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Abstract.—Surveys for secretive marsh birds could be improved with refinements to address regional and spe-
cies-specific variation in detection probabilities and optimal times of day to survey. Diel variation in relation to 
naive occupancy, detection rates, and vocalization rates of King (Rallus elegans) and Clapper (R. crepitans) rails were 
studied in intracoastal waterways in Virginia, USA. Autonomous acoustic devices recorded vocalizations of King 
and Clapper rails at 75 locations for 48-hr periods within a marsh complex. Naive King and Clapper rail occupancy 
did not vary hourly at either the marsh or the study area level. Combined King and Clapper rail detections and 
vocalizations varied across marshes, decreased as the sampling season progressed, and, for detections, was greatest 
during low rising tides (P < 0.01). Hourly variation in vocalization and detection rates did not show a pattern but 
occurred between 7.8% of pairwise comparisons for detections and 10.5% of pairwise comparisons for vocaliza-
tions (P < 0.01). Higher rates of detections and vocalizations occurred during the hours of 00:00-00:59, 05:00-05:59, 
14:00-15:59, and lower rates during the hours of 07:00-09:59. Although statistically significant, because there were 
no patterns in these hourly differences, they may not be biologically relevant and are of little use to management. 
In fact, these findings demonstrate that surveys for King and Clapper rails in Virginia intracoastal waterways may be 
effectively conducted throughout the day. Received 12 December 2016, accepted 10 May 2017.

Key words.—Clapper Rail, detection rate, diel, King Rail, Rallus crepitans, Rallus elegans, vocalization rate.
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Secretive marsh birds are challenging to 
monitor due to the difficulty in locating and 
trapping them within the dense emergent 
vegetation they occupy (Zembal and Massey 
1983; Perkins et al. 2010). Thus, surveys for 
these species are usually conducted aurally 
by human observers who record numbers 
of vocalizations and estimate numbers of 
birds (Conway 2011). However, even these 
surveys can be improved with refinements to 
address regional, diel, and species-specific 
variation in detection probabilities (Conway 
and Gibbs 2011; Wiest and Shriver 2016). In 
particular, although there may be optimal 
times of day to survey for given species, these 
details are poorly understood (Conway and 
Gibbs 2011).

There are demonstrated temporally 
driven inconsistencies in detection rates 
and abundance estimates for birds. This is 

especially true for members of the Family 
Rallidae. For example, morning sampling 
produced higher estimates of relative abun-
dance and detection rate of Clapper Rails 
(Rallus crepitans) in Maryland, USA (Lehm-
icke et al. 2013) and California Black Rails 
(Laterallus jamaicensis coturniculus) in Arizo-
na, USA (Conway et al. 2004). However, in 
California, USA, Light-footed Rails (R. obso-
letus levipes) and California Black Rails were 
detected more frequently during evening 
sampling (Zembal and Massey 1987; Conway 
et al. 2004). In contrast, other studies have 
found no diel variation in outcomes of sur-
veys conducted for California Black Rails 
(Spear et al. 1999) and a group of Rallidae 
species (Harms and Dinsmore 2014).

To better understand patterns in diel 
variation of King (R. elegans) and Clapper 
rail vocalization behaviors, we studied varia-
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tion in detection and vocalization rates of 
the combined King and Clapper rail com-
plex (Maley and Brumfield 2013) in Virgin-
ia, USA, intracoastal waterways. Within Vir-
ginia, populations of King and Clapper rails 
are declining (Wilson et al. 2007; Correll et 
al. 2016), and both species have been listed 
as Species of Greatest Conservation Need in 
the State of Virginia’s 2015 Wildlife Action 
Plan (Virginia Department of Game and In-
land Fisheries 2015). We recorded vocaliza-
tions of King and Clapper rails using autono-
mous recording units (ARUs) and evaluated 
the recordings with survey covariates to de-
termine hourly variation in: 1) the propor-
tion of sites at which individuals in the King 
and Clapper rail complex were detected, 
henceforth naive occupancy; 2) estimates of 
the number of individuals detected; and 3) 
the frequency of vocalizations.

Methods

Study Area

We studied King and Clapper rail vocalizations 
from May through July of 2015 in a marsh complex 
composed of five tidal marshes along the Pamunkey 
River near West Point, Virginia, USA. The Pamunkey 
River is situated within the Chesapeake Bay Watershed 
and is a tributary of the York River. The five surveyed 

marshes were Eltham (288 ha), nearest the confluence 
with the York River, followed upriver by Lee (579 ha), 
Hill (508 ha), Sweet Hall (395 ha), and Cousiac (387 
ha) (Fig. 1).

