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 Sampling amphibians and reptiles in the Iwokrama Forest
 ecosystem
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 Academy of Natural Sciences, 1900 Benjamin Franklin Parkway, Philadelphia PA 19103-1195, U.S.A. Current Address:

 Iwokrama International Centre, 67 Bel Air Road, Georgetown, Guyana-gwatkins@iwokrama.org

 ABSTRACT-We compared species richness estimates for eight camps sampled in 1997 to inventory the herpetofauna
 of the Iwokrama Forest. Regression analyses and Coleman curves documented that species richness was lowest in the
 camp at the highest elevation. We also found that the four standard sampling methods we used in 1997 differed
 significantly in detecting species. All methods were necessary to generate a complete species list of 141 species, but visual
 encounter surveys and opportunistic collecting discovered the largest number of species in Iwokrama. Our results show
 that meaningful comparisons of species diversity are only possible when effort has been standardized.

 INTRODUCTION

 Donnelly et al. (in press) describe how the Iwok-

 rama Forest herpetofauna compares to other faunas

 in South America. Based on their analysis, the Iwok-
 rama herpetofauna resembles those from Suriname
 and French Guiana more than it does the Venezue-
 lan herpetofauna. While Duellman (1999) claims
 that the Amazon Basin + Guianan lowlands contain
 a single fauna, others have suggested that the fauna
 of the Guianan region may be distinct from that of
 the Amazon Basin (Donnelly et al. 2005; Hoog-
 moed 1979a). Most species known from Iwokrama
 are "rare", and only a few are common across the
 Reserve (Donnelly et al. 2005). In this paper, we
 update the report by Donnelly et al. (2005) to in-
 clude information obtained during a ranger training
 course conducted in 2002 and during our work in
 Surama savannas in 2002. We provide information
 on species distributions across the Iwokrama forest,
 on how animals were captured, and when they were
 captured.

 Collections of amphibians and reptiles from the
 Iwokrama Forest provide information on the com-
 position of a rainforest herpetofauna from central
 Guyana. Our studies in the region fill a gap between
 studies done in Venezuela and studies done in East-
 ern Guayana. Central Guyana is home to "frontier
 forest" that had not been explored prior to the Ver-

 tebrate Survey conducted by the Academy of Nat-
 ural Sciences. We hope our description of the Iwok-
 rama herpetofauna stimulates additional research.
 We are expanding our studies of the forest herpe-
 tofauna to include the fauna found in the Rupununi
 savanna, and we provide preliminary information
 for savanna species in this paper.

 Surveys of herpetofaunal assemblages in northern
 South America have focused on the entire region
 (Duellman 1999; Duellman & Hoogmoed 1992;
 Hoogmoed 1979a, b) or concentrated on Venezuela
 (Duellman 1997; Gorzula & Sefiaris 1999) French
 Guiana (Chippaux 1986; Gasc & Rodrigues 1980;
 Hoogmoed 1982; Hoogmoed & Avila Pires 1991;
 Hoogmoed & Lescure 1975; Lescure 1976, 1986;
 Lescure & Marty 2001 [2000]) or Suriname (Goin
 1971; Hoogmoed 1979b, 1980, 1982). Few surveys
 have been done in Guyana and most of the infor-
 mation for amphibians and reptiles stems from work
 done by Beebe and Boulenger. Beebe made collec-
 tions in the Kartabo region of Guyana (Beebe 1915,
 1919, 1925, 1944a, b, 1945, 1946) and generated
 a list, but the lack of voucher material for Beebe's
 collection complicates use of his list. Beebe's iden-
 tifications were not always correct (e.g., he used the
 name Neusticurus rudis [Beebe 1945] for a specimen
 of N. bicarinatus-MAD pers. obs.). Boulenger
 published research on amphibians and reptiles col-
 lected near table-top mountains in Guyana (Boulen-
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 ger 1895a, b, 1900a, b; McDiarmid & Donnelly,

 2005). As herpetological research continues in Guy-

 ana, new species will be discovered because the re-

 gion is poorly known (e.g., Duellman & Yoshpa

 1996; MacCulloch & Lathrop 2001, 2002; Noonan
 & Harvey 2000).

