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Abstract

Monitoring programs serve to track changes in the distribution and abundance of species. A major problem with most monitor-

ing programs is that species detection is imperfect and some populations are inevitably missed. Therefore, in most monitoring pro-

grams the true distribution of a species will be underestimated. Here, we report a field test of the reliability and performance of a

commonly used method to monitor the distribution of amphibians (anuran call surveys). We surveyed the distribution of four anu-

ran species in western Switzerland, and estimated detection probabilities to account for imperfect species detection and used these

estimates to adjust our estimate of site occupancy (i.e., distribution). Next, we assessed how detection probabilities were affected by

weather and how site occupancy was affected by site specific covariates. For one species (Hyla arborea), call surveys proved efficient

in determining the regional distribution with only few site visits because detection probabilities were relatively high. The call surveys

apparently missed many populations of another common species (Bufo calamita) because detection probabilities were lower. Two

other species (Bombina variegata and Alytes obstetricans) were uncommon and strong inference from the analysis is not possible.

Thus, multispecies surveys may be inefficient for rare species. Estimates of detection probabilities were used to calculate how many

site visits are necessary to infer the absence of a species with some predetermined statistical certainty. The implications of ‘‘false

absences’’ are important in ecology as they are known to bias usual habitat suitability models and overestimate extinction/coloni-

zation events in metapopulations. Large-scale monitoring programs would benefit from the application of an estimation-based

approach to monitoring the distribution of species.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Monitoring programs increasingly are used to assess

trends in species abundance, distribution, and biodiver-
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sity (Gibbs et al., 1998; Hintermann et al., 2000; Yoc-

coz et al., 2001). Monitoring data are essential to

identify key issues for policy and management goals,

such as assessing priorities for conservation and land
use, for environmental impact assessment, and for

informing managers, policy-makers, and the general

public about the state of nature (Stork and Samways,

1995). Two elements of a monitoring program are cru-

cial to ensure that the goals can be achieved: clear

specification of objectives and the collection of data
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from which reliable inference can be made (Thompson

et al., 1998; Yoccoz et al., 2001; Pollock et al., 2002;

Karanth et al., 2003).

It is often very difficult, if not impossible, to detect

all individuals, populations, or species during a mon-

itoring program (Preston, 1979; Nichols and Conroy,
1996; Yoccoz et al., 2001; Pollock et al., 2002; Willi-

ams et al., 2002). Hence, inference from such data

will bias estimates of population and community

parameters, wildlife-habitat models and metapopula-

tion models (Yoccoz et al., 2001; Pollock et al.,

2002; Karanth et al., 2003; Schmidt, 2003; Tyre

et al., 2003; Gu and Swihart, 2004; Kéry and Schmid,

2004). The problem can be stated simply using the
formula

EðCÞ ¼ Np; ð1Þ

where E(C) is the expected value of a count (e.g., the

number of ponds where a species was heard), N is the

true value of the population parameter of interest

(e.g., the number of sites occupied by a species) and
p is a detection probability (Nichols, 1992). Because

p is generally smaller than one and often variable,

analysis of trends based upon these data is difficult

at best (Yoccoz et al., 2001). In a trend analysis based

on counts C, one assumes tacitly that detection prob-

abilities p are constant. Although most monitoring

uses standard methods, detection probabilities are

never constant (MacKenzie and Kendall, 2002). A re-
lated problem is that one can detect the presence of

individuals, populations, or species, but one can never

be certain that individuals, populations, or species are

truly absent rather than simply undetected (McArdle,

1990; Solow, 1993; Reed, 1996; MacKenzie et al.,

2002; Kéry, 2002). The perfect monitoring program

would identify sites where a species is present and

those where it is truly absent. The estimation of detec-
tion probabilities can improve monitoring programs

(Yoccoz et al., 2001; Pollock et al., 2002). Here, we

address these issues using an example from an anuran

call survey.

Amphibians are often considered reliable indicators

of ecosystem health (Welsh and Droege, 2001). More-

over, a large number of amphibian species are declin-

ing or at risk of extinction because of human activity
(Cooke, 1972; Blaustein and Wake, 1990; Alford and

Richards, 1999; Houlahan et al., 2000; Collins and

Storfer, 2003). This has lead to the creation of moni-

toring to determine the status of species and to im-

prove conservation and management (e.g., Mossman

et al., 1998; Dodd, 2003; Buckley and Beebee, 2004).

