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DECLINING AMPHIBIAN POPULATIONS: THE PITFALLS OF COUNT DATA IN 

THE STUDY OF DIVERSITY, DISTRIBUTIONS, DYNAMICS, AND DEMOGRAPHY 
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Most data used in the study of the demography, dynamics, d istributions, diversity, and 
declines of amphibians are count d ata that are not adjusted for detection probabilities, which are 
general ly variable and l ow. Such unadjusted count data are unreliable for understanding 
amphibian ecology, amphibian declines, or when developing conservation and management 
strategies. In the future, detection probabil ities should be estimated and counts adjusted 
accordingly. This could be achieved by using capture-mark-recapture, d i stance sampling or 
novel Bayesian methods. 
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INTRODUCTION 

Amphibians are declining locally and globally for a 

variety of reasons (Cooke, 1 972; Beebee, 1973; 
Blaustein & Wake, 1 990; Alford & Richards, 1 999; 
Com, 2000; Houlahan et al. , 2000). lfwe want to under

stand why amphibians are declining and how we can 

halt and reverse the negative trends, then we must im

prove our understanding of amphibian ecology. In 

particular, we should strive to better understand the de

mography and dynamics of amphibian populations and 

the factors that govern the distribution of species and 

species diversity at particular sites. Collecting reliable 

field data is an important step towards understanding 

these basic elements of amphibian ecology. Here, I ar

gue that most field data on the ecology of amphibians 

are of limited use because they are unadjusted counts. 

Next, I suggest estimating detection probabilities to ad

just the counts and improve data quality. High-quality 

field data are needed to complement experimental stud

ies on the causes of amphibian declines, to parameterise 

population models, and for better quantification of de

clines. 

THE PITFALLS OF UNADJUSTED COUNT 
DATA 

Counts are commonly used in the study of amphibian 

ecology. Unadjusted counts are not reliable in amphib
ian ecology because they underestimate the true 

population parameters of interest because some indi

viduals, populations, or species are not detected. 

Additionally, variation in detection probabilities gener

ates variation in the counts which obscures true 

variation in ecological processes (Burnham, 198 1 ;  
Nichols & Pollock, 1 983 ; Martin e t  al., 1995 ;  
Anderson, 2001). Nichols's ( 1 992) simple formula indi

cates the relationship between a count, C, and the 

population parameter of interest, N (which may be a de-
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mographic rate, population size, the number of 

populations in an area, or the number of species at a 

site): 

E(C) =Np, (l) 

where p is a detection probability and E indicates an ex

pected value. Obviously, it is impossible to detect all 

individuals, populations, or species in a given area (e.g. 
Preston, 1979) ; therefore, p is< l and C always underes

timates N to an unknown degree (Nichols & Pollock, 

1 983). The detection probability will depend on what is 
being counted. For example, counts of egg masses are 

probably more reliable (i.e. on average higher - and 

more importantly - less variable p) than counts of adult 

nev.rts within a pond. The count C is commonly known as 
'return rate' when dealing with demographic rates and as 

a 'population index' or 'relative abundance' when deal

ing with population size, density, or abundance (Martin 

et al., 1 995 ; Anderson, 200 1 ). 
A comparison of two (or more) counts is problematic 

because one must assun1e that the detection probabilities 

are constant. A comparison of two counts, a trend, is 

given by: 

(2) 

E(C/C2) equals N/N2 only if p1 = p2 (Yoccoz et al., 
2001; Pollock et al., 2002). This is unlikely. Anhalt et 
al. (2003), for instance, showed that detection probabili

ties of two species of frogs were sex-, site-, and time-, 

but not species-specific. Bailey et al. (2004a,b) provide 

evidence for strong variation in detection probabilities 

in salamanders. If p1 * p2, then the comparison (the 

trend) is biased to an unknown degree and even the di

rection of bias is unknown. If C, * C2, it is not known 

whether N, * N2, p 1 * p2, or both are different (i.e. are 

variable). With unadjusted counts, it cannot be deter

mined which elements of the equation are variable. 

Data from a capture-mark-recapture study on green 

turtles ( Chelonia mydas; Chaloupka and Limpus, 200 l) 
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FIG. I. C, N, and p of male green turtles (Chelonia mydas) 
living in Great Ban-ier Reef, A ustral ia, taken from the capture; 
mark-recapture study of Chaloupka and Limpus (200 1 ) . N 
was calculated as C/p. 

where C, N, and p were estimated serve to illustrate 
problems associated with unadjusted counts (Fig. 1 ): the 
unadjusted counts C seriously underestimate true popu
lation size (N) and suggest that the population is stable 
(i.e. stationary) while it is in fact increasing (the number 
of turtles fluctuates greatly because there are many tran
sients). This happens because p is low, variable, and 
declines towards the end of the study period. Through
out the study period p remains between ea. 0.05 to 0 . 1 .  
This suggests that even seemingly small fluctuations in 
p may lead to large errors when using C as an index for N 
(note that in fact there is a two-fold difference in detec
tion probabilities). Temporal trends in detection 
probabilities may not be rmcommon (e.g. Fun1c & Mills, 
2003). 

