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Abstract
I surveyed amphibians and reptiles in primary forest growing on two different soil types in northeastern Costa Rica to
determine if animals showed edaphically-biased distribution patterns. Species composition of the herpetofaunal assemblage
and the density of two of the four most abundant species in the sample differed significantly between soil types. There were
no differences in multivariate habitat profiles between the two soil types, and species composition was not related to habitat
characteristics. The density of one species (Dendrobates pumilio) was negatively related to leaf litter cover. The distribution of
D. pumilio, a diet specialist, did not appear to be related to the distribution of arthropod prey items. While these data suggest
that amphibian and reptile density varies between edaphically-differentiated forest types at this site, the mechanisms
generating observed distribution patterns remain unclear.
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Introduction

Quantifying the distribution and abundance of

species and the mechanisms generating observed

patterns are central to the study of ecology.

Describing habitat use of species not only provides

autoecological information, but may also provide

data relevant to quantifying the role of habitat in

permitting species coexistence (Schoener, 1974;

Toft, 1985) and generating macroecological patterns

across geographic scales (Brown, 1995; Gaston et al.,

1997). Most empirical research on habitat use by

vertebrates in tropical forests has focused on

quantifying differences in the distribution of indivi-

duals or species among habitat types (macrohabitat)

or among substrates within a habitat type (micro-

habitat) (Crump, 1971; Duellman, 1978; Miyamoto,

1982; Emmons, 1984; Rosenberg, 1990; Voss &

Emmons, 1996). However, using coarse habitat

descriptions to differentiate the distribution of

organisms assumes that macrohabitats are relatively

homogeneous and discrete. Recently, researchers

have shown that variation in edaphic characteristics

within what appear to be structurally and physiog-

nomically similar rainforest may play an important

role in determining the distribution of rainforest

organisms (Clark et al., 1995, 1999; Schulze &

Whitacre, 1999; Vormisto et al., 2000).

Most of the research conducted on the role of

edaphic variation in influencing the distribution of

rainforest biota has been based on plants (see

citations above). However, Whitney and Alonso

(1998) recently described a new species of antwren

(Herpsilochmus gentryi) from Amazonian Peru and

Ecuador whose distribution is almost entirely re-

stricted to two distinct types of terra firme forest

differentiated by soil composition. Neotropical am-

phibians and reptiles are ideal organisms with which

to test for edaphically-biased distribution patterns

because they are diverse (Duellman, 1988; Donnelly,

1994; Guyer, 1994), most are small and easily

handled (Braker & Greene, 1994), and they are not

as vagile as many mammals and birds and therefore

‘‘see’’ their environment on scales amenable to

scientific study (Guerry & Hunter, 2002). I con-

ducted a study to describe differences in the
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distribution of amphibians and reptiles between two

edaphically-differentiated forest types in a lowland

tropical rainforest in northeastern Costa Rica. I

predicted that faunal differences between forest types

would be manifested as edaphically-biased differ-

ences in abundances, rather than complete turnover

in species composition between forest types. I also

hypothesized that rather than responding to variation

in soils per se, amphibians and reptiles would

respond to factors that vary in association with soil

type such as habitat characteristics and/or arthropod

prey availability. Therefore, I also measured several

habitat parameters to test for differences between

forest types and associations between habitat and

herpetofaunal species composition and density. As a

preliminary test of the role arthropod distribution

may play in influencing the distribution of amphi-

bians and reptiles, I collected stomach content

samples from the most common frog in the sample

(Dendrobates pumilio) in both forest types and looked

for differences in prey items between forest types.

Materials and methods

I surveyed amphibians and reptiles in two forest

types at the La Selva biological station in north-

eastern Costa Rica from 3 May to 12 May, 2000 and

again from 13 July to 19 July and 14 August to 20

August, 2001. Surveys were conducted using the

Visual Encounter Survey (VES) method described

by Crump and Scott (1994). The soil cover at La

Selva (total area = 1536 ha, McDade & Hartshorn,

1994) is known to consist of at least 24 discrete units,

though many researchers aggregate these into fewer

relatively similar soil types (Sollins et al., 1994;

Clark, 1998). Broad soil categories at the site range

from swamp soils (poorly drained and acidic soils) to

residual soils (well-drained, nutrient poor soils

occurring on weathered lava flows). In each of the

two forest types I sampled (old alluvial forests

growing on well drained clay soils with intermediate

nutrient content, and residual forests described

above), I placed two arrays consisting of three

50 m x 4 m transects each (Figure 1). Both forest

types are located in broadly similar ‘‘primary forest’’

where disturbance (natural or anthropogenic) has

been minimal. Within each array transects were

separated by approximately 50 m and replicate arrays

were separated by a minimum distance of 300 m. I

surveyed six transects each night, including one array

from each forest type. Therefore, the same transects

were sampled every other night for a total of five

surveys per transect in 2000, and three surveys per

transect each in July and August, 2001. I varied the

order in which transects within an array were

sampled in consecutive surveys. All individual

amphibians and reptiles encountered were caught

by hand, identified to species in the field, and

returned to their capture site.

