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RESUMEN

Durante un periodo de 13 meses consecutivos se estudié
la herpetofauna de hojarasca en relacion con sus habitos alimenticios y ambiente tisico y
estructural en un area de bosque tropical perennifolio no perturbado ¥ en una plantacion
de cacac adyacente y abandonada 20 afos atras, ambas localizadas en la estacion bio-
logica La Selva, Costa Rica. El cacaotal se considera como un ambiente perturbado debi-
do a la introduccién de un agrosistema.

Se midieron 44 variables ambientales, encontrandose pa-
rala mayoria diferencias entre el bosque y el cacaotal, entre parcelas de muestreo diurno
y nocturno, y entre los diferentes meses. Por ejemplo, la precipitacion, el volumen y pro-
fundidad de la hojarasca e! volumen y profundidad de la hojarasca la cobertura de her-
baceas y la humedad muestran variaciones estacionales. En el bosque existen mas pal-
mas, tfroncos, arboles con contrafuertes, arboles jovenes y lianas que en el cacaotal. En
comparacion con el bosque, la capa de hojarasca es mas profunda en el cacaotal, el cuas
ademas carece de un sotobosque bien definidg, En términos de parametros ambientales
se concluye que el cacaotal es un habitat mas variable y menos predecible que el bosgue,
lo cual no necesariamente implica que sea mas inhéspito o severo.

Se colectaron 1967 individuos de 47 especies de anfibios y
reptiles. Se encontraron diferencias entre el nimero de especies e individuos del bosque y
del cacaotal, las parcelas diurnas y nocturnas y los 13 meses. El mayor numero de espe-
cies se encontro en el bosque, en el cual tuvo también la mayor diversidad. En el cacaotal
se registraron los valores mas altos de abundancia, densidad por parcela y dominancia.
En este ambiente también se registraron los mayores valores de namero total de indivi-
duos, agregacion y densidad para las 5 especies mas abundantes. El grado de dominan-
cia encontrado en esios ambientes de bosque y cacaotal es mucho mayor que el conocido
para los ecosistemas tropicales de hojarasca del Viejo Mundo. El numero total de espe-
cies y de individuo, asi como el niomero total de individuos de tas especies principales si-
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guen un marcado patron estacional, alcanzando valores mayores hacia el final de la épo-
ca seca en coincidencia con valores maximos de las poblaciones de artrépodos y de la
profundidad de |la capa de hojarasca.

Las artrépedos como recurso aiimentario estan repartidos
entre las especies de la herpetofauna. Al comparar los contenidos estomacales con la
abundancia de presas {(obtenida con trampas de bote) se observd que algunas especies
consumen los artropodos proporcionalmente a su disponibiiidad en la hojarasca. Algunas
especies consumen presas pequenas, principalmente acaros y hormigas de cuerpo duro,
mientras que otras consumen presas de mayor talla y cuerpo blando. Algunos de los es-
pecialistas, como Dendrabates pumilio, consumen hormigas de talla pequefia y en gran
cantidad. Otros, como Gastrophryne pictiventris, en cambio consumen hormigas de gran ta-
mafo y en cantidad reducida. Se discuten en detalle las dietas de las especies principales.

Eleutherodactylus bransfordii y D. pumilio, las dos espe-
cies mas abundanies, se distribuyen mas densa y agregadamente en el cacactal que en el
bosque y tienen dietas diferemes: E. bransfordii consume pocas presas grandes en pro-
porcion similar a la de su disponibilidad, mientras que D. pumilio consume solamente aca-
ros y homigas pequenas. Establezco como hipétesis: (i) que estas 2 especies son mas
existosas en ambientes perturbados e impredecibles, y (i) que al inicio del abandono del
cacaotal eran mas dominantes pero con el trancurso del tiempo sus poblaciones en bos-
que y cacaotai alcanzaran la igualdad. Se requiere de estudios adicionales para determi-
nar los factores limitantes de las poblaciones de estas 2 especies, uno de los cuales pro-
bablemente sea la competencia con otras especies aungue no hay evidencias para apo-
yar esta idea. Propongo que las pobtaciones de E. bransfordii estan limitadas por depre-
dacion. Las poblaciones de 0. purmilio, especie que contiene alcaloides téxicos en lapiel y
no es preferida por los depredadores, pueden estar limitadas durante el periodo larvario
debido a depredacidn yio competencia.

Estas diferencias entre el bosque v el cacaotal asi como la
marcada estacionalidad tanto para la hepetofauna como para varios parametros ambien-
tales, aun mas marcada en el cacaotal, sugieren la necesidad de continuar con estudios
sobre la estacionalidad de los tropicos con fines tedricos y practicos. Propongo que la cre-
ciente destruccion de los tropicos propiciard cambios estacionales cada vez mas pronun-
ciados, lo cua! debe ser entendido y considerado en cualquier intento de manejo de los
tropicos o del estudio tedrico sobre la sucesion tropical.

ABSTRACT

This study utilized numerous multivariate and other statisti-
cal techniques in an ecclogical analysis of the leaf litter herpetofauna of a neotropical rain
forest, at La Selva, Costa Rica. Leaf-litter plots for thirteen months were studied both du-
ring the day and at night, in an undisturbed forest and in an adjacent fallow cacao plan-
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tation. At each litter piot, the herpetofauna were collected and over fitty environmental
parameters were measured. The forty-seven species of amphibians and reptiles collected
showed bath a high degree of dominance and high diversity. The diets of these species
were studied using stomach content analyses. For the herpetofauna, their diets, and the
environmental parameters, the presence and degree of diel and seasonal differences, and
the differences between the undisturbed and disturbed habitats, were analyzed. Signifi-
cant seasonality was found for both the herpetofaunal species and the environmentai
parameters. Significant differences were also found between the forest and cacao
habitats. The disturbed cacao habitat had fewer species, a higher overall abundance,
lower diversity, greater patchiness, and greater seasonality.

INTRODUCTION

The most complex and diverse terrestrial
ecosystems are in the tropics. Among these the lowland evergreen rain
forests have the highest species diversity, biomass per unit area, produc-
tivity per unit time, and complexity of species interactions. The mainte-
nance and derivation of the diversity in these forests remain among the
most intriguing problems in evolutionary and ecological biology. This
study addresses the folowing questions:

(1) For a large number of environmental varia-
bles, what differences are there between un undisturbed forest and adja-
cent disturbed, fallow cacao forest? (2) What differences are there bet-
ween the numbers of individuals or species collected in the forest and the
cacao? (3) What differences are there between the numbers of individuals
or species collected at night and during the day? (4) Is there any seasona-
lity in this system, either for the environmental variables, the species, or in
their diets? (5) | will provide autecological data on the most abundant spe-
cies, and discuss interactions between them.

MATERIALS AND METHODS

The study area was Finca La Selva, Heredia
Province, Costa Rica. This areais in a lowland, evrgreen west farest (Hol-
dridge, 1967) at an altitude of 60 m, with a mean annual rainfall of 3969
mm. Two dry months, January and February, usually have an average of
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less than 200 mm rainfali, while the wet months of March-December have
an average of more than 200 mm rainfall. The study was carried out at two
sites: one in a relatively undisturbed forest and the other in an immediately
adjacent plantation that was once planted with cacao trees (Theobroma
cacao} but has been fallow for at least 20 years. | consider the old cacao
plantation as a disturbed ecosystem. Data were collected both at night
and during the day over a period of 13 consecutive months, from Decem-
ber, 1972 to December, 1973.

LITTERPLOTS

Ninety 8 x 8 meter plots were sampled in the leaf
litter over the thirteen month period, using a random selection process
from a grid of plot locations in each forest. The 90 plots are divided into
forest-day (30), cacao-day (21), forest-night (27) and cacao-night {(12).
There was a four day sampling period each month. Plots of this size and
type have been used both in the New World and Old World tropics to assess
amphibian and reptile populations (Scott, 1976; Lioyd et al, 1968; Toft,
1980; Inger and Colwell, 1977). An 8 x 8 meter quadrat was marked off
with string by 2-4 persons. The location of the plot was based on the coor-
dinates of the plot within the grid. Environmental variables were measured
both prior to and after the collection of animals. The collectors moved
inward from the boundaries of the plot, moved all litter materiai that they
encountered, and placed all amphibians and reptiles in collecting bags.
Fleeing animals tend to move towards the center, where there is the high-
est probability of capturing them. This method is known to disproportiona-
tely undercount snake populations, (Inger, 1980a; 1980b; Carl Lieb, pers.
comm.) as snakes can detect the investigators and flee. Each of the speci-
mens collected was identified to species; snout-vent length was meas-
ured, and the specimens were tagged and preserved for later studies.

Environmental Variables
1. Number of buttress trees in each plot
2. Buttress cover: percent of the ground

covered by buttress trees
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3.

11.
12.

13.
14.

15.

16.

17.

CENe o &

Buttress diameter: Mean diameter of but-
tress trees in the plot (cm)

Big tree number: Number of large trees,
excluding buttresses

Big tree diameter: Mean diameter of large
trees (cm)

Number of palms in each plot

Number of saplings in each plot

Number of logs in the litter

Log cover: Percent of the ground covered
by logs

Log diameter: Mean diameter of logs
found within the plot {cm},

Number of lianes in each plot

Herb cover: Percent of the ground cov-
ered by herbaceous vegetation

Measured depth: Actual litter depth (cm)
Leaf depth: Number of leaves pierced by a
stiff wire (average of 5)

Ranked depth: Qualitative rank of litter
depth (0-5)

Burlese volume: Volume of 1 x 1 m? portion
of the leaf litter, from a corner of the 8x8 m
plot

Ranked debris: Qualitative rank of amount
of litter debris (0-5)

Except for litter depth variables and Burlese
volume, all of the above variables were measured after the litter plot was
completed. The foliowing 24 climatological variables were measured at
both the onset (—1) and completion (—2) of the sampling, and the average
{—ave) of the two and the difference between them (—diff) were calculated:

Mpwn=

Air temperature—1

Air temperature—2

Air temperature—ave

Air temperature-dift
Substrate temperature—1

5



Acta Zool. Mex. (ns). 15. 1986

6.
7.
8.

Substrate temperature—-2
Substrate temperature—ave
Substrate temperature—diff

To measure temperature (OC), a fast reading

thermometer was used.

9.
10.
11.
12.
13.
14.

Wet bulb—1
Wet bulb—2
Wet bulb—ave
Dry buib—1
Dry bulb-2
Dry bulb—ave

Wet and dry bulb readings were obtained from a

sling psychrometer.

15.
16.
17.
18.

Humidity—1
Humidity—2
Humidity—ave
Humidity—diff

Humidity was measured by a hygrometer.

19.

20.

21.

22.

23.
24.

Weather: {1-5) 1: clear; 2: sunny; 3:
cloudy; 4: overcast; 5: rain

Rainfall-today: rainfall the day the given
Iitter plot was sampled (mm)
Rainfall-sampling: rainfall for the entire 4
day sampling period {mm)

Rainfall-3 prior: rainfall 3 days prior to the
sampling period (mm)

Rainfall-total: total monthly rainfall (mm)
Rainfall-average: average daily rainfall for
that month (mm)

Rainfall data are from the La Selva Field

Station Climatological Report. In addition to the aforementioned varia-
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bles, the following 3 miscellaneous variables were recorded: Slope, Plot
number (1-90), and Starting time (time of day at the start of the litter plot}.

Stomach Contents

With the exception of the snakes, stomach con-
tent data were obtained for all amphibians and reptiles in the 90 plots. For
the rarer species, stomach contents were obtained for all the individuals
collected; sub-samples were taken for the abundant species.

