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ABSTRACT: Relatively little is known about population ecology of anurans in arctic and subarctic tundra
regions, in part because it is difficult to survey anurans in these landscapes. Anuran survey protocols
developed for temperate regions have limited applicability in arctic and subarctic tundra landscapes,
which may lack roads and vehicle access, and experience variable and inclement weather during short
anuran breeding seasons. To evaluate approaches to address some of the limitations of surveying anu-
rans in tundra landscapes, we assessed the effectiveness of using breeding call broadcasts to increase
detection of Boreal Chorus Frogs (Pseudacris maculata) and Wood Frogs (Lithobates sylvaticus) near
Cape Churchill, Manitoba, Canada. We also evaluated how counts of anurans derived from automated
audio recorders compared with those obtained simultaneously by observers. We detected on average
0.4 additional Wood Frogs per survey when we broadcasted calls (X = 0.82, SD = 1.38), an increase
of > 40% compared to surveys without broadcasts (X = 1.24, SD = 1.51; Wilcoxon test; Z = 2.73,
P = 0.006). In contrast, broadcasting Boreal Chorus Frog calls did not increase the number of chorus
frog detections (Wilcoxon test; Z < 0.001, P > 0.90). Detections of Wood Frogs in a 100-m radius were
lower via automated recorders (X = 0.60, SD = 0.87 SD) than by observers during simultaneous sur-
veys (X = 0.96, SD = 1.27 Z = 2.07, P = 0.038), but those of Boreal Chorus Frogs were not different (
X =1.72,SD =1.31;X = 1.44,SD = 1.5; Z = 1.55, P > 0.121). Our results suggest that broadcasting
calls can increase detection of Wood Frogs, and that automated recorders are useful in detecting both
Wood Frogs and Boreal Chorus Fogs in arctic and subarctic tundra landscapes.
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INTRODUCTION

Established survey protocols for anurans include road-
side surveys, listening stations, repeated surveys at se-
lected breeding areas, and counts of egg masses (Hey-
er et al. 1994, Crouch and Paton 2000, Gerhardt et al.
2000, MacKenzie et al. 2002) and most incorporate de-
tection of breeding calls (e.g., Heyer et al. 1994, MacK-
enzie et al. 2002). However, applying established anuran
survey protocols developed for circumstances common
in more temperate latitudes (e.g., extensive road net-
works, relatively long anuran breeding seasons) to many
high-latitude landscapes is not straightforward. In arctic
and subarctic tundra landscapes, anuran breeding sea-
sons are relatively short and are often characterized by
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highly variable and extreme weather conditions. In at
least some locations, reproduction occurs during periods
that may include risk of encounters with dangerous wild-
life such as polar bears (Ursus martimus), requiring add-
ed safety precautions and possibly forgoing data collec-
tion during periods when calling activity may be highest,
such as near dusk. Moreover, survey protocols developed
in more accessible landscapes, such as road-side listen-
ing surveys and repeated surveys at selected breeding
areas (Heyer et al. 1994, Crouch and Paton 2000) are
generally not feasible in roadless areas. There are no
standard anuran survey protocols for arctic and subarctic
tundra landscapes, where relatively few surveys of anu-
rans have been performed and little is known about the
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distribution and population dynamics of anurans.

Near the coast of Hudson Bay in Manitoba, Canada, Bo-
real Chorus Frogs (Pseudacris maculata) and Wood Frogs
(Lithobates sylvaticus) occur across a gradient from
coastal tundra through interior sedge meadow-wetland
to the tundra-boreal forest interface (Reiter et al. 2008).
In this subarctic landscape, freshwater bodies are frozen
and snow cover persists for up to 9 months a year, result-
ing in anuran breeding habitat being available for only a
few months annually. During this period, travel is large-
ly restricted to aircraft for longer distances or on foot
for shorter distances. For example, Reiter et al. (2008)
conducted line-transect surveys for calling Boreal Chorus
Frogs and Wood Frogs across this landscape, and used
helicopters for transportation among survey sites. Theirs
was the first study to assess landscape-scale distribution
and habitat associations of these species in a subarctic
tundra landscape, but whether sufficient resources, es-
pecially helicopter time, are available may limit the broad
application of their approach.