Monitoring the distribution and abundance of anuran

amphibians often involves registering the calling activ-
ity during the breeding season. Such call surveys are

used to monitor both distribution and abundance

(e.g., Lepage et al., 1997; Mossman et al., 1998;
Hemesath, 1998; Stevens et al., 2002; Buckley and

Beebee, 2004). Although calling facilitates detection

of anurans, the frequency and intensity of calls may

be influenced by date and time of day, survey length,

observer experience, and other factors (e.g., Shirose

et al., 1997; Bridges and Dorcas, 2000; Crouch and
Paton, 2002; Genet and Sargent, 2003). The typical

protocol of a study to assess the reliability of an anu-

ran call survey is to visit a site many times or for

much longer time period than is typical for a standard

anuran call survey. Subsequently, the time until all

species present at a site are detected is measured. Such

information can be used to estimate the optimal allo-

cation of survey effort (monitoring of birds is often
also based on vocalizations and the same problems

apply, e.g., Bart and Schoultz, 1984; Thompson et

al., 1998; Nebel and McCaffery, 2003). Ideally, surveys

should aim for high detection probabilities at peak

calling periods. However, some uncertainty in the pro-

portion of species that have been detected, and in the

timing of peak calling, inevitably will remain (Mac-

Kenzie et al., 2002).
Here, we present the results of a survey to determine

the regional distribution of four anuran species. We

estimated detection probabilities from repeated site vis-

its and adjusted estimates of species� distributions

accordingly (MacKenzie et al., 2002, 2003; Royle and

Nichols, 2003; Tyre et al., 2003; Wintle et al., 2004).

We then used the detection probabilities to determine

the number of visits for adequate statistical power to
reliably determine site absences. Taken together, these

two elements of information are essential to design a

monitoring program from which reliable inference is

possible. Moreover, the method for inferring absence

could be used in environmental impact assessment to

shift the burden of proof. One may demand that a

developer provides evidence that a species is absent

from a site rather than providing evidence that a spe-
cies is present.

The four anuran species we studied are prolonged

breeders that differ strongly in their calls (Nöllert

and Nöllert, 1992). Two species, the natterjack toad

Bufo calamita and the tree frog Hyla arborea, have

very loud calls that can be heard more than a kilo-

metre away in good conditions. The calls of the

other two species, the yellow-bellied toad Bombina

variegata and the midwife toad Alytes obstetricans,

are rather soft and have a low (Bombina) or high

(Alytes) pitch. The four species often occur together

in the same sites (Grossenbacher, 1988) and thus are

suitable for comparative analysis. Here, we apply a

rigorous statistical approach to estimate detection

probabilities and site occupancy based on mark-re-

capture theory (MacKenzie et al., 2002) that proved
to be very useful for the analysis of monitoring

data.
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2. Methods

2.1. Study area and field work

During spring, 2002, we surveyed 27 ponds in western

Switzerland, between the villages of Allaman and Bière
(Lat. N46�30 0; Long. E6�25 0). The study area covers a to-

tal of 396 km2 (see Pellet and Neet (2001) and Pellet et al.

(in press) for further information). Surveys were con-

ducted for 15 min, beginning at sundown, on 32 nights

from March 27 to June 18. Each site was visited on aver-

age 3.7 times (range 1–17) during the breeding season.

Pond shores were walked systematically, and calling

activity of all four species was recorded as present (1)
or absent (0). Weather data were provided by Meteo-

Swiss from the Changins weather station, 16 km from

the centre of the study area. RAIN was computed as

the sum of rainfall (in mm) during the day of the survey

while TEMP was calculated as the mean temperature (in

�C) from 3 measurements taken during the day of the

survey (morning, noon and evening). During the days

that preceded nights of fieldwork, average rainfall was
10.3 mm (median 0.05 mm, range 0–90.8 mm). Temper-

ature during field work was on average 13.1 �C (median

12.8 �C, range 4.8–26.8 �C). RAIN and TEMP were

weakly correlated (R2 = 0.093, P = 0.045). Conditions

during field work were not the same for the four species

because of variation in breeding phenology (Table 1).

