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served juvenile V. bengalensis which contained an av-
erage of almost 12 items per lizard, with predator-
prey mass ratios of 0.006:0.5. He also stated that body
fat accounted for over 28% of body mass in juvenile
V. bengalensis from Pakistan, where the animals do not
feed for several months at the age of nine months. In
contrast, juvenile V. niloticus contained only negligible
amounts of body fat. Their relatively low rate of food
intake is unlikely to be the result of local food short-
ages, because all specimens appeared in good condi-
tion. Lack of fat accumulation in these animals there-
fore suggests that they do not undergo extended fast-
ing.
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Traumatic injuries in amphibians have been attri-
buted to unsuccessful predation events (Martof, 1956;
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Dubois, 1979; Ouellet, 2000). Other possible sources of
injury in amphibians are the result of fighting with
conspecifics, mechanical accidents or scarring from in-
fections (Dubois, 1979; Ouellet, 2000). Because most
adult frogs do not have claws or teeth that could be
used as weapons during combat, conspecific-inflicted
injuries are unlikely. Mechanical accidents are possible
in frogs, although the most likely source of such in-
juries are anthropogenic or acquired during the es-
cape from predators. Scarring caused by infection is
possible but has not been rigorously investigated as a
source of injury in nature. The most likely source of
traumatic injury is therefore through interactions with
predators (Martof, 1956; Dubois, 1979). However, the
majority of large-scale studies of traumatic injuries in
anurans have been conducted in temperate areas (Ros-
tand, 1949; Martof, 1956; Dubois, 1979; Ouellet, 2000).
It is not known whether predation is the most likely
source of traumatic injury in Neotropical anurans.

Before injury rates can be used to test hypotheses
about predation, the nature of traumatic injuries and
whether they reflect predation pressure in the Neo-
tropics must be examined. If they do reflect predation,
we would expect that species with differing levels of
predation pressure would have correspondingly dif-
ferent levels of traumatic injury. To examine this, two
sympatric species of similarly sized frog, the green
poison frog, Dendrobates auratus, and the túngara frog,
Physalaemus pustulosus, were surveyed for relative lev-
els of traumatic injury. Dendrobates auratus is a diurnal
terrestrial frog with toxic skin secretions containing
many alkaloids (Daly and Myers, 1967; Daly et al.,
1987). In contrast, P. pustulosus is cryptic and does not
secrete alkaloids (Daly et al., 1987). Little is known of
the predators of dendrobatid frogs in the wild. For D.
auratus, predator accounts are based on single obser-
vations (a fish, Brycon guatemalensis in Hedstrom and
Bolaños, 1986; a bird, Baryphthengus marhi in Master,
1998). The only well-documented predator of D. au-
ratus is the theraphosid spider Sericopelma rubronitens
(Summers, 1999), which is deterred by the frog’s tox-
icity (Gray, 2000). In contrast, P. pustulosus is palatable
and has a wide range of known predators (Ryan, 1985;
Gray et al., 1999). In addition to differences in palat-
ability, these two species have different reproductive
strategies and differ in life span (Ryan, 1985; Sum-
mers, 1989, 1990). However, they are about the same
size and are found syntopically in many of the same
habitats. The Panamanian Island of Taboga is home
to large populations of both species. On Isla Taboga,
both D. auratus and P. pustulosus are active during the
day, which contrasts with the primarily nocturnal be-
havior of all other studied populations of P. pustulosus
(Jaegar and Hailman, 1981; Ryan, 1985). Physalaemus
pustulosus were observed moving about the forest on
Isla Taboga, calling and nesting throughout the day
in full sunlight. Isla Taboga thus provides a perfect
site to make comparisons because both species occur
in high densities in the same areas and therefore are
exposed to the same conditions. If there are trends in
the injury levels that can be correlated with predation
for these species from different anuran families, then
traumatic injury may be used to understand predation
pressure in a wide variety of frogs. This study rep-
resents the first population-level examination of trau-
matic injury in neotropical anurans.
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FIG. 1. Map of the Republic of Panama with sampling sites labeled (IT � Isla Taboga, CA � Cerro Ancon,
CB � Cerro Bruja).

TABLE 1. Number and type of traumatic injuries in Panamanian populations of adult Dendrobates auratus
and Physalaemus pustulosus. Percentages are given in parentheses following the actual number of injuries en-
countered. (IT � Isla Taboga, CA � Cerro Ancon, CB � Cerro Bruja).

