas L,
Jongsomjit D. 2012. California clapper rail (Rallus long-
irostris obsoletus) population monitoring: 2005–2011.
Report of PRBO Conservation Science to U.S. Fish and
Wildlife Service, Sacramento, California.

Found at DOI: http://dx.doi.org/10.3996/092014-JFWM-
069.S4; also available: http://www.southbayrestoration.
org/documents/technical/CLRA2005-11FinalReportPRBO.
pdf (4353 KB PDF).

Reference S3. San Francisco Bay Area Wetlands
Ecosystem Goals Project. 1999. Baylands Ecosystem
Habitat Goals. A report of habitat recommendations
prepared by the San Francisco Bay Area Wetlands
Ecosystem Goals Project. Report of San Francisco Bay
Regional Water Quality Control Board to U.S. Environ-
mental Protection Agency, San Francisco, California.

Found at DOI: http://dx.doi.org/10.3996/092014-JFWM-
069.S5; also available: http://www.sfei.org/sites/default/
files/sfbaygoals031799.pdf (7110 KB PDF).

Reference S4. [USFWS] U.S. Fish and Wildlife Service.
2013. Recovery plan for tidal marsh ecosystems of
northern and central California. Sacramento, California:
U.S. Fish and Wildlife Service.

Found at DOI: http://dx.doi.org/10.3996/092014-JFWM-
069.S6; also available: http://www.fws.gov/sacramento/es/
Recovery-Planning/Tidal-Marsh/Documents/20131210_
TMRP_Vol1.pdf (45.6 MB PDF).

Reference S5. Wood J, Castaneda X, Elrod M, Nur N.
2014. 2013 Annual report to U.S. Fish and Wildlife
Service: California clapper rail (Rallus longirostris obsole-
tus). Report of PRBO Conservation Science to U.S. Fish
and Wildlife Service, Sacramento, California.

Found at DOI: http://dx.doi.org/10.3996/092014-JFWM-
069.S7; also available: http://www.pointblue.org/uploads/
assets/2013_CCR_annual-report_Point_Blue_2014_ 01_07
(160 KB PDF).
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Lovette IJ, Navarro-Sigüenza AG, Rasmussen PC,
Remsen JV, Rising JD, Stotz DF, Winker K. 2014. Fifty-
fifth supplement to the American Ornithologists’ Union
check-list of North American birds. Auk 131:14–124.

Cohen DA. 1895. The California clapper rail. Oologist 12:
171–173.

Conway CJ. 2011. Standardized North American marsh
bird monitoring protocol. Waterbirds 34:319–346.

Conway CJ, Eddleman WR, Anderson SH, Hanebury LR.
1993. Seasonal changes in Yuma clapper rail vocaliza-
tion rate and habitat use. Journal of Wildlife Manage-
ment 57:282–290.

Conway C, Gibbs JP. 2001. Factors influencing detection
probabilities and the benefits of call-broadcast sur-
veys for monitoring marsh birds. Report of State
University of New York to University of Arizona,
Tucson, Arizona. Available: http://ag.arizona.edu/rese
arch/azfwru/NationalMarshBird/downloads/techni
cal_reports/Conway_and_Gibbs_2001_Report.pdf
(July 2014).

Dwyer TJ. 1972. An adjustable radio-package for ducks.
Bird Banding 43:282–284.

[ESA] US Endangered Species Act of 1973, as amended,
Pub. L. No. 93-205, 87 Stat. 884 (Dec. 28, 1973).
Available: http://www.fws.gov/endangered/esa-library/
pdf/ESAall.pdf.

Foin TC, Garcia EJ, Gill RE, Culberson SD, Collins JN. 1997.
Recovery strategies for the California clapper rail
(Rallus longirostris obsoletus) in the heavily-urbanized
San Francisco estuarine ecosystem. Landscape and
Urban Planning 38:229–243.

Harding EK, Doak DF, Albertson JD. 2001. Evaluating the
effectiveness of predator control: the non-native red fox
as a case study. Conservation Biology 15:1114–1122.

Henkel L, Rottenborn S, Duke R. 2013. Surveys for
California clapper rails: some methodological consid-
erations. Proceedings of the State of the Estuary,
Oakland, California. Available: https://www.google.com/
url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja
&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252
Fwww.researchgate.net%252Fprofile%252FLaird_Hen
kel%252Fpublication%252F263844876_Surveys_for_
California_Clapper_Rails_some_methodological_consi
derations%252Flinks%252F0f31753c009edab6090000
00.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQ
jCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.836
40239,d.dGY (January 2015).

Johnson DH. 2008. In defense of indices: the case of
bird surveys. Journal of Wildlife Management 72:857–
868.

Johnson DH, Gibbs JP, Herzog M, Lor S, Niemuth ND,
Ribic CA, Seamans M, Shaffer TL, Shriver WG, Stehman
SV, Thompson WL. 2009. A sampling design frame-
work for monitoring secretive marshbirds. Waterbirds
32:203–362.

Legare ML, Eddleman WR, Buckley PA, Kelly C. 1999. The
effectiveness of tape playback in estimating black
rail density. Journal of Wildlife Management 63:116–
125.

Lehmicke AJJ, Bowman JL, Banning AE, Vasilas BL. 2013.
Effect of tide level and time of day on detection rate and
abundance of clapper rails (Rallus longirostris) in a Mid-
Atlantic tidal marsh system. Waterbirds 36:364–368.

Liu L, Wood J, Nur N, Salas L, Jongsomjit D. 2012.
California clapper rail (Rallus longirostris obsoletus)
population monitoring: 2005–2011. Report of PRBO
Conservation Science to U.S. Fish and Wildlife Service,
Sacramento, California (see Supplemental Material,
Reference S2, http://dx.doi.org/10.3996/092014-JFWM-
069.S4; also available: http://www.southbayrestoration.
org/documents/technical/CLRA2005-11FinalReportPRBO.
pdf (July 2014).