2.2. Data analysis

We used the mark-recapture-like approach of Mac-

Kenzie et al. (2002) as implemented in program PRES-

ENCE (available for download from http://

www.proteus.co.nz/) to estimate the proportion of sites

occupied by each species. These models assume that a

distribution is ‘‘closed’’ within a season, i.e., there are

neither colonisations nor extinctions. Thus, for each spe-
cies, we restricted analyses to the time span during which

that species was active and calling in at least one site

(MacKenzie et al., 2002). For Hyla and Alytes, all 32

survey nights were retained while only 28 and 14 nights

were included in the analyses for Bufo and Bombina,

respectively.

We defined a small set of a priori models we believed

might explain site occupancy of the four species. First,
we used the continuous covariates ‘‘distance to nearest
Table 1

Weather conditions during field work

Species Temperature (�C)

Mean Median Minimum

Hyla arborea/Alytes obstetricans 13.2 12.9 4.8

Bufo calamita 13.8 13.9 5.7

Bombina variegata 16.6 16.0 12.0

Conditions were the same for H. arborea and A. obstetricans.
road’’ (DIST2ROAD). Previous analysis showed this

variable was strongly correlated with tree frog presence

and absence (Pellet et al., in press). Second, we used the

categorical variable NATURAL, which describes

whether a site was man-made (e.g., gravel pits), or nat-

ural or originally man-made, but left undisturbed for
many years. Some species are almost completely re-

stricted to man-made habitat (Grossenbacher, 1988).

The third model assumed no effect of DIST2ROAD or

NATURAL. Mean DIST2ROAD was 0.111 km (SE

0.070; n = 14) for natural habitats and 0.084 km (SE

0.054; n = 13) for gravel pits (two-sample t-test,

P = 0.277).

To model detection probability, we developed three
models. In the first model, we assumed that detection

probability was constant (p). In the second and third,

we assumed that detection probabilities were affected

by temperature during the day (TEMP) or by the

amount of rainfall (RAIN), respectively. Both tempera-

ture and rainfall affect anuran calling and hence detec-

tion probabilities (e.g., Blankenhorn, 1972). The three

models for occurrence and detection were combined to
yield a total of nine candidate models.

Since the data set was small, we kept the candidate

models simple (Anderson and Burnham, 2002). The pat-

tern of species distribution is probably best described by

models with multiple covariates and some relationships

may be non-linear (e.g., Austin, 2002; Knapp et al.,

2003), but such complex models require larger data sets

(i.e., more sites surveyed).
We used Akaike�s Information Criterion (AIC) to

rank models and to calculate Akaike weights (Burnham

and Anderson, 2002). Akaike weights are equivalent to

Bayesian posterior model probabilities and indicate the

relative support of a model (Burnham and Anderson,

2002; Wintle et al., 2003). The sum of the Akaike

weights across all candidate models is one. Akaike

weights were then used to calculate model-averaged
parameter estimates (proportion of sites occupied,

detection probabilities) and confidence intervals. Mod-

el-averaged confidence intervals take model selection

uncertainty into account (Burnham and Anderson,

2002; Wintle et al., 2003).

Estimates of detection probabilities can be used to

estimate, with a specified degree of confidence, the num-

ber of visits necessary to assert that a species is truly ab-
sent from a site (McArdle, 1990; Reed, 1996; Kéry,
Rainfall (mm)

Maximum Mean Median Minimum Maximum

26.8 10.4 0.1 0.0 90.8

26.8 11.9 0.5 0.0 90.8

26.8 18.8 2.8 0.0 90.8

http://www.proteus.co.nz/
http://www.proteus.co.nz/
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2002). Assuming that visits are comparable and inde-

pendent, the probability F of not seeing a species after

N visits with detection probability p is

F ¼ ð1� pÞN :
If we want to be 95% confident that a species is absent,

then F = 0.05. The above equation can be solved for the

Nmin, the minimum number of visits necessary to be 95%

certain that a species is absent,

Nmin ¼
logð0:05Þ
logð1� pÞ :
3. Results

The difference between the naı̈ve proportion of

ponds occupied (naı̈ve in the sense that detection

probability is assumed to be 1; i.e., the number of

ponds where the species was detected), and the esti-
mated proportion of ponds occupied varied considera-

bly among species after accounting for imperfect

detection (Table 2). Also, the models that explained

the data best varied among species, but the estimated

proportion of ponds occupied was consistent among

models (Table 2).