Protocols that increase anuran detection may reduce
the number of replicate surveys necessary to precisely
estimate occupancy (e.g., MacKenzie et al. 2002), and
likely increase survey efficiency (i.e., provide more in-
formation with the same or less investment of resourc-
es). One approach to increasing detection of cryptic
species is inducing a response from the animals being
surveyed. For example, a variety of bird survey proto-
cols include broadcasting calls to elicit responses from
individuals that would have otherwise gone undetected
(e.g., Conway and Simon 2003, Andersen 2007). Based
on previous studies that used call broadcasts to elicit re-
sponses and increase anuran detection (e.g., Wells 1977,
Wells and Greer 1981, Gerhardt 1982, Gerhardt et al.
2000), we hypothesized that broadcasting breeding calls
of Boreal Chorus Frogs and Wood Frogs could potentially
increase detection, and therefore increase survey effi-
ciency. Herein we evaluate whether broadcasting Bore-
al Chorus Frog and Wood Frog breeding calls increases
detection in a subarctic tundra landscape. In addition,
because both Boreal Chorus Frogs and Wood Frogs call
intermittently throughout the day in our subarctic tundra
study area, we hypothesized that automated audio re-
corders (hereafter automated recorders) may further in-
crease detection (e.g., Peterson and Dorcas 1992, 1994;
Dorcas et al. 2010).

METHODS

Study area — We conducted our study in the vicinity
of the Nestor One research camp (58°34'N, 93°911'W) in
Wapusk National Park (WNP) of Canada. WNP is located
along the western shore of Hudson Bay, Manitoba, Cana-
da and covers about 11,475 km?. The park lies within the
Hudson Bay Lowlands, which are characterized by poorly
drained peatlands, with a matrix of small upland ridges
and lowland sedge-dominated marshes near the coast
(Didiuk and Rusch 1998, Brook 2001). Permafrost under-
lies the entire region, resulting in most water bodies be-
ing <1 m deep. Winter temperatures average -26°C, and
summer temperatures average 11°C (http://www.pc.gc.
ca/pn-np/mb/wapusk/visit/visit4_e.asp). The town of
Churchill, located about 65 km northwest of Nestor One
and hosting the nearest weather station, receives an av-
erage of 436 mm of precipitation per year (http://www.
weatheroffice.gc.ca).

We conducted field work inside two 12.6-km? study
plots, situated 8 km north and south of Nestor One. Both
study plots were located in freshwater, sedge-dominated
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wet meadows. We used ArcGIS version 9.1 (ESRI, Red-
lands, Calif., USA) to randomly select 60 points in each
plot; all points were >200 m apart to avoid overlap in
detection of calling frogs between adjacent points. We
adjusted the location of points to ensure that all were
within 50 m of the nearest water body >10 cm deep,
because shallower water bodies typically dry up early
in the spring, and would therefore not provide suitable
breeding sites for anurans. After adjusting point loca-
tions, we retained 57 points in the northern plot and 60
points in the southern plot that represented potential an-
uran breeding sites.

Call-broadcast surveys — Between 30 May and 18 June
2006, we conducted three call-broadcast surveys at ap-
proximately 6-day intervals at each potential breeding
site (n = 57) in our northern plot. Between 31 May and
11 July 2007, we surveyed a subsample (n = 27) of the
57 sites in our northern plot, and conducted surveys at
the 60 potential breeding sites in our southern study
plot. In 2007 we also systematically physically searched
both study plots for the presence of anurans. To do this,
we repeatedly (=2 times) walked 8 transects located at
1-km intervals spanning each study plot. When we de-
tected anurans, we walked to the site from which anu-
rans were calling and marked the location to facilitate
subsequent broadcast surveys. We subsequently con-
ducted broadcast surveys at 11 of these locations and
conducted a total of 155 broadcast surveys distributed
across breeding sites on our northern and southern study
plots. In our statistical analyses, we included data from
99 surveys, consisting of the first Wood Frog, Boreal Cho-
rus Frog, or null broadcast at each of the 47 sites where
we detected anurans. We broadcasted calls or applied
our null treatment (no broadcast) during 41 surveys at
24 sites where we detected Wood Frogs. Similarly, we
broadcasted calls or applied our null treatment during
18 surveys at 16 sites where we detected Boreal Chorus
Frogs. We conducted call broadcast surveys when wind
speeds were <10 km/h.