 The herpetology research we have done in Iwok-

 rama shows how research and conservation intersect
 through capacity building, and the research-conser-

 vation link is important for developing countries

 (see Bickford 2005). While "scientific progress" is

 made more slowly when it is associated with train-
 ing, we believe that the long-term benefits for con-

 servation are enhanced with training activities. This
 enhancement occurs when people living near the

 forest gain benefits derived from the conserved eco-

 system. Our research and training efforts span a five-

 year period. During the 1997 herpetological survey

 in Iwokrama, capacity was enhanced for profession-
 als, university students, Amerindian rangers, and
 Amerindian parabiologists. During the 1999 ranger
 training course capacity was enhanced for the ranger
 trainees, three Guyanese post-graduates, and three
 of the ranger trainees that were participants in the
 1997 surveys. The experienced trainees extended

 their training in 1999 as they worked with their
 peers. During the 2002 ranger training course, an

 alumna from the 1999 course helped teach the
 course to ranger trainees and one University of Guy-
 ana student. The University student extended her
 experience in 2002 by helping ranger trainees ac-
 quire particular skills. Ranger trainees that complete
 the program gain employment with Iwokrama, but
 in some cases, trained rangers have left Iwokrama

 for other job opportunities that required the skill set
 developed during the training course.

 Collections of amphibians and reptiles were made
 during the Iwokrama Vertebrate Survey (1997-
 1998), and during Amerindian Ranger Training
 Courses (in 1999 and 2002). We also report on a
 small collection made in the savanna near the Am-
 erindian village of Surama. These specimens were
 collected in 2002 with members of local wildlife
 clubs.

 To generate a complete species list for any site, a
 combination of sampling methods is needed to sam-
 ple all amphibians and reptiles because species vary
 ecologically (e.g., from being fossorial to canopy-
 dwelling). Animal activity patterns are diurnal, cre-
 puscular, or nocturnal, so diurnal and nocturnal
 sampling is required. While use of all possible meth-
 ods is best, limited financial resources typically re-
 quire researchers to select among sampling methods
 (see Heyer et al. 1994, 2001).

 Campbell & Christman (1982) compared sam-
 pling methods in Florida (drift fence arrays using
 pitfall and funnel traps, quadrats, time-constrained

 searches, road-cruising, and opportunistic collect-

 ing) across several sites. The number of species de-
 tected varied among methods; drift fence arrays and

 time constrained searches resulted in the greatest
 number of species (29 species with arrays and 24
 species with time-constrained searches). Quadrat

 sampling captured few species (6-9 species) but did
 not vary across habitat types. Road-cruising and op-
 portunistic collecting obtained species not collected
 in other ways (Campbell & Christman, 1982). Un-
 fortunately, Campbell & Christman did not stan-
 dardize effort across sites or methods.

 Pearman et al. (1995) compared the efficiencies

 of four sampling methods in a tropical forest site in
 Ecuador and found differences among methods, but
 the methods were compared without standardizing
 effort. Pearman et al. (1995) detected the greatest
 number of species with visual encounter surveys. We
 extend the analysis of Pearman et al. (1995) by com-
 paring among methods with standardized effort. We
 used a rarefaction approach to determine how sites
 and methods varied (Sanders 1968; Simberloff
 1979). We compare these estimates of species rich-
 ness with estimates obtained from a simulation ap-
 proach (Colwell 1997; Colwell & Coddington
 1994).

 METHODS

 The Vertebrate Survey of the Iwokrama forest be-
 gan in 1997. All specimens collected prior to the
 herpetological survey were collected opportunisti-
 cally (Collection One). The herpetological compo-
 nent of the survey took place during the 1997 rainy
 season (Table 1). Eight sites were sampled using four
 standard methods during the herpetological survey
 (nocturnal visual encounter surveys, diurnal visual
 encounter surveys, litter plots, and opportunistic
 collecting; see Heyer et al. 1994). The standard
 methods used are described in detail in Donnelly et
 al. (2005) and will be summarized here. We worked
 out of eight field camps established as part of the
 vertebrate survey (Table 1). Site selection depended
 on river or road access. At each camp we established
 trails and scouted rivers and creeks for visual en-

