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ABSTRACT—We surveyed amphibians at 4 montane and 2 plains lentic sites in northern Col-
orado using 3 techniques: standardized call surveys, automated recording devices (frog-log-
gers), and intensive surveys including capture-recapture techniques. Amphibians were ob-
served at 5 sites. Species richness varied from 0 to 4 species at each site. Richness scores, the
sums of species richness among sites, were similar among methods: 8 for call surveys, 10 for
frog-loggers, and 11 for intensive surveys (9 if the non-vocal salamander Ambystoma tigrinum
is excluded). The frog-logger at 1 site recorded Spea bombifrons which was not active during the
times when call and intensive surveys were conducted. Relative abundance scores from call
surveys failed to reflect a relatively large population of Bufo woodhousii at 1 site and only weakly
differentiated among different-sized populations of Pseudacris maculata at 3 other sites. For ex-
tensive applications, call surveys have the lowest costs and fewest requirements for highly
trained personnel. However, for a variety of reasons, call surveys cannot be used with equal

SPRING 2000

effectiveness in all parts of North America.
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The causes of many amphibian declines re-
main undiscovered. Still controversial is the
contribution of natural variation in distribution
and abundance to perceived declines (Blaustein
1994; Pechmann and Wilbur 1994). Long-term
data sets are necessary to evaluate population
dynamics (Meyer and others 1998), but these
are relatively scarce for amphibians (Pechmann
and others 1991; Blaustein and others 1994).
Moreover, the statistical power, the ability to
detect a significant trend, of most existing long-
term data sets is low (Reed and Blaustein 1995;
Hayes and Steid] 1997; but see Thomas 1997),
particularly for anurans (PWRC 1998). In re-
sponse to this problem, international efforts,
including the Declining Amphibian Popula-
tions Task Force, are attempting to track trends
in amphibian populations. The North Ameri-
can  Amphibian = Monitoring  Program
(NAAMP) has been organized specifically to
establish a network of long-term amphibian
population monitoring sites.
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The NAAMP is loosely patterned after the
North American Breeding Bird Survey (Peter-
john 1994) and has a goal to “‘Provide a statis-
tically defensible program to monitor the dis-
tributions and relative abundance of amphibi-
ans in North America, with applicability at the
state, provincial, ecoregional, and continental
scales” (NAAMP 1996a). Because many an-
urans have well-defined breeding seasons and
males produce loud advertisement calls, sur-
veys of breeding choruses may provide a rela-
tively simple means of monitoring trends in
populations (Scott and Woodward 1994).

It is expected that road-based surveys of call-
ing males conducted by volunteers (Bishop and
others 1997; Lepage and others 1997; Shirose
and others 1997; Hemesath 1998; Mossman and
others 1998) will be an important method of
collecting data, particularly in northeastern
and central North America (NAAMP 1997).
However, there are a number of potential prob-
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lems and biases associated with call surveys,
including variation in detectability among spe-
cies; extended breeding seasons in the south-
eastern United States; lack of roads, wetlands,
and species with audible calls in western North
America; inter-observer bias; and problems as-
sociated with recruiting and training a large
pool of volunteers.

Some of these problems might be solved by
automating the monitoring process. Peterson
and Dorcas (1994) described a relatively inex-
pensive (about $200 US for parts; Varhegyi and
others 1998), timer-based recording system
that can be left unattended at a site and set to
record specific lengths of time at specified in-
tervals until the tape needs to be changed. This
method samples the acoustic environment
throughout the day and night, and therefore
has the ability to detect rare species that infre-
quent manual surveys may miss (Anonymous
1995; Varhegyi and others 1998).

We conducted a study in 1995 to compare 3
methods for monitoring breeding amphibians:
automated recorders (frog-loggers; Anony-
mous 1995); manual call surveys, as they would
be implemented in a large monitoring pro-
gram; and intensive (capture-recapture) sur-
veys. In this paper, we compare our ability to
detect presence of breeding amphibians at len-
tic sites by using each survey technique, cor-
relations between relative abundance and esti-
mated population size, and costs associated
with each technique.