These marshes occur along a salinity gradient 
from mesohaline at Eltham to freshwater at Cousiac 
(Virginia Institute of Marine Science 2005). Previous 
avian surveys have shown King and Clapper rail den-
sities to follow the salinity gradient, with the highest 
densities within Eltham Marsh (S. R. Harding and G. 
R. Costanzo, unpubl. data) and decreasing densities 
within Lee and Hill (Paxton and Watts 2002). The 
marshes themselves are low and inundated twice daily 
by tidal flow. Vegetation in lower areas is dominated by 
smooth cordgrass (Spartina alterniflora). The higher, ir-
regularly flooded areas are dominated by saltmeadow 
cordgrass (S. patens) and big cordgrass (S. cynosuroi-
des). Freshwater and intermediate brackish salt marsh 
areas are characterized by arrow arum (Peltandra virgi-
nica), pickerelweed (Pontederia cordata), and wild rice 
(Zizania aquatica).

During our study, the average daily temperature 
was 25.4 °C, with average maximum and minimum 
temperatures of 30.3 °C and 20.5 °C, respectively. Av-
erage daily wind speed was 1.96 m/sec, with maximum 
wind speeds approaching 5.31 m/sec. Sunrise and sun-
set occurred at 05:55 hr and 20:12 hr, respectively, on 
the first day of sampling and at 06:00 hr and 20:27 hr, 
respectively, on the last day. We obtained daily tidal 
information from the National Oceanic and Atmo-
spheric Administration predictions for Sewells Point 
in West Point, Virginia, USA (National Oceanic and 
Atmospheric Administration 2015) and categorized 
the information into six tidal stages: high tide, high 
tide falling, low tide falling, low tide, low tide rising, 
and high tide rising.

Figure 1. Tidal marshes surveyed for King and Clapper rails, May-July 2015, along the Pamunkey River, Virginia, USA.
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Study Species

King and Clapper rails are secretive marsh birds 
whose ranges overlap along the Atlantic and Gulf coasts 
of the USA. Although they are challenging to differenti-
ate by physical appearance at a distance, King Rails are 
slightly larger, heavier, and have chestnut breast color-
ation, whereas Clapper Rails are more slender and have 
a grayish-brown coloration (Meanley 1969; Reid et al. 
1994). These species coexist along a salinity gradient, 
with King Rails found in freshwater marshes and Clap-
per Rails in tidal salt marshes. However, both species 
can inhabit transitional zones of intermediate brackish-
salt marshes (Meanley and Wetherbee 1962; Meanley 
1969). King and Clapper rails are genetically similar 
(Maley and Brumfield 2013) and, in areas of coexis-
tence, hybridization and introgression can occur be-
tween the two species (Meanley 1985; Chan et al. 2006).

King and Clapper rails also exhibit acoustic similari-
ties. Both have three main call series, described as “keks”, 
“grunts”, and “kek-burrs”. Males of both species give a 
series of sharp “kek” notes, accelerating then slowing at 
the end (Massey and Zembal 1987). The “grunt” series is 
given by both species as contact calls. “Grunts” are char-
acterized by fast, sharp notes that gradually decrease in 
frequency (Massey and Zembal 1987). The “kek-burr” 
series is used solely by females and is believed to be a 
way to attract a new mate or to call back a straying mate 
(Zembal and Massey 1985). This call begins with one or 
more “kek” notes followed by a “brrr.”

Survey Site Selection

We used ArcMap (Environmental Systems Research 
Institute 2011) to design a simple random sample for 
survey site selection. We constrained sample site selec-
tion so that each location was at least 400 m from every 
other survey location (Conway 2011), at least 50 m from 
marsh edge, and easily accessible by boat from the Pa-
munkey River. In total, we selected 75 locations, with 15 
locations in each of the five marshes.

Sampling Protocols

We deployed five Song Meter SM3 (Wildlife Acous-
tics) ARUs, one per marsh. The ARUs were mounted onto 
t-posts that were subsequently placed into the ground 
such that the ARUs were approximately 1.5 m above the 
marsh substrate. We sampled using one ARU per marsh 
for a single period of two consecutive days, and we then 
moved the ARU to a new location within that same marsh 
and repeated the 2-day protocol. This approach allowed 
for concurrent sampling across the five marshes. Each 
sampling period started at midnight and lasted exactly 48 
hr. We programmed the ARUs to record 16 bit with a sam-
pling rate at 24 kHz. Recordings were stored hourly onto 
128-GB memory cards. In total, we sampled for 30 days in 
the marsh system along the Pamunkey River.

