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Variable Responses to Rainfall by Breeding Tungara Frogs

DAVID M. MARSH

Though many amphibians breed in response to rainfall, rainfall can create sub-
stantial risks as well as benefits. For species that breed in ephemeral ponds and
puddles, heavy rainfall can create many ‘‘false’’ ponds that quickly desiccate, partic-
ularly in wet years. As a result, nightly responses to rainfall may vary depending on
seasonal or yearly rainfall. I used two years of data and previous studies to dem-
onstrate variation in response to rainfall by breeding Tungara Frogs (Physalaemus
pustulosus) on Barro Colorado Island, Panama. In 1997, an unusually dry year, breed-
ing tungara frogs were far more abundant on wet nights than on dry nights. In 1998,
an average year for rainfall, tungara frogs exhibited no significant response to rain-
fall and even a trend toward greater abundance on dry nights. In addition, female
frogs were more sensitive to the effects of rainfall than were males. As a result,
mating system parameters were highly dependent on both nightly and yearly rainfall.

DAY-TO-DAY breeding activity in many am-
phibian species is tightly linked with rain-

fall (Duellman and Lizana, 1994; Bevier, 1997;
Yanosky et al., 1997). Rainfall may be conducive
to amphibian breeding in several respects. Rain-
fall may fill new breeding ponds, providing op-
portunities to breed in habitats that are relative-
ly free of competitors and predators and that
have reduced risks of desiccation (Wilbur,
1997). In addition, the high ambient moisture
provided by rainfall may be necessary for mi-
grations from terrestrial habitats to breeding
sites (Semlitsch, 1985; Loredo and Van Vuren,
1996; Palis, 1997) and to prevent excessive water
loss during breeding activity. The link between
rainfall and breeding activity is generally most
pronounced for species with explosive breeding
(sensu Wells, 1977), in which virtually all breed-
ing activity may be synchronized with a single
heavy rainfall (e.g., Bragg, 1945; Fitch, 1956;
Wiewandt et al., 1972).

In contrast, for species that have prolonged
breeding seasons and inhabit wetter environ-
ments, a positive association between rainfall
and daily breeding activity is not necessarily ex-
pected (Cousineau, 1990; Bevier, 1997). For
these species, breeding during rainfall may pre-
sent substantial risks in addition to potential
benefits. Many pools and puddles form during
heavy rains but dry out almost immediately fol-
lowing rainfall. Although some species may be
able to assess desiccation risks (Spieler and Lin-
senmair, 1997), these assessments are not likely
to be perfect. As a result, during rainy periods,
many potential breeding sites will be highly
ephemeral and unsuitable for larval develop-
ment (Green, 1990). In contrast, during drier
periods, all potential breeding habitats are like-
ly to be somewhat more permanent, and a high-

er proportion of available breeding habitat may
be suitable for reproduction. Thus, for some
species, one would expect a negative association
between rainfall and breeding activity, or no
clear association at all.

However, whether the benefits of breeding
during rainfall outweigh the risks likely varies
from year to year. In wet years, nightly rainfall
may tend to create comparatively many ‘‘false
ponds’’ and provide little added benefit in
terms of new pond creation or added ambient
moisture. Conversely, in dry years, rainfall may
be more crucial to ensuring breeding pond per-
sistence and sufficient ambient moisture for
breeding. Thus, flexible strategies for deciding
when to breed in relation to nightly rainfall may
indeed be optimal for many species of amphib-
ians.

One species that may demonstrate this flexi-
bility is the Tungara Frog, Physalaemus pustulo-
sus. Tungara frogs inhabit seasonally moist Neo-
tropical forests and have a prolonged breeding
season. In the canal zone of Panama, most tun-
gara frog breeding occurs between April and
December, during which time males and fe-
males may breed multiple times (Ryan, 1985).
Tungara frogs breed in stream pools, puddles,
and treeholes and regularly move between
breeding sites (Marsh et al., 1999). Foam nests
containing tungara frog eggs may become
stranded on dry land (pers. obs.) such that new
but highly ephemeral pools and puddles may
present substantial risks for breeding. Consis-
tent with this view, Green (1990) found a neg-
ative correlation between rainfall and nightly
breeding activity of tungara frogs during the
rainy season of 1987. In an earlier study, M. J.
Ryan and A. S. Rand (unpubl. data) found no
clear effects of rainfall on tungara frog breeding
activity.
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In 1997, a strong El Niño event disrupted the
normal rainy season in central Panama. As a re-
sult, 1997 was the driest in 60 years in parts of
central Panama (Rand and Rand, 1996; S. Pa-
ton, unpubl. data). This year provided an ex-
ceptional opportunity to test whether the night-
to-night responses of breeding tungara frogs to
rainfall are relatively fixed or whether they de-
pend on seasonal rainfall. For data from 1997,
I compare the observed number of males and
females, the operational sex ratio, and the num-
ber of egg masses deposited between wet nights
and dry nights. I also compare these results to
those obtained in 1998, in which the yearly rain-
fall (2680 mm) was slightly above average. I use
these results to show that the responses of tun-
gara frogs to nightly rainfall appear to be flexi-
ble rather than fixed and that this flexibility can
produce different relationships between rainfall
and nightly breeding activity in different years.
In addition, I show that responses to rainfall
may differ between males and females, such
that mating system parameters may be strongly
affected by both nightly and seasonal rainfall
patterns.