D. auratus

IT CA CB Total

P. pustulosus

IT CA Total

Number examined
Digit amputation
Limb amputation
Foot amputation
Hand amputation
Eye enucleation
Limb fracture
Total trauma
Age controlled

231
31
—

1
—

1
1

34 (14.7)

274
27

1
—
—
—
—
28 (10.2)

87
13

1
1
2

—
—
17 (19.5)

592
71 (12.0)
2 (0.3)
2 (0.3)
2 (0.3)
1 (0.2)
1 (0.2)

79 (13.3)
(4.4)

188
7

—
—
—
1

—
8 (4.3)

42
2

—
—
—
—
—
2 (4.8)

230
9 (3.9)

—
—
—
1 (0.4)

—
10 (4.3)

(4.3)

Study Sites.—Sampling was conducted in a forested
nature reserve on Isla Taboga (8�47�N, 79�34�W) in the
Republic of Panama from April through June of 1998
and May through August 1999. To ensure that trends
seen on Isla Taboga were not site-specific, sampling
was also conducted at two additional sites, Cerro An-
con, a protected area in Panama City (8�56�N,
79�34�W), and a cacao plantation on Cerro Bruja in
Bocas del Toro (9�9�N, 82�14�W; Fig. 1). Adult D. au-
ratus were sampled both years at all three sites, where-
as adult P. pustulosus were sampled only in 1999 and
primarily on Isla Taboga. A small nocturnal popula-
tion of P. pustulosus was sampled on Cerro Ancon to
determine whether there were any differences be-
tween a nocturnal and a diurnal population. A total
of 592 adult D. auratus were surveyed over the two
years; 231 on Isla Taboga, 274 on Cerro Ancon and 87
on Cerro Bruja. A total of 230 adult P. pustulosus were
examined; 188 on Isla Taboga and 42 on Cerro Ancon.
Recently metamorphosed D. auratus (N � 10) and P.
pustulosus (N � 111) were also surveyed on Isla Ta-
boga in 1999.

Survey Methods.—Frogs were hand-caught and sys-
tematically examined for evidence of injuries. Injury

was visually differentiated from developmental ab-
normality by ascertaining the presence of scar tissue
or a regenerative spike (Ouellet, 2000). All animals
were measured (snout–vent length) to the nearest 0.1
mm using dial calipers and marked by clipping the
terminal phalange of the fourth digit on the right hind
limb. A sketch of the color pattern was made for each
D. auratus, which, in conjunction with the clipped toe,
allowed identification of recaptured animals.

Analytical Methods.—The sexes were considered to-
gether. Chi-square analyses were used to test for dif-
ferences in injury occurrence within and between spe-
cies (Zar, 1999). Snout–vent length data for the differ-
ent species and sites were analyzed using one-way
analyses of variance (SYSTAT vers. 9.0, SPSS, Inc.,
1998).

High levels of traumatic injury were found in D.
auratus (Table 1), the majority of which involved the
partial or total amputation of digits (89.9%), but loss
of forelimbs, hindlimbs, and eyes also occurred. For
the three populations surveyed, Isla Taboga, Cerro
Ancon, and Cerro Bruja, the rates of trauma were 14.7,
10.2, and 19.5%, respectively. There were no signifi-
cant differences between rates of trauma in these pop-
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ulations (N � 592, �2 contingency test, �2 � 5.58, df
� 2, 0.05 � P � 0.10), allowing the data to be com-
bined to yield an overall trauma level of 13.3%. Eight
P. pustulosus adults from Isla Taboga had traumatic
injuries (4.3%), with the majority of injuries being to
digits (87.5%). The level of traumatic injuries in the
nocturnal Cerro Ancon population (4.8%; two adults
with traumatic injury to digits) did not differ signifi-
cantly from the Isla Taboga frogs (N � 230, �2 contin-
gency test, �2 � 0.07, df � 1, 0.75 � P � 0.90) yielding
a combined total injury level for P. pustulosus of 4.3%.
When P. pustulosus from both sites were considered
together, 90.0% of all their injuries were to digits.