3.1. Hyla arborea

This species was heard at 18 of 27 sites. Thus, the

naı̈ve proportion of sites used by this species is 18/

27 = 0.67. During the period when Hyla was active,

the sites were visited an average of 3.7 times (median

2, range 1–17). Tree frogs, if present, were detected an

average of 3.3 times (median 2, range 1–15). Detection

probability varied strongly with temperature (Fig. 1).
The sum of Akaike weights of all three models including

TEMP as a covariate for detection probability is 0.961.

Hyla was detected more often on during warm nights

(Fig. 1). In contrast, none of the factors thought to ex-

plain the proportion of ponds occupied was strongly

supported by our data. All ŵ (the estimated proportion

of sites occupied) were within the range of less than 1

SE. The model averaged estimated proportion of ponds
was slightly higher than the naı̈ve proportion, but within

the range of the standard error. With the small number

of visits to each site, ŵ tends to be positively biased

(MacKenzie et al., 2002). Moreover, because we visited

27 ponds, naı̈ve proportions can only take values which

are a manifold of 1/27 (e.g., 0.666, 0.703, 0.740,. . .).
Thus, some difference between the naı̈ve and estimated

proportion of sites occupied is expected. Therefore, we
believe that we found all sites where Hyla breeds. This

result is not surprising given the weather conditions un-

der which field work was done and the high average

detection probability ðp̂ ¼ 0:743Þ.
Three visits at an average temperature of 13 �C were

required to be 95% certain that a species was absent.

However, since detection probability varied strongly

with temperature (Fig. 1), the minimum number of visits

declined with increasing temperature (Fig. 2).

3.2. Bufo calamita

This species was heard in 10 of 27 sites. Thus, the

naı̈ve proportion of sites used by this species is 0.37.

During the period when Bufo was active, the sites were

visited an average of 3.3 times (median 2, range 1–14)

and Bufo, if present, detected an average of 2.0 times

(median 1.5, range 1–5). Model selection was dominated
by the effect of DIST2ROAD. Models including DIST2-

ROAD had a joint Akaike weight of 0.628, indicating

the species was more likely to occur further from roads.

In contrast to tree frogs, there were no clear predictors

of detection probabilities. All ŵ were within the range

of less than 1 SE. The model averaged estimated propor-

tion of ponds occupied was much higher than the naı̈ve

proportion, suggesting that in many sites (23%) where
the species occurs it was not detected. The estimated

mean detection probability was 0.442. Thus, a minimum

of 6 visits were required to be 95% certain the species

was absent.

3.3. Bombina variegata

This species was heard in 3 of 27 sites. Thus, the naı̈ve
proportion of sites used by this species is 0.11. During

the activity period of Bombina, the sites were visited

an average of 1.2 times (median 1, range 1–4); the activ-

ity period of this species started in May whereas all

other species were already active in late March or April,

thus reducing the dataset to only 14 survey nights. Bom-

bina, if present, was detected an average of 1.7 times

(median 1, range 1–3). The model selection yielded no
clear pattern because the models did not converge to

good parameter estimates and the variance-covariance

matrix could not be calculated in PRESENCE. We pre-

sent the results of the PRESENCE analysis in Table 2,

but refrain from an interpretation. For example, some

estimates of detection probabilities were 0, which sug-

gests that the entire analysis is probably of questionable

value.

3.4. Alytes obstetricans

This species was heard in 3 of 27 sites. Thus, the naı̈ve

proportion of sites used by this species is 0.11. During

the activity period of Alytes, the sites were visited an

average of 3.7 time (median 2, range 1–17) and Alytes,

if present, detected an average of 4.33 times (median 6,
range 1–6). Model selection suggests that Alytes occurs

more often in anthropogenic habitats (gravel pits and



Table 2

Model selection and parameter estimation of site occupancy

Model DAIC w ŵ SE(w) Difference p̂

Absolute Proportional

Hyla arborea (naı̈ve w = 0.667)

