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Abstract. Populations of amphibians and reptiles are experiencing new or increasing threats to
their survival. Many of these threats are directly attributable to human activity and resource devel-
opment. This presents the increasing need for worldwide amphibian and reptile assessments and
effective, standardized monitoring protocols. Adaptive management techniques can assist managers
in identifying and mitigating threats to amphibian and reptile populations. In 1996, Shell Prospecting
and Development, Peru initiated a natural gas exploration project in the rainforest of southeastern
Peru. The Smithsonian Institution’s Monitoring and Assessment of Biodiversity Program worked
closely with Shell engineers and managers to establish an adaptive management program to protect
the region’s biodiversity. In this manuscript, we discuss the steps we took to establish an adaptive
management program for amphibian and reptile communities in the region. We define and outline
the conceptual issues involved in establishing an assessment and monitoring program, including
setting objectives, evaluating the results and making appropriate decisions. We also provide results
from the assessment and discuss the appropriateness and effectiveness of protocols and criteria used
for selecting species to monitor.
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1. Introduction

Amphibians (frogs, salamanders, caecilians) and reptiles (crocodilians, turtles, liz-
ards, snakes) are diverse groups of animals that occur throughout the world and
reach their greatest diversity in tropical regions (Frost, 1985; Pough et al., 1998).
Like most vertebrate groups, amphibians and reptiles are experiencing new or in-
creasing threats to their survival. However, unlike many mammals and birds, we
have yet to assess the conservation status of these vertebrates in a comprehensive
manner (IUCN, 1996). This emphasizes the need for global assessments of amphi-
bian and reptile populations as well as the need to establish effective, standardized
monitoring protocols.

There are many causes of decline in amphibian and reptile populations. Habitat
loss, fragmentation and degradation are the most widely reported reasons (Hanski
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et al., 1995; IUCN, 1996; Pechmann and Wake, 1997). Recent declines in am-
phibian populations have been particularly alarming, and scientists have put much
effort into examining this phenomenon (Blaustein and Wake, 1990; Phillips, 1990;
Wyman, 1990; Wake, 1991; Blaustein et al., 1994a; Houlahan et al., 2000). In addi-
tion to theories regarding habitat alteration (Lannoo et al., 1994; Delis et al., 1996),
research indicates that acid precipitation (Wyman, 1988; Sadinski and Dunson,
1992), UV-B radiation (Blaustein et al., 1994b), pathogens (Blaustein et al., 1994c;
Anderson, 1995), the introduction of exotic species (Schwalbe and Rosen, 1988;
Fisher and Shaffer, 1996), harvesting by humans (Hayes and Jennings, 1986),
chemical pollutants (Berrill et al., 1993; Stebbins and Cohen, 1995) and natural
population fluctuations (Pechmann et al., 1991) are also taking a toll on amphibi-
ans.

In 1991, the World Conservation Union (IUCN) established its Declining Am-
phibian Populations Task Force (DAPTF) to address declines in herpetile popula-
tions. The primary goal is to establish effective and standardized methodologies
and protocols for gathering baseline data on the status of amphibians around the
world (Heyer et al., 1994). Blaustein et al. (1994c) also argued for long-term
population data to rigorously evaluate the significance of global amphibian decline.

Herein, we outline the concepts and protocols for a long-term (10- to 20-year)
standardized monitoring study proposed for amphibians and reptiles in a neotrop-
ical rainforest. We describe an assessment and monitoring program for amphibians
and reptiles within an adaptive management framework, based on our experience
in the Amazonian forests of Peru. We believe that the results are important to the
continued evaluation of the worldwide decline in populations of these vertebrates.

2. Background

The authors and other scientists investigated the herpetofauna of a section of the
Peruvian Amazon during 1997 and 1998 (Reynolds et al. 1997; Icochea and
Mitchell, 1997; Icochea et al., 1998, 1999). We worked as part of a project sponsor-
ed by the Smithsonian Institution’s Monitoring and Assessment of Biodiversity
program (SI/MAB) in a remote, virtually untouched area known as the Lower
Urubamba Region (LUR). This area was the focus of a natural gas exploration
project by Shell Prospecting and Development, Peru (SPDP). To reduce potential
effects of this development on biodiversity, SI/MAB worked to design and imple-
ment a multi-taxa assessment and monitoring program to guide decisions regarding
development and avoid possible impacts on biodiversity (Dallmeier and Alonso,
1997).

The Lower Urubamba Region covers a 20 × 30 kilometer (km) area along the
foothills of the Andes Mountains near where the Urubamba, Camisea and Cashiri-
ari rivers meet (12◦S latitude, 73◦W longitude). Vegetation in the area is old-
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growth, lowland, non-flooded, tropical rainforest with extensive areas dominated
by bamboo (Guadua sarcocarpa) (Comiskey et al., 2001).