 counter surveys. Surveys were conducted during the
 day and night along trails or from boats. Leaf litter
 plots (5 X 5 m and 8 X 8 m) were haphazardly
 selected in forest sites and sampled during the day.
 All animals observed or captured with other sam-
 pling methods were collected opportunistically. Pit-
 fall traps associated with drift fence arrays were used
 at the Three Mile Camp only. The amount of time
 spent in each camp was not equal nor was sampling
 intensity (Table 1, Table 2). The specimens collected
 during the herpetological survey were placed in Col-
 lection Two. Additional observations of amphibians
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 Table 1. Collection sites visited during the Vertebrate Survey of the Iwokrama Forest. Abbreviations: m asl-
 meters above sea level; NA-not available.

 Camp Collection dates Elevation (m asl) Latitude, longitude

 Maipuri pre-May 1997 NA 4045.25 N, 58035.28 W
 Tiger Creek pre-May 1997 NA 4031.47 N, 58033.62 W
 Muri Scrub 9-14 May 1997 80 4025.20 N, 58050.96 W
 Cowfly 14-20 May 1997 120 4020.00 N, 58049.00 W
 Third Camp 20-27 May 1997 224 4020.00 N, 58048.00 W
 Three Mile 28 May-8 June 1997 102 4037.98 N, 58042.87 W
 Burro-Burro 9-20 June 1997 83 4043.86 N, 58051.04 W
 Kabocali 24 June-3 July 1997 101 4017.10 N, 58044.85 W
 Cutline 5-11 June 1997 70 4035.00 N, 58044.85 W
 Pakatau 13-24 July 1997 85 4045.00 N, 59001.00 W
 Kurupukari 1997, 1999, 2002 70 4043.91 N, 58059.00 W
 Surama 2002 NA 4?13.58 N, 59006.96 W

 and reptiles were made by GGW during subsequent
 fieldwork in the forest.

 In 1999 and 2002, Amerindian ranger training

 courses were held at the Kurupukari Base Camp.
 Collections of amphibians and reptiles were made
 in the area of the base camp, along rivers and creeks

 near the base camp, and at Three-Mile camp (in

 1999 only) as part of course activities. We used vi-

 sual encounter surveys (day and night) and litter
 plot samples to collect during the ranger training.
 Specimens were also collected opportunistically dur-
 ing both training sessions.

 In 2002, we collected amphibians and reptiles

 near Surama with Amerindian wildlife club mem-
 bers. We collected amphibians opportunistically,
 during time-constrained visual encounter surveys,
 and during distance-constrained visual encounter
 surveys. We also collected a few reptiles during am-
 phibian sampling. In summary, Collection One was
 made during early 1997 (Jan.-Apr.), Collection Two

 was made during the 1997 herpetological survey
 (May-July), Collection Three was made during the
 1999 ranger training course (Aug.), Collection Four
 was made during the 2002 ranger training course
 (Aug.), and Collection Five was made in Surama in
 2002 (Aug.). Specimens were obtained during the
 five collecting efforts. Animals were killed in the
 field, fixed in 10% formalin, and stored in 70%
 ethanol. Tissues (liver and muscle) were extracted
 from some specimens prior to formalin fixation and
 stored in 95% ethanol. Representative specimens
 have been deposited in the Centre for Biodiversity,
 University of Guyana, Georgetown, Guyana; the
 American Museum of Natural History, New York;
 the United States National Museum of Natural His-
 tory, Washington D.C.; and the Herpetology Col-
 lection at Florida International University.

 We plotted the number of species obtained as a
 function of the number of individuals sampled to
 describe the pattern of species accumulation for all

 Table 2. Collection efforts during the herpetological survey measured as the number of samples taken with
 each method. The camps are abbreviated as follows: MURI Muri Scrub, COW = Cowfly, TC = Third
 Camp, MILE = Three Mile, BURRO = Burro-Burro, KABO Kabocali, CUT = Cutline, and PAK =
 Pakatau. The methods are abbreviated as follows: DVES = daytime visual encounter surveys, PLOTS =
 litter plots, NVES = night-time visual encounter surveys, OP = opportunistic collecting.