Herpetologists are well aware of the fact that it is im
possible to capture all individuals or detect all 
populations or species. For instance, Hairston & Wiley 

( 1993) argue that fluctuations in the apparent abundance 
of terrestrial salamanders are due to variation in student 
motivation to search for salamanders, i.e. variation in 
detection probabilities, rather than true variation in sala
mander abundance. Nevertheless, few amphibian 
ecologists seem aware of the problems caused by varia
tion in detection probabilities, and often fail to take 
detection probabilities into account when estimating de
mographic rates or other population parameters (e.g. 
Schmidt & Anhqlt, 1999) . Return rates ( C) are often 
treated as if they were survival probabilities (e.g. 
Berven, 1990; Parris & McCarthy, 200 1 ), 82% and 95% 
of the time series used by Alford & Richards ( 1 999) and 
Houlahan et al. (2000) , respectively, are unadjusted 
counts, and there are very few studies on the species dis
tribution or diversity of amphibians that take detection 

probabilities into account (MacKenzie et al. , 2002, 
2003) .  The use of unadjusted count data is not unique to 

herpetology. Most population data of fish, birds, and 
mammals consists of unadjusted counts (Preston, 1 979; 
Nichols & Pollock, 1 983; Martin et al., 1 995; Bjmnstad 
& Grenfell, 2001 ;  Rosenstock et al. , 2002). 

The most common solution to dealing with variation 
in detection probabilities is to standardize sampling 
methods (Heyer et al. , 1994 ). StandaTdization, it is (tac-

itly) argued, reduces variability in p such that C be
comes a reliable index of N. This may not always be the 
case. Hyde & Simons (2001 ) compared several standard 
methods for sampling terrestrial salamanders. They 

found that correlations between the counts obtained us
ing different standard methods were generally weak. No 
method was clearly the best and at least some of the 
methods are apparently unreliable. Hyde & Simons 
(200 1 )  concluded that none of the standard methods 
was suitable for long-term monitoring of salamander 

populations (see also Bailey et al. , 2004a,b). 
In addition to the use of standard methods, environ

mental variables that may affect p are often measured 
and used to adjust or calibrate the counts. This may 
solve the problems associated with unadjusted counts to 
some extent but is clearly not an easy task. Sauer & Link 
( 1998, 2002) provide examples where environmental 
variables (in their studies prin1arily observer effects) are 
used to adjust counts from the North American Breed
ing Bird Survey. Standardization and the use of 
environmental variables are clearly valuable and should 

be used or collected, respectively, whenever possible; 
however, it is not possible to control for every factor 
that may affect detection probabilities. For example, 
some surveys use the number of calling males as an in
dex of population size. In the natterjack toad (Bufo 
calamita), for instance, some males only call when few 
males are present and calling. In large populations, 
some males adopt a satellite strategy (Arnk, 1988). 
Thus, the very focus of the smvey - population size -
affects the index through the behaviom of individuals. 
The behaviour of individuals is very difficult to stand

ardize. 

USING DETECTION PROBABILITIES TO 
ADJUST COUNTS 

Detection probabilities are needed to adjust counts. 
Estimation-based methods (such as capture-mark-re
capture and distance sampling methods) are the only 
reliable methods for amphibian population ecology be

cause detection probabilities (p) are estimated and used 
to adjust C to obtain estinwtes of N (Buckland et al., 
200 1 ;  Williams et al., 2002) .  These methods also ac

commodate detection probabilities that vary in space 
and time, for instance because effort is variable. The 
basic idea underlying all of these methods is simple: 
first, they estimate a detection probability, p, and then 
use it to adjust the count: 

N=C!p (3) 

(Pearson, 1955; Nichols, 1 992; Yoccoz et al. , 2001; 
Pollock et al. , 2002; Williams et al., 2002). Currently, 

capture-mark-recapture methods are available for the 

estimation of demographic rates, population dynamics, 
distributions, and species diversity and turnover (e.g. 

Pollock et al. , 1 990; Lebreton et al., 1 992; Nichols & 
Conroy, 1996; Schwarz & Amason, 1 996; Nichols et 
al., 1998; MacKenzie et al., 2002; 2003; see also Pres
ton, 1979; Kery, 2002). There are many recent 
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TABLE I .  Results ofl inear regressions between counts ( C), population size estimates (N), and censuses for various amphibians. R2 
and F tests (PROC GLM in SAS) are from the full model . Asterisks indicate significance at a.= 0.05. Estimators used are Jolly
Seber for Cryptobranchus alleganiensis, various closed population estimators for Plethodon cinereus, Lincoln-Peterson for 
Scaphiopus holbrooki, Scaphiopus couchii, and Hy/a arenicolor. 

Species Life stage Studied in Intercept Slope Ri F Reference 

Cryptobranchus 

alleganiensis 
Plethodon cinereus 
Scaphiopus holbrooki 

Scaphiopus holbrooki 

Hy/a arenicolor 
Scaphiopus couchii 

Hy/a arenicolor 
Scaphiopus couchii 

Hy/a arenicolor 
Scaphiopus couchii 

Adults 

Adults 
Adults 
Adults 

Tadpoles 
Tadpoles 

Tadpoles 
Tadpoles 

Tadpoles 
Tadpoles 

Natural streams 

Terrestrial plots 
Terrestrial  enclosure 
Terrestrial  enclosure 

Natural ponds 
Mesocosms 

Natural ponds 
Mesocosms 

Natural ponds 
Mesocosms 

developments in capture-mark-recapture methodology 
and some may contribute substantially to understanding 

amphibian ecology. Important examples include the di

rect estimation of population growth rate and the 

demographic contributions to it (Pradel, 1996; Nichols 

et al. , 2000; Nichols & Hines, 2002), and population 

size estimation when not all individuals are present si

multaneously at the sampling site (e.g. when the 

sampling site is a breeding site; Schwarz & Amason, 

1996). Methods are also available for situations in 

which only a subset of the individuals can be marked or 
when some members of the population are not available 

for capture (Pollock, 1982; Lebreton et al., 1999; Dreitz 

et al. , 2002; Kendall & Nichols, 2002). Some recent 

capture-mark-recapture models were developed specifi

cally to analyse amphibian data (e.g., MacKenzie et al., 
2002; 2003; Bailey et al. , 2004c; Royle, 2004b).

