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Abstract

A central question to the usefulness of surveys for estimating population trends is whether the surveys adequately represent the
biological communities that are being monitored. There are two approaches to address this issue; the first is to statistically adjust site
occupancy using species detection probabilities, and the second is to determine the minimum sampling effort required to adequately
represent the communities. We focused on the latter approach, using data from two anuran monitoring programs, the Ontario
Backyard Frog survey (1992-2001) and the Ontario Bait Frog survey (2001-2003). We determined the minimum sampling effort
required to adequately represent the anuran community, and demonstrated the pitfalls of examining population trends when detec-
tion probabilities are less than one and vary either temporally or spatially. We found that approximately 12 and 24 randomly sam-
pled nights were required to detect 80% and 90% of species richness, respectively. Detection probabilities varied among species, and
were highest for spring peepers (Pseudacris crucifer) and green frogs (Rana clamitans), and lowest for wood frogs (Rana sylvatica)
and northern leopard frogs (Rana pipiens). Variation in detection probabilities is likely associated with species specific differences in
calling strategies and breeding periods. Anuran monitoring programs that use three stratified sampling periods require site occupan-
cies to be adjusted using detection probabilities in order to adequately represent anuran communities. Failing to account for differ-
ences in detection probabilities may result in false significant differences in site occupancy rates. The issues raised here are not limited
to monitoring anurans, but are suitable for surveys of many taxa.
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1. Introduction

Reports of amphibian declines (e.g. Pechman et al.,
1991; Wake, 1991) have persuaded both Canadian and
American government agencies to implement programs
to monitor amphibian populations. In recent years, geo-
graphically extensive anuran surveys have been used to
determine if amphibian populations are declining
(Bishop et al., 1997; Lepage et al., 1997). Many of these
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surveys are based primarily or solely upon volunteers to
collect the data, and involve monitoring the calls of adult
male anurans. Although much of the focus has centred on
the use of these surveys for site occupancy, calling codes
(an index of population size) and counts of calling males
(a direct measure of population size) are generally also
collected. Currently, many volunteer-based acoustic anu-
ran surveys are active in Canada and the United States,
most of which are funded, run by, or modeled after the
North American Amphibian Monitoring Program (NA-
AMP), Environment Canada, and Frogwatch USA.
Call surveys are also used in non-volunteer programs
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(e.g., Amphibian Research and Monitoring Initiative
[ARMI]), as well as university funded projects.

Is the sampling effort of anuran call surveys sufficient
to represent the anuran community? This question is
central to the utility of acoustic surveys for monitoring
population trends; unfortunately, instances of insuffi-
cient or inappropriate sampling effort have been well
documented. Generally, monitoring programs are de-
signed with the intent of sampling during peak calling
times for anurans; nevertheless, success has been mixed.
Bridges and Dorcas (2000) found that the typical timing
of anuran surveys in South Carolina occurred when
southern leopard frogs (Rana sphenocephala) had a
small probability of calling. Crouch and Paton (2002)
found that not all anuran species were detected using
acoustic surveys, and that four sampling periods were
necessary to monitor the seven species that were de-
tected. Many acoustic survey programs have three sam-
pling periods, not four, although the NAAMP protocol
includes three seasonal, but also allows for an optional
earlier sampling period to target wood frogs. Paszkow-
ski et al. (2002) found that sampling effort of acoustic
surveys was too low when they evaluated different sur-
vey techniques, as they sampled after the peak calling
times for some species. Detection probabilities for many
species can be low, which may underestimate site occu-
pancy (Storfer, 2003). However, probability detection
can be incorporated into models estimating temporal
changes in anuran occupancy rates (MacKenzie et al.,
2002). Although the problem of call detection is becom-
ing well recognized (Bailey et al., 2002; Genet and Sar-
gent, 2003; Weir et al., 2003), it is doubtful that
monitoring programs have been designed with respect
to this issue.

