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REVIEW: AMPHIBIAN SURVEYS 
IN FORESTS AND WOODLANDS

Declining amphibian populations have been observed 
around the world in the last 20 years. For example, 28 
Australian frog species have reportedly declined in this 
period (Osborne, 1989; Czechura and Ingram, 1990; Mc-
Donald, 1990; Ingram and McDonald, 1993; Richards et 
al., 1993; Hollis, 1995; Gillespie and Hollis, 1996; Ma-
honey, 1996), with a number apparently disappearing 
altogether (Ingram and McDonald, 1993). The majority 
of these species are forest-dwelling frogs that breed in 
streams. The causes of Australian frog declines are un-
certain, but possibilities include climate change (Osborne 
1989; Ingram, 1990), depletion of the ozone layer and 
an increase in ultra-violet radiation (Ferraro and Burgin, 
1993b), disease (Laurance et al., 1996; Berger et al., 
1998), habitat destruction (Tyler and Davies, 1985; Fer-
raro and Burgin, 1993a), salinity (Ferraro and Burgin, 
1993b) and pollution of water and soil with heavy metals 
and pesticides (Tyler, 1994). There is no evidence that 
a single factor is responsible for all amphibian declines 
(Halliday, 1998; cf Laurance et al., 1996), and a syner-
gistic effect may be operating. For example, pollution of 
waterways or increased ultra-violet radiation may lead to 
physiological stress and increased susceptibility to dis-
ease. 
In many cases, lack of baseline information on popula-

tion sizes and natural fl uctuations has hindered assess-
ment of amphibian declines in Australia and elsewhere 
(Pechmann and Wilbur, 1994; Gillespie and Hollis, 1996). 
Without long-term data on species distributions and pop-
ulation sizes, it is diffi cult to distinguish declines from 
natural population fl uctuations (Pechmann et al., 1991; 
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Blaustein et al., 1994; Pechmann and Wilbur, 1994). 
Surveys provide data for assessing the distribution and 
habitat requirements of species and assemblages. These 
data are needed to assist conservation of biological di-
versity in forests and woodlands, including planning and 
management of effective, representative nature reserves 
(Burbidge, 1991; Ferrier, 1991; Stohlgren et al., 1995). 
Faunal surveys can be diffi cult, time-consuming and 

expensive (Margules and Austin, 1991), and there are 
many issues to consider when planning a survey to maxi-
mize the value and reliability of the resulting data. These 
include choice of appropriate sampling techniques, suf-
fi cient survey effort to fulfi ll the aims of the study, and 
a systematic design. Data collected during a systematic 
survey or monitoring program, undertaken at replicated, 
independent sites, are suitable for statistical analysis 
(Heyer et al., 1994). This review examines four compo-
nents of survey design, and reviews previous amphibian 
surveys in forest and woodland habitats. It also provides 
recommendations for planning amphibian surveys and 
identifi es areas for further research.

SURVEY DESIGN
1. Sampling Techniques 
There is a variety of techniques for sampling amphib-

ians (Heyer et al., 1994). Each is suitable for detecting 
species with particular life history traits and behavior. The 
most commonly used techniques for sampling amphibi-
ans include opportunistic and systematic searches, pitfall 
traps, listening for and recording the advertisement calls 
of male anurans (frogs and toads), larval sampling, and 
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the use of artifi cial coverboards. A summary of the target 
species, advantages and disadvantages of 11 sampling 
techniques appears in Table 1. 
An amphibian fauna may be comprised of large and 

small, burrowing, ground-dwelling and arboreal species, 
explosive and prolonged breeders, and species that may 
or may not require free water to breed (e.g., Czechura, 
1991). Because each technique for sampling amphib-
ians best detects a certain subset of the fauna, use of 
complementary sampling techniques is often necessary 
to detect all the species in a survey area (Bury and Ra-
phael, 1983; Friend, 1984; Osborne, 1985; Heyer et al., 
1994). However, few studies have systematically com-
pared different sampling techniques and determined the 
most appropriate ones for a given habitat or region and 
its corresponding amphibian fauna (e.g., Greenburg et 
al., 1994; Pearman et al., 1995; Parris et al., in press). 
Other, less systematic studies have used different sam-
pling techniques at different times or in different places, 
confounding comparisons (e.g., Bury and Raphael, 1983; 
Mitchell et al., 1993). A summary of studies comparing 
techniques for sampling amphibians in forests and wood-
lands appears in Table 2. 
Searches for amphibians take many forms (Heyer et 