In July and August, 2001, I quantified some of the

habitat variables that I thought may influence local

distribution patterns of amphibians and reptiles. I

scored leaf litter depth on a four-point scale (0 – 3) in

each five-meter segment of all transects, with zero

representing predominately bare ground, one repre-

senting patchy coverage of leaf litter, two

representing uniform but relatively thin litter cover-

age, and three representing uniformly deep litter. I

recorded the number and diameter at breast height

(DBH) of all woody stems greater than 2 cm

diameter within 1 m of each side of the middle of

the transect. I also counted the number of small

shrubs and palms (‘‘low vegetation’’; 0.5 m 5 height

5 2.0 m) in the same 2 m swath of each transect.

In August, 2001 I obtained stomach content

samples from 12 individual D. pumilio, a species that

specializes on ants and mites (Donnelly, 1991).

Because of its specialized diet, D. pumilio may be

more tightly coupled to the spatial distribution of

arthropods than a species with a more generalized

diet. I collected six D. pumilio from each forest type

(alluvial and residual), transported them to the

laboratory and flushed their stomachs with water.

Samples were then surveyed under a dissecting

microscope and identifiable remains were removed

with tweezers and placed in 70% ethanol for later

identification. All frogs were returned to their place

of capture on the same day they were removed.

Data analysis

I used three statistical approaches to quantify

herpetofaunal distribution between soil types. First,

to test for differences in species composition between

soil types I ran an analysis of similarity (ANOSIM)

based on the Bray –Curtis dissimilarity index to

compare species composition among the 12 trans-

ects. I then used nonmetric multidimensional scaling

(nMDS) to visualize similarity among the 12

transects based on their species composition. Sec-

ond, I used a repeated-measures analysis of variance

(ANOVA) to determine if ln(number of individuals

per transect) differed among sample nights or

between soil types. I performed this analysis first

for the entire data set (all amphibians and reptiles

together) and then separately for the four most

abundant species in the sample (the frogs D. pumilio,

Eleutherodactylus brandsfordii, E. diastema, and E.

talamancae). Finally, I used randomization tests

(Manly, 1992) to determine if the abundance

distributions I found were more extreme than

expected by chance. For the entire data set and the

four most abundant frogs listed above, I took the

observed number of individuals found in each
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transect across all surveys and shuffled transect totals

among all 12 transects. In other words, I took the

observed counts from each transect and assigned

those counts to transects at random. I repeated this

procedure 1000 times and estimated the significance

of randomization tests by counting the number of

times that random assignment of counts to transects

resulted in total distributions of individuals more

extreme than I observed.

I used an ANOSIM based on Euclidian distance

to determine similarity in multivariate habitat data

(number and mean diameter of small woody stems,

number and mean diameter of large woody stems,

leaf litter depth and density of low vegetation)

between the two soil types and then plotted the data

using nMDS. I used t-tests to determine if the same

habitat characteristics differed between the two

forest types. To examine the relationship between

the density of animals and habitat characteristics in

each transect I calculated correlation coefficients

between the total number of individuals found in a

transect across all 11 surveys and the habitat

variables described above (N=12 for each correla-

tion). To quantify these same relationships within

transects I calculated correlations between animal

density in each 5 m segment of all transects and the

habitat parameters of the same 5 m segment

(N=10 for each correlation). In all cases I

calculated test statistics using the abundance of all

species together and separately for the four most

abundant species listed above. Multivariate species

composition and habitat date were analyzed and

plotted using Primer (Clarke & Warwick, 2001) and

all other statistical tests were conducted using JMP

4.0 (SAS Institute, 2000). All means are reporte-

d+ one standard error.