MacKenzie et al. (2002) described an approach to
compare temporal changes in site occupancy when the
probability of detection is as low as 30%. Currently, at
least two amphibian monitoring programs are using this
approach to examine differences in amphibian occupancy
in light of suboptimal detection probabilities (Genet and
Sargent, 2003; Weir et al., 2003). While we have no objec-
tions with statistically adjusting the data to account for
detection probabilities of less than one, knowledge of
detection rates does not aid in determining whether or
not a species is present at any particular sites. Surveys
can only accurately determine species presence or ab-
sence by assuring that the sampling effort is sufficiently
high so that nondetection ceases to be a major issue.

We evaluated the sampling effort of two acoustic an-
uran monitoring programs: the Ontario Backyard Frog
survey (1992-2001) by Environment Canada, and the
Bait Frog (northern leopard frog; Rana pipiens) survey,
2001-2003 by the Ontario Ministry of Natural Resources
(OMNR). Previous work has shown that volunteer
observers generally correctly identify species by their call
(Genet and Sargent, 2003; Shirose et al., 1997). Call in-

tensity and count data are generally unsuitable for mon-
itoring small areas or routes or for rarer species, because
the combination of small sample size with large sam-
pling error would reduce the precision of estimates of
relative abundance (Shirose et al., In review), and so re-
duce power to unsuitable levels. Volunteers also had dif-
ficulty in estimating calling intensity (Genet and
Sargent, 2003). Thus, we focused only on species rich-
ness and species detectability, specifically, we deter-
mined the sampling effort required for the Ontario
Backyard Frog survey to adequately estimate species
richness, and the relative detectability of different spe-
cies. Lastly, we demonstrate using the Bait Frog survey
of the OMNR how differences in detectability may give
false significant differences in site occupancy among
years.

2. Methods
2.1. Survey methods

The Ontario Backyard Frog survey is an atypical anu-
ran monitoring program; volunteers surveyed only one
location that they selected, usually near their residence,
which was potentially sampled daily throughout the
spring and summer months. All volunteers were familiar-
ized with anuran calls through the use of audiotapes. Vol-
unteers listened for three minutes, usually just after
sunset, and recorded the species calling, the calling code
(see below), the number of individuals calling, as well as
precipitation and wind speed (Beaufort Wind scale).
The calling code was rated from zero to three; code zero
was recorded when no calling was detected, code one
was recorded when each frog could be counted separately,
and when the frog calls did not start at the same time as
a conspecific; code two was recorded when few males
were calling simultaneously, but calling was not contin-
uous and individual males could still be counted; code
three was recorded when calls overlapped and were con-
tinuous, and individuals could not be counted. For our
analysis, we selected 37 locations in which the volunteers
started sampling by early April, and continued through-
out the spring and early summer, and had a large sam-
pling effort (mean number of sampling nights per
volunteer = 78.4 nights). We assumed that each volun-
teer had a detection probability of one for the entire
survey.

The OMNR Bait Frog survey was designed primarily
to monitor northern leopard frogs to manage their use
as bait for fishing. Trained observers familiar with anu-
ran calls conducted the surveys over three years. Sites
were randomly selected from habitat suitable for north-
ern leopard frogs. The eastern portion of Ontario was
divided into six regions (four in eastern Ontario, two
in central Ontario; for more details, see Shirose, 2001).
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Two surveys were performed: nocturnal acoustic
surveys, and daytime acoustic and visual surveys.
Nocturnal call surveys were generally performed once
per season, on warm, damp evenings, with wind less
than 20-30 km/h, between half an hour after sunset
and midnight. After a one minute quiet period, observ-
ers listened for five minutes, and temperature, precipita-
tion, wind speed, and the presence or absence of frog
calls were noted. If northern leopard frogs were not
heard, a second acoustic survey was performed during
the day, followed by a visual survey. Approximately
100 m of shoreline on either side of the site was visually
surveyed, first in the water followed by a land search. A
site was considered occupied if there was chorusing ac-
tivity, or if mature individuals or eggs were found. The
presence of immature individuals only was not consid-
ered sufficient indication of an established population
or colonization event. The timing of the surveys was
tailored specifically for monitoring northern leopard
frogs, and were conducted April 20 through May 9,
2001; April 13 through May 4, 2002; and April 20
through May 6, 2003. We assumed that the combined
visual and acoustic surveys had a detection probability
of one for northern leopard frogs.