, 
Several amphibian studies report C, N (i.e. N), and 

sometimes a census ( = N because p = 1 by definition; 

Pearson, 1955; Peterson et al., 1988; Jung et al., 2000; 
2002). The correlations between C and N are often high, 

but they are also highly variable (Table 1 ). In these ex
amples, the population estimates N are much closer to 
the census values than the C, suggesting that the capture

mark-recapture estimates are better than the unadjusted 

counts. These results have two main implications. First, 

if the only goal is to have a rough idea of N, then the C 
may be a useful first approximation. C may be sufficient 

if the purpose is to assign populations to size classes 

such as 'small', 'medium', or 'large' if one is willing to 

accept the risk that some large populations are assigned 

incorrectly to a smaller size class (Com et al. ,  2000). 
However, a strong linear relationship between C and N 
should not be assumed. The data of Jung et al. (2002) 
suggest that such relationships may be curvilinear rather 
than linear. Clearly, an index C must be calibrated (see 

Between count and estimate 

1 .68  0.20 0.09 0.5 Peterson et al., 1 98 8  

1 20.62 1 .78  0.27 3 .0 Jung et al., 2000 
Pearson, 1 955 
Pearson, 1 955 

Jung et al., 2002 
Jung et al., 2002 

57. 7 1  0 .30 0.7 1  20.2* 

4.69 0.87 0.97 1 02.4* 
-36.98 1 .93 0.59 25.J * 
28 .85 1 . 1 0  0 .95 1 92 .2* 

Between count and census 

- 1 3 .92 
1 2.44 

1 .73 
1 . 1 7  

0 .66 
0.96 

34 . 2 1  * 
283.I  * 

Jung et al., 2002 
Jung et al. , 2002 

Between estimate and census 

1 8 .35 
1 5.25 

0 .87 
0.94 

0.97 I 005.0* 

0.99 1 509.0* 
Jung et al., 2002 
Jung et al., 2002 

Jung et al., 2000; 2002 for examples). Thus, when using 

C, researchers should provide evidence that the C is ac

tually a reliable index of N (MacKenzie & Kendall, 
2002 ). If costs prevent the estin1ation of detection prob

abilities at all sites in a large-scale monitoring program, 

then detection probabilities may be estimated and 

counts calibrated at only a subset of the sites (Pollock et 
al., 2002). 

Capture-mark-recapture methods are often consid

ered not useful because they are Jabour-intensive and 
therefore expensive (e.g. Donnelly & Guyer, 1994). 
This may be true, but it is questionable whether collect
ing C data means that time and money are better 

invested. A solution may be to estimate detection prob

abilities only at a subset of the sites (Pollock et al. ,  
2002). Capture-mark-recapture approaches are unlikely 

to be more time-consuming or expensive when analys

ing distributions or patterns of species diversity because 

all that is required for a capture-mark-recapture analysis 

is multiple visits to a site or several sites. Populations or 

species are then treated analogously to individuals in the 
analysis of demographic parameters (Nichols & Conroy, 
1996; Nichols et al., 1998; MacKenzie et al., 2002, 
2003). 

Recent Bayesian models may allow the estimation of 
population size and demographic parameters without 

marking individuals. These models may be especially 

useful when individuals cannot be marked or when costs 

of marking are prohibitively high. Royle (2004a) devel

oped new models for estimating the size of a closed 

population based on counts of individuals. Royle's 

(2004a) model uses mixture models to estimate both de

tection probabilities and population size based on 

spatially and temporally replicated counts. Dodd & 
Dorazio (2004) developed these models further and 

used them successfully to estimate abundance of several 
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species of salamanders in Great Smoky Mountains Na
tional Park, USA. Using a related Bayesian approach, 
Link et al. (2003) describe methods to estimate survival 
and recruitment from information on age classes such 

"juveniles" and "adults". 

Unadjusted counts are sometimes regarded as better 

than capture-mark-recaptme estimates because the latter 

often have wide confidence intervals (Alford & 
Richards, 1999). While this may be true, the width of the 

confidence interval indicates whether an estimate is 
good or poor. With unadjusted counts, there is no way of 

knowing whether the counts are good or poor. 

People argue against the use of capture-mark-recap

ture and related methods because these methods make 

assumptions whereas counts make no assumptions.The 

assumptions underlying capture-mark-recapture meth
ods can be tested and the models used for parameter 

estimation can be adjusted accordingly (Lebreton et al. ,  
1992; for an example, see Schnridt e t  al., 2002). If as

sumptions are not met, then the magnitude and direction 

of bias are known or can be approximated using simula

tion (e.g., Manly et al . ,  1999) .  The assumptions 

underlying unadjusted counts cannot be tested and the 
magnitude and direction of bias remain unknown. A sin
gle count of, say, a population makes no assumptions. A 

comparison between two unadjusted counts makes a 
strong, and untested, assumption: the assumption that 

detection probabilities are exactly equal (see equation 
2) . This assumption is probably never met (Anderson, 
2001 ;  MacKenzie & Kendall, 2002) .  Counts are almost 
always compared and therefore assumptions are made. 
For example, if an observer counts 20 salamanders in 
pond A and 50 salamanders in pond B then most people 
would believe that population B is larger than popula

tion A. Such uncritical use of count data is widespread. 