When D. auratus that were originally captured in
1998 were recaptured in 1999, seven of 34 (20.6%) re-
captured animals had new injuries. On Isla Taboga,
three of the 20 recaptured animals had new injuries
(15.0%), whereas four of 14 (28.6%) recaptured ani-
mals had new injuries on Cerro Ancon. Only Isla Ta-
boga and Cerro Ancon populations were considered
as these sites had the greatest sampling efforts with
19.7% of animals caught in 1998 recaptured in 1999.
The rate of new injury (20.6%) was not significantly
higher than the total average traumatic injury level
(12.3%) for Isla Taboga and Cerro Ancon (N � 539, �2

contingency test, �2 � 1.30, df � 1, 0.25 � P � 0.50).
The two frog species overlaped in size on Isla Ta-

boga (D. auratus ranged in snout–vent length (SVL)
from 24.4–33.4 mm, mean � 29.1 mm, N � 163,
whereas P. pustulosus range from 27.8–48.2 mm, mean
� 31.8 mm, N � 180), although P. pustulosus was sig-
nificantly larger (one-way analysis of variance for SVL
data from 1999, F � 132.5, df � 1, P K 0.001). There
were significant interpopulation differences in size
within both species. Isla Taboga P. pustulosus were sig-
nificantly larger than the nocturnal P. pustulosus from
Cerro Ancon (one-way analysis of variance for SVL, F
� 142, df � 1, P K 0.001). For both years, there were
significant differences in size between the three pop-
ulations of D. auratus (one-way analysis of variance for
SVL in 1998, F � 96.3, df � 2, P K 0.001 and 1999, F
� 59.5, df � 2, P K 0.001). Overall, D. auratus from
Cerro Bruja were larger than those from Cerro Ancon,
which were larger than those from Isla Taboga. Al-
though there were significant differences in the sizes
of frogs between species and between populations of
the same species, most of the known predators of P.
pustulosus and the potential predators of D. auratus are
much larger than either species of frog so the size
differences detected here should not restrict predation
(Ryan, 1985; Gray et al., 1999; Summers, 1999).

Of 111 recently metamorphosed juvenile P. pustulo-
sus captured on Isla Taboga, three had traumatic in-
juries (one digit amputation, two foot amputations).
Although the percentage of metamorphs with injuries
(2.7%) was lower than that found in adults (4.3%), it
is not significantly so (N � 111, �2 contingency test,
�2 � 0.14, df � 1, 0.50 � P � 0.75). Only 10 D. auratus
juveniles were captured. Although one juvenile was
missing two digits, the sample size is insufficient for
statistical treatment.

To take life span into account, the level of injury for
each species was divided by the life span of the frog.
Based on mark-recapture data of frogs in the wild, P.
pustulosus usually lives less than one year, whereas D.
auratus lives about three years (D. Marsh, K. Summers,

pers. comm.). If one crudely divides overall trauma
rate by life span, the rate of traumatic injury is 4.4%
for D. auratus and 4.3% for P. pustulosus (Table 1).

Traumatic injury rates in large-scale studies of an-
urans generally fall below 5% (Rostand, 1949; Dubois,
1979; Read and Tyler, 1994; Ouellet, 2000). In French
populations of Rana esculenta complex, Dubois (1979)
found 4.6% of adults (N � 1040) had traumatic inju-
ries, whereas in populations of Bufo bufo 1.0% of males
(N � 44000) captured had digit abnormalities (Ros-
tand, 1949). The rate of trauma for P. pustulosus at 4.3%
falls within this range. The rate of injury for D. auratus
adults at 13.3% is high compared to the rate for P.
pustulosus as well as those rates previously docu-
mented.

If predator interactions are the source of injuries, a
difference in traumatic injury levels between these two
species is not surprising given that the species have
very different antipredator strategies. Dendrobates,
which possess potent skin toxins that would make
them unpalatable to predators (Daly et al., 1978), will
produce visible amounts of skin secretions when
threatened by theraphosid spiders (Gray, 2000). When
threatened by spiders, P. pustulosus will puff its body
up with air making itself much larger and presumably
more difficult to handle (Gray, 2000). Before differenc-
es in antipredator strategy and predator response are
used to explain differences in the levels of injury, the
basic assumption that traumatic injury rates accurately
reflect predation pressure must be satisfied. When the
source and nature of the traumatic injuries was ex-
amined, this assumption seems unjustified. When D.
auratus were attacked and then released by the spider
Sericopelma rubronitens, the only injuries they ever sus-
tained were scrapes from fangs on the torso that sub-
sequently healed (Gray, 2000). The vast majority of in-
juries found in both frog species are to digits, sug-
gesting there may be a common source. There are a
myriad of predators known for P. pustulosus (Ryan,
1985), whereas there are very few described predators
of the toxic D. auratus, and the one predator examined
does not produce injury to digits, suggesting that the
common source may not be a shared predator. In ad-
dition, it is unlikely that unsuccessful predation would
result in such a minor injury as the partial loss of a
digit, implying that predation is not the primary cause
of injury in the frogs studied.