The snout-vent length was recorded for each in-
dividual, the stomach was removed, and the length, width and depth of
each stomach measured (mm). Invertebrates were classified to the level
of order in most cases. Hymenopterans were further classified as either
ants or all others. Larvae were classified as Diptera, Lepidoptera, Colecp-
tera, and unidentifiable. Arachnids were classified as spiders, mites and
others. The only crustaceans were Isopoda. The classes Diplopoda and
Chilopoda were put into one group, the “Centipedes”. The length and
width of each prey item were measured. Other studies (Pianka, 1973)
have used volumetric displacement to determine prey volume, but this
was deemed impossible with the very small prey sizes found in frogs and
lizards. Prey length and width were multiplied to get an estimate of prey
size in two dimensions. This allows a comparison between individuals of a
more precise nature than prey numbers alone. For each individual, the
following were determined for each prey category: number of prey, per-
cent of the total number of prey in the stomach, area of each prey group,
percent of the total area of prey in the stomach, and average prey length
for that prey group. The following were determined for each species, for
each prey category: mean number of each prey per individual, maximum
number per individual, mean prey length, maximum prey length, mean
percent of total prey area, and maximum percent of total prey area. All of
the above were deterrined for the 90 plots, and for the forest and cacao
separately.

Data Analysis

Data were analyzed using the IBM 370 at the
University of Southern California. Programs used included those in SAS
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(Statistical Analysis System), and EAP {Ecological Analysis Package).
The following univariate and multivariate statistical analyses were used:
Student's t-test, Pearson product-moment correlation, Muitiple Analysis
of Variance, Cluster Analysis, and Muitiple Discriminant Analysis. The
condition of homoscedasticity was met, precluding any necessity for non-
parametric statistics. In the analysis of variance, an adjustment for
unequal sample sizes was used.

Cluster Analysis is used to classify OTU’s (in this
case species and/or sites) into discreet sets, based on a similarity matrix
(Pimentel. 1976). The distance index chosen is the Bray-Curtis index (Clif-
ford, 1975; Smith. 1976), also called the Czekanowski index (Smith, 1976;
Hall, 1969; Goodall, 1973). This is a commonly used distance index in
ecological surveys {Smith, 1978). It is the index of preference for species
data, because double-zero comparisons have no effect on the distances
(Orloci, 1973; Smith, 1976). The Bray-Curtis index has been shown to ex-
press changes in the species composition of a system over time better
than any of the other commonly used indices {Canbetra, Renkonen's,
Pearson’s, etc.) (Huhta, 1979). Agglomerative hierarchical classification
was performed to display, using a two-dimensicnal dendrogram, the rela-
tionships between the entities (either the sites or the species).

Multiple Discriminant Analysis, or canonical
variates analysis (Smith, 1976, Hope, 1969) is used to study the relation-
ships between predetermined groups of entities and a set of attributes or
variables measured with those entities. Discriminant analysis has been
used extensively in ecological research to determine major resource
axes, assess niche metrics, and evaluate resource dimensions and
utilizations (Day, 1971; Dueser, 1979; Gray, 1979; Green, 1971; Holmes,
1979; Hudson, 1976).

RESULTS AND DISCUSSION

Sites and Environmental Variables

Some environmental factors, such as humidity,
air and substrate temperature, and wet and dry bulb, vary little among the
90 htter plots, and have small variances. Others, such as number of spe-
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cies. number of individuals, buttress and big tree diameters, and herb. log,
and buttress cover, are quite variable.

The histograms [Figures 1-2) depict the distribu-
tions of the variables among the sites. The number of species has a
roughly normal distribution, but the number of individuals (herp number)
does not. The number of palms per plot ranges from 0 to 25, but all plots
with more than 4 palms are in the forest and not the cacao. The mean
depth of the leaf litter s greater in the cacao than the forest, but there is
more debris on the ground in the undisturbed forest than in the cacaa.

Pearson product-moment correlation coeffi-
cients were computed between the variables. All temperature and humid-
ity variables measured both at the start and end of each plot were highly
correlated {p- .001). The Burlese volume is strongly correlated with air
and substrate temperature, and wet and dry bulb (p=.01}, but the actual
litter depth is iess so (p-.05). Litter depth (both rank and actual measure-
ments) has a significant positive correlation (p--..01) with the numbers of
amphibians and reptiles. The number of palms has a high negative corre-
lation with the numbers of individual amphibians and reptiles, yet a posi-
tive correlation with the number of species. In those plots with more large
trees there is deeper litter, and a greater litter volume.

The number of environmental variables was re-
duced to 28 on the basis of high intercorrelations (Table 1). The actual
measured litter depth values were retained; it was originally thought that
there might be too much variability using the actual depth rather than a
ranking, hut this was not the case.

Both rainfall during the sampling period and the
total monthly rainfall begin to increase in May'and peak in July {Table 1; Fi-
gure 3). This rainy season from April to September is characteristic of the
Central American tropics (Wolda, 1979; Scott, 1976), asis the increase in
rainfall again around November-December. The pattern at La Selva for
the year of this study is consistent with other years (Savage, pers. comm. ),
with other Central American lowland tropical sites for both the same year
(Wolda, 1978, 1979) and for other years, and with some Old World tropical
sites as well (Inger, 1980a; 1980b). The rainfall patterns in this study
period are typical for tropical lowland wet forests {(Holdridge, 1967). Any
evidence of seasonality as a response to rainfall has implications not just
for La Selva, but for tropical ecosystems in general. | use season to refer to
a period in the year with a specified and predictable kind of weather paf-
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Figure 1

Histagrams of Variables: Distribution of 22 variables over the 90 litter plats.
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Figure 1 (continued).
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Figure 3

Seasonal patterns of major variables. Monthly mean Burlese volume,
humidity, rainfall, number of saplings, herbaceous cover and litter depth.
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Figure 3 (continued).
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tern. In this case, it refers to the rainy and dry seasons. Seasonality refers
to aresponse by environmental factors and/or animal popuiaticns to these
$easons.

There is a seasonal pattern to the volume of the
leaf litter (Figure 3). The peak Burlese volume is in May, during the onset
of the rainy season. Towards the end of the rainy season, in early August,
when rainfall is still relatively high, the volume of the leaf litter 1s at its
lowest, and begins to increase shortly thereafter. During the driest months
of the year, when the trees tose more leaves. the turnover is slow enough
to allow some litter to accumulate {Lioyd et al. 1968). This pattern is less
apparent for actual measured depth (Figure 3), which is more variable.
The shallowest litter 1s found just at the end of the rainy season, in Sep-
tember Herbaceous cover is also somewhat seasonal, with a slow in-
crease during the dry season, from a minimum in November to a maxi-
mum in November to a maximum in April. Humidity varies between the
months (Figure 3), with a gradual rise from a low in February to a high in
December.

A t-test was used to test for differences between
the means of the envircnmental variables in the forest and the cacao. and
between plots done at night and those during the day. The two variabies
with significant differences between night and day at the .01 ievel are:
Herp spp {p- .001) and Humidity-1 (p-7.01). There are significantly more
species of amphitians and reptiles collected at night than during the day.
This may be influenced by greater ease of capture of diurnai species at
night. Humidity is significantly greater at night, even though there is no
significant difference in temperature.

The variables that have a highly significant for-
est-cacao effect {p- ~.0001) are listed below, as well as whether the value
of the variable is greater in the forest (F) or in the cacao (C): Number of in-
dividuals (C), Number of frogs (C), Big tree diameter (C), Number of palms
{F), Number of logs (F), Log caver (F), and Number of lianes (F). The
following variables have a significant (p-.05) forest-cacao effect: Air tem-
perature (C), Buttress number (F}, Leaf depth (C), Ranked depth (C),
Measured depth (C), Herp spp (F). Log diameter (F). Saplings (F). and
Slope (F).

Amphibians and reptiles are therefore signifi-
cantly more abundant in the cacao than in the forest. There are
more palms. logs. hanes. and saplings in the forest than in the cacao.
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Table 2

Multigroup Discriminant Function Analysis, with 13 months
of the study used as a pniori groups. Three part table: one-way anova for each variabie,
latent roots and significance test for each axis, and coefficients of determination for the va-
riables constiuting the axes.

MULTIGROUP DICRIMINANT FUNCTION ANALYSIS
Groups =13 months
One-Way Anova for Each Variable

Variable F
Herp Number 0.49
Herp spp. 243
Butiress Number 1.57
Buttress Cover 1.26
Butiress Diameter 1.36
Big Trees Number 5.49"
Big Tree Diameter 0.96
Palms Number 0.68
Saplings Number 1.47
Logs Number 1.56
Log Cover 227
Log Diameter 2.00
Lianes Number 0.75
Herb Cover 1.32
Siope 1.66
Depth: Measured 3.88*
Burlese Volume 9.76"
Hurmidity-1 ‘ 4.72"
Air Temperature-1 517
Starting Time 0.40
Rainfall: Today 6.65°

‘. significant F {p-<.05)
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Table 2 {continued)

Latent Roots & Significance Test for Each Axis

Axis Root % Cumulative % ChiSquared d.f.
1 6.32 35.7 357 14133 34
2 3.90 221 57.8 112.83* 32
3 2.29 12.8 707 84.49° 30
4 2.01 11.4 82.1 78.34" 28
5 1.17 6.6 88.8 55.11° 26
6 0.62 35 923 34.25 24
7 0.43 25 947 25.60 22
8 0.41 23 87.0 24 .41 20
] 0.23 1.3 98.3 14.66 18

10 0.18 1.0 99.3 11.53 16
11 0.08 0.4 99.8 542 14
12 0.04 02 100.0 2.63 12

* designates a significant axis (p--.05)

VARIABLES CONSTITUTING AXES:

COEFFICIENTS OF SEPARATE DETERMINATION

Axis Variables

Coefficients (%)*

1

Air Temperature-1
Burlese Volume
Humidity-1

Big Trees-Number

Humidity-1
Depth: Measured

19

34.9
21.6
12.8

271
18.5
16.5
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Table 2 (continued).

3  Rainfall-Today
Saplings-Number

4  HerpNumber 349
Burlese Valume 11.6
5 Rainfall-Today 25.5
6 Buttress Cover 299
Log Cover 29.9
7 LogDiameter 17.8
Lianes-Number 14.7
Buttress Diameter 11.8
Burlese Volume 10.9
8 Herpspp. 18.8
Palms-Numbaer 11.9
Slope 1.7
9  HerbCover 48.1
10 LogDiameter 16.5
Buttress Diameter 15.5
Herp spp. 12.2
Lianes-Number 11.6
1" Paims-Number 19.2
Log Diameter 11.3
Starting Time 10.3
12 Herpspp 19.0
Herp Numbeer 17.2
Hunmdity-1 131

"includes only those variables with a coefficient 102
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The forest has a distinct understory, with very large trees, saplings,
and mature lianes and palms. Although the cacao has been fallow for
more than twenty years, it has less vegetational complexity than the
torest.

Analyses of variance were used to test for dif-
ferences between the variables among 13 months of the study. The fol-
lowing variables have a significant effect associated with month (p-.001):
Air temperature, Burlese volume, Measured depth, Humidity, Number of
individuals, and Number of species.

The results of multigroup discriminant function
analysis (canonical variates) using the 13 months of the study as the
groups are found in Table 2. The first 5 axes are significant at the .05 level.
The first canonical axis is comprised of the air temperature, humidity, and
Burlese volume. In an environmental discriminant space the temperature,
humidity, and volume of the leaf litter are the most different over the
course of the year, The second axis relates toc humidity and the depih
of the leaf litter. It is not until the third axis that rainfall becomes an im-
portant contributor to an axis. Any strong seasonality in the amphibians
and reptiles may therefore be due to a response to humidity and air tem-
perature variability, or to changes in the volume and depth of the leaf
litter.