The order of sampling locations within a marsh at 
which ARUs were deployed was random. If the water 
level was too low to access a location, we selected the 
next sampling location and rescheduled the inacces-
sible location for the following high tide placement. 

If upon visiting a location, we determined the location 
did not meet the original selection constraints, we se-
lected a new randomized replacement site. We delayed 
sampling for a day during rainy weather or when wind 
speeds exceeded 20 kmph (Gibbs and Melvin 1993).

Spectrographic Analyses

We placed an ARU for 2 days at each of the 15 sam-
pling locations within the five marshes, resulting in a 
total of 3,600 hr of acoustic recordings for analysis. We 
used the interactive sound analysis software Raven Pro 
(Bioacoustics Research Program 2014) to manually iden-
tify vocalizations of King and Clapper rails in the record-
ings. Since there is no widely accepted acoustic method 
to definitively differentiate between vocalizations of the 
two species (Graves 2001; Conway 2011) and hybridiza-
tion has occurred within the marsh system, we pooled all 
vocalizations from the King and Clapper rail complex for 
analysis. We defined a vocalization as a complete series 
of calling notes. For each vocalization, we identified the 
start and end points and the duration of calling. As an 
example, one vocalization could be a single stand alone 
“kek” note and another, a series of “kek” notes.

Once we identified all vocalizations, we estimated, 
for each marsh, the total number of individuals detected 
per hour for each sampling period. Because we could 
not distinguish between calls of individual King and 
Clapper rails, we only counted multiple detections when 
there was overlap in the timing of vocalizations by more 
than one bird. Finally, within two marshes with high and 
low apparent densities of King and Clapper rails, we esti-
mated the total number of hourly vocalizations recorded.

Statistical Analyses

To assess hourly variation in naive occupancy at the 
marsh and study area level, we calculated, by hour, the 
proportion of sites where at least one King or Clapper 
rail was detected for all 15 sampling locations in each 
marsh. We then calculated an average overall hourly 
proportion of sites where at least one King or Clapper 
rail was detected across all marshes. We used a χ2 test 
(α = 0.05) to assess hourly variation in naive occupancy 
for: 1) each marsh individually; and 2) the combined 
study area.

To understand diel fluctuations in number of King 
and Clapper rails detected, we calculated the number of 
detections in each hour separately for each marsh. For 
each hour of the day, we summed data across all 15 sam-
pling points, which was equivalent to 30 sampling days. 
We removed outliers within the data (Zuur et al. 2010) 
and, since we detected overdispersion within our count 
data (R package: Applied Econometrics with R; Kleiber 
and Zeileis 2008), we developed models using negative 
binomial distributions (Zuur et al. 2009). We generated 
univariate and additive linear models (n = 16) with time 
of day, marsh location, day of the year, and tidal stage 
as fixed effects to determine which covariates had the 
greatest effect on our response variable, detection rate 
per hour (R package: glmmAMDB; Skaug et al. 2016). 
We used corrected Akaike information criterion (AICc) 
to compare all combinations of sub-models using log-
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likelihoods, and we ranked models based on ΔAICc 
and weights (Burnham and Anderson 2004; R package: 
AICcmodavg; Mazerolle 2016). We regarded the model 
with the lowest AICc to be the top model and consid-
ered models with ΔAICc < 2 to have substantial support 
(Burnham and Anderson 2004). We used parametric 
bootstrapping to calculate 99% confidence intervals 
of estimates (n = 10,000) for each model parameter of 
interest to allow for pairwise comparisons between fac-
tors while controlling for additional parameters within 
the model (e.g., the effect of time on detection while 
controlling for marsh location, day of the year, and tidal 
stage) (Anderson and Burnham 2002; Hothorn et al. 
2008; Burnham et al. 2011; R package: mnormt; Azzalini 
and Genz 2016).

To understand variation in the rate of King and 
Clapper rail vocalizations throughout the day, we cal-
culated the number of vocalizations per hour, summed 
across all 15 sites and 30 sampling days. For this analysis, 
we only considered two marshes: Eltham, which had the 
greatest apparent density of King and Clapper rails, and 
Hill, which had a low apparent density of King and Clap-
per rails. We again removed outliers within the data. We 
used similar model development (n = 16), model selec-
tion, and parametric bootstrapping processes as above, 
building and comparing multiple sub-models with neg-
ative binomial distributions. We analyzed data using the 
statistical program R (R Development Core Team 2013) 
and RStudio (RStudio, Inc. 2015).