DISCUSSION 

Amphibian populations are declining for a variety of 

reasons which we need to understand if we are to halt or 

reverse the declines (Alford & Richards, 1 999; Corn, 
2000; Houlahan et al. 2000). Most amphibian popula
tion data for demography, population dynamics, 
patterns of distributions and species richness are 

unadjusted counts (Schmidt et al. , 2002; Schnudt, 
2003). Such data provide a weak basis for understanding 

ecological processes because true biological variation is 
confounded with variation in detection probabilities. 
Variation in detection probabilities can obscure causal 
ecological relationships and can generate variability 
when there is actually none (Pollock et al., 1990; Link & 
Nichols, 1994; Martin et al., 1 995; Anderson, 200 1 ;  
Cam e t  al . ,  2002; Shenk e t  al. , 1 998; Yoccoz e t  al. , 
200 1 ;  Pollock et al., 2002). As Burnham ( 1 98 1 )  and 

Nichols & Pollock ( 1 983) pointed out a long time ago, it 
is important to use methods that remove variation due to 

detection probability differences (e.g. captme-mark-re

capture or distance sampling methods). 

Field data on amphibian populations and communi

ties that take detection probabilities into account will 

better our understanding of amphibian population de

clines. Experimental studies have shown that stressors, 

such as increased UV-B radiation, can affect some life 

history stages (Blaustein et al., 1 994; Kiesecker et al., 
200 1 )  but we do not know yet whether these effects 

translate into population declines. In fact, UV-B may 

not induce strong mortality in most populations and 

where it does, UV-B-induced egg mortality may not af

fect population dynan1ics at all (Palen et al., 2002; 
Vonesh & De Ja Cruz, 2002). Thus, establishing a link 

between population growth rate and UV-B radiation 

through time series analysis (e.g. Dennis & Otten, 2000) 
and estimating the contribution of the larval, juvenile, 

and adult stage to population growth rate (McPeek & 
Peckarsky, 1998; Nichols et al., 2000; Biek et al., 2002; 
Forbes & Calow, 2002) would strengthen the conclu

sions drawn from experiments. Capture-mark-recapture 

data and the associated estimation methods are likely the 

most suitable methods for this kind of research because 

they contain no variation that is due to variation in de

tection probabilities and many parameters of interest 
can be estimated directly from the data. Unadjusted 

count data probably fail to uncover the subtle differ

ences that may detern1ine whether a population is 
declining or growing (Fujiwara & Caswell, 200 1 ) . 

Scaling-up from small-scale expe1iments to popula

tion-level processes is an impmiant task. To fulfil this 
task and for a more comprehensive understanding of 

population declines, we need a better general under

standing of the demography and dynamics of amphibian 
populations. Most experiments in amphibian ecology 

are on tadpoles (Wilbm, 1997), but several recent stud
ies suggest that the juvenile or adult stages are more 

important detern1inants of population growth than the 

tadpole stage (Taylor & Scott, 1 997; Biek et al., 2002; 
Hels & Nachman, 2002; Loman, 2002; Vonesh & De Ja 
Crnz, 2002) .  Despite the fact that all of these studies 

seem to agree on the importance of the terrestrial 

stage(s ), the relative contTibution of different life history 

stages to population growth requires further study. For 

instance, both Biek et al. (2002) and Loman (2002) ana

lysed population dynan1ics of the frog Rana temporaria 
and concluded that the terrestrial stages are more impor

tant than the tadpole stage. In contrast, Meyer et al . 
( 1998) argued that a population of Rana temporaria de
clined because tadpole-eating fish were introduced into 

the breeding site. There is no consensus yet on which 

factors and stages are most important for amphibian 
population dynanucs and which dynanucal patterns we 

should expect (e.g. Alford & Richards, 1 999; Alford et 
al. , 200 1 vs. Houlahan et al. , 200 1 ;  Green, 2003) .  
Clearly, more studies are needed to resolve these issues 

and we need reliable methods for the collection of de

mographic and population dynamic data. Again, 

capture-mark-recapture methods are probably the most 

reliable methods. 

An explicit focus on detection probabilities would 

also help when quantifying the extent of amphibian de
clines. For example, Skelly et al. (2003) describe the 
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effects of survey length on the inferred magnitude of 
decline, e.g. when resurveying sites where a species was 
known to occur in the past. In their case study, a 
(re)survey conducted during one year resulted in an in
ferred decline of 45% whereas a (re )survey done in two 
years resulted in an inferred decline of only 28%. If sites 
are (re )surveyed over a period of five years, then the in
ferred decline was only 3%.  Skelly et al. (2003) 
provided two explanations for this result: a species may 
be missed at site or species are only present at a site in
te1mittently. Skelly et al. (2003) argued that they missed 
no species that was actually present (i.e., p == 1.0) and 
intermittent presence of species at sites was the best ex
planation. Skelly et al. (2003) discuss the challenges 
posed by intermittent presence of species. I focus here 
on the implications of imperfect surveys, where p < 1.0. 
Most surveys are Jess intense than Skelly et al. 's (2003) 
survey, such that most surveys likely miss species. If one 
assumes that species are present but imperfectly de
tected, say, during 60% of the visits to a site, then one 
would reach a conclusion similar to Skelly et al. 's 
(2003). If sites are visited only once during a survey, 
then the species is detected at 60% of the sites were it 
occurs. Thus, the inferred decline after a single visit to 
each site is 40%. If the sites are visited once per year, 
then the inferred decline is 0.42 = 0.20 after two years 
and 0.45 = 0.02 after five years. Obviously, with only 
one or two visits to a site, researchers would infer a de
cline although the species is present. This is because in 
most surveys detection of species is imperfect. The cal
culations above lead naturally to the approaches for 
inferring the absence of a species (Preston, 1979; Kery, 
2002; MacKenzie et al., 2002) and the methods for esti
mating turnover in animal communities (Nichols et al., 
1998; MacKenzie et al., 2003). Skelly et al. (2003) rec
ommend that "resunreys should extend for long enough 
to estimate the value of additional data". Knowing de
tection probabilities allows one to disentangle whether a 
species is missed or absent from a site and allows inves
tigators to estimate the number of visits (or years) 
necessary for a resurvey that is "long enough". 