Many of the environmental variables show vari-
ability within the year. The depth and volume of the leaf litter, and to a
lesser extent the humidity and the herbaceous cover of the forest floor,
appear to be seasonal. There are marked differences between the forest
and the cacao. There are more palms, logs, buttress trees, lianes and
saplings in the undisturbed forest than the cacao. The cacao lacks a well
detfined forest understory, and is prabably at one point in a successional
series that approaches a mature forest in leaf litter and understory. The air
temperature, on the average, 15 higher and the litter is deeper in the
cacao than the forest. These and other environmental factors are more
variable, and therefore less predictable, in the cacao than in the more
mature and stable forest. This does not imply that it is a more stringent
envircnment. In fact, there were more amphibians and reptiles found in
the cacao than in the forest. The cacao may constitute a perturbed
system that is an excellent environment for some species and less so for
others,
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Amphibian and Reptile Species

Forty-seven species of amphibians and reptiies
were collected in the 90 litter plots (Tables 3 and 4). Of the 47 species, 43
were foundin the forest and 31 were found in the cacao. Only one-fourth of
all the species (12/47) was found exclusively in the farest. There were
more individual animals in the cacao than in the forest, with a total of 1193
in the cacao and 774 in the forest. This is reflected in a higher Shannon di-
versity index in the forest than the cacao (Table 5). The perturbed system,
the cacao forest, supported a higher number of amphibians and reptiles
than the forest. The more prevalent species in the forest were even more
abundant in the cacao, while many of the rarer species either could not or
did not succeed in the more disturbed habitat. The evenness component,
J’ (Pielou, 1966) is higher in the forest, both during the day and at night,
than it is in the cacao.

The most abundant species in both environ-
ments were Eleutherodactylus bransfordii and Dendrobates pumilio.
These two frogs are diurnal (Savage, 1981), yet were also captured in
large numbers at night. Day-night differences should in fact be ap-
proached with reservation, since diurnal animals were still present in the
litter at night and were collected along with nocturnai animals. The third
and fourth most abundant species, both lizards, were Norops hurnilis and
Lepidoblepharis xanthostigma. The frog Gastrophryne pictiventris is the
next most abundant, with a total of 84 individuals in the 90 litter plots. It
was rarely collected during the day (9 daytime versus 75 nightime occur-
rences), probably because it is fosscrial and buries beneath the litter
during the say {Savage, pers. comm.).

In all, there were 13 species with 12 or more indi-
viduals taken during the study. The remaining 34 species were represen-
ted by six fewer individuais each. The very high species richness is typical
of the New World tropics, with a few very abundant species and many rare
ones (Scott, 1976; Toft, 1980a; 1980b). In the Old Worid tropics the pat-
tern i1s somewhat different. Inger (1980a; 1980b) did not find population
densities as high as those recorded here, nor did he see a comparable nu-
merical dominance of a few very abundant species. Perhaps the patchi-
ness in the Old World localities is greater; the presence or absence of
seasonality may impinge on this disparity.

There were up to 34 individual Efeutherodacty-
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Table 3

SPECIES LIST
Taxonomic Breakdown

Amphibia
Caudata
Plethodontidae
Oedipina sp.

Anura
Microhylidae
Gastrophryne pictiveniris {Cope}
Leptodactylidae
Eleutherodactytus. Biporcatus group
E. biporcatus {(W. Peters)
Cruentus group
E. altae Dunn
E. caryophyllaceus (Barbour)
E. cerasinus (Cope)
E. cruentus (W. Petersl
E. ridens (Cope)
Diastema group
E. diasterna (Cope)
Fitzingeri group
E. crassidigitus Taylor
E. fitzingeri (Q. Schmidt)
E. talamancae Dunn
Goltmer group
E. bransfordii (Cope)
E. goilmeri (W. Peters)
E. mimus Taylor
E. nobles Barbour and Dunn
E. sp.
Leptodactyius pentadactylus {Laurenti)
Bufonidae
Bufo haematiticus Cope
Hytidae
Hyla: Albomarginata group
Hyla rufitela Fouquette
Hyla: Rubra group
Hyla elaeochroa Cope
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Table 3 {continued).

Dendrobatidae
Dendrobates pumiho Schmidl
Phyliobates lugubris (0. Schmidt)
Centrolenidae
Centrolenelia: Proscblepon group
Centrolenella prosobiepon (Buettger)

Reptilia
Squamata - Sauria
Gekkonidag
Lepidoblephars xanthostigma (Noble)
lquanidae
Corytophanes cristatus (Merren)
Norops capito (W. Peters)
Norops carpenteri (A A. Echelle, A.F. Echelle & Fitch)
Norops humilis (W. Peters)
Norops limifrons (Cope)
Teidae
Ameiva festiva (Lichtensteis & von Martens)
Xaniusiidae
Leprdophyma flavimaculatum A. Dument
Scincidae
L eiviopisma cherred (Cope)

Squamata - Serpentes

Colubridae
Amastridium veliferum Cope
Comophanes fissidens (Gunther)
Dendrophidion vinitor H.M. Smith
Imantodes cenchoa {Linng)
Leptodeira septentrionaiis (Kennicott)
Mastigodryas melanolumus (Cope)
Ninia macuiata (W. Peters)
Nothopsis rugosus Cope
Pliocercus euryzonus Cope
Rhadinaea decorata (Gunther)
Sibon nebulata (Linne)
Trimetopon pliolepus (Cope)

Viperndae
Bothrops nasutus Bocourt
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Table 4

TOTAL NUMBERS OF INDIVIDUALS

Forest Cacao

Species Total D N D N

Eleutherodactylus bransfordii 693 134 130 237 192
Eleutherodactylus cerasinus 3 1 1 1 0
Dendrobates pumitio 476 62 77 192 145
Narops humilis 253 49 55 78 71
Lepidoblepharis xanthostigma 148 17 15 68 48
Gastrophryne pictiventris 84 8 55 1 20
Norops limifrons 57 16 11 14 16
Eleutherodactylus biporcatus 49 7 11 18 13
Lelolopisma cherrer 39 8 9 13 9
Eleutherodactylus talamancae 25 8 16 0 1
Eleutherodactylus diastema 21 5 6 7 3
Eleutherodactylus mimus 15 3 10 0 2
Eleutherodactyius ridens 15 2 2 8 3
Bufo haematiticus 12 2 6 3 1
Eleutherodactylius caryophyliaceus 6 5 1 0 0
Nothopsis rugosus 6 1 0 4 1
Ameiva festiva 4 1 1 2 0
Rhadinaea decorata 4 0 1 2 1
Norops capito 4 2 0 1 1
Oedipina sp. 3 1 1 1 ¢
Lepidophyma flavimaculatum 3 1 1 1 0
Ninia maculata 3 0 0] 3 0
Eleutherodactyius sp 3 3 0 0 0
Eleutherodactyius cerasinus 3 1 1 1 0
Eleutherodactylus cruentus 3 1 1 1 0
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Table 4 (continued).

TOTAL NUMBERS OF INDIVIDUALS

Species

Total

Forest

D

N

Cacao

=)

Hyla elaeochroa

Corylophanes cristatus

Eleutherodactylus golimert
Eleutherodactylus altae
Norops carpenteri
Leptodactylus pentadactylus
Eleutherodactylus crassidigitus
Eleutherodactylus fitzingeri
Coniophanes fissidens
Bothrops nasuius
Rhadinaea guentheri
Phyllobates lugubris
Dendrophidion vinitor
Mastigodryas melanolomus
Trimetophon pliolepus
Eleutherodactylus noblei
Leptodeira septentrionalis
Centroleneila prosoblepon
Amastridiurm veliferum
Sibon nebulata
Pliocercus euryozonus
Hyla rufitela
Imantodes cenchoa
TOTALS

= = N RN NN NN NN W W W

—~ o~k ok

—_ & -k =k

1967

1

—_

- O o O = 0 O 0O o O O O o o O C

O =+ = O O

344

MONO N W N

O 0O O = O 9O = N O =+ O =

—_

- O o

430

O O O o <+ 0 0O O 0O 0 0 0O 0 4 24 w4 0 0O 22 0 0 O -+

660

o O O - C 0o O O

< o o N O O =

—_

o O o O 0 O

533

D: Day

N: Night
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SHANNON-WIENER DIVERSITY INDICES

Table 5

Month #Species #Individuals H' J Gleason
December 1873 17 117 2.129 75 3.36
January 1974 15 156 1.943 72 2.77
February 1974 13 210 1.835 72 2.24
March 1974 21 192 1.991 .65 3.80
April 1974 18 193 2.026 .70 3.23
May 1974 17 256 1.692 60 2.89
June 1974 16 153 2.004 72 2.98
July 1974 17 137 1.890 67 3.25%
August 1974 18 109 2138 74 3.62
September 1974 14 82 1.814 .69 285
October 1974 13 83 1.748 .68 272
November 1974 14 87 1.973 75 2.91
December 1974 17 192 1.763 62 3.04
Group #Species #Individuals H’ J’ Gleason
Forest-Day 28 344 2.099 63 4.62
Forest-Night 33 430 2.292 .66 528
Cacao-Day 25 660 1.796 56 3.70
Cacao-Night 21 533 1.801 .59 3.18
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lus bransfordii in a single 8 x 8 meter plot. Figure 4 depicts the mean
number per plot of the seven most abundant species, for four subsets of
the litter plots: forest-day, forest-night, cacao-day, and cacao-night. The
maxima for Eleutherodactylus bransfordii and Dendrobates pumilio were
in the cacao and not the forest. The mean numbers per plot for the
abundant species were greater in the cacao than the forest. Even among
the more prevalent species, four were found in the forest and not the ca-
cao al all. For example. Eleutherodactylus caryophyllaceus had six indivi-
duals at six different litter plots in the forest, and none in the cacao.

Figure 5 shows the distribution of the number of
individuals per piot for the three most abundant species: Eieutherodacty-
lus bransfordii. Dendrobates pumilio, and Norops humilis. In the forest,
Eleutherodactylus bransfordii had from 0 to 13 individuals per plot, with a
majority of the plots having four or fewer individuals. In the cacao there
were from 0 to a maximum of 34 individual Eleutherodactylus bransfordii
per plot. In a random cacao plot, it would be much harder to predict the
number of Eleutherodactylus bransfordii one would expect than it would
be in the forest. Such was also the case for Dendrobates pumilio. In the
forest, there from 0 to 6 Dendrobates pumilio individuals per piot, but there
can be up to 20in the cacao. A similar pattern is found for Norops humilis
as well.

Figure 6 shows the relationships between the
number of species and the nurnber of individuals per plot. The regressions
for both the cacao and forest sites are significant, yet the slope is much
greater for the cacao. For a given number of species one can predict a
greater number of individuals in the perlurbed system, the cacao. Initial
impressions of these data might be that the cacac is a less favorable
habitat, since it supports fewer species, or that the cacao is a more
favorable habitat, since it supports a greater density of amphibians and
reptiles, and probably a greater overall secondary consumer biomass per
unit area, as well as a much greater density of certain important, if not eco-
logically dominant, species. The contention that one habitat is more or
less favorable than another appears to be invalid and untestable.

Figure 7 shows how both the number of species
per plot and the number of individuals per plot vary with the month of the
year. The number of individuals peaks in January, during the dry season,
and decreases throughout the end of the dry season and the onset of the
rainy season. The number of individuals per plot is at its lowest in August,
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Figure 5

Abundances of the three most common species: Number of individuals
per piot versus number of plots, farest and cacao separately.
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Figure 6

Relationship between the number of species and the number of individuals:
forest and cacac. For both the forest and cacao regressions. R is significant at the .01 le-
vel.
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Figure 7

Monthly mean numbers of herpetofauna species and individuals,
forest and cacao combined.
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during the rainy season, and begins to increase in November, during the
dry season. The number of species per plot peaks in March. at the end of
the dry season, and decreases during the rainy season. An analysis of
variance showed that the effect of month on the number of species is
statistically significant. The seasonality of the number of individuals per
plot is dramatically apparent in Figure 8, when the cacao and forest plots
are separated. The large increase in number of individuals per plot occurs
predominantly in the cacao, and much less in the forest. The seasonality
apparent in Figure 7 has its main source from the cacao plots. The intro-
duction of perturbation into the system, i.e. the cacao plantation, and its
subsequent successional development, induces a greater seasonality
than that found in the undisturbed ecosystem.