w(.)p(TEMP) 0.000 0.476 0.730 0.100 0.06 �0.09 0.742

w(NATURAL)p(TEMP) 0.913 0.302 0.717 0.097 0.05 �0.07 0.745

w(DIST2ROAD)p(TEMP) 1.913 0.183 0.732 0.100 0.06 �0.09 0.741

w(.)p(.) 7.181 0.013 0.740 0.101 0.07 �0.10 0.713

w(NATURAL)p(.) 7.940 0.009 0.729 0.098 0.06 �0.09 0.715

w(.)p(RAIN) 8.913 0.006 0.740 0.102 0.07 �0.10 0.716

w(DIST2ROAD)p(.) 9.088 0.005 0.742 0.102 0.08 �0.10 0.712

w(NATURAL)p(RAIN) 9.679 0.004 0.729 0.099 0.06 �0.08 0.719

w(DIST2ROAD)p(RAIN) 10.811 0.002 0.742 0.102 0.08 �0.10 0.716

Model averaged 0.726 0.099 0.742

Bufo calamita (naı̈ve w = 0.370)

w(DIST2ROAD)p(.) 0.000 0.224 0.482 0.116 0.11 �0.23 0.439

w(DIST2ROAD)p(TEMP) 0.078 0.215 0.478 0.114 0.11 �0.23 0.464

w(DIST2ROAD)p(RAIN) 0.340 0.189 0.484 0.115 0.11 �0.24 0.425

w(.)p(.) 1.768 0.093 0.501 0.133 0.13 �0.26 0.425

w(.)p(RAIN) 1.931 0.085 0.501 0.129 0.13 �0.26 0.413

w(.)p(TEMP) 1.951 0.084 0.491 0.128 0.12 �0.25 0.452

w(NATURAL)p(.) 3.474 0.039 0.516 0.141 0.15 �0.28 0.419

w(NATURAL)p(TEMP) 3.684 0.035 0.503 0.135 0.13 �0.26 0.447

w(NATURAL)p(RAIN) 3.722 0.035 0.511 0.135 0.14 �0.28 0.409

Model averaged 0.489 0.122 0.438

Bombina variegata (naı̈ve w = 0.111)

w(DIST2ROAD)p(TEMP) 0.000 0.146 0.248 0.134 0.14 �0.55 0.000

w(NATURAL)p(TEMP) 0.041 0.143 0.265 0.159 0.15 �0.58 0.000

w(DIST2ROAD)p(.) 0.249 0.129 0.241 0.130 0.13 �0.54 0.421

w(NATURAL)p(.) 0.284 0.127 0.263 0.171 0.15 �0.58 0.384

w(NATURAL)p(RAIN) 0.386 0.121 0.234 0.122 0.12 �0.53 0.001

w(DIST2ROAD)p(RAIN) 0.406 0.119 0.224 0.109 0.11 �0.50 0.840

w(.)p(TEMP) 1.134 0.083 0.335 0.220 0.22 �0.67 0.000

w(.)p(.) 1.449 0.071 0.320 0.217 0.21 �0.65 0.382

w(.)p(RAIN) 1.747 0.061 0.264 0.143 0.15 �0.58 0.943

Model averaged 0.260 0.154 0.288

Alytes obstetricans (naı̈ve w = 0.111)

w(NATURAL)p(TEMP) 0.000 0.281 0.130 0.067 0.02 �0.14 0.574

w(NATURAL)p(RAIN) 0.744 0.194 0.132 0.068 0.02 �0.16 0.566

w(NATURAL)p(.) 0.950 0.175 0.127 0.066 0.02 �0.13 0.569

w(.)p(TEMP) 1.790 0.115 0.142 0.078 0.03 �0.22 0.566

w(.)p(RAIN) 2.752 0.071 0.139 0.077 0.03 �0.20 0.561

w(.)p(.) 2.769 0.070 0.138 0.076 0.03 �0.20 0.562

w(DIST2ROAD)p(TEMP) 3.789 0.042 0.142 0.079 0.03 �0.22 0.566

w(DIST2ROAD)p(RAIN) 4.747 0.026 0.139 0.077 0.03 �0.20 0.561

w(DIST2ROAD)p(.) 4.769 0.026 0.138 0.077 0.03 �0.20 0.562

Model averaged 0.133 0.071 0.568

DAIC is the difference between the model with the lowest AIC and the given model, w is the Akaike weight, w is the estimated proportion of sites

occupied and the SE(w) the standard error thereof, absolute difference is ðŵ� na€ıve wÞ and relative difference ð1� ðna€ıvew=ŵÞÞ, and p̂ is the

estimated detection probability.
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alike), but this results is based on only three sites where

the species is present.