2.2. Sampling effort

Unfortunately, it is impossible to directly determine if
the sampling effort by volunteers in the Backyard Survey
was sufficient to adequately represent the species rich-
ness of the anuran community. However, resampling
techniques can be used to generate rarefaction or accu-
mulation curves (Gotelli and Colwell, 2001), and may
indicate if the sampling effort is sufficient to represent
the species richness of the anuran community. Resam-
pling was used to estimate the relationship between the
number of species heard and the number of backyard
surveys taken from the original sample (see next sec-
tion). Due to the relative rarity of some species,
only American toads (Bufo americanus), chorus frogs
(Pseudacris triseriata and Pseudacris maculata), spring
peepers (Pseudacris crucifer), gray treefrogs (Hyla versi-
color), wood frogs (Rana sylvatica), northern leopard
frogs, green frogs (Rana clamitans), and American bull-
frogs (Rana catesbeiana) were included in the analysis.

2.3. Species richness

Data from the Backyard Frog survey were resampled
to determine if the sampling events were sufficient to ob-
tain a good estimate of the species richness, and to deter-
mine if there were appreciable differences among
locations. A species presence—absence matrix was made,
in which the columns represented each species, and the
rows were defined as sampling nights. A value of one

for presence or a value of zero for absence was given
to each cell. Backyard Frog survey locations were re-
sampled with a sample size of 1, 2, 3, 5, 10, 15, 20, 30,
40 and 50 sampling nights. For each sample size (1, 2,
3, 5,...,50), sampling events were randomly selected
1000 times each (with replacement) from the total num-
ber of sampling events. The number of species heard was
calculated for each resample, and then divided by the to-
tal number of species recorded, thereby converting spe-
cies richness of each resample to the proportion of the
species found of the total species richness. A factorial
ANOVA was used to compare the proportion of species
richness found among locations and among sample
sizes. As most anuran monitoring programs use strati-
fied sampling, where three nights are sampled separated
by at least 15 nights, we used resampling to emulate
stratified three-night sampling. The methodology was
the same as above, except three nights were selected only
if separated by 15 days.

2.4. Species detectability

Data from the Backyard Frog survey were resam-
pled to determine which species were most prone to
under-representation when sampled infrequently. As
previously described (see previous section), we created
a species presence—absence matrix. Nights were ran-
domly sampled » times, with replacement, with a sam-
ple size of 1, 2, 3, 5, 10, 15, 20, 30, 40 and 50 sampling
nights. For each subsample, the proportion of trials in
which each species was found was calculated. The ran-
dom sampling was repeated 1000 times for each sam-
ple size. A repeated measures ANOVA was used to
compare the proportion of trials in which the species
was present, treating each subset as the repeated meas-
ure, and including species and location as main fac-
tors. Greenhouse—Geisser adjustments (Greenhouse
and Geisser, 1959) were used to adjust the degrees of
freedom because the different subsets (n=1, 2, 3, ...,
50) were not independent from one another. Tukey
HSD tests were used for multiple comparisons follow-
ing the ANOVAs. Only locations that had at least one
observation of a species were included in the analysis.

2.5. Effect of unequal detection probabilities

The OMNR Bait Frog survey was used to evaluate if
visual surveys improved estimates of site occupancy
rates, and, the effects of detection probabilities on deter-
mining in site occupancy. To investigate whether the
sampling method combining nocturnal acoustic and di-
urnal visual and acoustic surveys was superior to noc-
turnal acoustic surveys alone, a sign test was used to
contrast the site occupancy of northern leopard frogs
surveyed with each of the two methods. Kruskal-Wallis
one-way analyses of variance were used to test for
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independence of year and site occupancy (proportion of
sites at which a species was detected) within each region
for each species. In regions where site occupancy and
year were not found to be independent, Mann—Whitney
U tests were used to test for differences between each
possible pair of years. Kruskal-Wallis one-way analysis
of variance was applied to the northern leopard frog
data to test for independence of presence and region
with all years combined. The analyses were repeated
within each region using only the data from nocturnal
acoustic surveys, and the results were compared to the
results using the combined acoustic and visual surveys.
For all tests, differences were considered statistically sig-
nificant at p <0.05. Statistica 5.5 (StatSoft, 2000) and
Systat 9 (SPSS, 1998) were used for statistical analy-
ses and MathCad 6.0 (1996) was used for resampling
techniques.