 Sampling method

 Camp Days in camp DVES PLOTS NVES OP Total samples

 MURI 5 2 25 11 6 44
 COW 6 2 28 8 6 44
 TC 7 6 20 4 8 38
 MILE 11 17 36 25 11 89
 BURRO 11 14 50 26 9 99
 KABO 9 21 36 27 8 92

 CUT 6 14 20 11 3 48
 PAK 11 22 40 24 9 97
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 data. We used regression analysis to examine the

 relationship between the number of individuals (N)

 and species richness (S). We used log transforma-

 tions to normalize the data. We compared the slopes

 of regression lines with analysis of covariance and

 post-hoc multiple comparisons tests (Zar 1984).
 The minimum number of individuals collected us-

 ing all methods at any camp was 50, and we used

 regression equations to estimate species richness for

 each camp based on a fixed N of 50.

 Linear regression was used to compare how well

 different methods sampled species. The raw data
 were transformed to examine the relationship be-

 tween the log of the number of individuals (N) and
 the log of species richness (S). We used analysis of

 covariance to compare slopes and nonparametric

 multiple comparisons tests to determine how meth-

 ods differed. We used regression equations to esti-

 mate species richness at a fixed N of 16 (the lowest

 number of individuals obtained by litter plots). We

 also compared the methods using the number of
 person hours as a measure of effort instead of the
 number of individuals collected.

 We used EstimateS (Colwell 1997) to generate
 Coleman curves for our data set. Coleman curves
 were used to estimate the number of species at each
 of the eight camps and estimate the number of spe-
 cies detected by the four methods. The number of

 species per sample was averaged over 100 random-

 izations to remove the effect of sample order and
 differences due to the number of individuals col-

 lected.

 RESULTS

 A total of 59 amphibians and 82 reptiles are
 known from the Iwokrama ecosystem (Appendix).
 Eight reptile species (4 turtles, 2 lizards, and 1
 snake, and the Black Caiman) are known only from
 observations (i.e., specimens were not taken). Many
 amphibian species were found at a single camp (>
 30% of the total number of species), but 21% of
 the amphibian species were widespread through the
 Reserve (Fig. 1). The majority of amphibian species
 were collected with one or two methods (Fig. 1).
 Four amphibian species were collected using four or
 five methods (two bufonids and two leptodactylids).
 Almost half of the amphibian species were repre-
 sented in one of the five collections (Fig. 1). Bufo
 marinus and Leptodactylus bolivianus were represent-
 ed in all collections (Appendix).

 Most of the reptile species (i.e., snakes) were only
 found in one camp and were captured with a single
 method (Fig. 1). Most of the captures were oppor-
 tunistic (62% of the species captured with a single
 method were captured opportunistically; Donnelly
 et al. 2005).

 During the herpetological survey (Collection

 Two), the number of species accumulated increased

 rapidly through the first 500 individuals. The rate

 of increase of species addition then slowed consid-
 erably, but was still increasing (with over 3000 in-
 dividual observations; Fig. 2A). In three camps
 (Burro-Burro, Kabocali and Three Mile, the accu-

 mulation curve flattened (data not shown). In the

 other five camps, the accumulation curve did not
 flatten (data not shown).

 There was a significant positive relationship be-

 tween the log of the number of individuals and the
 log of the number of species (Table 3). The slopes

 of the regression lines varied significantly and four
 types of lines (high richness [Pakatau, Burro-Burro
 and Muri Scrub], moderately high richness [Kabo-
 cali], moderately low richness [Three Mile and Cut-
 line], and low richness [Cowfly and Third Camp])

 were detected by the multiple comparisons analysis.
 (Table 3).

 There was a significant positive relationship be-
 tween the number of species and the number of
 individuals for each method. The slopes of the four
 regression lines vary significantly (Table 4) suggest-
 ing that the methods accumulate species at different

 rates. We also compared method efficiency by plot-
 ting the relationship between the number of person
 hours expended and the number of species obtained
 by the methods. Relationships between numbers of
 species obtained by the four methods and numbers
 of person hours expended for each method were
 each positive and significant (Table 5). The slopes
 obtained by litter plots and daytime visual encoun-
 ter surveys were not different from each other but
 they differed from the other two methods (Table 5).

