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Abstract:  Recent global amphibian declines have created an urgent need to monitor their
populations. Anuran calling surveys are a widely used and accepted monitoring technique;
however, habitat and weather variables influence anuran breeding distribution and timing
and need to be considered when establishing monitoring efforts. The effects of both habitat
and weather variables on detection probabilities and site occupancy estimates of winter-
breeding anurans were studied in the western Piedmont of North Carolina. Calling surveys
were conducted at 27 ponds in Mecklenburg County, NC and the program PRESENCE
was used to evaluate how anuran detectability and site occupancy estimates were
influenced by habitat type and weather variables. The best-fit model for each of the three
species observed was determined. Upland chorus frog (Pseudacris feriarum) calling
activity was best predicted by distance to nearest road and air temperature, spring peeper
(Pseudacris crucifer) calling activity was best predicted by precipitation, and southern
leopard frog (Rana sphenocephala) calling activity was best predicted by day of the year.
Our results indicate that species’ calling activities vary greatly in their associations with
different habitat and weather variables. Models that incorporate these variables to describe
anuran calling behavior can be used by monitoring programs to design species-specific
survey protocols.

Key Words: Amphibian Monitoring; PRESENCE; Occupancy; Calling Survey;
Pseudacris feriarum; Pseudacris crucifer; Rana sphenocephala.

INTRODUCTION

Anthropogenic disturbances have resulted in the widespread decline of amphibian
populations (Alford and Richards, 1999; Delis et al., 1996). Consequently, scientists have
increased amphibian monitoring efforts through the use of anuran calling surveys to help
determine the extent of these declines. Anuran calling surveys have provided scientists
with valuable data pertaining to amphibian population trends and have led to the imple-
mentation of management practices for amphibians (Mossman et al., 1998). Nevertheless,
many factors influence anuran calling behavior and therefore it is important for scientists
to consider these factors when developing and implementing monitoring programs.

Male anurans attract mates through vocal displays which are essential for reproduction,
but can be energetically costly (Ryan et al., 1982). Male anurans should vocalize only
when the potential benefits outweigh the costs. Anurans rely on environmental factors to
determine the best times and places to breed (Brooke et al., 2000). Previous studies have
found either temperature or rainfall to be the primary environmental influence on breeding
activity in anurans (Bevier, 1997; Blankenhorn, 1971; Blaustein et al., 2001; Duellman
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and Lizana, 1994; Marsh, 2000; Navas and Bevier, 2001; Reading, 1998; Royle, 2004;
Woolbright, 1985). Other studies have found single environmental variables such as wind
(Henzi et al., 1995) or humidity (Bellis, 1962) to be triggers for anuran calling. Winter-
breeding anurans may be strongly influenced by weather variables because of unpredict-
able weather fluctuations. Weather variables impact species detectablity (Blair, 1961;
Oseen and Wassersug, 2002) and therefore species-weather correlations must be consid-
ered individually when developing monitoring programs.

Habitat surrounding a breeding site is an important determinant of the quality of the
breeding site and hence the distribution of breeding anurans (Knutson et al., 2000). Habitat
destruction around breeding sites is hypothesized to be a cause of some anuran declines
(Delis et al., 1996). Yet, species differ greatly in their responses to habitat conditions.
Rubbo and Kiesecker (2005), Knutson et al. (1999), Knutson et al. (2000), and Skelly et al.
(1999) have found positive correlations between certain anuran species abundance and
forested habitat, indicating that forests are important post-metamorphic habitats for some
anurans. Other research has shown negative correlations between some anurans and
“urban” land cover, because urban areas do not always provide suitable habitat for many
anuran species during the terrestrial part of their life cycle (Knutson et al., 2000; Price
et al., 2005; Rubbo and Kiesecker, 2005). The diversity of species-habitat relationships
described in previous studies indicate that no single landscape variable can be strictly
associated with all anuran species in a region, and that species tend to vary uniquely in
their habitat associations (Johnson et al., 2003; Knutson et al., 2004; Price et al., 2005).
Therefore, developing effective monitoring programs requires a species-specific under-
standing of the relative importance of these habitat variables as well as the appropriate
weather conditions under which to monitor anurans.