Each broadcast survey consisted of the same single ob-
server who stood 5 m from the potential breeding site.
We initiated each survey following an initial 1-min period,
during which the observer quietly stood at the survey lo-
cation. Following this initial period, the observer record-
ed the number and species of anurans detected during
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Figure 1. Difference in the numbers of Lithobates sylvaticus
detected after versus before broadcasting conspecific calls near
Cape Churchill, Manitoba, 2006-2007. This difference represents
the increase in the number of L. sylvaticus detected following
call broadcasts.
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a 3-min listening period. In two cases when anuran calls
overlapped, we estimated the minimum number of frogs
present. Following the initial 3-min listening period, the
observer then randomly offered one of three treatments,
regardless of whether frogs had been heard: 1-min
broadcast of calls of Boreal Chorus Frogs; 1-min broad-
cast of calls of Wood Frogs; or 1 min with the absence of
any broadcast (hereafter null treatment). During surveys
in 2006, we broadcasted anuran calls obtained from the
U.S. Geological Survey Amphibian Research and Monitor-
ing Initiative (http://www.umesc.usgs.gov). During sur-
veys in 2007, we broadcasted calls recorded at our study
sites. We broadcasted calls using a megaphone (FOXPRO
FX3, AllPredatorCalls.com), which we rotated 360°, at an
average of 67 dB (range = 64 - 71) in 2006 and 78 dB
(range = 71 - 80) in 2007 (sound pressure levels mea-
sured 1 m from the source; C-weighting; Radio Shack
Sound Level Meter 33-2050). We selected these sound
pressure levels at which to broadcast calls because they
were the highest sound pressure levels attainable with
our recordings and broadcast equipment that did not re-
sult in obvious distortion. These sound pressure levels
are near or slightly below the range of sound pressure
levels (72 - 94.5 dB) reported by Gerhardt (1975) for
19 species of North American frogs and toads and slight-
ly higher than those of Wood Frog calls we measured
opportunistically on our study sites. Following the call
broadcast, we conducted another 3-min listening period.
In our study area, the density of anurans was relatively
low (Reiter et al. 2008, present study), generally allow-
ing us to distinguish individuals and count the number of
calling anurans. However, when =5 anurans were calling
simultaneously, we recorded the minimum discernible
number of individuals.

In our analyses, we treated surveys at the 27 potential
breeding sites we surveyed on our northern study site in
both 2006 and 2007 as independent observations. We in-
cluded data in analyses from survey locations where we
detected a calling anuran at least once during the year
each location was surveyed (i.e., we censored locations
where we detected no anurans). To avoid pseudorepli-
cation, we restricted our analyses to the first treatment
type at each survey location where we detected a calling
anuran at least once during the year we surveyed that lo-
cation (i.e., both the first call broadcast for each species
and the first null treatment at each survey location could
be included in our sample). To assess whether our initial
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Figure 2. Percent of Lithobates sylvaticus broadcast calls de-
tected on automated recorders as a function of distance in the
4 cardinal directions around recorders near Cape Churchill, Man-
itoba, 2006-2007.
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1-min period was sufficient and to establish a baseline
against which to evaluate the effect of broadcasting calls,
we compared the number of anurans detected during the
initial 1-min period and the null treatment for each loca-
tion where we applied the null treatment.

To assess whether broadcasting calls elicited calling in
Boreal Chorus Frogs and Wood Frogs (and therefore in-
creased detection) we compared the number of anurans
of each species detected during the 3-min periods before
and after conspecific-call broadcasts using a Wilcoxon
matched-pairs test. To be certain that any differences we
observed were in response to call broadcasts and not dif-
ferences in background call rates at the time of surveys,
we also compared the number of both Wood Frogs and
Boreal Chorus Frogs detected prior to treatment during
surveys where we broadcasted calls and surveys with
null treatments using a Mann-Whitney U-test. We used
non-parametric tests because our sample sizes were rel-
atively small and our data were not distributed normally
(e.g., Figure 1).

Automated recorders — In 2006 and 2007, we placed
purpose-built automated recorders (see Mannan 2008
for a detailed description of automated recorder specifi-
cations and components) at locations we expected call-
ing anurans to be present for 6-week intervals from late
May through early July. Automated recorders consisted
of a digital voice recorder, digital timer, microphone, 12-
volt battery, and a solar panel. We separated recorders
from each other by >200 m and programmed them to
record ambient sounds for 3 min at 1.4-h intervals. We
chose a 3-min recording period because most anuran
species are detected within the first 3 min of the start
of a survey (Shirose et al. 1997). We listened to record-
ings during the field season and recorded the number of
frogs of each species distinguishable during each 1.4-h
interval. Because we did not know the audial sensitivity
of automated recorders, we also tested their capability
to register broadcasted calls at different distances. We
broadcasted Wood Frog calls at 20-m increments from
the recorder out to 160 m in each of the four cardinal
directions on clear days when wind speed was <10 km/h
and compared the number of broadcasted calls to the
number of those calls that were distinguishable when we
reviewed recordings made on automated recorders. We
broadcasted Wood Frog calls at 67 (range = 64 - 71) dB
(measured 1 m from the source, as above) and com-
pared the number of broadcasted calls detected with the
number of broadcasted calls for each distance. To further
assess sensitivity of automated recorders under field
conditions, we also conducted 25 listening surveys when
automated recorders were operating. We compared the
number of calling frogs detected based on listening to
recordings from each location to the direct counts made
simultaneously by the observer at the same locations.
We used Wilcoxon matched-pairs tests because our data
were not normally distributed (Conover 1999).