 We used the entire data set (all individuals ob-
 served during the 1997 herpetological survey) to es-
 timate species richness, and the resulting Coleman
 curve is shown in Fig. 2B. Its shape is different from
 the raw data (compare panels in Fig. 2). The esti-
 mated number of species in the different camps
 ranges from 16 (in Third camp) to almost 30 (in
 Pakatau) based on sampling 100 individuals (Fig. 3).
 The Coleman curves estimated higher species rich-
 ness based on opportunistic collecting and nocturnal
 visual encounter surveys than the other two meth-
 ods for a fixed N of 83 (Fig. 4).

 Training activities in 2002 resulted in the addi-

 tion of two species (Hamptophryne boliviana and Po-
 lychrus marmoratus) to the list of Iwokrama Forest
 (Appendix). We observed little overlap between the
 savanna anuran fauna and the forest anuran fauna
 (Appendix).

 DISCUSSION

 A total of 141 species are known from the greater
 Iwokrama ecosystem that includes nine sites in the
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 Fig. 1. The number of amphibian and reptile species detected in camps, by methods, and in collections. See text for
 explanation.

 forest and a Rupununi wetland. The composition
 of the Iwokrama herpetofauna includes widespread
 species as well as those that are only known from

 the Guianan region of South America (Donnelly et
 al. 2005; Hoogmoed 1979a). We have not yet ex-

 plored the richness of the canopy herpetofauna and
 we are certain that the species list for the region will
 continue to increase with additional research in the
 region.

 Comparisons of species richness across sites and
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 Fig. 2A (above). Species accumulation curve for the 1997 herpetological survey data. All methods and all camps are
 represented in the data set. Figure 2B (below). Coleman curve for the Iwokrama Forest with data from all camps and
 sampling methods pooled. Species (+ one standard deviation) occurrence is averaged over 100 randomizations of the
 samples from the 1997 hereptological survey. The Coleman curve is an estimate of the expected number of species that
 would be sampled at a given level of effort (number of individuals).

 studies are hampered by a lack of standardization in

 sampling. Differences in sampling intensity directly
 affect the number of individuals collected, and

 therefore can affect the number of taxa detected

 (Simberloff 1972). Observed differences in species
 richness may be the result of either real differences

 in species richness or sampling artifact (Magurran
 1988; Sanders 1968; Simberloff 1972, 1979, Turner
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 Table 3. Comparison of the relationship between the log of the number of individuals and the log of the

 number of species among camps. Italic letters indicate slopes that were significantly different from each other

 based on nonparametric multiple comparisons tests. The abbreviation DF = degrees of freedom. The camps

 are indicated by the following abbreviations: PAK = Pakatau, BUR = Burro-Burro, MURI = Muri Scrub,

 KABO Kabocali, MILE = Three Mile, CUT Cutline, COW = Cowfly, TC = Third Camp.

 Camp Equation r2 DF F p

 PAK a log(y) = log(O.93) + 0.81*log(x) 0.973 1,19 658.78 <0.01
 BUR a log(y) = log(l.16) + 0.78*1og(x) 0.992 1,23 2804.19 <0.01
 MURI a log(y) log(0.96) + 0.77*log(x) 0.984 1,18 1070.23 <0.01
 KABO b log(y) log(l.06) + 0.71*log(x) 0.975 1,17 622.55 <0.01
 MILE c log(y) log(l.31) + 0.67*log(x) 0.987 1,18 1313.77 <0.01
 CUT c log(y) log(l.91) + 0.62*log(x) 0.988 1,17 1287.05 <0.01
 COW dlog(y) log(1.70) + 0.58*log(x) 0.970 1,17 509.98 <0.01
 TC dlog(y) log(l.69) + 0.54*log(x) 0.969 1,12 344.78 <0.01

 and Trexler 1997). While the rate of species accu-
 mulation in Iwokrama slowed after the first 500 in-
 dividuals were collected, the curves suggest that we

 have not yet discovered all the species of the Iwok-
 rama forest (see Fig. 2).