STUDY SITES AND METHODS

We installed frog-loggers and conducted
manual call and intensive surveys at 6 small
(<0.5 ha), discrete sites in northern Colorado
(Fig. 1): Pawnee, a pool in an intermittent trib-
utary of Owl Creek on the Pawnee National
Grassland (elevation 1575 m); First Creek, an
impoundment on an intermittent stream at the
Rocky Mountain Arsenal National Wildlife
Refuge (elevation 1615 m); Prospect Canyon, an
abandoned beaver pond (elevation 2707 m),
and Horseshoe Park pond (elevation 2606 m),
both in Rocky Mountain National Park; and
Matthews Pond (elevation 2805 m) and Lily
Pond (elevation 2900 m), both vernal ponds in
the Arapaho-Roosevelt National Forest (see
Vertucci and Corn 1996). Pawnee and First
Creek are in short-grass prairie, and the other
4 are montane sites in lodgepole pine (Pinus
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Locations of study sites in northern Col-

contorta) forests. Study sites were selected to
represent an elevational gradient, to be typical
of size and habitat character of amphibian hab-
itats in these landscapes, to be reasonably pro-
tected from vandalism, and to have confirmed
or suspected amphibian populations.

Study sites were close to roads and were af-
fected by a variety of historic and current hu-
man activities. The Pawnee site is on an active
grazing allotment, although no cattle were pre-
sent during this study. The First Creek site is
located in the uncontaminated, peripheral buff-
er area of the Rocky Mountain Arsenal, where
stream flows were regulated, leading to rapid
increases in the size of the impoundment. The
forest surrounding Lily Pond was clear cut
about 40 yr ago. Horseshoe Park, Matthews
Pond, and Prospect Canyon are in relatively
undisturbed habitat.

Frog-loggers (purchased assembled for $350
each) were placed at each site. These included
a voice clock that generated a time stamp at the
beginning of each recorded segment. Each
frog-logger was placed inside a large (44 L)
cooler for protection from low temperatures.
The microphone was located about 0.5 to 1.5 m
above the surface at the edge of standing water.
The systems recorded on normal bias 90-min
cassette tapes for 12 sec every % hr, 24 hr per
day. Recording length and interval were cho-
sen to allow tapes to be changed every 5 days.
Each frog-logger was accompanied by a small
weather station containing a rain gauge and
single-channel data loggers (Peterson and Dor-
cas 1994) that recorded air and water temper-
atures. Frog-loggers were placed in season-
long operation at each site before any species
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initiated calling and were left until after breed-
ing activity ceased.

Frog-logger tapes were processed by paid
staff after the field season. Calling intensity for
each species heard was recorded for each re-
corded segment using the following categories:
1 = single calls, not overlapping; 2 = overlap-
ping, but discernible calls; and 3 = continuous
calling, individual calls not discernible (Bishop
and others 1997; Lepage and others 1997).

We conducted 3 to 4 manual call surveys at
each site between 2000 and 2200 hr. Intervals
between surveys averaged 7 days (Table 1).
Surveys began after amphibian breeding activ-
ity began regionally. We spent 3 min at the
edge of each site with observers recording the
calling intensity for each species using the
same scale as for frog-loggers. Notes were tak-
en independently by observers. We also record-
ed air and water temperature, percent cloud
cover, wind speed with a portable anemometer,
and moon phase. Observers were zoologists
working for the National Biological Service or
student volunteers. All observers were trained
using frog call tapes and amphibian identifi-
cation books in the laboratory and by obser-
vation and call identification in the field.