RESULTS

Surveys with broadcasted calls — We detected >1 anu-
ran at 47 of the 155 potential breeding sites in our sam-
ple, and we detected both species at 6 sites. The mean
number of Wood Frogs we detected pre-call broadcast (
X = 0.82, SD = 1.38) increased significantly (Wilcoxon
test; Z = 2.73, P = 0.006; Figure 1) to 1.24 (SD = 1.51
SD) post-broadcast, indicating that Wood Frogs respond-
ed to broadcasted conspecific calls. This difference was
not the result of difference in background call rates be-
tween surveys where we broadcast Wood Frog calls (X =
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0.82, SD = 1.38) and surveys with null treatments (X =
0.54, SD = 0.93 SD) (Mann-Whitney U-test, adjusted Z
= 0.938, P = 0.348; Figure 1).

There was no statistically significant difference in the
number of detections of Boreal Chorus Frogs pre- (X =
0.89, SD = 1.37) and post-broadcast (X = 1.00, SD =
1.53; Wilcoxon test; Z = 0.001, P > 0.90) of conspecific
calls. Nor was there a difference in the number of Boreal
Chorus Frogs we detected during the initial 3-min listen-
ing period of surveys during which we broadcasted Bore-
al Chorus Frog calls (X = 0.89, SD = 1.37) and surveys
with null treatment (X = 1.06, SD = 1.80; Mann-Whitney
U test; adjusted Z < 0.001, P > 0.90).

There was no difference in the number of Wood Frogs
detected in the 3-min periods before (X = 0.54, SD =
0.93 SD) and after (X = 0.63, SD = 1.13) null treat-
ments (Wilcoxon test; Z < 0.001, P > 0.9). Similarly,
there was no difference in the number of Boreal Chorus
Frogs we detected in the 3-min periods before (X = 1.06,
SD = 1.80) and after (X = 1.13, SD = 1.74) null treat-
ments (Wilcoxon test; Z < 0.001, P > 0.9). Therefore,
differences in the number of frogs detected prior to and
subsequent to call broadcasts were not the result of our
presence at a site.

Comparison between audile surveys and automated re-
corders — We detected 100% of broadcasted Wood Frog
calls up to 100 m, but detection declined at distances
beyond 100 m and we detected no call broadcasts at 160
m (Figure 2). During simultaneous listening (X = 0.96,
SD = 1.27) and automated recording surveys (X = 0.60,
SD = 0.87) we registered significantly fewer Wood Frogs
in automated recording surveys (Z = 2.07, P = 0.038;
Figure 3). In contrast, the number of chorus frogs regis-
tered using automated recorders (X = 1.72, SD = 1.31)
and detected by observers (X = 1.44, SD = 1.45) was
not different (Z = 1.55, P > 0.121).

DISCUSSION

Eliciting calls from non-calling anurans and use of auto-
mated recorders has been used to document species rich-
ness, but may also be useful for documenting abundance
and therefore may increase survey efficiency (Penman et
al. 2005). These techniques may be especially useful in
locations where established survey protocols may be lo-
gistically difficult to employ. In the subarctic tundra land-
scape near Cape Churchill, logistical constraints include
the lack of vehicle access, the expense of operating out
of a remote research camp, the presence of dangerous
wildlife, and a short anuran breeding season during pe-
riods with variable and often inclement weather. Under
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Figure 3. Difference in the number of Lithobates sylvaticus
detections made by observers and using automated recorders
during simultaneous surveys near Cape Churchill, Manitoba,
2006-2007.
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such conditions, methods that increase anuran detection
can make surveys more feasible and efficient and facili-
tate studies of poorly-known populations.