MATERIALS AND METHODS

Studies were conducted on Barro Colorado
Island (BCI), Panama, in a seasonally moist
tropical forest that receives an average of 2600
mm of rain per year (Rand and Rand, 1996),
with 90–95% of this rain between the months
of May and December. I censused tungara frogs
and counted egg masses in 1997 and 1998 as
part of two other experimental studies (Marsh
et al., 1999; DMM, unpubl. data). Data were col-
lected at a series of replicated artificial ponds,
plastic basins with a diameter of 30 cm diameter
and a depth of 10 cm. These artificial ponds
were sunk in the ground, covered with a layer
of leaf litter, and allowed to fill with rainwater.
Tungara frogs readily breed in these ponds,
which are suitable for larval growth and meta-
morphosis.

Male tungara frogs on BCI begin calling
shortly after dusk. Females are attracted to the
calls of males, and call characteristics are used
to select a mate (Ryan, 1980, 1983, 1985). Pairs
in amplexus leave the pond and return in the
early morning hours to construct a foam nest
containing the fertilized eggs (Ryan, 1985). In
both 1997 and 1998, I visited these ponds on
alternate nights between the hours of 1800 and
2300 from 4 June to 1 August. I captured all
tungara frogs, sexed and marked them, and re-
leased them at the pond of capture. The follow-
ing day, I counted all tungara frog foam nests

deposited the night before. From these data, I
determined nightly captures of males, females,
the ratio of females to males, and the number
of foam nests deposited on each night. Because
each pond was only visited once per night, ob-
served numbers of males and females represent
only a fraction of the total frogs breeding in
those ponds on any given night. However, the
high correlation between the number of breed-
ing frogs observed and the total number of
foam nests deposited (r 5 0.819, P , 0.0001)
suggest that these snapshots provide reliable es-
timates of the relative abundance of breeding
frogs from night to night. To ensure that pat-
terns observed were not an artifact of using ar-
tificial ponds, I also collected data on foam nest
deposition at six natural breeding sites in 1997.

I divided nights into two categories for data
analysis: wet nights and dry nights. Wet nights
were any in which detectable rain (. 1 mm)
had fallen since breeding activity on the previ-
ous night (normally 2400–0200 h). Dry nights
were nights in which no rain (, 1 mm) had
fallen during this period. These rainfall data
were obtained from a rainfall gauge in the lab-
oratory clearing on BCI. However, nights on
which the presence or absence of rainfall over
the entire study area was uncertain were exclud-
ed from the analysis, which left 16 nights in
each year for analysis. I used MANOVA to ana-
lyze the effects of rainfall (wet vs dry) on four
breeding activity parameters: the number of
breeding males, the number of breeding fe-
males, the ratio of females to males, and the
number of foam nests deposited. The signifi-
cance of the overall model was tested with
Wilks’ Lambda, whereas effects on individual re-
sponse variables were tested with F-values cor-
rected for correlations with other variables. I
performed this analysis separately for 1997 and
1998. All analyses were performed using SAS
(vers. 6.12, SAS Institute, Cary, NC, 1989, un-
publ.).

RESULTS

In 1997, I captured a total of 198 males and
92 females. The overall MANOVA model for
this year was significant, and the presence or
absence of rainfall had significant effects on all
response variables (Table 1). Rainy nights had
more males, more females, higher female-to-
male ratios, and more nests than did dry nights
(Fig. 1A). These effects of rainfall on breeding
activity were not confined to artificial ponds. In
six natural sites censused over the same time
period, the number of foam nests deposited was
significantly higher on wet nights than on dry
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TABLE 1. MANOVA OF RESPONSES (NUMBER OF

MALES, NUMBER OF FEMALES, RATIO OF FEMALES TO

MALES, FOAM NESTS) TO RAINFALL IN 1997 (A) AND

1998 (B).