The effects of both habitat and weather variables on detection probabilities and site
occupancy estimates of winter-breeding anurans were investigated in the western
Piedmont of North Carolina. Our goal was to use knowledge of factors affecting calling
activity to optimize the effectiveness of amphibian monitoring programs in this region
using calling surveys.

METHODS
Study Sites

Anuran calling surveys were conducted at 27 ponds in Mecklenburg County, located in
the western Piedmont of North Carolina. Region-wide urbanization has occurred rapidly
and only small patches of farmland and secondary-growth forest remain between areas of
development (Griffith et al., 2003). We selected study ponds from digital aerial photo-
graphs using a geographical information system (GIS; ArcView ver. 3.2, ESRI, Redlands,
CA) and personal communication with the Mecklenburg County Natural Resources
Division. Ponds were selected that were permanent and isolated from other study sites by
at least 200 m.

Survey Protocol

Anuran calling surveys were conducted at each of the 27 study ponds from 25 January—
13 March 2005. Several anurans begin calling as early as January in the Piedmont region
of North Carolina. Calling surveys were based on the NAAMP protocol (Weir and
Mossman, 2005), although some variations to the protocol were made to allow more
sophisticated models to be developed. Surveys were conducted in all types of weather,



12 JOURNAL OF THE NORTH CAROLINA ACADEMY OF SCIENCE 122(1)

regardless of adverse conditions for calling. Study ponds were divided into six routes
based on driving proximity, with 3—5 ponds per route. Each pond was surveyed three times
(once every two weeks) throughout the study period. Surveys were conducted at 1830,
2030, and 2230 hr. We randomly assigned days and times to routes, although we made
sure that each route was surveyed once during each two-week interval. Listening for frog
calls began immediately after arriving at each pond and lasted for 10 minutes. We recorded
each species heard during the 10-minute survey. Environmental conditions were recorded
and included a cloud cover estimate (0 = few clouds, 1 = partly cloudy sky, 2 = cloudy or
overcast, 3 = fog or smoke), a wind speed estimate (0 = <1 mph, 1 = 1-3 mph, 2 =4-7
mph, 3 = 8-12 mph, 4 = 13—18 mph), a precipitation estimate (0 = dry, 1= damp or fog,
2 = drizzle or light rain, 3 = rain, 4 = downpour or freezing rain, 5 = snow), relative
humidity, air and water temperature, as well as the start time and end time of the survey.

Landscape Analysis

Two—hundred meter buffers were created around each pond from digital aerial
photographs taken in 2002 of Mecklenburg County in the GIS. Buffer size was chosen
because previous studies (Semlitsch and Bodie, 2003) have shown that small spatial scales
such as 200 m are considered core habitat for amphibian populations. The area within the 200
m buffer zone for each pond was measured (to the nearest 0.1 ha) and expressed as percentage
of that area which represented developed areas (considered “‘urban’), forest, water, and
pasture/grassland. We also determined pond area and distance to nearest road using the GIS.

Data Analysis

The computer program PRESENCE (MacKenzie et al., 2002) was used to analyze our
anuran calling data. PRESENCE utilizes a likelihood-based method to estimate the
proportion of sites occupied when species detection probabilities are <<1. All estimation
models assume: 1) the species of interest remains in occupied sites for the duration of the
survey; 2) species are not detected when absent, but species may or may not be detected
when present; and 3) species detection at one site is independent of species detection at all
other sites (MacKenzie et al., 2002). This method also requires at least two sample occasions
per sampling period where detection/non-detection data are recorded for each species.
PRESENCE gives the following estimable parameters: \ls;, the probability that a species is
present at site i, and pj,, the conditional probability that a species is detected at site i at time t,
given it is present (MacKenzie et al., 2002). Both \; and p;; can be expressed as a logit-
function of site-specific covariates, such as habitat variables, and p;, may also be expressed
as a function of sample-specific variables such as air temperature and weather conditions.