The study focused on four natural gas drilling sites: San Martin-3 (Sanm-3),
Cashiriari-2 (Cash-2), Cashiriari-3 (Cash-3) and Pagoreni (Pag). At each well site,
SI/MAB scientists conducted comprehensive assessments of the vegetation, aquatic
systems, arthropods, amphibians and reptiles, birds and mammals (Dallmeier and
Alonso, 1997; Alonso and Dallmeier, 1998, 1999). SI/MAB used data from the
assessments to establish management goals and monitoring protocols, which were
designed to assist SPDP in protecting biodiversity through continuous evaluation
of management strategies and objectives. This process is known as adaptive man-
agement (Holling, 1978).

3. The Lower Urubamba Region Monitoring Framework

3.1. ADAPTIVE MANAGEMENT

Adaptive management is a systematic, cyclical process for improving manage-
ment policies and practices based on lessons learned from operational programs
(Comiskey et al., 2000). Because there is uncertainty involved in actions applied
to managing for the conservation of biodiversity, the planning process requires
constant feedback of information so that management actions can be evaluated
in regard to established goals (Noss, 1999; Comiskey et al., 2000). The cyclical
process involves four steps: setting the goals and objectives, assessment and mon-
itoring, evaluation and decision-making (Holling, 1978; Walters, 1986). Goals and
objectives identify the aim of management strategies and provide benchmarks that
these strategies are intended to reach. The assessment provides initial data regard-
ing the status and distribution of species present, descriptions of the habitat and
literature reviews (Spellerberg, 1991; Dallmeier and Comiskey, 1998). Monitor-
ing furnishes data needed to ensure that the effects of management are within
the desired range identified in the objectives (Dallmeier, 1997). Assessment and
monitoring lead to evaluation of management strategies and their impacts on the
ecosystem. Based on the evaluation, managers make decisions about whether to
continue, terminate or adapt the management strategies (Holling, 1978; Dallmeier
and Comiskey, 1998; Elzinga et al., 1998; Comiskey et al., 2000).

3.2. MANAGEMENT STRATEGIES

Management strategies in the LUR were broadly defined. SPDP and SI/MAB in-
tended to manage the natural gas exploration project so as to create the least impact
on biodiversity in the region. This included minimal forest edge surrounding the
well sites, placement of facilities in the least environmentally sensitive areas, no
external roads into the sites, reduction of thermal and chemical pollution and of
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siltation of aquatic systems and revegetation of indigenous species atop a buried
natural gas pipeline (Alonso and Dallmeier, 1999).

3.3. OBJECTIVES

The objectives of this study were to (1) establish an inventory of the species at each
site, (2) evaluate the effects of the development project on natural communities at
each well site and (3) measure and evaluate long-term trends in amphibian and
reptile community structure and species distributions relative to habitat changes
brought about by the natural gas project. The objectives were met through monit-
oring protocols outlined by Heyer et al. (1994) and adapted to the topography and
logistical support system that was in place at the well sites.

3.4. ASSESSMENT

We assessed the composition and distribution of the amphibian and reptile com-
munities in relation to the four well sites during 1997 and 1998. Assessments
were conducted at Sanm-3 and Cash-2 from March to June, 1997, at Cash-3 from
October to December, 1997 and at Pag from April to May, 1998 (Reynolds et al.,
1997; Icochea and Mitchell, 1997; Icochea et al., 1998; Icochea et al., 1999). The
assessment also involved literature searches and descriptions of habitats.

We used a variety of methods, including visual and audible searches along tran-
sects and within quadrats, sticky traps and pit-fall traps (Heyer et al., 1994; Icochea
et al., 2001). We conducted the assessment in a subjective manner, selecting sites to
ensure adequate sampling of all habitats and therefore maximizing the number of
species encountered. We assessed herpetiles in and around the areas of disturbance
(the well sites) and in undisturbed, interior forest in the vicinity and of the same
forest type as at the well sites. The results of the assessment provided the baseline
data needed for managers to evaluate the consequences of management practices
(Spellerberg, 1992).