 Species diversity differed across camps based on
 the 1997 herpetological survey collections. The sim-

 ulations to generate Coleman curves showed that
 the species richness patterns across camps did not
 differ substantially but Third Camp had signifi-
 cantly fewer species than the other seven camps (Fig.
 3). Both analyses (regression and simulation) show
 that Third Camp species richness is lower than it is
 in the other camps. Scott (1976) describes high di-

 versity at mid-elevation sites but we did not observe
 this at Third Camp.

 We found that the methods differed significantly
 from each other in accumulating species. Litter plots
 in the Iwokrama forest were not productive in terms
 of the number of species discovered. This result
 agrees with that obtained by Allmon (1994) in Bra-
 zilian Amazonia. While this method has been used
 successfully by herpetologists in Central America
 (Heinen 1992; Scott 1976; Watling and Donnelly
 2002), it is inefficient in some South American sites.

 There were species captured in litter plots that were

 not captured using other methods (Donnelly et al.

 2005) so the method should be included when one

 needs to compile a complete species list. Pearman et
 al. (1995) suggested that nighttime nocturnal visual

 encounter surveys provided the most accurate esti-

 mate of species richness for an area. We obtained

 results that suggest nighttime nocturnal visual en-

 counter surveys and opportunistic collecting are ef-

 ficient in obtaining species, but both methods are

 biased by observer skills. We recommend that field

 teams use visual encounter surveys during the day

 and at night because they are cost effective (in terms
 of equipment and supplies) and flexible. We also

 recommend that survey leaders balance field teams

 according to observer skill and experience.

 Our results show that meaningful comparisons of

 species diversity are only made when effort is stan-
 dardized. Use of simulation models (Coleman

 curves) support our observations of differences

 among methods. Species richness varies across the

 lwokrama landscape and ideally, sampling at a site
 should continue until the species accumulation
 curve flattens. Simulation studies may be useful in
 targeting appropriate "stop rules" for designing sur-

 Table 4. Comparison of the relationship between the log of the number of individuals and the log of the
 number of species among methods. Italic letters indicate slopes that were significantly different from each
 other based on nonparametric multiple comparisons tests. The methods are abbreviated as follows: OC -
 opportunistic collecting, LP = litter plots (quadrat sampling), DVES = daytime visual encounter surveys,
 NVES = nighttime visual encounter surveys.

 Method Equation r2 DF F p

 OC a log(y) log(O.37) + 1.97*log(x) 0.981 1,26 1275.52 <0.01
 LP b log(y) log(0.79) + 0.87*log(x) 0.987 1,8 520.21 <0.01
 DVES clog(y) log(1.63) + 0.65*log(x) 0.990 1,19 1763.87 <0.01
 NVES dlog(y) log(2.19) + 0.52*log(x) 0.993 1,41 5804.20 <0.01
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 Table 5. Comparison of the relationship between the log of the number of individuals and the log of the

 number of species using the number of person hours. Italic letters indicate slopes that were significantly

 different from each other based on nonparametric multiple comparisons tests. The methods are abbreviated

 as in Table 4.

 Method Equation r2 DF F p

 OC a log(y) log(O.40) + 0.86*log(x) 0.941 1,12 340.54 <0.01
 LP a log(y) = log(O.74) + 0.73*1og(x) 0.950 1,10 172.67 <0.01

 DVES b log(y) = log(2.02) + 0.60*log(x) 0.972 1,44 1506.65 <0.01
 NVES b log(y) log(2.18) + 0.56*1og(x) 0.964 1,48 1253.36 <0.01

 vey protocols. Our results indicate that 11 days is

 probably not enough time to adequately sample am-

 phibian and reptile diversity in complex tropical for-

 ests, therefore care should be made when making

 conservation recommendations with limited sam-

 pling effort.
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 Fig. 4. Coleman curves for methods used to sample the Jwokrama herpetofauna during the 1997 survey. The average

 species (+ one standard deviation) occurrence is averaged over 100 randomizations of the samples from the 1997
 hereptological survey. The methods are indicated by the following abbreviations: OP = opportunistic collecting, NVES
 = nighttime visual encounter surveys, PLOTS = litter plots, and DVES = daytime visual encounter surveys.
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