3. Results
3.1. Species richness ( Backyard Frog survey )

The proportion of species found varied among loca-
tions (Fj31,60; = 30.02, p <0.0001) and the number of
survey nights (Fj9¢0) = 959.45, p <0.0001). With only
one sampling night, the average species richness was
only 25.1% of the total, but reached an average of
80% of the total species richness by approximately 12
sampling nights, and 90% by approximately 24 sampling
nights (Fig. 1). However, there was no interaction be-
tween the location and sample size (F]27960; = 0.0014,
p =0.9958), indicating that the relationship between
sample size and the proportion of species found was
not influenced by the survey locations.

Species richness differed between the stratified three-
night sampling and the random three-night sampling
techniques. Species richness was higher for the stratified
three-night sampling (58.2% vs. 49.9% of total species
richness; F; 12; = 5.98, p = 0.0011; Fig. 2), and survey lo-
cation influenced the proportion of species found
(Fi31,121 = 31.65, p=0.0001). There was no interaction
between location and sampling regime (Fi31,12 = 0.59,
p =0.8857). The mean species richness was lower for
the stratified three-night sampling compared to five
nights or more of random sampling (vs. five-night ran-
dom sampling; Fpj12=9.38, p=10.0098). Thus, al-
though stratified sampling appears to be more efficient
than random sampling when only a few nights are sam-
pled, three nights of stratified sampling underestimate
species richness.

3.2. Species detectability (Backyard Frog survey )

As expected, the assumption of sphericity was vio-
lated (Mauchley sphericity test, 12[44] =4243, p<
0.0001), so the Greenhouse—Geisser adjustment was
used. The number of trials (out of 1000) in which a spe-
cies was found increased with the number of sampling
nights (Fo.17,262.9) = 918.9, p <0.0001; Fig. 3(a)(c)),
but differed among each subsample of sampling nights,
excepting 30, 40 and 50 nights, which were similar to
each other (Tukey HSD test). The number of trials in
which a species was found varied among species
(Fl1.8360.00= 1675, p <0.0001; Fig. 3(a)—(c)). Spring
peepers were found significantly more frequently
(89.8%) than all other species except green frogs
(78.6%), while green frogs were found more frequently
than wood frogs and northern leopard frogs (65.5 %
and 59.9 %, respectively; Tukey HSD test). There were
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Fig. 1. Mean and standard error of the proportion of the total species found relative to the number of sampling nights, using data from the Ontario
Backyard Frog survey. For each volunteer, the sampling nights were randomly sampled 1, 2, 3, 5, 10, 15, 20, 30, 40 and 50 times, with replacement
from the total number of nights. The random sampling was repeated 1000 times. Species richness for each subsample was calculated, and expressed as

a proportion of the species richness of the total number of nights.
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Fig. 2. Boxplots of mean, SE, SD of the proportion of species found, using stratified and random three-night sampling.

no differences among any other species. There was an in-
teraction between species and the number of sampling
nights, indicating that the relationship between the num-
ber of sampling nights and number of trials in which a
species was found varied among species (Fj2.7,
360.0] = 15.41, p <0.0001; Fig. 3(a)—~(c)). Spring peepers
were generally the easiest to detect of all the other spe-
cies regardless of the number of sampling nights.

The proportion of trials in which a species was found
did not differ among survey locations (F3;, 1877 =1.12,
p = 0.2298), nor was there an interaction between survey
location and the number of sampling nights (F46.6280.9] =
0.63, p = 0.9718).