al., 1994). Searches can be conducted during the day or 
at night, at streams, ponds and dams or in forest areas 
away from water, in pre-determined plots or transects or 
in an opportunistic fashion. The intensity of searches var-
ies from observation of active amphibians (Crump and 
Scott, 1994) to investigation of likely refuges such as 
leaf litter, logs and rocks (Jaeger, 1994; Jaeger and In-
ger, 1994; Gillespie and Hollis, 1996), to destruction of 
microhabitats with hoes, machetes or metal claws (e.g., 
Heyer and Berven, 1973). 
All seven studies comparing nocturnal searches with 

other techniques for sampling amphibians in forests and 
woodlands found nocturnal searches to be the most ef-
fective (Braithwaite, 1985; Berrill et al., 1992; Denton 
and Beebee, 1992; Pearman et al. 1995; Holloway, 1997; 
Shirose et al., 1997; Parris et al., in press). Nocturnal 
searches detected more species and/or more individu-
als than diurnal searches, pitfall traps, tadpole netting, 
counts of calling males, automatic tape recorders, ar-
tifi cial coverboards and artifi cial aquatic habitats (Table 
2). Searches of daytime refuges can detect certain spe-
cies if suitable microhabitats are investigated (Heyer and 
Berven, 1973; Gillespie and Hollis, 1996). However, only 
one of six studies comparing diurnal searches with other 
sampling techniques found it to be the most effective 
for detecting amphibians (Bury and Raphael, 1983; Table 
2). 
Night driving is a search technique that uses a road as a 

transect. It involves driving slowly along a section of road 
at night, counting the amphibians seen per unit time with 
spotlights or the vehicle’s headlights (Shaffer and Juter-
bock, 1994). Night driving is suitable for detecting large, 
active species that move through the landscape away 
from breeding sites, and works best on wet nights when 
these amphibians are moving. Campbell and Christman 
(1982) detected more amphibian species with night driv-
ing than with pitfall traps or two types of diurnal searches 
during a comparative study in Florida. The majority of 
the species not detected with night driving were small 
amphibians that may have been diffi cult to see from a 
moving vehicle. Data derived from night driving may be 
of limited use in discerning the habitat requirements of 
the species found. The road and its surroundings may be 
hostile habitats that the amphibians are moving through 

on their way to somewhere more favorable, such as a 
breeding site. 
Pitfall traps consist of holes in the ground lined with 

buckets, tins or pipes, that animals fall into (Corn, 1994). 
They are often set with drift fences, which are arranged 
to guide animals moving along the ground into the traps 
(Corn, 1994). Dry pitfall traps are empty except for a wet 
sponge or some leaf litter placed in the bottom to provide 
refuge and moisture for captured animals (Greenburg et 
al., 1994). Wet pitfall traps contain preservatives such as 
alcohol and formalin, and are designed to preserve the 
captured animals as specimens. Because wet pitfall traps 
kill all animals they catch including invertebrates, rep-
tiles, mammals and amphibians, they can cause large-
scale mortality, especially when left open for long periods 
of time (e.g., Webb, 1991; Mitchell et al., 1993, 1997). 
Pitfall traps are suitable for sampling active, ground-

dwelling species that are not strong jumpers or climbers 
(Osborne, 1985; Dodd, 1991; Corn, 1994). Arboreal or 
inactive species that are unlikely to encounter a trap, 
and species that can climb or jump out of a trap are not 
well sampled with this technique. Pitfall trapping was the 
most effective sampling technique in two of six compara-
tive studies, detecting more amphibian species than fun-
nel traps in the Ocala National Forest, Florida (Greenburg 
et al., 1994) and artifi cial coverboards in forest wetlands 
in Virginia and South Carolina (Mitchell et al., 1993). Re-
search on the effi ciency of various pitfall trap systems in-
dicates that traps > 30 cm deep set on both sides of drift 
fences > 15 m long catch the most animals (Vogt and 
Hine 1982; Braithwaite, 1983; Friend, 1984; Osborne, 
1985; Bury and Corn, 1987; Table 2). Osborne (1985) 
tested the ability of eleven species of frogs to escape 
from pitfall traps of different depths. He found that tree 
frogs could climb out of traps of any depth, but that ter-
restrial myobatrachid frogs generally could not jump out 
of traps > 30 cm deep. 
The advertisement calls of male frogs are a distinguish-