The most likely sources of the injuries are small in-
vertebrates, such as ants, small spiders, and small
crabs, which are neither prey nor predators but share
the habitat. Dendrobates auratus have been caught in the
field with ants firmly clamped to the tips of digits
(Gray, 2000). Interactions with ants were often ob-
served while males were transporting tadpoles to wa-
terpools, when frogs that approached ants would be
chased away (Dunn, 1941; Gray, 2000). Another pos-
sible source of digit trauma, to males transporting
tadpoles particularly, may be through interactions
with small crabs such as Armases angustum. This crab
was found inhabiting a treehole and readily con-
sumed D. auratus tadpoles and could pose a risk to
males entering the water to deposit tadpoles (Gray
and Christy, 2000). Small invertebrates, such as leeches
and small bivalves, have been found to be the source
of digit injury to a number of temperate amphibian
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species (Dubois, 1979; Davis and Gilhen, 1982; Veith
and Viertel, 1993).

Traumatic injuries accumulate over time; therefore
the level of trauma for juveniles is expected to be low-
er than that for adults. An increase in traumatic injury
with age has been shown in French populations of
Rana esculenta complex where froglets had injury rates
of 2.9% and adults had injury rates of 4.6% (N � 2524
froglets and 1040 adults; Dubois, 1979). This trend is
seen in P. pustulosus as 2.7% of metamorphs had in-
juries which was lower than the level in adults (4.3%).

As the reproductive period of an animal’s life is the
most active, it is expected that more injuries would
occur during this period. For D. auratus, the reproduc-
tive period is one of male territory defense, female
search for mates, lengthy courtship for pairs, male ex-
ploration for suitable pools, and transportation of tad-
poles to these pools. The reproductive period is one
of greater movement for P. pustulosus as well. Males
must move through the forest to water to call, whereas
females move to the water to mate with the calling
males. Both then move away from the water. For both
species, the adult life stage involves extensive moving
about, which would expose the frogs to many poten-
tial aggressive interactions with other forest dwellers.
A trend for increased risk of injury to reproductive
adults is seen for D. auratus. The recapture data for D.
auratus show that the rate of new injury over a full
year (20.6%) is higher than the total average traumatic
injury rate on Isla Taboga and Cerro Ancon (12.3%).

Although the absolute rates of trauma are different
between the two frog species, when the life span of
each species is considered, the differences become less
obvious. The age-controlled rate of traumatic injury is
very similar between the two species (Table 1). Al-
though this rate does not equal the observed yearly
accumulation rate for D. auratus, as seen from the re-
capture data, it does imply that more work is needed
on the demographics and age-specific accumulation of
injury. If the proportion of animals in each life stage
and the proportion of life span spent in each stage are
approximately the same for the two species, then the
rate of injury accumulation is a function of the time
spent moving about the environment. Further testing
of traumatic injury levels in ecologically similar spe-
cies of frog which differ in life span is needed.

These frogs provide evidence that traumatic injury
is not a result of unsuccessful predation attempts. The
nature of their injuries is minor, and the types of in-
jury are the same in the two species of frogs, although
they have different predators and antipredator strate-
gies. The toxic, brightly colored D. auratus has very few
known predators in the wild, whereas P. pustulosus is
palatable and cryptically colored and has a wide
range of known predators. Such differences in pred-
ators would likely result in differences in the types of
injuries seen if predators were their cause. The pri-
mary source of injuries for the two species of frogs is
therefore not predation but is most likely the myriad
of small invertebrates that interact aggressively with
the frogs. When comparing levels of injury, careful
consideration of life history must be exercised as trau-
matic injury is accumulated and therefore is a function
of a species’ use of time and space.
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A New Reproductive Mode for the
Genus Phrynobatrachus: Phrynobatrachus

alticola Has Nonfeeding, Nonhatching
Tadpoles

MARK-OLIVER RÖDEL1 AND RAFFAEL ERNST, Theodor-
Boveri-Institute (Biocenter of the University), Department
of Animal Ecology and Tropical Biology (Zoology III), Am
Hubland, 97074 Würzburg, Germany