We confirmed the presence of 63 species of amphibians from 3 orders at the 4
sites. Among the 4 sites, Cash-3 and Sanm-3 were the most diverse – 49 species
each, followed by Pag and Cash-2 – each with 39 species (Icochea et al., 2001).
Frogs (Anura) were the most speciose group with 59 species, followed by caecili-
ans (Gymnophiona) and salamanders (Caudata), each with 2 species (Icochea et
al., 2001). Studies from Manu National Park (Pakitza), Cusco Amazónico and the
Iquitos region (all in Peru) describe similar distributions among the taxa, but higher
richness (Morales and McDiarmid, 1996; Duellman and Salas, 1991; Rodriguez
and Duellman, 1994). In part, the lower species richness in the LUR study may
reflect less sampling. Our study was of shorter duration than the others. Despite
the high richness of frogs in the LUR, nearly all of the species were from two
families, Hylidae and Leptodactylidae (Table I). The former is primarily arboreal,
and the latter is primarily terrestrial and arboreal on low vegetation. This pattern
has been described for other lowland tropical rainforests in Peru (Table I).
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TABLE I

Comparison of the known anuran fauna for four sites in the Lower Urubamba Region (LUR), Peru
(Reynolds et al., 1997; Icochea et al., 2001) and three additional sites in Peru: Manu National
Park, Pakitza (Morales and McDiarmid, 1996); Cusco Amazónico (Duellman and Salas, 1991); and
Iquitos Region (Rodriguez and Duellman, 1994)

Family Lower Urubamba Region (LUR) Manu Cusco Iquitos

(Pakitza) Amazónico Region

San Martin-3 Cashiriari-2 Cashiriari-3 Pagoreni Total

Bufonidae 2 3 4 2 4 3 3 7

Centrolenidae 3 0 3 2 3 1 0 0

Dendrobatidae 4 3 3 2 5 6 3 8

Hylidae 14 14 13 12 21 27 32 50

Leptodactylidae 22 16 21 19 24 26 19 37

Microhylidae 2 1 2 0 2 4 4 7

Pipidae 0 0 0 0 0 0 1 2

Pseudidae 0 0 0 0 0 0 1 0

Ranidae 0 0 0 0 0 0 0 1

Total 47 37 46 37 59 67 63 112

Area surveyed 64 64 64 64 256 40 100 U

(km2)

All sites are described as lowland tropical rainforest; U = area not provided by authors; data shown
are numbers of species per family.

We confirmed the presence of 81 species of reptiles from 3 orders at the 4 sites
(Icochea et al., 2001). Among the 4 sites, Sanm-3 had the most species with 51,
followed by Cash-3 (47), Pag (46) and Cash-2 (39). The Order Squamata was the
most speciose group with 78 species (Table II). Suborders of Squamata – Amphis-
baenia, Sauria and Serpentes – had 1, 28 and 49 species, respectively (Icochea et
al., 2001). The reptile fauna in the LUR was similar to that of other regions in
southwestern Amazonia (Table II) (Morales and McDiarmid, 1996; Duellman and
Salas, 1991; DaSilva and Sites, 1995).

3.5. MONITORING

The conceivable effects of natural gas exploration on the amphibian and reptile
community of the LUR are habitat alteration and pollution of local waters. Habitat
alteration in this case concerned the area cleared – a 3-hectare (ha) zone – for each
well site and the forest edge habitat that was created by the clearing. Potential
pollution involved siltation of streams as soil and other materials run off from the
disturbed sites.

Forest fragmentation and the resulting increase in forest edge can affect the
distribution and abundance of amphibians and reptiles. The forest along the edge is
subject to more sunlight, higher temperatures, desiccation and wind. These changes
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TABLE II

Comparison of the known Squamata fauna for four sites in the Lower Urubamba Region (LUR),
Peru (Reynolds et al., 1997; Icochea et al., 2001) and three additional sites in Peru: Manu National
Park, Pakitza (Morales and McDiarmid, 1996); Cusco Amazónico (Duellman and Salas, 1991); and
Iquitos Region (Da Silva and Sites, 1995)

Family Lower Urubamba Region (LUR) Manu Cusco Iquitos

(Pakitza) Amazónico Region

San Martin-3 Cashiriari-2 Cashiriari-3 Pagoreni Total

Amphisbaenia

Amphisbaenidae 0 1 1 0 1 1 1 2

Sauria

Gekkonidae 3 3 2 2 3 4 3 6

Gymnophthalmidae 6 6 4 7 8 5 6 11

Hoplocercidae 1 0 0 1 2 1 0 2

Iguanidae 0 0 0 0 0 0 0 1

Polychrotidae 7 4 4 5 8 3 4 8

Scincidae 1 0 1 1 1 1 1 1

Teiidae 3 2 2 2 3 3 5 5

Tropiduridae 3 3 2 3 3 5 4 4

Serpentes

Aniliidae 0 0 0 1 1 0 1 1

Boidae 2 1 0 2 2 2 4 5

Colubridae 19 14 27 12 35 22 38 65

Elapidae 1 1 1 4 5 4 3 8

Leptotyphlopidae 1 0 1 1 1 0 1 0

Typhlopidae 0 0 0 1 1 0 0 3

Viperidae 2 3 1 4 4 3 2 6

Total Amphisbaenia 0 1 1 0 1 1 1 2

Total Sauria 24 18 15 21 28 22 23 38

Total Serpentes 25 19 30 25 49 31 49 88

Total Squamata 49 38 46 46 78 54 73 128

Area surveyed (km2) 64 64 64 64 256 40 100 U

All sites are described as lowland tropical rainforest; U = area not provided by authors; data shown
are numbers of species per family.