There was no clear pattern which covariates would

best predict detection probabilities. Again, we cannot
make any conclusive statement regarding the impor-

tance of the covariates. The ŵ were within the narrowest

range of all four species. The model averaged estimated

proportion of ponds is slightly higher than the naı̈ve
proportion, but within the range of the standard error.

As with Hyla, we believe that we found all the sites

where Alytes occurs. Given the conditions under which

field work was done, the estimated mean detection prob-
ability was 0.570. Thus, a minimum of four visits were

required to be 95% certain the species was absent.

Most information on detection probabilities is ob-

tained from sites where the species is detected at least
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once (B.A. Wintle, personal communication). Because

Alytes was detected at only three sites, a careful interpre-

tation of detection probabilities and the minimum num-

ber of visits to infer absence is warranted.
4. Discussion

4.1. The utility of anuran call surveys

The probability of detection varied strongly among

species. The good news is that it is possible to detect

all the sites where a species is present using call surveys

with relatively few visits (e.g., Hyla, Alytes). The bad

news is that in the same survey many populations of

other species were overlooked (Bufo, Bombina). The sta-
tistical analysis revealed that many sites with Bufo were

apparently missed. This may not be surprising, since six

visits were necessary to infer absence of this species with

95% certainty, and sites were visited an average of only
3.3 times. Thus, even when using standardized methods,

simple unadjusted counts alone cannot reliably be used

to determine species distributions, but estimates of

detection probabilities are needed. While we could

model the covariates of site occupancy for three species

(Hyla, Bufo, Alytes), the analysis is only reliable for two
species (Hyla and Bufo). Alytes was detected at only

three sites and more sites are needed to model the rela-

tionship between the distribution and habitat variables

reliably (Harrell, 2001).

We expected that species detection would be corre-

lated with call volume. This was not the case. Instead,

overall calling behaviour, not the call per se, was most

important. Both Alytes and Hyla call relatively con-
stantly during the breeding season whereas Bufo calls

infrequently. This is most obvious at the most frequently

visited site, where both Hyla and Bufo occur. This site

was visited 13 times during the breeding season of Bufo.

Hyla was heard calling 13 times while Bufo was heard

only five times. Large Bufo choruses only occur after

heavy rains have filled temporary pools. Nonetheless,

candidate models that included rain were not well sup-
ported by the data, probably because of the intrinsic

temporal structure of breeding activity in this species

(Sinsch, 1988). Additionally, only a subset of the males

call during a night (Arak, 1988) and the duration of call-

ing activity in a given night may vary from 20–500 min

(Blankenhorn, 1972). Knowledge of the factors that af-

fect detection probabilities can help to design efficient

surveys. For example, the relationship between temper-
ature and detection probability displayed (Fig. 1), may

be used to determine ideal conditions for anuran call

surveys. However, the explanatory power of covariates

varied among species. Temperature clearly predicted

detection probability of tree frogs (Fig. 1) whereas no

environmental variable significantly predicted detection

probability for other species. This implies that optimal

survey conditions may vary among species.

4.2. Estimating the proportion of sites occupied by a

species and inferring absence

We used the models of MacKenzie et al. (2002) to

estimate site occupancy and reliably infer species ab-

sence. For three species (Hyla, Bufo, and Alytes) the

analysis worked well. For the fourth species, Bombina,
the analysis was not satisfactory, because of sample size

limitations. This shows that when multiple species are

surveyed in parallel, reliable inference may only be pos-

sible for the commoner species which are present at a

sufficiently large number of sites. Rare species may re-

quire surveys that are designed specifically for these

species.

With relatively few visits to the sites, standard errors
were quite narrow and in the range expected from the

simulation study of MacKenzie et al. (2002). Coefficients
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of variation depended strongly on ŵ: CV was lowest for

Hyla (13%), intermediate for Bufo (25%), and highest

for Alytes (54%). The simulations of MacKenzie et al.