Figure 9 shows the monthly means for the five
most abundant species. The densities of the most abundant species, in
particular Eleutherodactylus bransfordii, were highest from February to
May, at the end of the dry season, when the litter volume and herbaceous
cover were highest. The pattern is consistent for all of the species. There
were slight increases in abundance for Eleutherodactylus bransfordii, No-
rops humilis, Dendrobates pumilio, and Lepidoblepharis xanthostigma
from November to December. This coincides with a dip in monthly and
sampling period rainfall. and an increase in litter volume and humidity (Fi-
gure 3). Figure 10 shows the monthly total numbers of individuals for four
of these species. This figure shows the peaks in abundance at the end of
the dry season. in May.

The abundances of the major species of frogs
and lizards in the leaf litter were seasonal, and correspond to the end of
the dry season, the onset of the rainy season, and the volume fo the leaf
titter. Perhaps the increased densities were a result of recruitment, or a
response to increases in arthropad populations that resuit from the in-
creased litter depth in the dry season. Such strong seasonality in both en-
vironmental factors and amphibian and reptile populations in a tropical
wet forest dispels the notion that such forests are aseasonal. The
seasonality is different from that in the temperate zone, but no less impor-
tant. In a study of tropical succession, Ewel (1380) found that there are in
fact more combinations of rainfall and temperature in the tropics than the
temperate zane.
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Figure 8

Monthly totals per plot of number of herpetofauna species and number
of individuals. Forest and cacao plots graphed separately.
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Figure 9

Monthly mean numbers of individuals per plot for the five most
abundant species.
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Figure 10
Monthty 1otal numbers of individuals per plot for the four most abundant species.
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Species and Environmental Variables

There are high correlations between the abun-
dances of all the major species except Bufo haematiticus and Leiolopisma
cherrel. There are also high negative correlations between the abun-
dances of most cof the species and the number of palms. When the litter
was deeper the abundances of most of the species were significantly
higher. The only major species with a significant correlation with the num-
ber of big trees or buttress trees were Bufo haematicus and Lepidoble-
pharis xanthastigma. Number of saplings correlates with the abundances
of Eleutherodactylus bransfordii and Lepidoblepharis xanthostigma only.
The only environmental variable that correlates with the abundance of
Dendrobates pumiiio, other than the number of palms, is the depth of the
litter.

An analysis of variance tested for differences
between the values of the envirgnmental variables for any of the species.
For all 90 litter plots, only four variables show a significant “effect” of
species. They are: Starting time (p=.009), number of buttresses (p - .03},
log cover (p- .0001), and rainfall (p=.05). For the cacao plots cnly, air
temperature was also significant (p=.05), and for the forest plots only, big
tree diameter was also significant {(p —.001).

Normal and inverse cluster analyses were done
onthe species-site matrix of this study, using the techniques mentioned in
the Matenals and Methods section. Figure 11 is the dendrogram of
species. Three major clusters are found. Figure 12 is the dendrogram of
the cluster analysis of the sites. | have divided the sites into 7 groups,
based on the clusters of the dendrogram. These groups will be used later
for discriminant analysis. There are two main clusters, the first containing
Group G only. the second all the rest. Group G has cacao sites only. A few
cacao sites (6 of 33) are found in other clusters, but basically the distribu-
tions of the species are maore similar in the cacao than elsewhere. The ca-
cao sites are more simitar to each other, based on amphibians and repti-
les, than the individual months are to each other.

Table 6 gives the results of the canonical discri-
minant analysis on the environmental variables, using as groups the 7 site
clusters from the dendrogram in Figure 12 (from the species-site matrix).
This analysis was used to discern which environmental variables corres-
pond to the pattern of sites that was found, and to show which of the
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Figure 11

Classification: dendogram of species. Distance index used and clustering

strategy are discussed in the text.
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Figure 12

Classification: dendogram of sites. Distance index used and clustering
strategy are discussed in the text.
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envircnmental variables best describe the ampihibian and reptile pattern
(Smith. 1976 Green, 1971). The first 4 axes are significant at the .05 tevel.
The first axis is determined by the nurber of ampnibian and reptile
species and the number of palms. Even when the herpnum variable is re-
moved, this axis is still determined by the number of palms.

The scores on the first three axes for the 90 litter
plots are graphed in Figure 13. Dendrogram Group G separates cuton the
first axis. This is the cluster of cacao sites. This indicates that the number
of palms is the major factor that separates the forest and the cacao, and is
most important to the amphibian and reptile species in the ieaf litter. The
number of palms should be of major consideration is any management ap-
proach to lowland tropical ecosystems. The second axis is determined by
the time of day and the number of amphibian and reptile species. The
second axis separates best Groups A, B, E, and G from Groups C, D, and
F. Group A, whichis very different on the dendrogram, separates out best
on Axis 1. Group F, also somewhat disparate, separates out on Axis 2
only. Axis 3, in addititon to the number of species, is a rainfall axis, and dif-
terences in rainfall must account for much of the separation along Axis 3in
Figure 13. Differences in rainfall, as well as number of species, account for
differences between dendogram Groups B, C and F, and the other 4. The
faurth axis, not graphed, is determined by buttress cover, log diameter,
and number of lianes. Litter volume or depth are riot found in any of these
axes, and cannot be said to be major factors contributing to any of the
clusters in the dendrogram.

In summary, the null hypotheses that there are
no differences in species abundances between the forest and the disturb-
ed cacao, and between the months of the year, can be rejected with confi-
dence. Significanily fewer species and more individuals were found in the
disturbed cacao habitat. Significant corretations were found between se-
veral environmental variables and species abundances. The populations
of the major species were determined to be seasonal. This study does not
support the hypothesis that species rich habitats must have low evenness
and little or no numerical dominance {Birch, 1981; MacArthur, 1969;
MacArthur, 1970),
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Tabie 6

MULTIGRDUP DISCRIMINANT FUNCTION ANALYSIS
Latent Roots & Significance Test for Each Axis

Axis Root %o Cumulative % Chi Squared
1 4.51 58 4 58.4 122.01"
2 1.32 171 75.4 60.08"
3 0.73 95 84.9 39.20"
4 0.51 6.6 91.5 29.45°
5 0.40C 52 96.7 24.07
& 0.26 3.3 100.0 16.37

* designates a significant axis (p-.05}

VARIABLES CONSTITUTING AXES:
COEFFICIENTS OF SEPARATE DETERMINATION

Axis Variabies Coefficients (%])*
1 HerpNumber 571
Palms-Number 13.3
2 Staring Time 24.9
Herp spp. 20.5
3 Raintali-total monthly 19.8
Herp spp. 17.4
Rainfali-3 days prior 10.7
4 Butiress Cover 16.4
Log Diameter 12.1
Ltanes. Number 11.2
5 Buttress Numper 17.9
Big Tree Oiametler 15.2
Buttress Diameter 10.4
6  Rainfall-sampling period 20.3
Raintall-today 18.3
Rainfali-total monthly 12.5

There are 7 graups, from hierarchical agglomerative classification of
sites, based on species abundances.

“rincludes only those variables with a coefficient .- 10%
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Figure 13

Discriminant analysis of seven site groups, using abiotic data.
Groups are from the site dendrogram in Figure 12.
Scores are given for the first three axes only.
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Food Utilization: Stomach Contents

The stomach content resuilts were evaluated
firstin terms of all frogs and lizards combined, and then by specific species.
Table 7 lists the mean number per individual for each of the prey groups,
but excludes zeroes from the calculations. For example, termites are a
rare prey item: Yet, when they were eaten by Gastrophryne pictiventris,
14 of them were found in the stomach. Bufo haematiticus, for example,
has an average of 21 mites per stomach, when mites are eaten. Such an
approach allows a quick overview of the variability of prey taken by the
frogs and lizards. It alsc allows one o see quickly that some species, such
as Dendrobates pumilio and Bufo haematiticus, eat a large number of
small prey. Others have fewer prey items per stomach, buta much greater
variability of prey categories, such as E. bransfordii, with never more than
2, on the average, of any single prey category per stomach.

Table 8 lists the average prey lengths for indivi-
dual frogs and lizards, again excluding zeroes from the calculations.
Some species, such as Dendrobates pumilio and E. ridens, eat small ants,
while others eat very large ants. Leptodactylus pentadactylus had an ant
11.5 mm long in its stomach! While no species had an average of more
than 1.5 Hemiptera per stomach, the sizes of Hemiptera eaten varied from
an average of 1.0 mm for E. caryophyllaceus to an average of 12.0 mm
eaten by E. mimus. A similar wide range of size classes eaten is also
found for the Orthoptera.

Some species, such as Bufo haematiticus and
Dendrobates pumilio, had very little unidentifiable material. The majority
of their diet is ants, which can be identified even from very small insect
parts. The soft bodied arthropod prey are digested quickly, disintegrate
and break apart in the stomach, and are often unidentifiable. From what
could be identified, Hyfa elaeochroa eats mostly Coleoptera, while 80.5%
of the stomach contents were unidentifiable, and soft bodied prey may be
under-counted. This must be kept in mind throughout the discussion.
While soft bodied prey are probably underestimated in a consistent
fashion, | have greater confidence in the absolute prey counts for the hard
bodied ants, mites, Hemiptera, Homoptera, and Coleoptera. Because
spiders are so distinct, | also have confidence in their counts.

Frogs and lizards are strict carnivores, and any
plant material in their stomachs is unexpected, though it could be ingested

43



Bi31d0WOH (OWOH e1aidilsy | WIH "BPOCGos| (g0s) Biadiq [ dIG
BIB)A0UBLIAH NINAH (SAIW 31N SI20Ig5 . H(OdS edoyul tHIHO "ewedosion 13100 [sIUe | NY yiBus| uaa-inous  A-S pajdwies sydrwols jo ssquinu 'N

4 S 9 Cor c ‘ds euidipacy

b | I b z el P4 Ll [Sri4 £y £e Ssuoiun Sdoson
| gL Ll L £ L 1 61l 122 92 sty sdojoN
Q [eRaT < ugluadied sdoion

I L - gEe ¥ ondea sdoion

[ £ B8 es £ wmenseunAR) BuwAydopida

i | 8 c Z St £ g9¢ 8 swisoyuex sueydaqopiada]

L < g8l 5 1 Sl L 12 §/F 02 1LY BWSIAOI0IaT
o] Q¥ I STYEISLID SSUEYI0IAINY)

- 1 1 £ 129 £ PASE) BAIBLLIY
SHIANVYIWYIYS ONY SOUVYZIT

J L S 1e I sugnbny sajeqopiyy

8 L < 0'GE P4 sAloepeluad smAyoepoide ]

& O A 4 b Bjaln BjAH

4 Sz 692 g BOIYICBE[S BIAH

b i 3 L 1 I Sl 28 a6 842 e siuamnd suliydogsesy

b L 'l Ll £ 6} P8c £€e FpouELIER) sStAjoRpolaIna3

I L i b g1 i FAN! Lé 2’9l Sl sSuIPL SAJIBOOIBLINGT
L L 1 £ 98z ¥l SNt SAIOBROSYING T

1} <'gL L uabfivziy sniAiseposaiina 3

£l i I P 4 5 L > v e 621 s BudjSBID SNIAI0BROIaINd 3

[ - £ 59i | SNUBNL SNAIDBPOIBYINGT

| L L 4 1R 74 2 snuBIDISSELD SNIADEPOIBING T

L I 2 i Sz [NV [ SNUISBISS SNHAIDBDOISYING T

L i L Fa £Rl [ sn30eAydoAies sniAloepoIsying3

- b L1 k ¥l 2l 2l [aat Ll 5 AN g HPUICISURIG STYARIEROIBYINGH T
F i L L 1 £l 4 z2e v'Ge ¥4 SNEONG SHADEPOISYINA S
0 a8yl 2 SEIIE SMAIOBROISYING 3