Results

Naive occupancy estimates decreased 
with decreasing site salinity. The highest 

average percentage of ARU sampling sites 
at which King and Clapper rails were de-
tected occurred at Eltham (86.7% ± 1.9 
SE), followed by Lee (47.0% ± 2.3 SE), Hill 
(26.1% ± 2.6 SE), and Sweet Hall (11.1% ± 
1.6 SE) (Fig. 2). No King and Clapper rails 
were detected at Cousiac Marsh. Overall, 
we detected King and Clapper rails at an 
average of 42.7% ± 1.6 SE of sites. There 
was no significant variation in naive occu-
pancy among hourly comparisons within 
each individual marsh and across the en-
tire study area.

The global model was the single best for 
estimating frequency of King and Clapper 
rail detections (Table 1). Detections varied 
only among a few hours of the day, with sig-
nificant differences (P < 0.01) among 7.8% 
(n = 256) of hourly pairwise comparisons of 
bootstrapped estimates for King and Clap-
per rail detection (Fig. 3). We found no pat-
terns of increasing or decreasing detection 
rates at any time throughout the day. High-
er rates of detection occurred during the 
hour of 00:00-00:59 and between the hours 
of 04:00-06:59 and 13:00-15:59. Lower rates 
of detection occurred between the hours of 
07:00-09:59. The frequency of detections 
varied significantly amongst all pairwise 
comparisons of marshes (P < 0.01), with 

Figure 2. Naive occupancy rates, measured hourly, for each marsh inhabited by King and Clapper rails and sur-
veyed along the Pamunkey River, Virginia, USA. Data were summed across 15 sampling locations.
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Eltham appearing to have both the high-
est and most variable detection rate. The 
number of King and Clapper rails detected 
varied with tidal stage (P < 0.01), with de-
tection rates lower at low falling tides than 
at either high tides or low rising tides. Fre-
quency of detections also decreased as the 
year progressed (P < 0.01).

The best model for estimating frequency 
of King and Clapper rail vocalizations had 
fixed additive effects for Time, Marsh, and 
Date (Table 1). In contrast to the model re-
sults for detection frequency, models with 
Tide were not well supported. Frequency 
of vocalizations varied with time of day (P 
< 0.01), with significant differences among 
10.5% (n = 256) of hourly pairwise compari-
sons of bootstrapped estimates for King and 
Clapper rail vocalizations. As was the case for 
the previous analysis, we did not detect diel 
patterns (peaks or valleys) in vocalization 
rates. Higher rates of vocalizations occurred 
during the hours of 00:00-00:59, 05:00-05:59, 
10:00-11:59, and 14:00-15:59, and lower rates 
during the hours of 07:00-09:59 and 22:00-
23:59. King and Clapper rail vocalizations 
varied amongst marshes (P < 0.01) and were 
more frequent and more variable at Eltham 
than at Hill. Vocalization rates decreased as 
the season progressed (P < 0.01).

Table 1. Model selection results for the hourly detection 
and vocalization rates of King and Clapper rails in intra-
coastal Virginia, USA, May-July 2015. Models were ranked 
by difference in corrected Akaike’s Information Criterion 
(ΔAICc) with the model weight (wi) and number of param-
eters (K). Only models with ΔAICc < 2 are shown. Parame-
ters included time of day (Time), marsh location (Marsh), 
day of the year (Date), and tidal stage (Tide).

Model K ΔAICc wi

Detection
Count ~ Time + Marsh + Date + Tide 34 0 1.000

Vocalization
Count ~ Time + Marsh + Date 27 0 0.967

Figure 3. Parametric bootstrapped hourly estimates of King and Clapper rail detection rates from a generalized 
linear negative binomial model for data collected from tidal marshes along the Pamunkey River, Virginia, USA. 
Model parameter estimates are shown with a 99% confidence interval estimated by bootstrapping. The letters 
above each hour represent significance differences indicated by pairwise comparisons between hourly King and 
Clapper rail estimates.
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Discussion

While our findings suggest statistically 
significant differences in King and Clap-
per rail vocalization behavior throughout 
the day, those differences do not represent 
daily patterns in these rates and are likely 
only biologically or ecologically significant 
in a small number of circumstances. For ex-
ample, although there was diel variation in 
the rates at which King and Clapper rails vo-
calized and in the number of birds detected 
throughout the day, naive occupancy of our 
sites did not vary hourly. Similarly, although 
there were differences in hourly detection 
and vocalization rates, those differences did 
not appear to be evidence of a biological 
pattern and provided no clear distinctions 
between vocalization behavior between the 
morning and afternoon. While lower detec-
tion and vocalization rates occurred during 
the early morning (07:00-09:59 hr), higher 
rates occurred at seemingly random times of 
the day (00:00-00:59 hr, 05:00-06:59 hr, and 
14:00-14:59 hr).