Results

Distribution of individuals

In 22 days of sampling I encountered 512 individuals

of 20 species (Table I). Seven families were

represented in my sample: four anuran families

(Dendrobatidae, Hylidae, Leptodactylidae, and Ra-

nidae), and three lizard families (Corytophanidae,

Polychrotidae and Scincidae). Four species, D.

pumilio, E. brandsfordii, E. diastema, and E. talaman-

cae together accounted for 76% of all observations

(Table I). There was no difference in density among

the three months of sampling in alluvial plots

(F2,63 = 0.05, P=0.95), or on residual plots

Figure 1. Map indicating broad soil types at the La Selva reserve. A ‘‘T’’ indicates the approximate location of each transect array.
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(F2,63 = 1.94, P=0.15), so I grouped observations

from all three sample periods together for further

analysis.

Species composition differed significantly between

the two soil types (ANOSIM Global R=0.686,

P=0.002; Figure 2). Analysis of all species together

revealed significant differences in density between

forest types and among nights (for night

F10,10 = 2.71, P=0.006; for forest type F1,10 = 9.62,

P=0.01; Figure 3). The number of E. brandsfordii

individuals did not differ between the two forest

types (F1,10 = 2.49, P=0.15), but density differed

among nights (F10,10 = 2.56, P=0.008). Dendrobates

pumilio had a higher density in alluvial forests than

residual forests (F1,10 = 60.56, P5 0.0001) and the

density of individuals varied among nights

(F10,10 = 3.49, P=0.0006). Eleutherodactylus diastema

individuals were also more dense on alluvial plots

than residual plots (F1,10 = 16.56, P=0.0023), but

there were no differences among nights

(F10,10 = 0.75, P=0.82). Density of E. talamancae

did not differ between forest types (F1,10 = 1.07,

P=0.33) or among nights (F10,10 = 1.16, P=0.33).

In all cases there was no interaction between site and

night.

Randomization tests generated results consistent

with the repeated-measures ANOVAs. Observed

abundance distributions of the entire data set, D.

pumilio, and E. diastema were more extreme than

expected by chance. For E. brandsfordii, 77/1000

randomizations produced abundance distributions

more extreme than I observed. For E. talamancae,

153/1000 randomizations were more extreme than in

the observed data set. Although there were not

suitably large (4 30 individuals) samples with which

to analyze distribution patterns in many cases, it

appears that other species (i.e., the lizards N. humilis

and Sphenomorphus cherriei) may also show edaphi-

cally-biased abundance distributions at La Selva (see

Table I).

Habitat characteristics

Multivariate analysis of habitat data indicated that

the two soil types did not differ in habitat character-

istics (ANOSIM Global R= 7 0.065, P=0.758),

and species composition was not associated with

habitat composition (r= 7 0.024, P=0.528). Leaf

litter coverage was higher in residual forest

(mean score = 1.67+ 0.10) than alluvial forest

(mean score = 1.03+ 0.10; t= 7 4.59, df = 118,

P5 0.001). The mean diameter of small woody

stems was also higher along residual transects (mean

ln(DBH)=1.46+ 0.05) than along alluvial transects

(mean ln(DBH)=1.34+ 0.05), though the relation-

ship was not significant at a=0.05 (t= 7 1.83,

df = 176, P=0.07). The mean diameter of all woody

stems together or small woody stems did not differ

between soil types. The density of low vegetation was

higher along residual transects (4.85+ 0.32) than

Table 1. Taxonomic breakdown of all individuals found in two

forest types at La Selva, Costa Rica, in May 2000, July 2001, and

August 2001.

Taxon Alluvial Residual

Anura

Dendrobatidae

Dendrobates pumilio 164 45

Hylidae

Hyla rufitela 2 1

Scinax boulengeri 1 0

S. elaeochroa 2 0

Leptodactylidae

Eleutherodactylus

megacephalus 1 0

E. brandsfordii 39 56

E. cerasinus 0 3

E. crassidigitus 0 2

E. diastema 32 13

E. fitzingeri 6 8

E. mimus 7 6

E. noblei 1 4

E. talamancae 15 28

Ranidae

Rana warszewitschii 0 1

Squamata

Corytophanidae

Corytophanes cristatus 3 0

Polychrotidae

Norops capito 2 3

N. humilis 8 21

N. lemurimus 2 0

N. limifrons 12 15

Scincidae

Sphenomorphus cherriei 2 7

Total Species 17 15

Total individuals 299 213

Figure 2. Non-metric multidimensional scaling plot of species

composition among transects. Note strong separation of samples

between soil types.
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alluvial transects (3.93+ 0.32; t= 7 2.03, df = 118,

P=0.04).