L L gl 21 3 'L [ 4 8 FE L ue Se oipund s81pqoIpus

1 L 2 oze L uodsqosoud giaudionuan

L [¥as 4 £ rig Lpg Ll [ SHSHEWSRY Ojig]

OWOH IW3H  d0SI  LdId NWAH 3JLIN HOdS HIHO 3100 INY riol AS N SDOoHd

{papnsun oL sa0127)

1L Hey IvNaIAIONE H3d HIFNNN NYIW

Lajgey

44



“BRAIR) BIRNRUSPILY

:a._os e ese)dopyda (-7 'esaie] BID0SI00) 0] ‘aeale] BIRldiq (-] ‘Seluue ) m

'SOIRIGOLIOA T LHIA ‘SULOM INHOM ‘e106A10dy 131 dv eseideuusq (Nd3Q % | pue 2852355 O SPRIUCEIY “OVY mmuon 2383::8 N3D

1n | Q._EEEEEQSHﬁ £90ud

(papnjour Jou Se0187)

ZHed S TVNOAIAIONI H3d HIGWNNN NYIW

Leogey

45



‘ei@idowon QWO ‘ese)diway W3 ‘epedos) oSt ‘esexdiq i 1d1g
‘212)dOUBLAH T NIWAH SBHW T 1 (W ‘SIapids HadSs RBdoyns [ H1HO ‘e1idosio)) 13100 [siue | NY ulbua) yorwols N L (pajdwes syoeLwols Jo 1aquinu N

el Ll gl Z ds euichpar

oc g9 Q€ Sy S0 (&4 r'e 1'E c8 €S suOILY STOION
Sy ge (24 L0 ¥e £e B¢ ]2 a2 syiuny sdoJon
89 2 uayuadied sdoioN

0% 5y el v ondea sdosoy

oe oL £ LIBINDBULARY RLWAYdopidaT

0's 9v Qe 80 9L §°G [ e pwibnsoyiuex sueydaqopda’

9'Gl 86 19 £ o€ e [ 0oe (474 18uaYI BWSIdOI010]
00g 1 snjejsuz saueydoiicn

oe [t 08l gri € BAYSS) BAIBLIY
SHIANVIWVYIVS ONVY SAHY2ii

I'e £4 Z sugnbng SRIEqoALly

VR Sil ool Z smifioepeued srylioepoids

<'BL i Branins BiAH

P 66 £ BOIDOBES BIAH

0 o 09 0 e o€ LE 34 A ¥Z sujusand sudiydonsen

0s ge § L'y 94 26 £e SPIUBLLEIR) STAIOEDOIAINGIT

s 56 e 80 oe S 80 s St suapii sniAjoepoisiana3
oct 0's avi 88 ¥l SNWill SNIAJOBEPCIBLING| 3

Sy L uabuiziy snilpeporaying 3

l'c Qi ol 60 o oE 0c [N 6'¢ 21 ewiBIselp sniloeporsying;3

Q9 21 FAYA 1 smuanJo sniAjoepoiayina;3

oe sz o 9zL 2 SUBIPISSEID SNiAIOBPOIBLINGIT

VK4 S0 8r 8E TL £ SAUISEIAD SMIAIIBPOIBYINGLT

ol 31 [} og S snaseyAydolies smAloRpoLayIng|3

€€ 51 vs 9¢ 90 L2 66 8¢ Se 8q zS spojsueIq sryoeposayina 3
gs o'g 0€E 691 0oL 82 ze 06 [ smyessodig smdiceposayine;3
z aeje snfjoeposoyina3

02 91 L0 80 0z JAl [ LG 9z oniungd $81eqOIPUSET

5¢ S 1 uOaaiqosoLd BjjauBioRLSD

0y 0] e B ¥ L'E CEL 38 snagyewsey ong

OWROH  IW3H 408l 1dIQ NWAH  uw 40dS  HL¥O 703 ANV IWRNL N SO0Ud

(pepn|ou) 10U saclaz)
I Hed ‘H1LDN3T A3Hd IDVHIAY

gaqel

46



ARAIR| BigeYUAPILN (-1 'Feade) Bidldopidat] t1-) leraie Bid1d00]) (- [9RAIR| BRI 1O (SONUWLIO L INK |
SAIRIGBLAA || HIA [SWUCAM IWHOM 2100/A18)dy 3 gy ‘Bsaidewa) (k3 (Salw PUB SIapids UBL) Jay1e Spiuglely (vHy (Sapadiy pue sapadiual 11 NID

0oL

vl

Le

05

0s

oS

oe

9l

SE
St

SEL

o¢

St
SE

98

or

[vR])

0e
ov

[ ]

9t

£€e 06

D'H S¢cl
oS
oe 501

oetL

ogL or L8
14 g9
[ 3
ol
ooy
1 SE £el

ove 094

BE

‘ds eurdipacy

SUOIILLY SO0ION

SHiLLny SAOION

rejuedieo sdoionN

andes sdoion

WNIBIMOBUNABY BAYdopida]
PLIBSOYIUEX sueydaigopide
1aliayo Blisidoiore]

snejsu saueydoiicy
BANSS] EARLY

SHIANVINYIVS ONY SaQUvZI

suqnbing sa1BGoHAYY
smAioeperuad smAoepoIde
ejgiyn eiAH

POIo00EE BIAH

sujuaAnnd audiydonsen
2ROUBLLEIE] STHAIOepOIaYINGg
suapu snAjoepasayine;3
S STYA)oBpaIaLINag
uaburzyy sniAloBpOseyINDF
BuiaIseIp sNAIepoiayina 3
SNuANIo smA}oepoiaying3
snpbiisse D smARpOIBYING ]
SAUISEIZ3 STHAIOBPOIBYINGHT
snaoeAydodies sSmAIDBROBYINS T
HPIOISUBIQ SIYAJDEpOIaYINS|T
smeaiodiq snifjpeposaynal
BEYE SNAEPCIBYINSIT
oynund sajeqoipusd
uodaqosoid ejeudionusdsy
SAoMBLERY OjNg

i1

T

g

a1

WYL

lUIA  WHOM 314V WH3Q JvHY  INID

$90u4

(pepnjoul Jou $a04a7)
ZHed ‘H1DNIAT A3Hd 3DOVHIAAY

g9|qe]

47



Acta Zool Mex (ps). 15 1986

accidentally during foraging, by being attached to an insect. A frog
foraging in deep leaf litter might swallow some small leaf parts while cap-
turing a prev item. No lizard had any plant matenal in its stomach, but 9 of
the 20 amphibian species did. Fifty-five percent of the Bufo haematiticus
and 33% of the Gastroohyrene pictiveniris had plant material. This may
reflect their methods of foraging. Both eat relatively large ants, several
species of which cut and carry pieces of leaves that would be ingested
along with the ant. This resuit implies that these soecies are active rather
than passive foragers. In addition, of the 341 stomachs investigated, 7.3%
were empty.

Table 9 lists the Shapnon diversity indices
{(Shannon, 1964) for the numbers of prey. Those species with very high
prey diversities are E. bransfordii. Norops limifrons, and Norops humilis.
For the cacao alone prey diversity increases for some species, such as £.
biporcatus, but decreases markedly for others, particularly N. humilis and
N fimitrons. For all plots combined, the lowest prey diversities are found
for Hvla elaeochroa and Bufo haemnatiticus. The two dominant species, £
bransfordii and D. pumilio, both significantly more abundant in the cacao
than in the forest, have greater prey diversities in the cacao than in the
ferest. Mean prey diversity is also greater in the cacao than in the forest.

Table 10 lists the proportions of the different
prev groups found in the stomachs of the 13 most abundant amphibian
and rephile species. as well as the propaortions of these arthropod groups in
the leat litter (Lieberman, 1982). The leaf litter arthropod data are from a
concurrent study. at the same litter plots, both in the cacao and in the
forest, which utdized can traps to evaluate arthropod populations.
Arthropods were clazsified to the same level as the stomach contents
discussed here (Lieberman, 1982). Table 10 does not include the
stomach content data on those species with less than 12 individuals in the
entire study. It is mteresting to see what some rare species have in their
stomachs. but the information cannot be used in any statistical com-
parisons. Table 11 shows the proportions of the different arthropods eaten
and available in the leal Iitter, for the 5 most abundant species, but for the
torest and cacac separately.

Ants: In all the litter plots combined, E£. brans-
ferdii eats ants, the most abundant leaf litter arthropods, in roughly the
same proportion as they are found in the habitat (31.5% compared with
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NUMBER OF PREY: DIVERSITY

Table 9

Species

Eleutherodactyius bransforads
Norops limifrons

Norops humifis
Eieutherodactylus biporcatus
Eleutherodactylus ndens
Eleutherodactylus mimus

L epidoblepharis xanthostigma
Leioiopisma cherret
Eleutherodactvius talamancae
Eleutherodactylus diasterna

ALLSAMPLES

Ameiva festiva
Eleutherodactylus crassidigitus
Eleutherodactylus caryophyllaceous
Eleutherodactylus cerasinus
Lepidophyma ffavimaculatum
Dendrobates pumilio
Gastrophryne pictiventris
Leptodaciylus pentadactyius
Norops capito

Bufo haematiticts

Hvia elaeochroa

Oedipmeda sp.

All Sites Forest Cacao
2.155 2.084 2.125
2.022 1.841 1.424
2.007 2062 1.525
1.975 1.519 2.151
1.843 1.074 1.909
1.834 1.677 0
1.815 1.535 1.755H
1,765 1.318 1.605
1.692 1.671 0.693
1.643 1.148 1.652
1511 1.352 1515
1.386 1.386 -
1.386 1.386 —
1.332 1.332 —
1.332 1.332
1.011 0 0.673
0.799 0.559 0.796
0.694 0.793 0.461
0.693 0.693 -
0.693 - 0
0.502 2114 .983
0.500 3.500 -

e - 0.637

49



sucifiw SdoioN IN

BsuyEsy: T geouBweEE! '3 13

snofiewaey ojng . yg sipuaapod sufliydoyserny . do

Sy 3T w3 sywiny sdosoy . 4N

suspii 3. 13 puwibgsoyluex speydaqopidsy . x

ewarseip 3. p3 fipJojsuelsq 3 Iq3

134940 BLUSIdON0IE T o | sniAioepossyIne3 . 3

smposodiq 3 169 oynd ssjeqoipus . dqQ

S3II3dS 0L AN
LE o 00 Sv 9’5 le €6 Ly 9€ 1'g EE€L '8 ¥ 0 aealeT
£E 6t LS vi 9t vo ¢c Le 20 esaidid
£0 LAY SWOAA
co 00E 09 SOULLS |
L'81 22 ejobAiady
¥0 £z 60 eigdewsaQg
Ll L0 Sy 6t L'c 1'Z ¥ 0 ¥'S 60 BpIUyORIY
60 00t L'e £l Fara Le sapadiyuad
20 St Le €< > 8l elaidowoH
¥o 004 6’8l L'e ¥0 g0l +¢v 8l eigdiuay
'l 0oL §°¢ vL SO0 E£6 LE 9t 0/ g1 06 10 epodos|
g0 ¥0 Sy 6t i'g £C ¥0 eigjdouawiy
90 62 L'6 £6 1 60 ¥'S £EL €9 0ve SO
(] L0 o9t LHL €91 Lv 96c ¢viZg ¢¥O0O 0LZ2 00 Ll 2} siapdg
gce 00c ¢ 1’8 OrlL 8¥F¥L LSt +¢O0 L9 801 L0 e1a1doyuo
17 6L 16 61 c0E S8l 6€ Le L1 60 ©191d0oa0)
ceve 088 Lee [ES £'ee ¥'le 0S8 80t S1E  0€9 Siuy
m g urg 13 P3a 2 193 IN 13 49 YN x7 q3 dg dnoug Aaad
S$3103dS

oL alqel

HIALLITAYIT AHL NI ONY S$3103dS YNNYI0L3dUHIHEL
40 $1310 FHL NI SdNOY¥D A3Hd SAOJOHLIYY LNIFHIIHA 40 SNOLLHOJdOUd

50



i8lITes}: N7 jean

sujuaapad suAydonseny . id o

syeuny sdosoN - wny N

pwbysoyjuex sueydsygopida . juex 1

HOHOISURIG SNAIDBPOIBYINGIT - UBIq '3

onnund sareqoipusg . wnd "Q

OvYovO D 153404 4
8€ Se 9l 00e (¢S e 8'9 0 €0 aBAIET
gt 6'¢ o't 0's 8¢t L'} 0 €0 esidig
¥0 £0 80 SULIOM,
c0 ¢0 £et S |
091 261 ejobliady
L0 A Lt eiaydeullagq
Ll L0 o't 0's 65 61 EplUydely
v 50 g1 o oS 8¢ L sapadiyual
S0 80 veE e19ydowoH
S0 £0 80 colL 81! 08 61 4Lk esaldiway
'l £ o'sy 6'G ove 00t 15NN 69 20 epodos|
B0 50 80 rigdouswAn
L'e L0 9t g ot 0'Ge r'e ve +'es S'6 SanN
L'y 8'G ol o'oe S'ee 09e 0'Sy cel £ 0t 0 a¢ s1apidg
" ¥ie oe oS G4 g¢tl £0 ei91doyuQ
¥s g9t 92 6'G Ay g0l [ 90 e101doajo)
G'sy (X 0t =74 oS 91 Sve 6.8 S'Sy v'ag Sy
o 4 ) 4 2 4 2 4 0 4 o 4 dnoug Aaid
M jee youd-n uny'N juex-} ueiq-3 wnd-g