ing character that can be used to identify species (Blair, 
1958; Littlejohn, 1968). Amphibians calling along a tran-
sect or in a quadrat can be counted and their calls re-
corded. Calls can also be periodically recorded at study 
sites using tape recorders with automatic timing devices, 
which turn on and off at specifi ed times (Peterson and 
Dorcas, 1994). This technique only detects species that 
are calling at the time of survey. Calling activity varies 
seasonally and diurnally, and in response to recent and 
prevailing weather conditions (Heyer et al., 1994). It 
can be diffi cult to count frogs accurately when they are 
calling in chorus. In these cases, an index of calling ac-
tivity can be used to estimate numbers. The number of 
Fowler’s toads and bullfrogs detected with call count sur-
veys was proportional to but consistently lower than the 
number found with intensive nocturnal searches when 
the two techniques were compared in Ontario (Shirose 
et al., 1997). Automatic tape recorders detected fewer 
species of amphibians than nocturnal searches during a 
comparative study in Queensland, Australia (Parris et al., 
in press). The four species not detected with tape record-
ers either did not call during the survey or had quiet calls 
that were diffi cult to record. 
Sampling amphibians with artifi cial coverboards in-

volves arranging wooden boards, roof tiles or metal 
sheeting in standard arrays in the study area, then look-
ing underneath them at regular intervals for sheltering 
amphibians (DeGraaf and Yamasaki, 1992; Denton and 
Beebee, 1992; Mitchell et al., 1993; Fellers and Drost, 
1994; Davis, 1997). The coverboards act as artifi cial 
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shelter for amphibians. Coverboards work especially well 
for salamanders, which generally shelter below surface 
objects such as logs during wetter periods of the year 
(Fellers and Drost, 1994). Denton and Beebee (1992) 
found artifi cial cover in the form of roof tiles to be of lim-
ited value for detecting natterjack toads Bufo calamita in 
England. Both B. calamita and B. bufo used the artifi cial 
cover during spring and autumn, but left in summer to 
take refuge further underground and avoid hot, dry con-
ditions (Denton and Beebee, 1992). 
Sampling amphibian larvae can be an effective way 

to detect species breeding at a site, and is particularly 
useful when adult animals are no longer present. Larvae 
can be sampled with seines, dipnets, rigid enclosures or 
underwater traps (Shaffer et al., 1994), and counted to 
give information on the species present and their abun-
dance. The adults of explosive breeding species such as 
Litoria brevipalmata, the green-thighed frog from east-
ern Australia, may only be present at a body of water 
for one or two nights per breeding season, while their 
larvae will usually spend weeks or months developing 
to metamorphosis (Natrass and Ingram, 1993; Tyler, 
1994). Larval sampling can therefore detect species that 
other techniques miss (e.g. Pearman et al., 1995). How-
ever, in some regions there is no comprehensive guide to 
amphibian larvae and problems with identifi cation, par-
ticularly in areas of high species richness, may mean that 
larvae must be raised to metamorphosis (e.g. Osborne, 
1985). This may be impractical for studies with a large 
number of survey sites, as larvae from each site would 
need separate aquaria. 
Results of the comparative studies summarized in Table 

2 indicate that nocturnal searching is a consistently effec-
tive technique for detecting amphibians in a range of for-
est and woodland habitats. Conversely, diurnal searches 
and pitfall traps appear to be less effective. However, it 
may be inappropriate to extrapolate the results of pre-
vious studies to different habitats or regions, as tech-
niques that are effective in one place may be less so in 
another. For example, Braithwaite (1985) surveyed the 
frog fauna of Kakadu National Park in the Northern Terri-
tory, Australia using diurnal searches, nocturnal searches 
and dry pitfall traps with drift fences. Dry pitfall traps 
detected 15 out of 23 frog species found, with a capture 
rate of 25.1/100 trap nights in the wet season (Braith-
waite, 1985). In contrast, dry pitfall traps detected only 
seven frog species out of 34 at a capture rate of 2.1/100 
trap nights during recent fauna surveys in the forests 
of northeast New South Wales, Australia (New South 
Wales National Parks and Wildlife Service, 1994). Most of 
the amphibians caught in pitfall traps during both stud-
ies were burrowing and ground-dwelling frogs, but they 
comprised a larger proportion of the frog fauna at Ka-
kadu. A preliminary or pilot study determining the most 
effective combination of techniques for sampling the am-
phibian fauna in a study area may be a useful fi rst step 
in planning a survey (e.g., Pearman et al., 1995). Pilot 
studies are particularly helpful, if not essential, when an 
amphibian fauna is poorly known. 
2. Survey Effort 
Amphibian activity, and thus detectability, varies spa-