Detection Probabilities (p) and Site Occupancy Estimates (\r)

PRESENCE was used to estimate p and \ for the winter-breeding anuran species
detected at our 27 ponds. The importance of sample and site covariates on p and \y was
explored by first modeling p as a logit function of survey effects and each sample covariate
separately. Sample (weather) covariates included air temperature, water temperature,
humidity, and precipitation, wind, and sky conditions. To develop the model of survey
effects on p, we held the proportion of sites occupied constant, \s(-), and allowed p to vary
with time (survey effects) and each covariate separately, p(t) and p(Cov). Each model was
ranked according to Akaike Information Criteron (AIC) values (Akaike, 1973; Burnham
and Anderson, 1998) calculated by PRESENCE. The lowest ranked sample covariate
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model for each species was then combined with each site (habitat) covariate. The lowest
ranked sample and site covariate model was considered to be the model of “best” fit for that
species. The “best” model does not necessarily represent all environmental or biological
processes that influence site occupancy or detection probabilities (Bailey et al., 2004).

Possible survey-specific effects on detection probability were defined (i.e., different
detection probabilities for each sample occasion) using a predefined model with survey-
specific p, Y(-)p(t). Our model assumed that \ is the same for all sites, but p differed
between the three sampling occasions. Our model allowed us to calculate detection
probabilities for each species during each of the three surveys within our sampling period.
The equations we used to calculate survey-specific p (for our three surveys) were:

Py = eint+[31/1 +eint+[31

=

Py = eint+ﬁ2/l + eint+[32
1=

Py = eint/l 4 eint

where site-int was the intercept for site covariates, int was the intercept for sampling
covariates, and Pi was the sampling covariate coefficient for survey i (MacKenzie
et al., 2002).

RESULTS

During our six-week sampling period three vocalizing anuran species were detected
and included spring peepers (Pseudacris crucifer, detected at 16 sites), upland chorus
frogs (Pseudacris ferarium, detected at 14 sites), and southern leopard frogs (Rana
sphenocephala, detected at 8 sites). No vocalizing anurans were heard during survey one
at any pond, and there were four ponds where no frogs were heard during any survey.

During survey one, the air temperatures ranged from —2.4 to 4.1°C, the water
temperatures from 0.4 to 7.1°C, the humidity from 27% to 53%, and the precipitation code
from 1 (dry) to 4 (rain or sleet). During survey two air temperatures ranged from 6.4
to 15.1°C, water temperatures from 8.5 to 12.1°C, humidity from 26% to 74%, and the
precipitation code from 1 to 4. During survey three, the air temperature ranged from —2.0
to 15.0°C, the water temperature from 9.0 to 17.4°C, the humidity from 29% to 71%,
and the precipitation code from 1 to 3.

Spring peeper calling activity was best predicted by precipitation code (w; = 0.2, Table
1), with spring peepers calling more frequently on rainy evenings. Chorus frogs were most
often heard on warmer nights and were also predicted by distance to nearest road (w; =
0.1). Southern leopard frogs were best predicted by day of year (w; = 0.54).

All species were most detectable during survey three and had 0% detection probability
during survey one, when no species were heard calling (Fig. 1). Leopard frogs had the
highest detection probability during survey three (1.00), followed by spring peepers (0.73)
and chorus frogs (0.55). Detectability of both spring peepers and leopard frogs increased
substantially from survey 2 to survey 3, although detectability of chorus frogs increased only
slightly (Fig. 1). Spring peepers had the highest overall proportion of sites occupied (0.77 =
0.15) followed by chorus frogs (0.70 % 0.15) and leopard frogs (0.32 = 0.51, Fig. 2).

DISCUSSION

Winter-breeding anuran species varied uniquely in their responses to habitat and
weather variables. No single variable was found to substantially affect all three anuran
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Table 1. Relative differences in AIC (AAIC), AIC model weights (w;), detection probabilities for surveys 1, 2,
and 3 (py, pa, p3), overall estimates of proportion of sites occupied by each species (), and associated standard
error [SE(})]. Any model with a AAIC of <3 is considered a good model. The best-fit models are shown for each
species in order of importance, plus the constant model if it was not included in the top two models of best-fit.