Intensive surveys were in conjunction with
capture-recapture efforts and were conducted
after the manual call surveys. Searches re-
quired 2 to 6 hr, including time used in tagging
animals. Formal search patterns (for example,
Thoms and others 1997) were not used, but all
areas of each site <1 m deep were examined at
least once during each survey. Individual cho-
rus frogs, Pseudacris sp.! were marked with a
unique toe-clip (Donnelly and others 1994),
and Woodhouse’s toads (Bufo woodhousii) were
injected with a PIT tag (passive integrated tran-
sponder; Camper and Dixon 1988; Christy
1996, Corn and others 1997) dorsally parallel to
the urostyle.

Manual call and intensive surveys were con-
ducted coincident with changing tapes in the
frog-loggers and included 2 to 4 (usually 3) ob-
servers. Because of logistic constraints (time re-
quired to reach sites and staff hours involved),

1 Boreal chorus frogs, P maculata, occurred at moun-
tain sites, but the identity of chorus frogs, either P,
maculata or western chorus frogs, P. triseriata, occur-
ring at lower elevations in eastern Colorado is un-
certain (Platz 1989).
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we conducted surveys without regard to rec-
ommended environmental constraints (air tem-
perature =8° and wind speed =5.6 m/sec;
Bishop and others 1997; Shirose and others
1997). We considered effects of weather on the
observations as part of our analysis.

We compared the potential of each technique
to detect species by summing species richness
across all sites (total detections). For species
with enough captures, we attempted to cali-
brate relative abundance scores to estimated
abundance. We calculated the mode of all man-
ual call survey scores for a species at a site and
the modal and mean non-zero frog-logger
score for that species both for the week (Sun to
Sat) with the greatest calling activity (greatest
percentage of observations with calling record-
ed) and for the entire season. We estimated
numbers of males (N} from capture-recapture
data using the closed population estimation
program CAPTURE (Otis and others 1978). We
used model M (capture probabilities vary with
time, Darroch procedure), because ability to
catch frogs varied from night to night, depend-
ing on environmental conditions. We then com-
pared (N) to auditory and frog-logger relative
abundance values.

RESULTS

Combining all 3 methods, we observed 6 to
7 species of amphibians: tiger salamander (Am-
bystoma tigrinum), plains spadefoot (Spea bom-
bifrons), B. woodhousii, P. maculata, P, triseriata (?),
Rana pipiens, and wood frog (R. sylvatica). Be-
cause of uncertain identification, chorus frogs
from Pawnee and First Creek will be referred
to hereafter as Pseudacris sp. We found 2 to 4
species at each site (Table 2), except Prospect
Canyon, where amphibians were not found.

No single method registered all species, but
species richness scores summed across sites
were similar among methods: 10 for frog-log-
gers, 8 for manual call surveys, and 11 for in-
tensive surveys (9 if salamanders are exclud-
ed). Frog-loggers recorded vocalizing species
at 5 sites but could not detect the non-vocal A.
tigrinum. Intensive searches observed A. tigrin-
um at 2 sites (Table 2). At 4 of 5 sites with call-
ing amphibians, manual call surveys and inten-
sive surveys identified the same vocalizing
species recorded by the frog-loggers. At the
Pawnee site, manual call surveys detected only
1 species and intensive surveys found 2 of 3
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TABLE 1. Dates of frog-logger operation and manual call and intensive surveys of breeding amphibians at
6 sites in northern Colorado, 1995. Frog-loggers recorded 12 sec every half-hour during peak dates of breed-
ing activity and 12 sec/hr at other times. Days recorded are the number of days with successful recordings

(days down are the number of days without data resulting from malfunction or operator error).