tially, seasonally and with current or recent weather con-
ditions (Duellman and Trueb, 1986; Heyer et al., 1994). 
As a consequence, several visits to a survey site are gen-
erally required to detect all the amphibian species pres-
ent (e.g., Hecnar, 1997; Pearman, 1997). Hasty surveys 
may fail to fi nd some species, especially those that are 
rare, cryptic or active for short periods of time such as 

explosive breeders. The survey effort required to fulfi ll 
the aims of a survey will vary with season, habitat condi-
tions, the diversity, composition and activity patterns of 
the amphibian fauna in the study area, and the sampling 
techniques used. Again, a pilot fi eld study can provide 
information on the survey effort needed when using dif-
ferent sampling techniques in a given study area. 
There is little information on the survey effort required 

to detect a specifi ed proportion of the species at a site 
with a given technique (Osborne, 1985), or to be confi -
dent that a species is absent when not detected. Howev-
er, previous studies indicate that more repeat sampling is 
required with trapping than nocturnal searching. Months 
of continuous pitfall or funnel trapping may be required 
to detect all the species at a site (Bury and Corn, 1987; 
Greenburg et al., 1994), although arboreal species are 
unlikely to be detected with pitfall traps, regardless of 
survey effort. Parris et al. (in press) estimated the sur-
vey effort required to be confi dent that a frog species is 
absent when not detected with different sampling tech-
niques. Up to 140 nights of pitfall trapping but only six 
nights of nocturnal searching or tape recording are need-
ed to be 95% sure of the absence of Pseudophryne rave-
ni, a common, ground-dwelling frog, from forest streams 
in Queensland, Australia. 
In general, more survey effort will be required to detect 

rare or cryptic species than common species. This can be 
important in studies investigating possible effects of hu-
man activities in forests, such as logging, on the resident 
amphibian fauna. Rarer species may be most vulnerable 
to habitat disturbance, but least likely to be detected in 
pre-logging surveys or environmental impact assess-
ments. The survey effort required to detect all species of 
an amphibian fauna is likely to increase with its diversity. 
Amphibian surveys conducted outside the main breeding 
season in cold or temperate habitats are unlikely to fi nd 
most species present, regardless of survey effort, result-
ing in unreliable data (Heyer et al., 1994). 
3. Statistical Considerations 
Data collected during a systematic survey or moni-

toring program, undertaken at replicated, independent 
survey sites, are suitable for statistical analysis of rela-
tionships between the amphibians at a site and habitat 
variables, amphibian activity and weather conditions, or 
population trends over time (e.g. Pechmann et al., 1991; 
Denton and Beebee, 1992; Petranka et al., 1994; Welsh 
and Lind, 1995). Ideally, survey sites should represent 
the range of environmental variation in the study area, 
such as variation in climate, forest type, land systems or 
aquatic habitats (Austin and Heyligers, 1991; Petranka 
et al., 1994; Pearman, 1997). Sites should be far enough 
apart that the presence of a species at one site is not 
infl uenced by its presence or absence at another (Sokal 
and Rohlf, 1981). 
An unsystematic experimental design, insuffi cient rep-

lication or dependence between sites reduce the value 
of survey data. Differences in sampling techniques or 
survey effort between sites may invalidate comparisons 
of their amphibian fauna. Insuffi cient replication of sites 
will limit the power of consequent statistical analyses 
to detect signifi cant effects. For example, in a study of 
habitat variables infl uencing amphibian assemblages in 
the Appalachian forests of Virginia, Mitchell et al. (1997) 
surveyed fi ve sites, one in each of fi ve forest types. They 
found no signifi cant relationships between the number 
or diversity of amphibians and habitat variables, and did 
not fulfi ll the aims of their study. Dependence between 
survey sites will compromise analyses of between-site 
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variation, resulting in infl ated estimates of statistical sig-
nifi cance (Sokal and Rohlf, 1981). 
4. Ethics 
Field surveys involve active observation of animals 

and may result in accidental or deliberate disturbance 
of amphibians in their natural habitat. Non-destructive 
sampling techniques are important for maintaining the 
integrity of a study population, and protecting rare and 
endangered species (Gibbons, 1988). Use of sampling 
techniques that kill animals or severely disturb their 
habitat raises ethical issues (Farnsworth and Rosovsky, 
1993). Researchers need to consider possible negative 
impacts on their study animals before using destructive 
sampling techniques. 
Investigative searching that destroys the refuges of 