Model, by Species AAIC w; D1 D> D3 \Uj SE()

Spring peeper

\(-) p(precipitation) 0.00 0.20 0.00 0.31 0.73 0.77 0.15

V() pt) 0.14 0.19 0.00 0.29 0.67 0.84 0.22

(water) p(precipitation) 1.46 0.07 0.00 0.32 0.75 0.75 0.14
Upland chorus frog

Y(near-road) p(airtemp) 0.00 0.10 0.00 0.52 0.55 0.70 0.15

() p(airtemp) 0.03 0.19 0.00 0.47 0.50 0.78 0.20

V() p(t) 0.26 0.17 0.00 0.47 0.50 0.78 0.20
Southern leopard frog

V(-) p(Julian day) 0.00 0.54 0.00 0.20 1.00 0.32 0.51

Y(pasture/grass) p(Julian day) 0.69 0.12 0.00 0.20 1.00 0.32 0.48

V() p(t) 4.03 0.07 0.00 0.12 1.00 0.32 0.09

species. Species also differed greatly in their site occupancy estimates: spring peepers and
upland chorus frogs were detected throughout our study area, but southern leopard frogs
were only detected at a few sites. Our results emphasize the importance of evaluating
habitat and weather variables independently for each species.

Spring peeper calling activity was best predicted by precipitation. Jones and Brattstrom
(1961) found temperature to be a primary factor in determining calling behavior for spring
peepers. Oseen and Wassersug (2002) found that spring peepers were more sensitive to
meteorological variables later in the breeding season, indicating that this species may be
slightly more selective about when to call later in the breeding period. The association

1.0 1 O Survey 1
0.9 - M Survey 2
O Survey 3

30.7-

Detection Probabili

Spring peepers Chorus frogs Leopard frogs

Fic. 1. Detection probabilities (p) for spring peepers, chorus frogs, and leopard frogs for each of three
sampling occasions at our 27 study ponds using PRESENCE models of best fit, p(Cov)y(Cov). Note that no
calling anurans were detected during survey 1.



KIRLIN ET AL.: WINTER ANURAN CALLING 15

1.0
0.9 1
0.8 -
0.7 1
0.6 -
0.5 1
0.4 1
0.3 1

0.2 1
0.1 1

Proportion of sites occupied (y)

0.0 -
Spring peepers Chorus frogs Leopard frogs

FiG. 2. Proportion of sites occupied () by spring peepers, chorus frogs, and leopard frogs using PRESENCE
models of best fit, p(Cov){/(Cov), for each species. Proportion of sites occupied incorporates data from all three
sampling occasions as well as detection probability. Error bars equal to * standard error.