(2002) lead us to expect that adding more visits to sites

would not reduce standard errors (and hence, CV).

The statistical methods we used assume that there are
no false positives, i.e., species should not be recorded as

present when they are in fact absent. Given our experi-

ence with the species, we believe that this assumption

was met in our analyses. However, Genet and Sargent

(2003) found that volunteers falsely recorded species at

sites where they were not present. The mark-recapture

approach that we have used can deal with false negatives

(i.e., species present but not detected) but not with false
positives. Future site occupancy models should allow for

false positives.

Because detection probabilities were relatively high

(Table 2), it is possible to infer species absence with rel-

atively few site visits. If detection probabilities are much

lower, then financial constraints on the monitoring pro-

gram may preclude a sufficient number of site visits to

infer species absence. However, if a development project
threatens a site where an endangered species occurs, it

would still be possible to reverse the burden of proof

and demand that the development company provide evi-

dence that a species is absent from a particular site with

a statistical certainty (Dayton, 1998; Kéry, 2002).

The detection probabilities we estimated are based on

a single season of field work. Before they are used to de-

sign a monitoring program, variation in detection prob-
abilities among years should be assessed. MacKenzie

et al. (2003) found that detection probabilities of the sal-

amander Ambystoma tigrinum varied strongly between

two years (p̂ ¼ 0:27 and 0:65, respectively). Conse-

quently, the number of visits necessary to be 95% certain

that Ambystoma tigrinum was absent from a site was 10

and 3, respectively.

4.3. The importance of an estimation-based approach

to monitoring

With multiple visits to the ponds, it was possible to

detect all populations (or rather choruses) of two out

of four species, namely Hyla and Alytes. If conditions

for field work are selected appropriately (e.g., tempera-

ture >20 �C), the entire regional distribution of Hyla

might be determined with >95% confidence using a sin-

gle visit to each site (Fig. 2) without a need for statistical

analysis. Nevertheless, we believe that an estimation-

based approach, such as MacKenzie et al. (2002) models

that we used, is superior to other approaches, for several

reasons. First, the same survey may yield good data for

some species whereas populations of other species re-

main undetected (Bufo, Bombina; see also Heimbucher,
1986). Here, it is important to estimate detection proba-

bilities and adjust the counts accordingly. Second, an
estimation-based approach also gives a standard error

or confidence interval. This allows gauging of how much

confidence is warranted in the results of the survey.

Third, the estimate and confidence interval of site occu-

pancy are independent of the method used. Thus, in a

long-term monitoring program, different methods could
be used in different years. It is also possible to use

slightly different protocols (e.g., time spent at a site) or

even different methods at different sites and incorporate

such differences as covariates in the analysis. Whereas

the counts are likely to differ, the estimates should not.

A statistical approach to the analysis of monitoring

and survey data is important. However, it cannot re-

place a thorough knowledge of the natural history, call-
ing behaviour, and phenology of the species (e.g.,

Shirose et al., 1997; Bridges and Dorcas, 2000; Crouch

and Paton, 2002). Such knowledge and statistical analy-

sis should go hand-in-hand as they can strengthen each

other.

4.4. Implications for large-scale monitoring programs

Large-scale monitoring programs are often expen-

sive. They should provide good quality data and allow

the inference they were designed for (Yoccoz et al.,

2001; Pollock et al., 2002; Kéry and Schmid, 2004). Esti-

mating population sizes at multiple locations using

mark-recapture methods is often prohibitively expensive

(but see Royle, 2004; Dodd and Dorazio, 2004). Moni-

toring presence-absence of species is easier and cheaper
and a commonly used approach to monitoring (Thomp-

son et al., 1998; Campbell et al., 2002). If costs of

multiple visits are high, then detection probabilities

may only be estimated at a subset of the sites (Pollock

et al., 2002). However, during most monitoring pro-

grams and surveys, sites are often visited multiple times

during a season anyway, so basing inference on estima-

tion methods (e.g., MacKenzie et al., 2002; Royle and
Nichols, 2003; Tyre et al., 2003) comes at no great cost.

Estimation approaches also provide a means of involv-

ing volunteers (Lepage et al., 1997; Mossman et al.,

1998; Genet and Sargent, 2003; Kéry and Schmid,

2004) without suffering substantial bias in inference.
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