Frog-logger

Days

recorded Number of Manual call and

Site Start date End date  (days down) recordings intensive survey dates
Pawnee 17 March 30 May 63 (10) 2793 30 April; 4, 9 May
First Creek 12 April 3 July 71 (10) 3716 5, 10, 20 May
Horseshoe Park 20 April 6 July 57 (19) 2202 18, 23 May; 2, 7 June
Prospect Canyon 20 April 1 July 35 (36) 1450 18 May, 2 June
Matthews Pond 19 April 3 July 74 (0) 2541 17 May; 1, 6, 15 June
Lily Pond 1 June 8 July 37 (0) 1438 15, 20, 23 June

species recorded by the frog-logger (Table 2).
Cold and windy conditions on survey nights
may have affected detection. Recommended
limits for manual call surveys were exceeded
twice. Air temperature was 5°C during the 30
April survey, and wind speed was gusting to
6.8 m/sec on 9 May. All 3 species also were rel-
atively rare. Calls of Pseudacris sp. and R. pi-
piens occurred only 3 and 9 times, respectively,
out of 2793 recordings on the frog-logger tapes.
Spea bombifrons was recorded 30 times, but not
until 17 May, 6 days after the last call survey
(Table 1).

Sufficient numbers of B. woodhousii at First
Creek and P. maculata at Horseshoe Park, Mat-
thews Pond, and Lily Pond were captured and
marked to allow estimates of population size

(Table 3). Relative abundance scores from man-
ual call surveys and frog-loggers did a poor job
of identifying a relatively large population of B.
woodhousii at First Creek. The low score from
the frog-logger may have been because most
calling toads were located 100 m or more from
the microphone and the recorded calls were
generally faint. Also, environmental noise
(mainly wind and jet noise from Denver Inter-
national Airport) made detecting amphibian
calls on the tapes difficult at times. Conversely,
the calls of P maculata were loud and the frog-
logger tapes were often saturated, regardless of
the population size (Table 3). Manual call sur-
veys identified the smallest population of P. ma-
culata (Matthews Pond, N = 20), but did not
distinguish between the chorus at Lily Pond (N

TABLE 2. Summary of species recorded by automated call surveys (frog-logger), manual call surveys (call
counts), and intensive surveys at 6 locations in northern Colorado.

Number
Location Method of species Species
Pawnee frog-logger 3 Pseudacris sp., Rana pipiens, Spea bombifrons
call counts 1 Pseudacris sp.
intensive 3 Pseudacris sp., R. pipiens, Ambystoma tigrinum
First Creek frog-logger 2 Pseudacris sp., Bufo woodhousi
call counts 2 Pseudacris sp., Bufo woodhousi
intensive 2 Pseudacris sp., Bufo woodhousi
Horseshoe Park frog-logger 1 P. maculata
call counts 1 P. maculata
intensive 2 P. maculata, A. tigrinum
Prospect Canyon frog-logger 0
call counts 0
intensive 0
Matthews Pond frog-logger 2 P. maculata, R. sylvatica
call counts 2 P. maculata, R. sylvatica
intensive 2 P. maculata, R. sylvatica
Lily Pond frog-logger 2 P. maculata, R. sylvatica
call counts 2 P. maculata, R. sylvatica
intensive 2 P. maculata, R. sylvatica
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TABLE 3. Measures of relative and absolute abundance of calling amphibians. Statistics on frog-logger rel-
ative abundance scores were computed for the week with the greatest calling activity and for the entire sea-

son.

Species

Bufo woodhousii

Pseudacris maculata

Site
First Creek  Horseshoe Park Matthews Pond  Lily Pond

Call surveys

Modal relative abundance score 2 3 2 3
Frog-logger

Week with greatest activity 14-20 May 14-20 May 11-17 June 18-24 June

Modal relative abundance score (week) 1 3 3 3

Mean relative abundance score (week) 1.9 2.6 2.6 2.5

Mean relative abundance score (season) 1.8 2.5 2.4 2.3
Intensive surveys

Number marked 136 64 14 41

Estimated abundance 213 113 20 78

Standard error 19.8 18.2 5.3 17.6

= 78) and the one at Horseshoe Park (1\7 =113)
that contained 45% more frogs.