ATILVHYJIS OVIVI ANY LSIHOS ‘HILLIM 4vIT IHL NI ANV S31034dS INVYANNEY LSON

JAI4 FHL 40 S131d IHL NI SdNOYD SAOJOHLYY LNFHILHI] 40 SNOILHOdOHd

11 219eL

51



Acta Zoaol Mex (ms) 15 1988

34.9%). Other species that eat ants in a similar proportion to that found in
the leaf litter are: £. biporcatus (23.3%), E. ridens (22.7%), and E. tala-
mancae (21.4%). Those species that eat ants in greater proportions than
are found in the leaf litter are: Bufo haematiticus (88.0%), Gastrophryne
pictiveritris (85.0%). Dendrobates pumifio (63.0%), and E. diastema
(563.7%). These same species also have ants as a high percent of total
stomach biomass. Five of the six species of Eleutherodactylus, the most
abundant genus, have over 20% of their diet comprised of ants. The dif-
ferences between the species in numbers of ants eaten, percent of area.
and length are significant at the .0001 level.

The above results are in contrast to what Toft re-
ported for leaf litter frogs in Amazonian Peru (Toft. 1980b). She claimed
that the dendrobatids and bufonids are ant specialists. because they eat
mostly ants, yet found that they do nat eat ants in an amount different from
what is found in the leaf litter. | agree with Toft that dendrobatids and
bufonids, as well as the microhylids, have a diet rich in hard-bodied ants
and mites. Yet these prey items are taken in amounts significantly greater
than found in the leaf litter. Toft looked at stomach contents only in the
middle of the dry season and the middle of the rainy season, rather than
throughout the year. My environmental resuits indicate that the end of the
dry season, just prior to the onset of the rainy season, is the maost critical
pertod. interms of change. Important information may be fost by notinves-
tigating the system at the end of the dry season, when arthropod food
(liter veolume, herbaceous vegetation, etc.) is most abundant and
arthropod populations are maximal. Toft {1980a) stated that food is less
abundant for the arthropods in the dry season, which conflicts with both
my results and those of others working in New World lowland tropical sites
(Bigger. 1976 Buskirk and Buskirk. 1976 Denlinger, 1980; Wolda, 1979).

In almost all cases, the ants eaten are much
srnaller than those found in the leaf litter. The possibility exists that small
ants were under-sampled in the can traps (Lieberman, 1982). or perhaps
other predators, possibly birds, may be eating the larger ants. It is atso
possible that many of the large ants in the leaf litter are army ants (Doryli-
nae). leaf cutter ants (Myrmicinae: Atta) which are very common, or large
Pamerine ants, which may not have any predators. The ants eaten by
Dendrobates pumilio (mean length = 1.4 mm) are much smaller than those
eaten by either Bufo haematiticus (mean length=3.7 mm) or Gastrophry-
ne pictiventris (mean length=4.3 mm). Those species of Eleutherodacty-
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lus that eat ants in proportions similar to those in the habitat, eat ants of in-
termediate size, except for E. ridens, which also eats very small ants. This
is a finer subdivision of the so-called “ant eating guild” (Toft, 1980a;
1980b). Those amphibians and reptiles that eat very many tiny prey items
are probably spending a greater amount of their time actively foraging in
the leaf litter than those that eat very few large prey items. it is difficult to
call a species an ant specialist without any information as to the proportion
of ant in the habitat, and the sizes of ants involved. The lizards eat few, if
any, ants. Ants are most abundant at the end of the dry season, when the
amphibians and reptiles are also most abundant. Whether the species
that eat great numbers of ants do so because they prefer them, because
they sit and wait for prey and ants are what happen to pass their way, or
because they actively forage and ants are what they find, cannot be deter-
mined in this context.

Orthoptera: The second most abundant ar-
thropods in the leaf litter are the Orthoptera, whose numbers also peak in
April and May, just prior to the onset of the rainy season. Othoptera abun-
dance is reduced in the disturbed cacao habitat (Lieberman, 1982). Only
E. talamancae eats Orthoptera in a proportion greater than that found in
the can trap samples (35.7% as compared to 22.8%) (Table 10). £. mimus
is the oniy other species that eats Orthoptera in any proportion close to
that in the habitat (20.0%). Several other species eat Orthoptera as well.
The average percent of prey area and relative biomass of Orthoptera is
great, even for those species that eat relatively few, such as E. bransfordi
and E. biporcatus. The relative biomass of Orthoptera in the diet is signifi-
cantly greater in those amphibians collected at night than during the day.
The two species that rely heavily on orthoptera in their diets, E. ridens and
E. talamancae, have significantly fewer individuals in the cacao than the
forest. Orthoptera appear less able to succed in the perturbed habitat, and
these two Eleutherodactylus may be affected.

Apterygota: Apterygota are the third most
common arthropods in the leaf litter, comprising 18.1% of all individuals in
the can traps (Lieberman, 1982), though their abundance is very un-
predictable. They peak at the end of the dry season, accounting for a high
overall percent of the leaf litter arthropod fauna. Apterygota decreased to
zero in the beginning of the dry season. The only species eating any was
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Lepidoblepharis xanthostigma, with one. Even though Collembola are
hardbodied and easy to identify, and would be digested slowly by frogs
and lizards. | am confident of the accuracy of these figures and that this
group is not a prey item for amphibians and reptiles. They are probably
very unpalatable, but may also be the preferred prey of some other leaf
litter insectivore.

Spiders: Spiders are the fourth most common
arthropod group in the cantraps and the second mast common (after ants)
in the diets of the herpetofauna. Several species eat spiders in much high-
er proportion than found in the leat litter (Table 10). These species can be
considered to specialize on spiders. This is the first prey group discussed
that the lizards eat in proportions higher than in the can traps. Lepidoble-
pharis xanthostigma, E. ridens, Norops limofrons, Norops humilis, E. tala-
mancae and to a lesser extent Leiolopisma cherrei are spider specialists.
Spiders are significantly more abundant in the forest than the cacao (Lie-
berman, 1982} and may be less adaptable to the greater seasonality and
unpredictability of the disturbed system. The spider specialists substitute
other prey in the cacao. Norops humilis, for example, eats a high propor-
tion of spiders and is more abundant in the cacao. It eats mostly spiders
and ants in the forest, but most of its diet in the cacao is I1sopoda. Spider
length, both in the leaf litter and the diet of the herpetofauna is extremely
variable. The mean length in all the diets is 2.8 +/-6.1 mm. E. bransfordii,
E. biporcatus, and Norops limifrons eat very large spiders. Among the
spider specialists, Lepidoblepharis xanthostigma and E. ridens eat smal-
ler spiders than the others. The arthropodivores in the leaf litter partition
their food resources in that some species specialize or concentrate on
spiders more than others; they even further partition the spiders. Those
species that eat large numbers of spiders are probably active foragers,
considering the rapidity with which spiders move within the leaf litter,

Miscellaneous Prey Groups: Several other
prey groups are eaten in appreciable amounts by the amphibians and rep-
tiles. Hemiptera are eaten significantly more by some species than others,
particularly in the forest. Hemiptera are rare in the leaf litter (only 83 out of
over 21,000 in the can traps), and are rarely, if ever, eaten by frogs. No-
rops humilis and Leiolopisma cherrei, eat large numbers of Hemiptera,
however. Lepidoblepharis xanthostigma and Norops limifrons eat Hemip-
tera. None of these species had more than two individual Hemiptera per
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stomach. The same sort of pattern is found for the Isopoda, which are
rarely eaten by frogs. Yet over 25% of the diets of Norops humilis and
Leiolopisma cherrei was Isopoda. There was a maximum of six individual
Isopoda per stomach.

In summary, the food source far the herpetofau-
na is partitioned. Some species eat prey in roughly the amounts found in
the litter, some specialize or concentrate on small, hard-bodied ants and
mites, some concentrate on large, solf-bodied prey such as Orthoptera,
and others, ali lizards, concentrate on hard-bodied, large prey such as Iso-
poda and Hemiptera. Other workers have shown such a wide spectrum of
dietary preferences among sympatric anurans (Berry, 1965; Inger, 1961;
Toft, 1980b; 1981).

There is no consistent relationship between
snout-vent length or stomach length of the amphibians and reptiles, and
the size or number of prey. Dendrobates pumilio and E. bransfordii are
about the same size, but Dendrobates has an average of 35 small prey
items per stomach, and E. bransfordii has an average of only 2.5 larger
prey items per stomach. Gastrophryne pictiventris is about the same size
as some of the larger Eleutherodactylus species (talamancae, mimus,
biporcatus), but has more individuals per stomach, though not necessarily
any smaller. There is a somewhat more predictable pattern among the
lizards. They have only a few individuals per stomach, but the larger liz-
ards (Leiolopisma cherrel, Lepidophyma flavimaculatum, Norops capito)
eat larger prey. An exception is Lepidoblepharis xanthostigma, a small
lizard that eats large prey. For those amphibians and reptiles that eat few
prey items at a time, larger individuals eat larger prey and vice versa. For
those that eat many prey items, and are probably foraging more actively in
the litter, this is not the case.

Several authors have concentrated on amphi-
bians alone (Toft, 1980a; 1981). The amphibians and reptiles completely
co-occur within the leaf litter, and must be considered together. Both
occupy the same kinds of forest floor microhabitat, though there is far
more nocturnal activity in frogs. The increased sensitivity to low humidity
and higher temperatures of frogs is another source of microhabitat varia-
tion between the two (Whittaker, 1973). Both feed on arthropods (Inger,
1980). | have shown that some amphibians have diets more similar to
lizards than to other amphibians. Others have suggested, and | concur,
that the inclusion in subsequent leaf litter analyses of some other
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important ieaf litter arthopodivores, such as large spiders and some birds,
would complete the picture (Scott, 1976). | do not claim that all of these
species constitute a coherent, complete community. They are a large
subset of those sympatric species utilizing the leaf litter habitat. and they
partition the food that iIs available. When chi-square values were
computed, ail species considered ate the arthropods in proportions
significantty ditterent from those found in the can traps, at the .0001 level.
The same is true of prey lengths. In a strict sense, none of the herpeto-
fauna species are absolute dietary generalists. Each species has its own
position along a continuum from absolute specialisi to absolute generalist.

Ecology of Major Species

ELEUTHERODACTYLUS BRANSFORDI!