Detection probabilities per se are uninteresting nui
sance parameters. Nevertheless, they are of major 
importance in the study of the demography, population 
dynamics, distributions, species diversity, and decline 
of amphibians. Only if we are aware of the pitfalls of 
unadjusted count data and use estimates of population 
and community parameters that are adjusted for detec
tion probabilities, shall we understand the ecology and 
decline of amphibians. 

ACKNOWLEDGMENTS 

I would like to thank T. Halliday and R. Griffiths for 
organising and inviting me to the symposium on global 
amphibian declines at the Canterbury meeting of the 
Society for Conservation Biology. I am grateful for sup
po11 from the Schweizerischer Nationalfonds (grant no. 
3 1-55426 .98 to J. Van Buskirk), the Forschungskredit 
of the University of Zurich, and a travel grant from the 

Swiss Zoological Society. Last but not least, many 
thanks to L. Bailey, A. Cooke, C. Cummins, R. Griffiths, 
P. Pearman, and M. Schaub for helpful comments on the 
manuscript. 

REFERENCES 

Alford, R. A .  & Richards ,  S .  J. ( I  999). G lobal amphibian 
declines: a prob lem in app lied ecology. Annual 
Reviews of Ecology and Systematics 30, 1 33 - 1 65 .  

A lford, R .  A . ,  Dixon, P .  M .  & Pechmann, J .  H . K .  (200 1 ). 
Global  amphibian population decl ines .  Nature 412, 
499-500. 

Anderson, D .  R .  (200 I ) . The need to get the basics right in 
wi ld l ife field studies .  Wildlife Society Bulletin 29, 
1 294- 1 297. 

Anhalt, B. R., H otz, H . ,  Guex, G.-D. & S emlitsch, R .  D. 
(2003). Annual variation in over-winter survival of the 
water frog Rana lessonae and its hemiclonal associate 
Rana esculenta. Ecology 84 ,  3 9 1 -397 .  

Arak, A .  (I  9 8 8). Cal lers and satel l ites in the natterjack 
toad : evoluti onary stable decision ru les .  Animal 
Behaviour 36, 4 1 6-432. 

Bai ley, L. L. ,  Simons, T. R .  & P o l l ock, K. H .  (2004a). 
Estimating detection probability parameters for 
Plethodon salamanders using the robust capture
recapture design .  Journal of Wildlife Management 68, 
1-13. 

Bai ley, L. L. ,  S imons, T. R .  & P ollock, K . H .  (2004b). 
Spatia l  and temporal variation in detection probabil ity 

of Plethodon salamanders using the robust capture
recapture design. Journal of Wildlife Management 68, 
1 4-24. 

Bailey, L. L., Kendal l ,  W. L., Church, D . R . & Wilbur, H. 
M. (2004c). Estimating survival and breeding 
probabi l i ties for pond-breeding amphibians using a 
modified robust design. Ecology, in press. 

B laustein, A . R . ,  Hoffman, P .O . ,  Hokit ,  D .G . ,  Kiesecker, 
J . M . ,  Wal ls ,  S .C .  & Hays, J . B .  (l 994). UV repair and 
resistance to solar UV-B in amphibian eggs: a l ink to 
population declines? Proceedings of the National 
Academy of Sciences of the U.S.A .  9 1 ,  1 79 1 - 1 795 .  

B laustein, A .  R .  & W ake, D .  B .  ( 1 990). Decl ining 
amphibian popu l ations - a global phenomenon? 
Trends in Ecology & Evolution 5, 203 -204. 

Beebee, T.  J .  C. (I 973  ). Observations concerning the 
decline of the British amphibia. Biological 

Conservation 5, 20-24. 
Serven, K .  A. (J 990). Factors affecting population 

fluctuations in  larval and adult stages of the wood frog 
(Rana sylvatica) .  Ecology 7 1 , 1 599- 1 608 .  

B iek, R . ,  Funk, W .  C . ,  M axel l ,  B .  A .  & Mi l l s  L.  S. (2002). 
What is missing in amphibian decline research: 
insights from ecological sensitivity analysis .  
Conservation Biology 16, 728-7 3 4 .  

Bj0rnstad, 0. N .  & Grenfel l ,  B .  T .  (200 1 ). Noisy 
c lockworks :  t ime series analysis of popul ation 
fluctuations in animals.  Science 293, 6 3 8-643.  

B uckland, S .  T. ,  Anderson, D .  R. ,  B urnham, K. P . ,  Laake, 
J. L., B orchers, D. L. & Thomas, L. (200 1 ). 



1 72 B. R. SCHMIDT 

Introduction to distan ce sampling. Oxford : Oxford 
University Press. 

Burnham, K. P. ( 1 98 1 ). Sununarizing remarks: environmental 
influences. Studies in Avian Biology 6, 324-325. 