Accurately estimating the number of calling anurans
can be difficult when a chorus is large and individual calls
are indistinguishable. For example, the North American
Amphibian Monitoring Program (http://www.pwrc.usgs.
gov/naamp/) uses species-specific call index values to
categorize numbers of chorusing anurans when individu-
als are not distinguishable. In our study area, the density
of anurans was relatively low (Reiter et al. 2008, present
study), generally allowing us to distinguish individuals
and precisely count the number of calling anurans. How-
ever, not all frogs present at a particular location call at
any given time. When the goal of surveying anurans is to
establish presence or estimate abundance, using meth-
ods that increase the likelihood that individuals will be
detected during surveys is desirable. Eliciting responses
using broadcasted calls is a common survey method that
has been used extensively in bird surveys (e.g., Conway
and Gibbs 2005, Andersen 2007). Broadcasting calls has
elicited responses in some anuran species but not others
(e.g., Zelick and Narins 1982) and it is therefore import-
ant to document which species respond to broadcasts
to better construct efficient survey protocols. We found
broadcasted calls of conspecifics slightly increased the
number of Wood Frogs we detected per survey (Figure
1), but did not elicit calls from Boreal Chorus Frogs. Be-
cause of the biological importance of calls (Wells 1977;
Wells and Greer 1981; Gerhardt 1982; Ryan 1985; Ger-
hardt et al. 2000), it is not surprising that an audile stim-
ulus elicited a response from Wood Frogs. Why Boreal
Chorus Frogs did not respond similarly is not clear, but
not surprising. Lopez et al. (1988) found that some male
Caribbean White-lipped Frogs (Leptodactylus albilabris)
responded to call playbacks while others did not, and
Zelick and Narins (1982) showed that call suppression
can result from playbacks in Coqui (Eleutherodactylus
coqui), presumably to avoid acoustic overlap with other
individuals. Therefore, individual and species-specific dif-
ferences in responses to call broadcasts are not new, and
broadcasting calls is expected to work better for some
species than for others. Our results suggest that broad-
casting Wood Frog calls may increase detection, espe-
cially in areas were population densities are low.

Another way to enhance survey efficiency may be to
use automated recorders that can collect information in
the absence of observers. Although the automated re-
corders we used reliably registered anuran calls from as
far as 100 m in any direction, our analysis of record-
ings did not always result in accurate assessment of frog
abundance. The estimated number of calling Wood Frogs
derived from automated recorders was lower than the
number we detected when conducting simultaneous lis-
tening surveys, and this may be related to the character-
istics of the calls and equipment. Automated recorders
collapse the three-dimensional aural world detected by
an observer into a single dimension. Using direction to
identify the source of calls allows an observer to distin-
guish individuals, something that is difficult to do while
listening to a recording. Wood Frogs call with consider-
able overlap among individuals, making it difficult to de-
termine call orientation and accurately discern the num-
ber of frogs calling. The situation was different for Boreal
Chorus Frogs, which usually call with considerably less
overlap between individuals. Reduced call overlap likely
allowed us to accurately assess the number of calling
Boreal Chorus Frogs.
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Acevedo and Villanueva-Rivera (2006:211) found that
recorders produced “better quantity and quality of data.”
Although our findings and those of Penman et al. (2005)
are not completely consistent with those of Acevedo and
Villanueva-Rivera (2006), we agree that recorders offer
some benefits, not least of which is the ability to collect
field data continuously. There are also disadvantages in-
herent in employing automated recorders (e.g., Dorcas
et al. 2010), including, in our study, a large investment
of time necessary to listen to recordings and our difficulty
in accurately counting the number of calling Wood Frogs.
Conversely, we were able to conduct surveys using au-
tomated records during times when it was not safe for
observers to be in the field due to potential encounters
with polar bears (e.g., during periods of low light). Based
on our results, we believe that automated recorders
would likely be effective in monitoring sites for presence
or absence of calling frogs of many species, for detect-
ing qualitative changes in chorus size, helping in studies
of call seasonality, or facilitating documentation of long-
term population trends. Their utility is likely to be espe-
cially high in remote locations with low-density popula-
tions, such as where we conducted our study, where the
likelihood of observers hearing the calls of all species or
individuals present during any short visit is low. Further-
more, automated recorders would likely be useful when
estimating occupancy (e.g., MacKenzie et al. 2002) or
presence of species in remote locations, especially if re-
viewing recordings could be automated. Overall, broad-
casting calls and using automated recorders can lead to
a decrease in required survey effort, potentially reduce
costs (e.g., Acevedo and Villanueva-Rivera 2006), and
for some species, may provide a means of surveying
populations over a broad area efficiently.
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