Eleutherodactylus bransfordii is the most abun-
dant leaf htter vertebrate in the rain forest at La Selva, comprising 693 of
the 1967 individuals collected. itis a small frog found in humid lowland and
subtropical forests from Honduras to Panama (Savage, 1970). It is diur-
nal, and actively hops across the leaf litter during the day, and dives under
it when disturbed. It lays terrestrial eggs which, like all members of the
genus Eleutherodactylus, undergo direct development and bypass the
tadpole stage. It is also know to frequent streams more during the dry sea-
son (Savage, 1970; 1981). It was found at a density of 4.6 +/-3.4 in the
undisturbed forest and 13.0+/-9.8 in the cacao. The distribution of these
densities was much more normal in the forest. The density of this species
is patchier and much less predictable in the disturbed ecosystem. It
appears to be very successful at exploiting periurbed habitats. This could
be because of any of the following, or a combination there of: the species
has an inherenily greater plasticity, the disturbed cacao habitat is more
favorable physiologically, the arthropod prey in the cacao is preferable,
predation is lower in the cacao, competition if any is reduced in the cacao,
reproductive success is greater in the cacao, or recruitment is increased.
Which of the above, if any, may be the case, cannot be ascertained at this
time.

Direct development in E. bransfordii and its in-
dependence of temporary ponds could give it an ecological advantage in
an unpredictable habitat (Heyer, 1973; Savage, 1970; Scott, 1976). It is
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most abundant from February to May, at the end of the dry season, when
prey populations are highest, the litter is the deepest, and more herba-
ceous vegetation is present. Its increased abundance could be a re-
sponse to increased prey populations. On the other band, E. bransfordiiis
cryptic, and avaids predators by diving beneath the leaf litter (Savage.
1980). This could predispose the frog to a preference for the deeper leaf
litter of the cacao, and the deeper litter at the end of the dry season.
Though all of the major frog and lizard species exhibited comparable
seasonality, the trend is most dramatic for E£. bransfordii. In any one
month, no other species is more abundant than E. bransfordii, with the ex-
ception of Dendrobates pumilio from September thru November. When
the environmental conditions favor greater numbers of £. bransfordii, they
also favor increased numbers of the other major frog and lizard species.

E. bransfordii has a wide dietary range. It eats
Coleoptera, spiders, mites and Isopoda in proportions significantly
greater than those found in the leaf litter. It eats ants in the same propor-
tion as they are found, and Orthoptera in a lower proportion than they are
found in the leaf litter. Even though more ants are available in the cacao,
E. bransfordii ate fewer ants in the cacao. More Coleoptera, mites, Centi-
pedes, and arachnids were available in the cacao than in the forest, and
more are eaten by £. bransfordii. A lower Orthoptera availability is fol-
lowed by fewer Orthoptera being eaten as well. This supports the view that
E. bransfordn 1s a dietary generalist. The sizes of prey taken by E
bransfordii are also variable, from small (0.6 mm) mites and spiders 1o
large isopods and centipedes (up to 13.3 mm). As in almost all of the
species. the mean prey length was less than that in the leaf litter. The
mean prey length for E. bransfordii was 3.24 +/-2.51 in the forest and
3.26 + .—3.29 in the cacao. It consistently had few items per stomach
{mean - 2.2~ —1.6). It eats the highest prey diversity of any of the
species, and this dietary diversity is greater in the cacao than in the forest.
This is consistent with the concept that the less predictable, more variable
habitat should allow or impel a species (that is capabie of doing so) to
become more of a food generalist.

Toft (1980a; 1981), from work in Panama, con-
sidered species of Eleutherodactylus to be in a 'non-ant specialist” guild. |
found instead that they eat ants in numbers not unlike those found in the
leaf litter, and should be considered generalists. Toft's (1980a) samples
were from a few months only; she may have missed some of the seasonal-
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ity of the diet. The seasonality and variakility in the system promote a
greater generalization by the species. My data dispute the hypothesis that
dietary generalists should be “sit and wait” predators with low activity
levels throughout the day (Toft, 1980a). E. bransfordii is a very active
species, and most of this activity is probably foraging. The high proportion
of ants eaten by E. bransfordii, equal to that of the leaf litter itself, indicates
that it hardly avoids ants, but is able to prey on them. There is no mathe-
matical or statistical basis for placing E. bransfordii, or any of the other
species, into guilds. There is instead a continuum of species’ prey utiliza-
tion, from ant and mite specialists, t0 generalists, to species that
specialize on other arthropod groups.

DENDROBATES PUMILIO

Dendrobates pumilio is the second most abun-
dant vertebrate in the leaf litter, comprising 476 of the 1967 individuals. It
is common in the Atlantic lowland forests of Central America (Savage,
1968). Its brightly colored legs contain skin alkaloids that are toxic and
protect it from predators (Albuquerque, 1971). Like E. bransfordii, it is
diurnal and terrestrial. Its eggs are laid in moist leaf litter (Savage, 1968),
and the adults carry the tadpoles from the ground to water-filled brome-
liads (Starrett, 1960; Young, 1979). It is mare dependent on moist leaf
litter than E. bransfordii. D. purnilio is known to maintain territories and
have home bases (McVey, 1981). Like £. bransfordii, it is more abundant
and dense in the cacao than in the forest, where its density is much less
predictable. It also shows the same seasonal response. Both species are
co-dominant, and cluster together in any classification dendogram. When
conditions favor the increased abundance of one, they also favor the in-
creased abundance of the other, though not necessarily for the same
reasons. Unlike E. bransfordii. D. pumilio does not have to expend a lot of
energy in prey avoidance, due to the toxins in its skin. | know no reason for
it to prefer deeper leaf litter; the answer may lie in its differential prey utili-
zations.

D. pumilio eats predominantly ants, in propor-
tions significantly greater than those found in the leaf litter. This is true of
all the litter plots, but is particularly true for the forest. in the forest, 27.7%
of the arthropods were ants, but a full 86% of all prey items of 0. pumifio
were ants. In the cacao, however, the proportion of ants is exactly the
same as that in the Ieaf litter, which makes this species somewhat less of
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an ant specialist in the cacao. Instead, D. pumilio eats 52% mites inthe ca-
cac (versus 9% in the forest), to shift its prey dramatically in the disturbed
habitat. There are more antsinthe cacao, butthese are large ants (Lieber-
man, 1982), and are probably not the ones that Dendrobates eats. The
same occurs with two other frogs that prey on small ants, E. diastema and
Bufo haematiticus, with a reduction in ant predation accompanied by in-
creased mite predation, in the cacao. D. pumilio eats many small prey
{mean number per stomach = 20.1). The mean prey length of Dendroba-
tes is 0.77 +/-0.36 in the forest and 0.50 +/—0.35 in the cacao. The very
smali prey lengths in the cacao are biased by the mites. It actively forages
in the litter (Savage, 1981; McVey, 1981), and appears to select the smalt
ants and mites that it encounters. The large numbers of prey per stomach
are consistent with a high ievel of activity. Certainly a preference for small,
hard-to-digest prey such as ants and mites energetically necessitates
very active rather than intermittent feeding behavior. This is supported by
the fact that only one of the stomachs looked at was empty.

NOROPS HUMILIS

Norops humilis is the third most common mem-
ber of the leaf litter herpetofauna, and the most common lizard, with 104
individuals captured in the litter plots in the forest and 149 in the cacao. Itis
a relatively common diurnal lizard in warm humid climates from the low-
lands of Chiapas, Mexico thru Central America into eastern Panama
(Fitch, 1973). N. humilis is primarily terrestrial, but is also common on low
perches up to 60 cm from the ground (Talbot, 1979). All those collected in
the titter plot could have spent some of their time above the leaf litter as
well. For such a predominantly terrestrial species, the distinction isn’t
critical. Like E. bransfordii and D. pumilio, N. hurnilis is more abundant in
the cacao, with higher yet patchier and more unpredictable densities. N.
hurnilis has been found experimentally to prefer leaf litter over grass
cover, and relatively low light intensities (Talbot, 1977). It is considered to
be narrowly adapted to deep shaded habitats rich in leaf litter (Talbot,
1977). It is very successful in the disturbed cacao habitat, which has
greater litter depths and volumes at certain times of the year. Talbot
(1979) showed that N. hurnifis partitions habitat rather than food parame-
ters, with respect to other congeners at least, and evinces no competitive
interference. Though it is known to be very abundant around the buttres-
ses of large trees (Fitch, 1973), | found it in plots with the average number
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of huttresses. Norops carpenteri, on the other hand, is a rare species that
is found only when the number of buttresses in a plot is very high.

N. humilis has a varied diet. It east fewer ants
than are available, and may be selectively avoiding ants and choosing
other larger prey. This is particularty true in the cacao, where 45% of all
arthropods are ants and N. hurmilis eats only 5% ants. The species preys
heavily on spiders (27%) and Isopoda (27%). This is again more pro-
nounced in the cacao. with 30% spiders and 45% tsopoda in the diet. N.
humilis only has a few larger prey items in its stomach atany onetime. The
mean prey length is 2.9+/-1.9 mm in the forest and 4.0+ /2.6 in the
cacao. The greater prey size in the cacao may be due to the proportion-
ately higher predation on Isopoda. It is probably actively foraging and
selecting specific prey items. It has a high prey diversity in the forest: its
prey diversity is much lower in the cacao (as is that of Norops limifrons).
Perhaps it does much better inthe cacao than in the forest, because it can
switch its prey and become more of a dietary specialist, with 75% of its diet
in the cacao comprised of spiders and Isopoda only. In the forest A.
hurnilis eats an average of 17.6% ants, 23.5% spiders, 5.9% Isopoda,
11.8% Hemiptera, and 17.6% larvae, representing a generalized diet (Ta-
ble 10). It becomes a dietary specialist in the cacao, eating only 5% ants,
no longer eating any Hemiptera, Coleoptera, mites, or larvae, but eating
30% spiders and 45% Isopoda. Though Talbot (1977, 1979) claimed that
any partitioning between N. humilis and its congeners is related to optimal
structural habitat choice and spatial factors, in a disturbed habitat, 1 claim
that food and optimal diet choice are also important.

Like the other species, populations of N. humilis
are seasonal, though ther effect is somewhat reduced. It increases in
abundance from February tc April, as do D. pumilio and E. bransfordit,
when rainfall is lowest and litter depth and vegetation are highest. The
actual mechanism for this seasonality is unclear. There is some evidence
that lizards respond to reduced resources thru differential reproduction.
Ballinger (1977), working on other iguanid lizards, found that in years of
reduced food availability, the lizards had less fat storage prior to reproduc-
tion and resultant smaller and fewer clutches.

NORQOPS LIMIFRONS
Norops limifrons, a diurnal lizard found in
lowland deciduous and evegreen forests from Mexico to Panama, is most
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common in ¢ld second growth (Savage. 1981). It is mostly found 1-2
meters from the ground, but visits the leaf htter (Talbot, 1979}. The 57
individuals collected in the 90 litter plots are transient visitors to the leaf
litter (Talbot, 1977, 1979, Savage, pers. comm.). Wheather those found in
the leaf litter spent all or part of their day there, and their stomach contents
represent leaf litter predation, orthe were just “passing through” cannot be
determined. Any comparison of their diet, or that of any of the other arbor-
eal species found in the litter, with the can trap samples, must be minimal.
Experiments indicate that N. /imifrons has a broad ecological spectrum of
tolerances and preferences (Talbot, 1977). It prefers high intensities and
grass cover to the low light intensities and deep titter of the forest itself. It
does well in disturbed habitats, such as cut or fallowed fields (Talbot,
1977). However, no forest‘cacao differences were found in abundance.