3.3. Species detectability (Bait Frog survey)

Based on the assumption that the detection of north-
ern leopard frogs using the combined acoustic and visual
surveys was one, the detectability of northern leopard
frogs using only the nocturnal acoustic surveys was cal-
culated as: (number of occupied siteS ,octurnal acous-
tic X 100/number of OCCUPied Sitesnocturnal acoustic + diurnal
acoustic and visual)- Lhe detectability of northern leopard
frogs using only the acoustic surveys was variable, but
underestimated site occupancy in almost all cases (Table
1). Site occupancy at each survey location based on only
the nocturnal acoustic surveys was significantly different
from estimates using the combined diurnal and noctur-
nal acoustic surveys (sign test, p < 0.0005). In the major-
ity of cases where northern leopard frogs were detected
with diurnal surveys, but not with nocturnal acoustic
surveys, the animals were detected by their calls; diurnal
calling activity was frequently more intense than noctur-
nal calling activity when nights were cool. Estimates of
site occupancy from nocturnal acoustic surveys alone
were substantially different from estimates using both
nocturnal and diurnal surveys (Table 1). Detectability

of northern leopard frogs varied among years for central
west Ontario (Pearson y3 = 9.6, p = 0.0080). Out of sev-
en comparisons among years (one for each location in
Ontario), there was agreement between the two survey
designs for only three comparisons, and they gave differ-
ent statistical results for four comparisons (Table 1). In
three of the four cases where there was a disagreement in
statistical results, the acoustic-only survey failed to find
a difference. However, in Central-west Ontario, there
was no significant difference in prevalence among years
using the combined acoustic and visual surveys, but
there was a significant difference in prevalance using
the acoustic-only survey (Table 1). This represents a
type I error, as the acoustic-only survey should not have
found a significant difference. Interestingly, there was a
positive correlation between the detectability of the
acoustic-only survey with site occupancy rates (Spear-
man rank correlation, r = 0.47, t;9 =2.31, p = 0.0324).
This suggests that the estimated site occupancy rates
of the acoustic-only survey were a function of the prob-
ability of detecting northern leopard frogs.

4. Discussion

Detectability affects estimates of anuran species rich-
ness and site occupancy for most, and potentially all, an-
uran acoustic surveys, and sampling effort is clearly an
issue for numerous taxa regardless of the survey method
used (Metcalfe-Smith et al., 2000; Patton et al., 2000;
Walther and Martin, 2001). The Backyard Frog survey
likely produces higher species detection probabilities
compared to other acoustic surveys, as some Backyard
volunteers sample for more than 100 nights in a given
year (Canadian Wildlife Service, unpublished data).
Few other anuran monitoring programs that use volun-
teers approach this level of sampling effort, but generally
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Fig. 3. (a—) Relationship between number of nights sampled and mean (SE) probability of detection; (a) american toads, chorus frogs, and spring
peepers; (b) gray treefrog, wood frog, and green frog; (c) northern leopard frog and American bullfrog

use three nights of sampling, albeit separated by approx-
imately 15 nights between sampling events so as to max-
imize detection probabilities. Nevertheless, our data
suggest that three nights of stratified sampling are not
sufficient to reliably detect all anuran species, even after

excluding species that are rare or difficult to detect (e.g.
Fowler’s toad [Bufo fowleri], pickerel frog [Rana palus-
tris]). Data presented from the NAAMP are consistent
with our conclusions (Genet and Sargent, 2003; Weir
et al., 2003).



Table 1
Comparison of nocturnal acoustic-only surveys with nocturnal acoustic + diurnal acoustic and visual surveys for R. pipiens from the Ontario Bait Frog survey