Cam, E. ,  Nichols,  J .  D.,  H ines ,  J . E . ,  Sauer, J .  R. ,  Alpizar
Jara, R. & Flather, C .  H .  (2002) .  Di sentangling 
sampling and ecological exp lanations underlying 
species-area relationships.  Ecology 83 , l 1 1 8 - 1 1 30 .  

Chaloupka, M .  & Limpus,  C .  (200 1 ) . Trends in the 
abundance of sea turt les  resident in southern Great 
Barrier Reef waters . Biological Conservation l 0 2 ,  
235-249.  

Cooke, A .  S .  ( 1 972).  Indications of  recent change in  status 
in the British I s les of the frog (Rana temporaria) and 
the toad (Bufo bufo ) .  Journal of Zoology 1 67 ,  1 6 1 - l 7 8 .  

Corn, P .  S (2000).  Amphibi an decl ines :  review of some 
current hypotheses . In Ecotoxicology of amphibians 

and reptiles, 663-696.  Sparl ing,  D .  W . ,  B i shop, C .A .  & 
Linder, G. (Eds). Pensacola :  SETA C  Press. 

Corn, P .  S. ,  Muths, E.,  Iko, W .  M .  (2000).  A comparison in 
Colorado of three methods to monitor breed ing 
amphibians. Northwestern Naturalist 8 1 , 22-30 .  

Dennis, B .  & Otten , M.  R .  M.  (2000) .  Joint effects of 
density dependence and rainfa l l  on abundance of San 
Joaquin k it fox .  Journal of Wildlife Managemen t 64 ,  
3 88-400. 

Dodd, C. K . ,  .J r .  & Dorazio,  R. M .  (2004 ) .  Using point 
counts to simu ltaneously estimate abundance and 
detection probabi l i t ies in  a sa lamander community.  
Herpetologica (in press). 

Donnel ly, M . A .  & Guyer, C .  ( l 994 ) .  Estimating 
popu lation size. In  A1easuring and mon itoring 

biological diversity: stan dard m eth ods for 

amphibians, 1 83 -205 . Heyer, W . R . ,  Donnel ly ,  M . A . ,  
McDiannid, R . W . ,  Hayek, L . - A .  C .  & Foster, M . S .  
(Eds). Washington : Smithson ian Inst i tution Press. 

Dreitz, Y .  J . ,  Nichols, J. D . ,  Hines, .I . E . ,  Bennetts ,  R .  E . ,  
Kitchens, W. E .  & DeAngel is ,  D .  L .  (2002) .  The u s e  of 
resighting data to estimate the rate of popu l ation 
growth of the snail  kite in Florida.  Journ al of Applied 

Statistics 29 , 609-623 .  
Forbes, Y .  E. & Calow, P .  (2002).  Population growth rate 

as a basis for ecological risk assessment of toxic 
chemicals .  Philosop h ical Transactions of the Royal 

Society of London, Series B, 3 5 7 ,  1 299- 1 306 .  
Fuj iwara, M; & Caswel l ,  H .  (200 1 ) . Demography of the 

endangered north At lant ic right whal e .  Nature 4 1 4 , 

537-54 1 .  
Funk ,  W. C . ,  Mi l l s ,  L.  S .  (2003 ) .  Potential  causes of 

popu lation declines in forest fragments in an 
Amazonian frog. Biological Conservation 1 1 1 , 205-2 1 4. 

Green, D. M .  (2003 ) .  The ecology of extinct ion :  
popu lation fluctuation and decl ine in  amphibians .  

Biological Conservation 1 1 1 ,  33 1 -343 . 
Hairston, N .  G . ,  Sr. & Wiley, R . H .  ( 1 993) .  N o  decline in 

salamander (Amphibia :  Caudata) populations :  a 
twenty-year study in the south ern Appalachians.  
Brimleyana 18,  59-64.  

Hels, T. & N achman, G .  (2002). Simulating viability of a 
spadefoot toad Pelobates fuscus metapopulation in a 
landscape fragmented by a road. Ecography 25, 730-

744 . 
Heyer, W. R . ,  Donnelly, M . A . ,  M cDiarmid, R. W. ,  Hayek, 

L . -A.  C. & Foster M .  A. (Eds) ( 1 994) .  Measuring and 

monitoring biological diversity: standard methods for 

amph ibians. Washington:  Smithsonian Institution 

Press. 
Houlahan, J . E . ,  Findlay, C. S . ,  Schmidt, B .  R., Meyer, A. 

H. & K uzmin, S. L.  (2000) . Quantitative evidence for 
global amphibian popul at ion d ec l ines .  Nature 404,  
752- 755 .  

Houlahan, J .  E . ,  Findlay, C .  S . ,  M eyer, A .  H . ,  Kuzmin ,  S .  
L .  & Schmidt, B .  R .  (200 I ) . Global amphibian 
popul ation decl ines - reply.  Nature 4 1 2, 5 00.  

Hyde, E .  J .  & Simons, T. R.  (200 1 ) . Sampling 
plethodontid salamanders : sources of variabil ity. 
Journa l  of Wildlife Management 65 , 624-632 .  

Jung,  R .  E . ,  Dayton , G. H. ,  Wi l l iamson, S .  J . ,  Sauer, J .  R. 
& Droege, S .  (2002) .  An evaluation of population 
index and estimation techniques for tadpoles in desert 
pools .  Journal  of Herpetology 36,  465-472 .  

Jung, R .  E . ,  Droege, S . ,  S auer, J .  R .  & Landy, R .  B .  (2000). 
Evaluation of terrestrial and streamside sal amander 
monitoring techniq ues at Shenandoah National Park. 
Environmental Monitoring and Assessment 63, 65-79 .  