Total costs of using frog-loggers were the
highest of any method. Frog-loggers require an
initial funding outlay for equipment (>$600
per site the 15t year for the froglogger, cooler,
tapes, temperature loggers, and miscellaneous
hardware). Frog-loggers also required 9 to 16
visits, depending on the length of the breeding
season, to set up and remove the installation
and to change tapes every 5 days. Data tran-
scription required about 1.5 hr per hour of tape;
for example, about 15 hr for the 10.5 hr of tape
from Matthews Pond. Intensive and call sur-
veys, in contrast, had modest equipment needs,
required 3 to 4 visits per site, and needed little
or no post-processing of data.

DISCUSSION

Amphibians and their habitats in northern
Colorado represent a relatively simple system
in which amphibian monitoring methods may
be tested effectively. The relatively low species
diversity allows analysis of methodological ad-
vantages and disadvantages that may some-
times be obscured by too much complexity.

Frog-loggers are promising tools for detect-
ing rare species, and they provide data on phe-
nology and behavior related to environmental
conditions (Fig. 2; Peterson and Dorcas 1994;
Varhegyi and others 1998) that are difficult to
obtain by other means. In addition, the audio

tapes provide a permanent record against
which questionable data can be checked (Var-
hegyi and others 1998). However, the equip-
ment is expensive relative to the other tech-
niques tested here. The reliability of the frog-
loggers was variable. Both equipment and op-
erator failures produced gaps in the data
record. Missing data for the weeks beginning
23 April at First Creek and 30 April at Horse-
shoe Park (Fig. 2) were particularly inconve-
nient because data on the initiation of breeding
activity were lost at both sites. Bowers and oth-
ers (1998) also experienced technical problems
with automated equipment in a study of prairie
potholes in North Dakota. The equipment also
is vulnerable to theft, vandalism, and damage
from wildlife (something we experienced).

Data from frog-loggers were poor at discern-
ing relative abundance of Pseudacris and prob-
ably also B. woodhousii, although only 1 popu-
lation was sampled providing no basis for com-
parison. A more complete analysis of the Pseu-
dacris data, using several years of observations
and so beyond the scope of this paper, is un-
derway.

Use of frog-loggers requires more staff time
and higher levels of training than manual call
surveys. Time required to set up, maintain
(change tapes), and remove the equipment re-
sults in more visits to a site than would be nec-
essary for manual call surveys. Significant
time, 35 to 40 hr in this study, is required to lis-
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FIGURE 2. Breeding activity of amphibians (percentage of observations with calling recorded) detected by
frog-loggers and mean air and water temperatures during 1-wk intervals at 4 sites in 1995. Missing data were
due to frog-logger errors; no observations were dates when frog-loggers had been removed or not yet turned
on. Data from Pawnee were not included because of the small number of observations.
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ten to tapes and transcribe the data. Varhegyi
and others (1998) concluded that use of frog-
loggers would cost significantly less than man-
ual call surveys, but they based this on each
technique collecting the same number of obser-
vations. Cost per datum is not a valid compar-
ison, because far fewer manual call surveys are
needed to identify most amphibian species pre-
sent at a given site, and manual surveys would
not be used to gather detailed information on
phenology and behavior. Also, a monitoring
program would include manual call surveys at
several sites each night, while use of frog-log-
gers is restricted by their cost and need for lo-
cations safe from theft or vandalism.

Manual call surveys may be capable of dis-
tinguishing small and large populations of
some species, but call surveys quickly lose the
ability to estimate relative abundance as num-
bers of calling males increase. Shirose and oth-
ers (1997) found they could estimate numbers
of small populations (<30 calling males) of B.
fowleri and R. catesbeiana. Hine and others
(1981) found that manual call surveys were un-
reliable for estimating abundance of R. pipiens.
In this study, manual call surveys were only
able to differentiate between small and larger
populations of P. maculata.