in environmental conditions affect the physiology and habitats of amphibians and
reptiles. Vitt et al. (1997) found that lizards were common along forest edge and
small forest openings and that they used the increased sunlight in these areas for
basking. On the other hand, forest edge has been shown to decrease the abundance
of amphibians (Marsh and Pearman, 1997; Gibbs, 1998; Demaynadier and Hunter,
1998, 1999).
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One of the more alarming effects of forest fragmentation and edge is a reduction
or elimination of normal dispersal patterns (Reddinguis and Den Boer, 1971; Hans-
son, 1991). This is a known cause of extinction in natural populations (McPeek and
Holt, 1992) because the inability to disperse leads to fragmentation and insulariza-
tion of populations, making them more vulnerable to local extinctions (MacArthur
and Wilson, 1967). This may be especially relevant to species such as amphibians
and reptiles that have limited dispersal abilities. Forest fragmentation and edge
have been shown to restrict dispersal patterns in both amphibians (Dupuis et al.,
1995; Gibbs, 1998; Demaynadier and Hunter, 1999) and reptiles (Sarre et al., 1995;
Lecomte and Clobert, 1996).

During the initial stage of this project, the edge effect was minimal. The total
area cleared for the well sites was approximately 15 ha out of 60 000 ha available
in the study area.

Siltation affects streams by increasing turbidity and altering the chemical com-
position. This too has been shown to have negative effects on amphibian and reptile
communities (Hecnar and McCloskey, 1996). Most amphibians have bi-phasic life
cycles that involve an aquatic larval stage and a terrestrial adult stage. In typ-
ical species, each individual is dependent on aquatic environments at some point
during its lifetime. In addition, the permeable skin used for respiration and osmo-
regulation (Duellman and Trueb, 1986) make amphibians particularly vulnerable
to water pollution (Berrill et al., 1993; Stebbins and Cohen, 1995).

SPDP devised a comprehensive plan for cleaning and treating the water for or-
ganic and chemical compounds, which proved to be effective (Salcedo et al., 2001),
and siltation was not a concern in the small streams throughout the study area. The
abundance of apparently healthy tadpoles and immature fresh water invertebrates
supported this finding.

SPDP’s management strategy was designed to minimize forest edge and silta-
tion in streams. Because fragmentation and edge can have potentially harmful
impacts on the herpetile community, however, future monitoring should focus on
this issue. By monitoring species in relation to such impacts, we can evaluate
whether the management strategy is effective.

It is not possible to monitor all species found in an area because of time, fin-
ancial and logistical constraints. That means we must select a set of species to
monitor. Frogs are particularly amenable to surveys because of certain behavioral
traits – most frogs are readily visible at night, and males produce species-specific
vocalizations (Duellman and Trueb, 1986) that are relatively simple to identify. In
addition, standardized monitoring techniques based on frog vocalizations are avail-
able (Heyer et al., 1994; Green, 1997). The long-term monitoring program will fo-
cus on 4 species of frogs – Epipedobates macero, Bufo cf. typhonius, Ischnocnema
quixensis and Hemiphractus johnsoni. We chose these species because during the
assessment, they were common, widely distributed and easy to identify. These traits
will assist researchers in collecting adequate, quality data regarding abundance.
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We also plan to monitor all of the anuran community in relation to relative
abundance. Snakes and lizards have characteristics that make them appropriate for
monitoring. Emphasis will be on 2 species – the snake Atractus major and the
lizard Anolis trachyderma, again because they were common, widely distributed
and easy to identify.

We plan to monitor components of the environment as well. Amphibians have
critical habitat needs for different life stages. One is wetlands, ranging from small,
ephemeral puddles to permanent lakes and streams. The quantity and quality of
these wetlands has an impact on the richness, distribution and abundance of am-
phibian populations. During the assessment phase, potential breeding sites were
mapped, and water quality was measured (Salcedo et al., 2001).