Density of D. pumilio was negatively correlated

with leaf litter cover across all transects (r= 7 0.65).

There were no other significant correlations between

abundance of animals and habitat characteristics

among the 12 transects. There were no significant

correlations between the abundance of all animals or

the four most common species and habitat char-

acteristics within any of the 12 transects.

Stomach contents of Dendrobates pumilio

Individuals of three ant genera (Pheidole, Pyramica,

and Solenopsis) accounted for 77% of all items

removed from D. pumilio stomachs. Of the 12

Figure 3. Total number of (A) all individuals, (B) Dendrobates pumilio, (C) Eleutherodactylus brandsfordii, (D) E. diastema, and (E) E.

talamancae encountered along 12 transects. Transects 1 – 6 were located on alluvial soils and transects 7 – 12 were located on residual soils.
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morphospecies represented in more than one sam-

ple, all but one (Solenopsis sp.) were found at least

once in each forest type.

Discussion

The results of this study support the hypothesis that

the distribution of some amphibian and reptile

species at La Selva varies between edaphically-

differentiated forest types. Although one array of

residual transects was located approximately 350 m

from an array of alluvial transects (about the same

distance between replicate alluvial arrays), distribu-

tion patterns were more similar within a forest type

than between them as indicated by the ANOSIM and

ANOVAs for the entire assemblage and two of the

most abundant species in the sample. This suggests

that the pattern described here does indeed represent

edaphically-biased distribution patterns rather than

spatial autocorrelation in species density. I know of

only one other case in which the distribution of a

Neotropical vertebrate species has been shown to be

influenced by soil type: the Ancient Antwren of

western Amazonia (see Whitney & Alonso, 1998).

However, given that Neotropical forests grow on a

diverse mosaic of soil types, it should not be

surprising that the distribution of vertebrates may

be influenced by this type of within-habitat hetero-

geneity. I believe it likely that more research directed

at quantifying the effects of within-habitat hetero-

geneity on organismal distribution will reveal that

many more species show edaphically-biased distribu-

tion patterns similar to those described here.

Habitat associations

Although leaf litter depth and low vegetation density

was higher along residual transects, the density of all

animals combined and D. pumilio and E. diastema

individually was higher along alluvial transects. No

animals reached their highest density in residual

forests.

While some researchers have found positive corre-

lations between herpetofaunal density and habitat

characteristics at La Selva (litter depth, Lieberman,

1986; bromeliad density, Donnelly, 1989a, 1989b;

fallen trunk area, Giaretta et al., 1999), other

researchers have found no significant correlations

between habitat variables and herpetofaunal density at

La Selva (sapling density, tree diameter, and herbac-

eous ground cover, Lieberman, 1986; litter depth,

Fauth et al., 1989), southeastern Brazil (dry litter

mass, number of trees, herbs and palms, Allmon,

1991), and southeast Asia (litter coverage, Inger,

1980). Given the equivocal data regarding the

association between herpetofaunal density and habitat

characteristics it is difficult to generalize the relation-

ship between the two variables. This may imply that

herpetofaunal density is not directly related to habitat

characteristics, but may interact with other factors

(e.g., predation, prey availability, and parasitism) to

create complex relationships between habitat and

animal density. In the context of my study, it is

possible that habitat differences between forest types

are stronger at other times of the year (e.g. the

February –April dry season) and that changes during

dry months drive patterns observed during the rest of

the year. Alternatively, it may be that other variables

(soil moisture and pH, canopy density) untested here

may show stronger associations with amphibian and

reptile density.

Arthropod distribution

The ant fauna of La Selva has been intensively

studied using a variety of sampling methods (Long-

ino & Colwell, 1997). Samples of litter ants, some of

which have been stratified by soil type, indicate that

most of the ant species recovered from D. pumilio

stomachs are common and occur in a variety of

habitat types at La Selva and that there is no strong

influence of soil type on the distribution of ants at La

Selva (J. Longino, pers. comm.). It may be that

edaphically-biased herpetofaunal distributions are

related to the density of arthropod prey, rather than

the simple presence of prey species, but further

studies are needed to test this hypothesis.

While it appears that the amphibians and reptiles

of La Selva do show edaphically-biased distributions,

the mechanism(s) generating biased distributions is

not clear. There is a great deal of room for future

work directed at investigating edaphically-biased

distribution patterns in other taxa and identifying

the relevant differences between forest types that may

ultimately drive observed patterns.
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