K endal l, W.  L.  & Nichols ,  J .  D .  (2002). Estimating state
trans ition probabil i t ies for unobservable states using 
capture-recapture/resighting data. Ecology 83, 3276-

3 284. 
K ery, M. (2002) .  Inferring the absence of a species - A 

case study of snakes. Journal of Wildlife Management 

66,  3 3 0-33 8 .  
Kiesecker, J . M . ,  B laustein, A .  R .  & Belden, L .  K.  (200 1 ) . 

Complex causes of amphibian decl ines .  Nature 4 1 0 , 

6 8 1 -684.  
Lebreton, J . -D . ,  A lmeras ,  T. & Pradel ,  R.  ( 1 999).  

Competing events,  mixtures  of information and 
multistratum models .  Bird Study 46 (supplement), 39-

46 .  
Lebreton, J . -D . ,  Burnham, K .  P . ,  Clobert, J .  & Anderson, 

D . R. ( 1 992).  M odeling survival and testing biological 
hypotheses using marked animals :  a unified approach 

with case studies. Ecological Monograph� 62, 67- 1 1 8 . 
Link ,  W. A .  & Nichols, J .  D .  ( 1 994 ). On the importance of 

sampling variance to i nvestigations of temporal 
variation in animal popu lat ion size. Oikos 69, 539-544. 

Link , W. A.,  Royle, J .  A .  & Hatfie ld ,  J . S  . (2003) .  
Demographic analysis from summaries of an age
structured popu lation . Biometrics 59, 778-7 8 5 .  

Link, W. A .  & S auer, J .  R .  ( 1 998) .  Estimating popul ation 
change from count data : appl i cation to the North 
American Breeding Bird Survey. Ecological 

Applications 8, 258-268 .  
Link, W. A .  & Sauer, J .  R .  (2002). A h ierarchical analysis 

of popu lation change with appl i cation to cerulean 
warblers. Ecology 83,  2 8 3 2-2840.  



POPULATION DECLINES AND DETECTION PROBABILITIES 173 

Loman, J .  (2002) .  Rana temporaria metamorph 
production and population dynamics in  the fie ld :  
effects of tadpole density, predation and pond drying. 
Journal for Nature Conservation 10, 95- 1 0 7 .  

MacKenzie, D .  I .  & Kendal l ,  W. L.  (2002) .  How should 
detection probability be incorporated into estimates of 
relative abundance? Ecology 83,  23 8 7-2393 .  

MacKenzie, D. I . ,  Nichols, J .  D . ,  Lachman, G.  D . ,  Droege, 
S., Royle, J .  A. & Langtimm C. A.  (2002). Estimating 
site occupancy rates when detection probabil ities are 
less than one. Ecology 83, 2248-225 5 .  

MacKenzie, D .  I . ,  N ichols, J .  D . ,  Hines, J .  E . ,  Knutson, M .  
E .  & Frankl in, A .  B .  (2003 ) .  Estimating site 
occupancy, colonization, and local extinction when a 
species is detected imperfectly. Ecology 84 ,  2200-
2207.  

Manly, B .F .  J . ,  M cDonald ,  L.  L .  & McDonald,  T. L.  
( 1 999). The robustness of mark-recapture methods: A 
case study for the Northern Spotted Owl . Journal of 
Agricultural, Biological, and Environmental Statistics 
4, 7 8 - 1  0 I .  

Martin, T. E. ,  Clobert, J .  & Anderson, D .  R .  ( 1 995) .  
Return rates in studies of l ife history evolution : are 
biases large? Journal of Applied Statistics 22 ,  8 6 3 -
8 7 5 .  

McPeek, M . A . & P eckarsky, B .  L .  ( 1 998 ) .  Life histories 
and the strengths of species interact ions :  combining 
mortality, growth, and fecundity effects. Ecology 79, 
867-879.  

Meyer, A .  H. ,  Schmidt, B .  R .  & Grossenbacher, K. ( 1 998) .  
Analysis of three amphibian populations with quarter
century long time-series.  Proceedings of the Royal 
Society of London, Series B, 265, 523-5 2 8 .  

N ichols ,  J . D .  ( 1 992) .  Capture-recapture mode ls :  using 
marked animals to study populat ion dynamics.  
BioScience 42, 94- 1 02 .  

N ichols,  J .  D .  & Conroy, M .  J .  ( 1 996) .  Techniques for 
estimating abundance and species richness.  Jn  
Measuring and monitoring biological diversity: 
standard methods for mammals, 1 77-234 .  Wilson,  D.  
E. ,  Cole, F .  R . ,  N icho l s, J .  D . ,  Rudran, R .  & Foster, M .  
S .  (Eds). Washington: Smithsonian Institution Press. 

N ichols, J .  D., Boulinier, T., Hines ,  J . E . ,  Po l l ock, K. H. & 
Sauer J. R. ( 1 998) .  Estimating rates o f  local species 
extinction, colonization, and turnover in  animal 
communities. Ecological Applications 8 ,  1 2 1 3 - 1 22 5 .  

Nichols, J .  D. & Hines, J .  E .  (2002).  Approaches fo r  the 
direct estimation of A., and demographic contributions 
to A., using capture-recapture data. Journal of Applied 
Statistics 29, 539-568 .  

Nichols, J .  D . ,  Hines, J .  E . ,  Lebreton , J . - D.  & Pradel ,  R .  
(2000). Estimation of contributions to popu lation 
growth: a reverse-time capture-recapture approach. 
Ecology 8 1 ,  3362-3376 .  