between calling activity of spring peepers and precipitation may be because many species
are known to call more intensely after periods of heavy rain (Bevier, 1997; Blair, 1961;
Duellman and Lizana, 1994; Marsh, 2000). Spring peeper occupancy was predicted by
percent water within a 200 m buffer. Although many studies have found spring peepers to be
associated with forest (Johnson et al., 2003; Knutson, 2000; Price et al., 2005), others have
found them to be fairly insensitive to loss of forest habitat (Gibbs, 1998). Mann et al. (1991)
found that the probability of some anuran species occurrence increases as the number of
pools increases, a result consistent with our findings. Knutson et al. (2004) found that spring
peepers were associated with distance to nearest wetland (includes all types of wetlands).
Upland chorus frog occurrence and calling activity was best predicted by distance
to nearest road and air temperature. Air temperature has been found to be associated with
anuran calling behavior for many species (Fukuyama and Kusano, 1992; Navas, 1996;
Navas and Bevier, 2001; Woolbright, 1985) and anurans can increase their call duration
and rate at higher temperatures (Navas and Bevier, 2001). We detected upland chorus
frogs calling from roadside ditches and small runoff streams during our entire study period,
indicating that this species may actually be more prevalent in areas with high road den-
sities. Chorus frogs are known to be forest-floor dwellers and to breed in semi-permanent
pools (Martof et al., 1980). They may utilize the roadside ditches that occur along forested
roads as breeding sites rather than breeding strictly at ponds. Therefore, the closer the
nearest road, the more likely it is that chorus frogs would be detected by observers.
Southern leopard frogs began calling later in the year (February 23) than spring peepers
and upland chorus frogs (February 8), indicating that our study period coincided with the
beginning of leopard frogs’ breeding season. Todd et al. (2003) also found southern leopard
frogs to begin breeding about this time in the same study area. Because of the later start of
the southern leopard frogs’ breeding season, we may not have detected them at every site at
which they were present. This is likely why the proportion of sites occupied for southern
leopard frogs has such a high standard error (Fig. 2). During the study period, southern
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leopard frog calling activity was best predicted by day of the year, indicating that they may
use some factor that changes in correlation to the day of the year as a cue to begin calling.
Later in their breeding season other factors such as weather and/or temperature may become
more important. Southern leopard frog occurrence was also associated with pasture/
grassland and forest, pasture/grassland being the more important variable. Knutson et al.
(2000) and Knutson et al. (2004) found the northern leopard frog (Rana pipiens) to be
associated with grassland and forest. Southern leopard frogs venture far from water to
forage for insects (Martof et al., 1980), indicating that upland habitats such as grassland
and forest are essential for this species’ life history and behavioral characteristics.

Many previous studies have found that time of day is an important determinant of anuran
calling behavior (Bridges and Dorcas, 2000; Mohr and Dorcas, 1999; Oseen and Wassersug,
2002; Todd et al., 2003). Since our study was conducted only between 1830 and 2400 hr,
within the peak calling hours of all three species as determined by Todd et al. (2003), time of
day had little importance in predicting calling behavior. Often when the temperature drops
below freezing at night, winter breeding anurans will only call during the day when the
temperatures are warmer. Anurans called consistently during the day throughout our study.
Therefore, if we had conducted surveys during the day, we may have found differences in
anuran calling activity because of time of day, especially during survey one when no
anurans were observed during the evening study hours. Also, Bridges and Dorcas (2000)
found that during the summer, southern leopard frogs called consistently from midnight
until dawn. Although their study was conducted in July, it is possible that southern leopard
frogs call past midnight during late winter also, and therefore may have been calling at many
of our study sites after the survey hours. Further studies could use automated recording
systems to monitor anurans continuously to see if the diel variation found by Todd et al.
(2003) and Bridges and Dorcas (2000) could be incorporated into our models.

Oseen and Wassersug (2002) found that prolonged-breeding species (the three species
investigated are prolonged breeders) responded differently to environmental variables over
the course of the breeding season. During the latter half of the breeding season these
species were affected by different variables than in the beginning of the season. Our study
did not cover the entire breeding season of any of the three species; if we had conducted
surveys later into the year, we may have found different weather variables to be important
calling predictors.

Detection probabilities varied among species throughout the study period, indicating
that it is impossible to assign an overall detection probability to each species included in
a monitoring program. No species were detected during survey one. This is likely because
we began our surveys during a period in January when temperatures never rose above
4.1°C (and were frequently below 0°C) in the evenings surveyed. Many of our study ponds
contained substantial ice coverage during this time. Night-time surveys during periods
early in the season may not be good for calling activity and thus may not provide much
data useful for monitoring.

Todd et al. (2003) found that even during the same night, anurans of the same species
called from some ponds but not other ponds that were in close proximity and that were
known to be occupied by the species. These results implied that considerable variation ex-
isted in anuran calling behavior between ponds despite similar weather conditions, which
might explain some of the low detection rates we documented.

Our results indicate that species’ calling activities vary greatly in their associations with
different habitat and weather variables and thus, broad generalizations about anuran calling
activity should only be made with caution. Certain habitat and weather variables affect the
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times and places at which winter-breeding anurans breed. Monitoring programs must be
designed to account for variation among species. Models that incorporate habitat and
weather variables in order to describe anuran calling behavior can be used by monitoring
programs to design species-specific survey protocol.
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