Among the many techniques for monitoring amphibians and reptiles (Heyer
et al., 1994), we used visual encounter surveys (VES) (Campbell and Christman,
1982; Corn and Bury, 1990; Crump and Scott, 1994), audio strip transects (AST);
(Zimmerman, 1994) and quadrat surveys (Reynolds et al., 1997). The quadrat sur-
veys were effective, but labor intensive. VES and AST were the most effective
methods for sampling amphibian populations, and VES was highly effective for
reptiles.

VES requires that research teams move throughout a survey zone for a fixed
period of time, intensively searching for amphibians and reptiles that may be on
the ground or vegetation. For this assessment, transects were of variable width
and length. For future monitoring, we established permanent transects 100 meters
(m) in length and decided on a search distance of 2 m either side of each transect
(Campbell and Christman, 1982; Corn and Bury, 1990). We established a series of
these transects extending through forest edge habitat and continuing 2 km into the
undisturbed forest. The resulting data can be used to determine species richness
and to estimate relative abundance.

Continual monitoring of these transects will allow us to evaluate the effects
of forest edge by comparing species composition and relative abundance between
the forest edge and the forest interior. But VES alone is not a reliable method for
estimating density because not all individuals actually present will be observable
at the same time. Donnelly (1989) describes a technique for estimating density
by combining VES with mark-recapture methods. These methods will be used to
monitor the 6 focal species. We note that VES is the most effective method to
monitor forest understory anurans and to survey rare species (Crump and Scott,
1994).

During breeding periods, male frogs use species-specific vocalizations to attract
mates. AST monitors frog communities by exploiting this behavior. Monitoring
teams listened for and counted calling male frogs along the transects described
above. We recorded and identified frogs by their vocalizations 10 or more meters
from each transect.

Males of many tropical frogs are widely dispersed in the forest or occur in
small enough groups that one can audibly count the number of calling individuals.
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AST provides an assessment of species richness and habitat use, and an estimate
of the relative abundance of calling males. AST is a rapid and effective monit-
oring technique for all forest strata and micro-habitats and in gathering data on
fossorial and canopy-dwelling species with similar efficacy as for ground-dwelling
species (Zimmerman, 1991; 1994). Because males are most active and vocal during
breeding periods, which generally occurs during the first month of the rainy season
(Duellman, 1978; Morales and McDiarmid, 1996), this is the best time to monitor
frog populations.

As with other taxonomic groups, the life history of amphibians and reptiles is
closely associated with climatic variables. Therefore, monitoring of climatic data
in conjunction with monitoring of biotic data is essential. We recorded maximum
and minimum temperatures and rainfall, and we recommend that instruments be
installed at each site for regular use in recording climate data, including data on
relative humidity, barometric pressure, soil and water pH, wind speed and wind
direction. These data will provide insight on the effects of climate on changes in
amphibian and reptile populations and may indicate the most appropriate time for
sampling.

3.6. VOUCHER SPECIMENS

Voucher specimens provide documentation for the occurrence of a species and are
permanent records from a particular site (McDiarmid, 1994). We used the follow-
ing protocols in preparing specimens: euthanization of sampled specimens, tagging
of each specimen with a unique code, preservation of each specimen in a small
quantity of diluted formaldehyde and storage of each specimen in alcohol. We
deposited vouchers at the Museo de Historia Natural, Universidad Nacional Mayor
de San Marcos, Peru (MUSM) and the Smithsonian Institution, National Museum
of Natural History, Washington, DC.

3.7. EVALUATION AND DECISION-MAKING

A primary goal of monitoring is to detect trends in populations over time, if in
fact they are occurring. Populations of many species of amphibians vary radically
over short periods of time (Pechmann et al., 1991). So, even after many years,
monitoring may not realize the true extent of variability in a population (Pechmann
and Wilbur, 1994). Hayes and Steidl (1997) used power analysis to examine variab-
ility in populations of neotropical amphibians and suggested that 10 to 20 years of
monitoring is necessary to determine if a trend has occurred. Therefore, long-term
monitoring and evaluation of results are necessary to make appropriate decisions
regarding management strategies.

In the LUR, our assessment provided the baseline data to meet the initial ob-
jectives. Monitoring will continue for the duration of the project, and the status of
amphibian and reptile populations will be evaluated. After each evaluation, man-
agers must make decisions. If the data determine that trends in the parameters under
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study are within acceptable ranges, then monitoring and management strategies
might continue with little or no adjustment. If population values decline to un-
acceptable levels, then managers will need to make decisions to either adapt the
monitoring protocols, adapt the management objectives or adapt the management
strategy (Dallmeier and Comiskey, 1998; Comiskey et al., 2000), thus completing
the adaptive management cycle.
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