amphibians and reptiles in and under trees, logs, leaf 
litter and soil can have a considerable adverse effect on 
the resident herpetofauna and its habitat (Davis, 1997). 
Wet pitfall traps containing alcohol or other preservatives 
kill all animals that fall into them, including rare and en-
dangered species, and can cause large-scale mortality 
(Webb, 1991; Mitchell et al., 1993, 1997). For example, 
researchers caught 40 hip-pocket frogs (Assa darlingto-
ni) and 21 sphagnum frogs (Philoria sphagnicolus) in wet 
pitfall traps established to catch invertebrates during a 
survey in forests in northeast New South Wales, Australia 
(New South Wales National Parks and Wildlife Service, 
1994). Both are listed as vulnerable and rare (Schedule 
12) species in New South Wales. 
Dry pitfall traps can also kill large numbers of animals if 

they not checked regularly enough, as captured animals 
can desiccate, starve or be eaten by predators (Buhl-
mann et al., 1988; Halliday, 1996). During a survey 
of forest vertebrates in Oregon and Washington, Bury 
and Corn (1987) initially checked their pitfall traps ev-
ery three days, then only every seven days. Almost all 
3904 mammals they caught died in the traps. Most of 
the 2180 amphibians and reptiles caught were still alive 
when the traps were checked, although the research-
ers subsequently collected them as specimens (Bury 
and Corn, 1987). This is an extreme example, but re-
searchers need to justify a decision to include destructive 
techniques in their study, particularly in situations where 
more benign techniques could be used. Ethical concerns 
surrounding the use of destructive sampling techniques 
are compounded if surveys are not designed to ensure 
the research questions can be answered. 

PREVIOUS AMPHIBIAN SURVEYS 
IN FORESTS AND WETLANDS

The design, sampling techniques, and survey effort 
used in 44 previous amphibian surveys in forests and 
woodlands around the world are summarized in Table 3. 
This is not an exhaustive list, but represents the range 
of approaches used to survey amphibians in forest and 
woodland habitats, excluding experimental and popula-
tion studies. Over half the papers in Table 3 did not in-
clude suffi cient information on the method of their survey 
for a reader to determine the number or independence 
of survey sites, or whether the survey was systematic or 
included repeat sampling. This information is needed for 
a survey to be scientifi cally evaluated. 
The target species of the surveys in Table 3 varied from 

a single species to all the amphibians present in a large 
study area. Thirty of the 44 studies used a combination 
of sampling techniques, and 33 included repeat sampling 
with at least one technique. Twenty studies were classed 
as systematic, with systematically selected sites surveyed Ta
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to answer (survey aims). 
2. Review the literature on the amphibians in your study 

area. If they have been poorly studied, undertake a 
pilot study to compare the effectiveness of a number 
of sampling techniques, and assess the sampling ef-
fort that might be required to fulfi ll your survey aims. 
All sampling techniques should be used concurrently 
at the same sites to ensure a valid comparison. 

3. Consider possible negative effects of destructive sam-
pling techniques before deciding to use them. In some 
countries, ethics approval for a project will not be 
granted if use of destructive techniques is proposed. 

4. Determine the size of sites, plots or transects (sam-
pling units) appropriate for the study area and the 
survey questions. 

5. Determine the number and arrangement of sites 
needed to address the survey questions. For example, 
if you are interested in the effects of forest fragmenta-
tion on amphibians, locate sites in a number of differ-
ent patches and a number of contiguous forest areas. 

6. Choose sites to represent the range of variation of 
one or more relevant parameters in the study area. In 
the example above, these could be the range of patch 
sizes and their proximity to contiguous forest. If plan-
ning to analyze variation between sites, ensure that 
sites are located far enough apart to be independent. 

7. Systematically survey the selected sites with one or 
more sampling techniques suitable for your target 
species. Repeat, as indicated by the pilot study and 
the survey aims. 

More information is needed on the effectiveness of dif-
ferent techniques for sampling amphibians in different 
forest and woodland habitats. In addition, the survey ef-
fort required to fulfi ll the aims of a study, such as detect-
ing a particular species if it is present, is largely unknown 
in many areas of the world. These issues of amphibian 
survey design require further research.
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CONCLUSION AND RECOMMENDATIONS 
Planning an amphibian survey to maximize its effective-

ness and the value of the resulting data involves consid-
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