As has been observed in other studies, 
the vocalization and detection frequencies 
we recorded were greatest early in the sea-
son (Conway and Gibbs 2005; Conway and 
Nadeau 2010; Wiest and Shriver 2016). Tidal 
stage also had an influence on our data, but 
only for detection rates and not vocalization 
rates. Previous studies found reduced detec-
tions during high tide (Zembal and Massey 
1987; Wiest and Shriver 2016) and greater 
detection during mid-level tides (Lehmicke 
et al. 2013; Wiest and Shriver 2016).

These findings have important implica-
tions both for the King and Clapper rail com-
plex and for design of surveys to detect King 
and Clapper rails and other secretive marsh 
birds. There has been little comprehensive 
study of diel variation of vocalization rates 
of birds, and our study is the first investiga-
tion into 24-hr diel vocalization patterns for 
secretive marsh birds. The King and Clap-
per rails we studied vocalized consistently 
across the day at all study sites where birds 
were detected, and most hours were similar 
to each other in vocalization and detection 
rates. The only differences we detected were 

small and were between hours during early 
morning and during late evening following 
sunset. The higher frequency of vocal activ-
ity during sunrise might be influenced by in-
creased social interactions amongst breeders 
to reinforce territorial mating boundaries 
following the nocturnal rest period (Massey 
and Zembal 1987). Decreased nighttime 
vocal activity may also be a mechanism to 
decrease nest predation by nocturnal preda-
tors (Meanley 1985).

King and Clapper rail density appears to 
influence the effectiveness and accuracy of 
acoustic sampling. Apparent high density 
areas had higher detection and vocaliza-
tion rates, and King and Clapper rails were 
detected at a greater proportion of sites in 
those areas. In contrast, all three metrics 
were lower at apparently low density areas. 
This density-dependent response of vocaliza-
tion probability has been demonstrated for 
Virginia Rails (Rallus limicola; Glahn 1974; 
Robertson and Olsen 2014) and Light-foot-
ed Rails (Zembal and Massey 1987). This 
response can be problematic when inter-
preting sampling data because it increases 
sampling error and can result in overes-
timates of abundance (Bart and Schoultz 
1984; Conway and Gibbs 2001; Robertson 
and Olsen 2014).

Our findings have several implications 
for design of surveys to detect King and Clap-
per rails and other secretive marsh birds, in 
particular, the use of ARUs and the timing 
of surveys. Secretive marsh birds are tradi-
tionally sampled via callback surveys to in-
crease detection probability (Conway 2011; 
Conway and Gibbs 2011). However, since 
callbacks may change behavior of birds, us-
ing callbacks may alter the diel pattern of 
vocalization for these species. Autonomous 
devices can provide an alternative method 
to traditional sampling for long-term, con-
tinuous monitoring of secretive marsh birds 
without introducing bias that playback and 
human presence may create. The use of au-
tonomous devices can also allow for simulta-
neous surveying of multiple locations, there-
by reducing temporal, spatial, and financial 
constraints associated with having a person 
visit each site simultaneously (Tegeler et al. 
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2012). In addition to having the potential 
to minimize observer bias, ARUs are also 
beneficial because they produce a perma-
nent survey record that can be validated by 
multiple observers and can allow for more 
frequent detection of rare species (Rempel 
et al. 2005; Acevedo and Villanueva-Rivera 
2006; Hutto and Stutzman 2009).

However, ARUs possess drawbacks that 
impose limitations on their utility. Autono-
mous devices generate large volumes of 
acoustic recordings that can be difficult to 
store and analyze (Rempel et al. 2005). While 
automated species detectors can be built for 
spectrographic analysis software, they tend 
to require large training data sets and they 
often produce many false positives and false 
negatives (Waddle et al. 2009; Bardeli et al. 
2010; Towsey et al. 2012). Manual analysis of 
recordings can provide higher accuracy, but 
is often time and effort consuming (Swiston 
and Mennill 2009). Autonomous devices 
may also detect fewer individuals than hu-
mans, especially when birds are calling far-
ther away from the recording instrument 
(Venier et al. 2012; Furnas and Callas 2015).

This study illustrated that in intracoastal 
Virginia, King and Clapper rail detection 
and vocalization rates varied minimally with 
time of day, suggesting that the King and 
Clapper rail complex can be surveyed there 
throughout the day. Future vocalization 
studies may reveal if the lack of diel variation 
in this study is representative across the en-
tire region or if it is driven by local variability 
in behaviors.
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