N ichols, J .  D .  & Pollock, K.  H .  ( 1 9 8 3 ) .  Estimation 
methodology in contemporary small mammal capture
recapture studies. Journal of Mammalogy 64 ,  253-260.  

Palen ,  W. J . ,  Schindler, D. E.,  Adams, M .  J . ,  Pearl, C. A . ,  

Bury, R .  B . ,  Diamond, S .  A .  (2002) .  Optical 
characteristics of natural waters protect amphibians 
from UV-B in the U . S .  Pacific northwest. Ecology 83, 

295 1 -2957 .  
Parris, K. M .  & M cCarthy, M .  A .  (200 1 ) .  Identifying 

e ffects of toe cl ipping on anuran return rates:  the 
importance of statistical power. A mphibia-Reptilia 22, 
275-289.  

Pearson, P .  G .  ( 1 955) .  P opulation ecology of the spadefoot 
toad, Scaphiopus h. holbrooki (Harlan) .  Ecological 
Monographs 25,  233-267 .  

Peterson, C. L. ,  M etter, D .  E., Mi l l er, B .  T. ,  Wilkinson, R .  
F .  & Topping, M.  S .  ( 1 9 8 8 ) .  Demography of the 
hel lbender Cryptobranchus alleganiensis in the 
Ozarks .  American Midland Naturalist 1 19 ,  2 9 1 -303.  

Pollock, K. H .  ( 1 982) .  A capture-recapture design robust 
to unequal probability of capture. Journal of Wildlife 
Management 46 ,  757-760 .  

Pol lock, K .  H . ,  N ichols ,  J .  D . ,  Brownie ,  C. ,  H ines, J .  E .  
( 1 990).  Statistical inference for capture-recapture 
experiments. Wildlife Monographs 1 07 ,  1 -97 .  

Pol lock, K. H. ,  Nichols ,  J .  D . ,  Simons, T. R . ,  Farnsworth, 
G. L., Bailey, L.  L. & Sauer, J. R .  (2002). Large scale 
wi ld l ife monitoring stud ies :  statistical methods for 
design and analysi s .  Environmetrics 1 3 , J 05- 1 1 9 . 

Pradel,  R. ( 1 996) .  Uti l ization of capture-mark-recapture 
for the study of recruitment and populat ion growth 
rate. Biometrics 52, 703-709 .  

Preston, F .  W. ( 1 979 ) .  The inv is ib le  birds. Ecology 60 ,  
45 1 -454 .  

Rosenstock, S .  S . ,  Anderson,  D .  R . ,  Giesen,  K. M . ,  
Leukering, T .  & Carter, M .  F .  (2002) .  Landbird 
counting techniques :  current practices and an 
alternative. A uk 1 1 9, 46-5 3 .  

Royle,  J .  A.  (2004a) .  N-mixture models for estimating 
popu lation size from spatial ly  repli cated counts. 
Biometrics 60, J 08- 1 1 5 .  

Royle, J .  A .  (2004b). M odeling abundance index data from 
anuran cal l ing surveys. Conservation Biology 1 8, 
1 37 8- 1 3 85 .  

Schmidt, B .  R .  (2003).  Count data, detection probabil ities, 
and the demography, dynamics, distribution, and 
decline of amphibians .  Comptes Rendues Biologies 
326,  S J 1 9-S 1 24 .  

Schmidt, B .  R .  & Anholt,  B .  R .  ( J 999) .  Analysis o f  
survival probab il i t ies o f  female  common toads, Bufo 
bufo. Amphibia-Reptilia 20, 97- J 08 .  

Schmidt, B .  R . ,  Schaub, M. & Anholt, B .  R.  (2002). Why 
you should use capture-recapture methods when 
estimating survival and breeding probabil ities: on bias, 
temporary emigration, overdi spersion, and common 

toads. A mphibia-Reptilia 23 ,  3 7 5 - 3 8 8 .  
Schwarz, C.  J .  & Arnason, A .  N .  ( J  996).  A general 

methodology for the analysis of capture-recapture 
experiments in open populations .  Biometrics 52, 860-
873 .  



1 74 B. R. SCHMIDT 

Shenk, T. M . ,  White, G. C. & Burnham, K. P .  ( 1 998) .  
Sampling-variance effects on detecting density 
dependence from temporal trends in natural 
populations. Ecological Monographs 68, 445-463 . 

Skelly, D. K. ,  Yurewicz, K. L., Werner, E. E. & Relyea, R.  
A. (2003 ) .  Estimating decline and  distributional 
change in amphibians. Conservation Biology 17, 744-
75 1 .  

Taylor, B .  E. & Scott, D.  E .  ( 1 997) .  Effects of larval 
density dependence on population dynamics of 
Ambystoma opacum. Herpetologica 53, 1 32- 145 .  

Yonesh, J .  R.  & De  l a  Cruz, 0 .  (2002). Complex life cycles 
and density dependence: assessing the contribution of 
egg mortality to amphibian d eclines. Oecologia 133, 
325-333 .  

Wilbur, H. M. ( I  997). Experimental ecology of food webs: 
complex systems in temporary ponds. Ecology 78, 

2279-2302 . 

Williams B .  K . ,  Nichols J. D .  & Conroy M .  J. (2002). 
Analysis and management of animal populations. San 
Diego: Academic Press. 

Yoccoz, N. G . ,  Nichols, J. D .  & Boulinier T. (200 I )  
Monitoring of biological diversity in space and time. 
Trends in Ecology & Evolution 16, 446-453 .  

Accepted: 30. 7. 03 