location 2001 2002 2003 Pa’ Pay
Acoustic + visual Acoustic alone detectability Acoustic +visual Acoustic alone Detectability(%) Acoustic + visual Acoustic alone detectability(%o)
prevalence (%) prevalence (%) (%) o prevalence (%) prevalence (%) prevalence (%) prevalence (%)
Region 1 100 80.0 80.0 80.0 60.0 75.0 93.3 83.3 89.3 0.083
(30/30) (24/30) (24/30) (24/30) (18/30) (25/28) (18/24) (28/30) (25/30) 0.022
Region 2 76.7 70.0 91.3 83.3 73.3 88.0 53.3 46.7 87.5 0.067
(23/30) (21/30) (21/23) (25/30) (22/30) (22/25) (16/30) (14/30) (14/16) 0.028
Region 3 80.6 64.5 80.0 77.4 74.2 95.8 67.7 61.3 90.5 0.537
(25/31) (20/31) (20/25) (24/31) (23/31) (23/24) (21/31) (19/31) (19/21) 0.476
Region 4 90.0 80.6 89.3 58.1 452 77.8 93.5 87.1 93.1 0.001
(28/31) (25/31) (25/28) (18/31) (14/31) (14/18) (29/31) (27/31) (27/29) <0.0005
Central Ontario™ 71 41.9 59.1 25.8 19.4 75.0 64.5 58.1 90.0 0.008
(22/31) (13/31) (13/22) (8/31) (6/31) (6/8) (20/31) (18/31) (18/20) 0. 001
Central-east 80.0 60.0 75.0 30.0 30.0 100.0 75.0 65.0 86.7 0.059
(16/20) (12/20) (12/16) (6/20) (6/20) (6/6) (15/20) (13/20) (13/15) 0. 002
Central-west 54.5 9.1 16.7 18.2 0.0 0.0 45.5 45.5 100.0 0.016
6/11) (1/11) (1/6) (2/11) (0/11) (0/2) (5/11) (5/11) (5/5) 0.202

The data is separated for six regions in Ontario; Central Ontario is the combined Central-east and Central-west locations.
& p-values for Kruskal-Wallis One-way Analysis of Prevalence vs. Year based on nocturnal acoustic surveys alone (p,) and combined nocturnal acoustic + diurnal acoustic and visual surveys

(pav)~

b detectability of nocturnal acoustic surveys alone calculated as: number of occupied sites,octurnal acoustic X 100/mumber of occupied siteS,octurnal acoustic + diurnal acoustic and visual-

F6S-S8S (§00C) 1T1 uonvaLasuo) [pai8ojoig | v 12 vjjos ap 'S

16§
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Detection probabilities varied among species. Not
surprisingly, spring peepers were relatively easy to detect
even with little sampling effort, whereas wood frogs and
northern leopard frogs were the most difficult to detect.
Wood frogs are explosive breeders and call for only a
short time, thus may be missed by call surveys that use
few sampling nights. Crouch and Paton (2000), for ex-
ample, found that wood frogs were likely to be missed
in acoustic surveys in New England at breeding ponds.
The calls of northern leopard frogs do not carry well
over distance, and are easily masked by other calling
frogs. Detection probabilities of chorus frogs were sim-
ilar to the majority of species, but may have been over-
estimated. Spring peepers were the only species that had
substantial error in inter-observer agreement in identifi-
cation (Shirose et al., 1997), and were almost always
misidentified as chorus frogs because of the similarity
between the calls of chorus frogs and the aggressive call
of peepers (Shirose, unpublished data). Considering the
high detection probabilities of spring peepers, this mis-
identification may erroneously increase the probability
of detecting chorus frogs. Chorus frogs can easily be
missed using nocturnal acoustic surveys because they of-
ten call during the day (Shirose, L.; Schueller, F; unpub-
lished data). Although we did not evaluate these species,
both mink frogs (Rana septentionalis) and pickerel frogs
have proved to be difficult to detect in volunteer calling
surveys in Quebec (Lepage et al., 1997).

One of the main objectives of anuran monitoring pro-
grams is to detect temporal changes in population sta-
tus. Unfortunately, temporal or spatial differences in
detectability may falsely mask a real population change,
or falsely produce one. We used data from the Bait Frog
survey to demonstrate both scenarios. There were signif-
icant numbers of sites where northern leopard frogs
were detected with the combined acoustic and visual
surveys but were not detected by the nocturnal acoustic-
only surveys. All of the data from the nocturnal
acoustic-only survey was also included in the combined
acoustic and visual data set, and should have higher pre-
cision and thus statistical power. Hyde and Simons
(2001) argued that heterogeneity of detectability reduces
power to detect either spatial or temporal population
trends. We found that the nocturnal acoustic-only pro-
tocol failed to detect significant temporal differences in
site occupancies. However, while there was a general
reduction in power due to suboptimal detection proba-
bilities (Table 1), we also found that variation in
detectability increased the likelihood of finding false dif-
ferences. It is disconcerting that more than half the time
the two survey designs gave different statistical results.
Data on chorus frogs collected during the Bait Frog sur-
vey found that although there were no significant differ-
ences in prevalence among years in occupancy rates, the
acoustic-only survey and the combined surveys had
trends in different directions, which corresponded to