The diet of N. limifrons is similar to that of N. hu-
milis. with a high percentage of spiders. N. limifrons eats over twice as
many spiders, proportionately, in the cacao than in the forest. Unlike N.
humilis, it eats no ants, few isopoda, and several Orthoptera, though it
eats Orthoptera in the forest only. It eats Coleoptera in relatively high pro-
portions. These dietary differences may represent ditferential availabili-
ties of arthropods at the higher perch sities that N. fimifrons prefers. it eats
a high diversity of prey in the forest and a very low diversity in the cacao,
just like N. humilis. In the forest N. limifrons eats mites, Orthoptera,
Hemiptera and Homoptera, but eats none of these in the cacao: it eats
41.7% spidersinthe cacao. Itis the only species with any appreciable pre-
dation cn flies, though this may again reflect arboreal rather than forest
floor predation. If utilizations of the food dimensions of the niche are
viewed as a continuum from specialist to generalist, N. limifrons and N.
humilis shiit position along this continuum, towards the specialistend. in a
more disturbed habitat. This is contrary to a trend of fawer specialists in
disturbed, less predictable hahitats (Wiens, 1977).

LEPIDOBLEPHARIS XANTHOSTIGMA
Lepidoblepharis xanthostigma is the fourth most
common member of the leaf litter herpetofauna, and is much more com-
mon in the cacao than the forest. It is a small, common diurnal terrestrial
lizard often found near streams and frequently found is second growth. It
is found in lowland evergreen forests from Costa Rica to Western Colom-
bia (Savage, 1981). In those litter plots where it was found, the number of
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palms, saplings and logs were lower than average, and the litter was
deeper and more voluminous. It does better in the higher habitat hetero-
geneity of the cacao, with its paucity of paims and saplings and in-
creased litter depth. L. xanthostigma, like N. humilis and N. limifrons, spe-
cializes on spiders (40% of the diet); it eats a higher than expected propor-
tion of Isopoda and mites. The increased mite predation is in the forest
(25%) only, while Isopod predation in the cacao is more than twice that of
the forest. It eats no ants or Coleoptera. All of its prey consists of soft-
bodied arthropods, with the exception of Isopoda. Yet Isopoda in the
stomach are well digested (personal experience), unlike the almost com-
pletely intact ants and Coleoptera found in those species that eat them.

GASTROPHRYNE PICTIVENTRIS

Gastrophryne pictiventris is a frog about which
little was known and which was considered very rare prior to this study
{(Savage, pers. comm.). It is fossorial and nocturnal, and buries beneath
the litter during the day (Charles Dock, pers. comm.). Only 9 of the 84 indi-
viduals found were captured during the day. It is also significantly rarer in
the cacao, and would not be expected to be found in an even more dis-
turbed habitat. | hypothesize that its humbers may increase in the cacao
as that habitat undergoes successional processes. G. pictiventris is found
in litter plots that have fewer large trees, and more palms, saplings, logs,
lianes and herbaceous vegetation; it may be a habitat specialist. i is a
dietary specialist, with 85% of its diet comprised of large ants. This is very
obvious in the cacao, where a full 93% of its diet was ants. More ants are
available in the leaf litter in the cacao as well, but of all the species
specializing on ants, only Gastrophyryne had a concommitant increase in
ant predation. Perhaps the ants in the cacao that were more abundant
than in the forest were the very ants that this species eats. In all cases,
Gastrophryne ate few relatively large ants (up to 9 mm). The mean prey
size was 4.5 + /-3.9in the forest and 3.2 +/~2.7 in the cacao. None of their
stomachs was empty, and 33% contained some plant matter. The large
Pomerine-like ants that these highly specialized frogs eat are currently
being identified for further study (Roy Snelling, pers. comm.). Microhylids
elsewhere have been found to eat termites as well (Inger, 1961). Only
6% of Gastrophryne’s diet was termites (in the forest only), but this is
high considering the relative paucity of termites in the leaf litter arthropod
fauna.
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SYNECOLOGICAL CONCLUSIONS

Amphibians and reptiles are much denser in the
New Warld tropics than in the Old World tropics (Inger, 1980a; Scott,
1976; Heatwole, 1966). The frogs of Borneo are nocturnal (inger, 1980a;
1980b}, in contrast to the very high densities and species richness of
diurnal frogs in the La Selva leaf litter. The terrestrial and diurnal niche
occupied by Eleutherodactylus may be unexploited in the Indo-Malayan
forests. Scott (1976) thought that the radiation of Eleutherodactyius in the
New World is analogous to that of the skinks (Scincidae) in the Old Worid.
However, the skink-dominated forests of the Old World do not approach
the population densities of New World tropical forests.

Scott (1976) claimed that the higher densities in
New World forests are inversely correlated with the number of species; |
have shown the opposite is the case. Scott also noted that Old World tropi-
cal forest have more non-herpetofaunal competitors that limit populations.
He suggested that analysis of ecologically and trophically similar species
of ants, spiders, centipedes, onychophorans, birds, and mammals, are
also necessary. He hypothesized that the |leaf litter arthropod-eating con-
sumer “aggregate” in the Old World tropics would have a comparable
density to that in the neotropics. This hypothesis is worthy of further study.

In Borneo, Inger {1980a, 1980b) found frog den-
sities two to three times greater in disturbed forests than in adjacent un-
disturbed forests. | propose that the neotropical forests that have been
studied, such as those in Central America (Scott, 1976; Heatwole, 1966;
Toft, 1980a), are more recent and/or more disturbed than their Old World
or South American counterparts, and thus have a greater chance of spe-
cies turnover.

Reduced litter production in Bornean forests has
been proposed (Janzen, 1974; Bray, 1964) as a cause of the disparities in
density between Old World and Central American rain forests (Inger,
1980b). However, the impoverished flora and litter production found by
Jansen are atypical (Kira, 1967, Inger, 1980a; 1980b). Litter production
values in the various tropical rain forests of the world are not significantly
different (Kira, 1967). The Indo-Malayan rain forests have a higher propor-
tion of trees of the family Dipterocarpaceae (Ashton, 1964; 1969), with a
syncronized mast fruiting unknown in neotropical rain forests (Hartshorn,
1980; Inger, 1980a; 1980b). Janzen (1974) suggested that the “purpose”
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of the mast fruiting is to satiate seed predators. Inger suggested {1980a;
1980b) that the lower abundances in these forests are a result of mast irui-
ting. and not a cause. inger contended that mast fruiting leads to reduced
abundances of arthrepods during non-mast years (Inger, 1980a). This si-
tuation will affect insect populations and in turn limit populations and den-
sities of insectivores including frogs and lizards, and may in part explain
the high densities of frogs and lizards found in the neotropics.

Though densities of individuals in Old and New
World tropical forests are disparate, the number of species of frogs and
lizards per untt area are approximately the sare. The main differenceisin
the degree of dominance, which ts intricately related to diversity in the
conceptual framework of ecology (McNaughton. 1970). There is high
species richness in the leaf litter (47 species of frogs, lizards, and snakes);
however, of the 1967 individuals collected, 72.3% of them were represen-
tatives of only three species (35.2% Eleutherodactylus bransifordii, 24.2%
Dedrobates pumilio, 12.9% Norops humilis). The remaining 44 species
comprise only 27.7% of the individuals. There is therefore a high degree of
dominance, both empirically and intuitively. This trend is more pro-
nounced in the cacao than the forest.

Some authors claim that large numbers of spe-
cies only occur with low abundance per species and resuttant low domi-
nance (MacArthur, 1955, 1969; Cody, 1968: 1975; Schoener, 1974), based
on the assumption that very specialized species are not numerically domi-
nant (May, 1973: 1974). Brich (1981) showed that in numerous marine
systems. there is a tendency for greater dominance in species rich com-
munities: my resuits support this view. Dendrobates pumilic is numeri-
cally abundant, and has an extremely specialized diet. Species-rich as-
semblages have been thought to preclude high species abundances
based on theories of niche packing and competition. However, in the La
Seiva system there is no reason to assume competition and no way to
show it without experimental evidence. in the absence of competition
and-’or limiting resources, there ts no reason why systems with many
species cannot have very high abundance and subsequent dominance of
a few extremely successful species.

Fluctuating environments are claimed to sup-
port low diversity {Abrams, 1979), because of either fow evenness and
higher dominance, or low species richness, or both. Perhaps the rain
forest at La Selvais more fluctuating and unpredictable than the Old World
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rain forests. The cacao forest is more unpredictable and has a lower even-
ness, lower species richness, and lower diversity than the undisturbed
forest. High diversities are maintained in corai reef fish communities in the
presence of non-equilibrium conditions (Talbot, 1978), for example, and
perhaps these non-equilibrium conditions are predictable to the biota.
Even though the forest is mare predictable, it is not necessarily at equili-
Brium.

Sumary

The leaf iitter herpetofauna, both in terms of its
structural and physical environment and its diet, was studied over a period
of 13 months at the lowland tropical research station at La Seiva, Costa Ri-
ca, both in an undisturbed forest and an adjacent fallow cacao plantation.
The cacao is considered disturbed based on the human perturbation by
introduction of an agroecosystem. For many of the environmental varia-
bles. differences were found between the forest and cacao, between the
day and night litter plots, and between the various months. Rainfall, litter
depth and volume, humidity, and herbaceous cover are seasonal, for
example. There are more palms, logs, buttress trees, lianes, and saplings
in the forest than the cacao. The litter itseif is deeper in the cacao than the
forest, and the cacago tacks a well defined forest understory. In terms of
environmental parameters, the cacao is concluded to be a more variable
and less predictable habitat. This in no way impites that it is more stringent
or inhospitable, however.

Forty-seven species of amphibians and reptiles
(1967 individuals) were collected. Differences in numbers of species and
individuais were found between the forest and cacao, the day and night
plots. and the 13 months. There were more species inthe forest, which had
the highest diversity. The cacao had a higher overall abundance, density
per plot, and degree of dominance. All of the five most abundant species
had greater total numbers, patchiness, and density in the cacao than the
forest. The degree of dominance found in the cacao and forest habitats is
much higher than that known for Old Warld tropical leaf litter ecosys-
tems. Total numbers of species and individuals, and total numbers of indi-
viduals of the main species, are strongly seasonal; they peak at the end of
the dry season. when the arthropod populations are maximal and the leaf
litter is deepest.
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The arthropod food source for the herpetofauna
is partitioned. In a comparison of stomach contents with can trap results,
some species eat prey in roughly the same amounts as they are found in
the leaf litter. Some eat mostly small, hard-bodied ants and mites, others
eat mostly large, soft-bodied prey. Some of the ant specialists, such as
Dendrobates pumilio, eat many very small ants; others, such as Gas-
trophryne pictiventris, eat very few large ants. The specific diets of the
main herpetofauna species were discussed at length.

The two most abundant species, E. bransfordii
and D. pumilio, had denser and patchier distributions in the cacao than the
forest. The diets of these two dominant species are different: £, bransfordii
eats very few large prey in proportions similar to those in the habitat, while
D. pumifio eats only small ants and mites. | hypothesize thatthese two spe-
cies are more successful in more perturbed, less predictable habitats. |
hypothesize that early in the fallowing of the cacao plantation, there was
even more dominance by these two species, and their forest and cacao
populations will approach equality with time. | recommend further study to
determine what limits the popuiations of these two species. ltis possible to
hypothesize that they are limited by competition with other species, but |
very strongly doubt that this is the case. | hypothesize that the populations
of E. bransfordii are limited by predator pressure. D. pumilio, which has
toxic skin alkaloids and is not considered palatabie to predators, may
experience limits on its population in the tadpole stage of its life history;
predation and/or competition may be hypothesized in that case.

Two major findings of this study are of particular
note, and should be pursued in subsequent studies. They are the differ-
ences between the forest and cacao habitats and the pronounced
seasonality, for both the herpetofauna and several environmental para-
meters. The seasonality is even more pronounced in the cacao. | recom-
mend further studies of tropical seasonality, both for theoretical and
practical purposes. | hypothesize that increased destruction of the tropics
will cause greater seasonality, which must be understood and taken into
account in any management of the tropics or theoretical study of tropical
SuUCCession.
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