Manual call surveys detect the presence of
common species, but rare species are easily
overlooked, as illustrated by R. pipiens at Paw-
nee in this study. Manual call surveys also will
fail if they are not conducted during times
when the species is present (for example, S.
bombifrons at Pawnee). Because timing of am-
phibian breeding varies among species and an-
nually, depending on temperature and precip-
itation, scheduling is an important consider-
ation and constraint in the design of monitor-
ing programs that use call surveys. Manual call
surveys in this study were conducted at smaller
intervals than recommended for extensive pro-
grams and occasionally during suboptimal
weather. Manual call surveys are the least ex-
pensive of the methods tested here because in-
expensive labor (volunteers) may be used,
there is almost no cost for equipment, and there
is limited need for transcribing data after they
have been collected.

Intensive surveys are effective for determin-
ing presence of species, and capture-recapture
methods provide data on population size use-
ful for tracking changes in individual popula-
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tions. For example, the 113 male P maculata es-
timated present at Horseshoe Park in 1995 is
not significantly different than the 136 males
estimated at the same pond in 1988 (Corn and
others 1997). However, the relatively large er-
ror involved in estimating size of P maculata
populations (mean CV of these 2 estimates =
15.5%), combined with large year-to-year var-
iation in population size (mean number of
males at Lily Pond, 1986 to 1997 = 98, CV =
39.5%; Corn, unpubl. data), means that the sta-
tistical power for evaluating small changes in
population size is low. Intensive surveys re-
quire the greatest amount of expertise, and the
time required to capture and mark individual
frogs makes population estimation at a large
number of sites impractical.

Moreover, population estimation is not the
appropriate method for determining trends in
the abundance of a species over a large area.
Because of the inherent variability and small
size of many populations, wide fluctuations
and extinctions are normal occurrences (Pech-
mann and Wilbur 1994; Green 1997). A better
indicator of whether a species is declining is
the turnover rate of populations (gains minus
losses of populations; Green 1997), which can
be determined from data on presence and ab-
sence.

The goals of a study dictate the methods, and
all of the techniques tested here are useful in
specific circumstances (Table 4). The objectives
of a prospective study will determine which
methods are used. A study of individual spe-
cies might employ a single technique, while a
survey of amphibians in a given area (for ex-
ample, a county or ranger district) might use
call surveys and intensive searches to deter-
mine presence of all species. As area, time, and
number of species increase, no single method
can satisfy all requirements of the objectives
and a combination of methods will be neces-
sary.

Detecting long-term trends of several species
requires an efficient means for determining
presence or absence. Despite their limitations,
manual call surveys are probably the most ef-
fective technique to detect anurans (but not sal-
amanders) in areas such as northeastern and
central North America (Shirose and others
1997; Mossman and others 1998). In addition,
we suggest that a small network of frog-loggers
would be useful to track breeding phenology
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TABLE 4. Effectiveness of monitoring methods for collecting specific types of data and suitability for general

study designs.

Data or study design

Frog-logger

Manual call survey Intensive survey

Effectiveness
Detecting species with audible calls recommended acceptable acceptable
Detecting species with weak or no calls  inappropriate inappropriate recommended
Estimating abundance poor poor recommended
Estimating relative abundance poor acceptable for some species  acceptable
Behavior and phenology recommended poor poor
Reliability acceptable acceptable recommended
Cost expensive affordable expensive
Suitability
Single species ecology / natural history recommended poor recommended
Multiple species; small geographic area  recommended acceptable acceptable
Multiple species; large area poor acceptable acceptable

(Fig. 2). These data can be used for quality con-
trol of each year’s surveys to determine if they
were conducted at appropriate times (Bishop
and others 1997). Other regions pose problems
that limit the usefulness of call surveys. In
western North America, amphibian habitats
are less abundant, road networks are sparse,
availability of volunteers is questionable, and
many species have weak calls that are not eas-
ily detected (NAAMP 1996b). In the southeast-
ern United States, increased diversity of am-
phibians and extended breeding seasons pose
severe complications for organizing a volun-
teer-based survey. In both cases, intensive
methods and increased involvement of profes-
sionals and paid staff will likely be necessary
for establishing successful long-term monitor-

ing.
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