Liu L, Wood J, Nur N, Stralberg D, Herzog M. 2009.
California clapper rail (Rallus longirostris obsoletus)
population monitoring: 2005–2008. Report of PRBO
Conservation Science to California Department of Fish
and Game, Stockton, California (see Supplemental
Material, Reference S1, http://dx.doi.org/10.3996/092014-
JFWM-069.S3; also available: http://www.prbo.org/refs/
files/12002_LeonardLiu2009.doc (January 2015).

Lor S, Malecki R. 2002. Call-response surveys to monitor
marsh bird population trends. Wildlife Society Bulletin
30:1195–1201.

McBroom J. 2012. California clapper rail surveys for the
San Francisco Invasive Spartina Project. Report of
Olofson Environmental, Inc. to State Coastal Conser-
vancy, Oakland, California. Available: http://www.
spartina.org/project_documents/revegetation_program/
CLRA%20Report%202012.pdf (July 2014).

Overton CT. 2013. Tidally-induced limits to California
clapper rail ecology in San Francisco Bay salt marshes.
Ph.D. dissertation. Davis: University of California.
Available: http://pqdtopen.proquest.com/doc/151792
5877.html?FMT=ABS (January 2015).

Overton CT, Casazza ML, Takekawa JY, Rohmer TM. 2009.
Sexing California clapper rails using morphological
measurements. North American Bird Bander 34:58–64.

Overton CT, Casazza ML, Takekawa JY, Strong DR,
Holyoak M. 2014. Tidal and seasonal effects on survival
rates of the endangered California clapper rail: does
invasive Spartina facilitate greater survival in a dynamic
environment? Biological Invasions 16:1–18.

Pyle P. 2008. Identification guide to North American birds.
Volume 2. Petaluma, California: Slate Creek Press, Point
Reyes Station.

R Development Core Team. 2012. R: a language and
environment for statistical computing. Vienna, Austria:
R Foundation for Statistical Computing.

Rohmer TM. 2010. Tracking the California clapper rail:
a home range study in anticipation of imminent habitat
change. Master’s thesis. Davis: University of California.
Available: http://search.proquest.com/science/docview/
814698889 (July 2014).

California Rail Detections and Movements During Call-Count Surveys T.D. Bui et al.

Journal of Fish and Wildlife Management | www.fwspubs.org June 2015 | Volume 6 | Issue 1 | 236

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCwQFjAC&url=http%253A%252F%252Fwww.researchgate.net%252Fprofile%252FLaird_Henkel%252Fpublication%252F263844876_Surveys_for_California_Clapper_Rails_some_methodological_considerations%252Flinks%252F0f31753c009edab609000000.pdf&ei=-sa2VNbuMOLNmwWov4GoDA&usg=AFQjCNHi27TZrYDUxz_DeS-hGo9sPONKdg&bvm=bv.83640239,d.dGY


San Francisco Bay Area Wetlands Ecosystem Goals Project.
1999. Baylands Ecosystem Habitat Goals. A report of
habitat recommendations prepared by the San Fran-
cisco Bay Area Wetlands Ecosystem Goals Project.
Report of San Francisco Bay Regional Water Quality
Control Board to U.S. Environmental Protection Agency,
San Francisco, California (see Supplemental Material,
Reference S3, http://dx.doi.org/10.3996/092014-JFWM-
069.S5; also available: http://www.sfei.org/sites/de-
fault/files/sfbaygoals031799.pdf (July 2014).

Schwarzbach SE, Albertson JD, Thomas CM. 2006. Effects of
predation, flooding, and contamination on reproductive
success of California clapper rails (Rallus longirostris
obsoletus) in San Francisco Bay. Auk 123:45–60.

Spautz H, McBroom J. 2005. Alameda County California
clapper rail surveys for the San Francisco Estuary
Invasive Spartina Project 2005. Report of Olofson
Environmental, Inc. to State Coastal Conservancy,
Berkeley, California. Available: http://www.spartina.
org/referencemtrl/clra_rept_2006.pdf (July 2014).

Takekawa JY, Woo I, Spautz H, Nur N, Grenier JL,
Malamud-Roam K, Nordby JC, Cohen AN, Malamud-

Roam F, Wainwright-De La Cruz SE. 2006. Environ-
mental threats to tidal-marsh vertebrates of the San
Francisco Bay estuary. Studies in Avian Biology 32:
176–197.

[USFWS] U.S. Fish and Wildlife Service. 2013. Recovery
plan for tidal marsh ecosystems of northern and
central California. Sacramento, California: U.S. Fish
and Wildlife Service (see Supplemental Material, Refer-
ence S4, http://dx.doi.org/10.3996/092014-JFWM-069.
S6; also available: http://www.fws.gov/sacramento/
es/Recovery-Planning/Tidal-Marsh/Documents/20131210_
TMRP_Vol1.pdf (July 2014).

Wood J, Castaneda X, Elrod M, Nur N. 2014. 2013 Annual
report to U.S. Fish and Wildlife Service: California
clapper rail (Rallus longirostris obsoletus). Report of
PRBO Conservation Science to U.S. Fish and Wildlife
Service, Sacramento, California (see Supplemental Mate-
rial, Reference S5, http://dx.doi.org/10.3996/092014-
JFWM-069.S7; also available: http://www.pointblue.org/
uploads/assets/2013_CCR_annual-report_Point_Blue_
2014_01_07.pdf (July 2014).

California Rail Detections and Movements During Call-Count Surveys T.D. Bui et al.

Journal of Fish and Wildlife Management | www.fwspubs.org June 2015 | Volume 6 | Issue 1 | 237