The genus Phrynobatrachus is one of the most diverse
African anuran genera. Currently approximately 66
species, occurring exclusively in Sub-Saharan Africa,
are recognized (Poynton, 1999). Despite the fact that
members of this genus inhabit habitats ranging from
dry savannas to primary rain forests and a wide range
of altitudes, their reproductive patterns are astonish-
ingly uniform so far as is known (Altig and Mc-
Diarmid, 1999). With the exception of Phrynobatrachus
guineensis that deposits its few large eggs in small wa-
ter-filled tree holes (Rödel, 1998), all other species, ovi-
posit clutches of several hundred to a few thousand
small eggs that float in a single layer on the surface
of stagnant or slow running water (Stewart, 1967; Wa-
ger, 1986; Rödel, 2000a). All tadpoles described are
exotrophic, lentic, and benthic (Altig and McDiarmid,
1999; Rödel, 2000a, unpubl. data).

In 1993, we collected a Phrynobatrachus alticola fe-
male in Southern Taı̈ National Park (TNP, 5�08�–
6�07�N; 6�47�–7�25�W), close to the village of Guirou-
tou, Ivory Coast. In captivity, it deposited large eggs
rich in yolk, that indicated a reproductive mode dif-

1 Corresponding Author. E-mail: roedel@biozentrum.
uni-wuerzburg.de

ferent from those of other members of the genus. The
possibility of a reproductive mode independent of wa-
ter was already discussed by Schiøtz (1964b) based on
his observation that males always vocalized far from
open water. In January 1999, we started an amphibian
monitoring program in TNP. In the meantime, 13
Phrynobatrachus species have been recorded from this
park (Rödel, 2000b). Phrynobatrachus alticola, originally
described in 1961 by Guibé and Lamotte, from Mont
Nimba, Guinea and Mont Tonkoui, Ivory Coast, is one
of the most common anuran species in TNP. During
our field season from March to October 2000, we were
able to demonstrate that P. alticola tadpoles undergo
an alternative development. While searching for adult
P. alticola, on 5 June 2000, we discovered a gelatinous
mass (no. 1) with two juvenile P. alticola on a dead leaf.
In the following month, we regularly checked the leaf
litter for clutches in those areas of the forest where P.
alticola was common. On 13 September, we discovered
two leaves with clutches (no. 2 and 3) that were reared
in a terrarium at the field station.

The TNP is the largest protected area of rain forest
in West Africa. Yearly precipitation reaches 2200 mm
in the southwest and 1700 mm in the northeast of the
park. Most precipitation occurs from April to July and
from September to November. The first dry period
lasts from December to February, normally a second
one occurs in August. Temperatures vary between 20
and 33�C, with daily temperature differences of up to
10�C. The mean annual temperature is about 25�C.
Humidity fluctuates from 85% (day) to 90–100%
(night). This area is situated within the equatorial cli-
mate (Riezebos et al., 1994), floristically it belongs to
the Guinea-Congo-Region (Guillaumet, 1967). Our
main investigation area was located about 23 km
southeast of the small town of Taı̈ and comprises
about 30 km2 of primary and secondary rain forest
around the Station de Recherche en Ecologie Tropicale
(SRET, 05�50.003�N, 007�20.536�W, formerly CRE and
IET). Precipitation at the SRET station was 1820 mm
in 1999 and 1494 mm from 1 January to 17 October
2000 (R. Noë, pers. comm.).

Data were collected irregularly in different parts of
the forest and regularly along 10 transects, 600 m in
length. Six transects were in primary and four in sec-
ondary forest. Data collection and transect conception
were described in more detail in Rödel (2000b). Lar-
vae of different stages were preserved in 4% formal-
dehyde and transferred to 70% ethanol after two
months. We preserved 19 larvae and juveniles, and by
comparing the embryonic development in the clutches
2 and 3, we established an approximate developmen-
tal timetable based on Gosner (1960). Measurements
were taken with a dial caliper (� 0.1 mm) or a mea-
suring ocular in a dissecting microscope (� 0.1 mm,
Zeiss Stemi SV 6). Drawings were done with the aid
of a camera lucida. One tadpole (stage 31) was addi-
tionally examined by means of a scanning electronic
microscope. All specimens were deposited in the col-
lection of the Staatliches Museum für Naturkunde
Stuttgart (SMNS; Appendix 1). Species affiliation of
the clutches was assured by rearing hatched juveniles.
These showed most of the characteristic features of
adult P. alticola (Fig. 1A–B,D).

Adult description.—Phrynobatrachus alticola is a small
frog. Males had a mean snout–vent length (SVL) of
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