differences in detectability among years (Shirose and
Brousseau, unpublished data). Unless the detectability
of species with nocturnal acoustic-only surveys is con-
stant across years, the estimates of population trends
will have a bias of unknown size and direction.

Detectability varies among species, thus the effect of
detection will depend on the calling characteristics of
the species. Detectability problems may be expected with
species having a very brief calling period (e.g., wood
frogs), and species that tend not to form dense choruses,
and tend to call sporadically and/or at relatively low vol-
ume (e.g., northern leopard frogs). Difficulty in detecting
certain species has been a problem with other call sur-
veys (Bridges and Dorcas, 2000; Crouch and Paton,
2002). MacKenzie and Kendall (2002) argued that we
should assume that detection probabilities are different
unless otherwise demonstrated.

Call surveys are not the only survey method affected
by suboptimal detection probabilities. Gibbons et al.
(1997) demonstrated that the measurement of species di-
versity of reptiles and amphibians is strongly dependent
on sampling effort, based upon four decades of research
at the Savannah River Ecology Laboratory. Over a 40-
year period, amphibian and reptile diversity was esti-
mated using nearly every viable surveying method, yet
even after four decades of sampling, species richness re-
mained a function of sampling effort (Gibbons et al.,
1997). Relative sampling efficiency is an important fac-
tor influencing estimates of both species presence and
species richness for insects, fish, and birds (Bayley and
Peterson, 2001; Boulinier et al., 1998; Brown and Boyce,
1998). Sampling artifacts are likely a universal phenom-
enon affecting many survey programs.

A method to estimate detection probabilities or sam-
pling effort should be included in survey methodologies
(MacKenzie and Kendall, 2002). Surveys with relatively
little sampling effort require extrapolation to estimate
species richness. Here, we used a bootstrapping ap-
proach to model sampling effort. Both bootstrapping
and rarefaction can be used for extrapolation of species
richness using smaller sample sizes, but they cannot be
used for extrapolation outside of the sample sizes used
(Tipper, 1979). Both asymptotic and non-asymptotic es-
timators of species richness have been used with some
success particularly with highly diverse communities.
However, these methods can be risky and there is little
reason to use them when sampling effort is sufficiently
high to approach an asymptote (Gotelli and Colwell,
2001), and when there are relatively few frog species in
a region.

Our study indicates that volunteer-based anuran
monitoring programs and other population surveys
would benefit from a number of methodological and/
or statistical changes. An increase in sampling effort
by the use of numerous sampling periods and/or the in-
corporation of detection probabilities into statistical
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models would increase the accuracy of estimated
population trends. An increase in sampling effort by sur-
veyors is preferable as it reduces the likelihood of miss-
ing species. While changes in sampling protocol may
reduce the number of volunteers, and at first seem to re-
sult in incompatible data, the use of likelihood-based
statistical methods would overcome the issue of incom-
patible data and allow for temporal and/or spatial com-
parisons in site occupancy rates after adjusting for
detection probabilities. Another benefit of using likeli-
hood-based statistical methods is that covariates such
as temperature or habitat may be incorporated into
the model (MacKenzie et al., 2002). However, this ap-
proach does not determine which sites are occupied,
and unequal detectability may bias habitat use infer-
ences (Gu and Swihart, 2003; Pert et al., 1997). Finally,
our study indicates that monitoring selected anurans,
particularly ranids, would benefit from using a combina-
tion of diurnal visual and acoustic surveys to more accu-
rately monitor populations.
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