Dependent
variable F-value df

Wilks’
Lambda P-value

(A) 1997 Responses to rainfall (wet vs dry)
Full model
Males
Females
Females/males
Foam nests

8.32
17.31
36.50
8.50

17.50

4,11
1,14
1,14
1,14
1,14

0.249
—
—
—
—

0.0024
0.0010
0.0001
0.0113
0.0009

(B) 1998 Responses to rainfall (wet vs dry)
Full model
Males
Females
Females/males
Foam nests

1.40
0.08
3.56
3.69
0.00

4,11
1,14
1,14
1,14
1,14

0.663
—
—
—
—

0.2980
0.7873
0.0801
0.0755
1.0000

Fig. 1. Tungara frog responses to rainfall in 1997
(A) and 1998 (B). Open bars represent dry nights,
and shaded bars represent wet nights. * indicates P ,
0.05, ** indicates P , 0.001. Error bars indicate 6 2
SE.

nights (Mann-Whitney U-test, Z 5 22.079, df 5
1, P 5 0.037).

In 1998, I captured 72 males and 23 females.
The overall MANOVA model for this year was
nonsignificant (Table 1), indicating that rainfall
had no detectable effects on breeding activity
parameters (Fig. 1B). The power for the 1998
analysis was likely somewhat lower than that for
the 1997 analysis, because fewer of the 16 in-
cluded nights were dry and because fewer frogs
were captured per night. However, this differ-
ence is unlikely to explain the lack of effect in
1998, because all trends in response to rainfall
were in the opposite direction from those ob-
served in 1997 (Fig. 1B). Indeed the number of
females per night and the ratio of females to
males was marginally significantly lower on wet
nights than on dry nights in 1998 (Table 1).

DISCUSSION

In 1997, an extremely dry year, tungara frogs
exhibited strong responses to rainfall. On wet
nights, more males were active, more females
were active, and more total nests were deposited
than on dry nights. These results are in contrast
to those obtained in 1998, a moderately wet
year, when there were no detectable effects of
rainfall on breeding activity and indeed a trend
toward fewer active females on wet nights. The
1997 results are also in contrast to those ob-
tained from previous studies, in which tungara
frogs exhibited either negative (Green, 1990) or
no clear responses (M. J. Ryan and A. S. Rand,
unpubl. data) to nightly rainfall.

Because the conditions in 1997 were extreme
and somewhat rare, it is not possible to compare

responses to rainfall between multiple wet years
and multiple dry years. As a result, the relation-
ship between nightly responses to rainfall and
yearly rainfall cannot be established with rigor-
ous statistical certainty. However, in addition to
being consistent with the 1997 and 1998 data,
the hypothesis that yearly rainfall influences
nightly responses is also consistent with the re-
sults of Green (1990). Green found an inverse
correlation between rainfall and tungara breed-
ing activity in 1987, which was the 10th wettest
year on BCI since data collection began in 1929
(Rand and Rand, 1996). Furthermore, aside
from the extreme weather of 1997, there are
few potential alternative explanations for the
difference between the responses to rainfall ob-
served in 1997 and those observed in 1998 and
in previous studies. As explained above, differ-
ences in statistical power are unlikely to account
for this difference in response. In addition, ex-
perimental methods were standardized between
1997 and 1998, and responses in 1997 were sim-
ilar to those observed in natural breeding sites,
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Fig. 2. Relationship between the nightly ratio of
females to males and the nightly number of males
observed at a series of artificial ponds.

so experimental methodology is unlikely to be
responsible for any differences in results.

The results obtained in 1997 indicate that the
responses of tungara frogs to rainfall are not
fixed but flexible. Tungara frogs do not always
breed, or avoid breeding, in response to rain-
fall. Instead, tungara frog breeding may be
tightly linked to rainfall in some years but rela-
tively independent of rainfall in other years.
This flexibility makes sense in the context of
costs and benefits to breeding during rainfall,
which are likely to vary considerably depending
on whether a year is wet or dry.

Interestingly, the effects of rainfall observed
in 1997 differed between males and females.
The effect of rainfall on female activity was
much stronger than the effect on male activity,
such that the ratio of females to males was sig-
nificantly higher on wet nights. These results
are similar to those of Henzi et al. (1995), who
found that male and female painted reed frogs
(Hyperolius marmoratus) responded to different
environmental cues in deciding when to attend
a breeding chorus and that females appeared to
be more sensitive than males to environmental
cues. The results for both tungara frogs and
painted reed frogs suggest that females may be
more cautious than males in deciding when to
breed. In tungara frogs, males may breed night-
ly, whereas females have been observed to
breed at most every 2.5–3.0 weeks (DMM, un-
publ. data). Thus, males may have substantially
less to lose by breeding on a night when the
risks of desiccation or choice of a poor ovipo-
sition site may be higher.

It is also interesting to note that differences
between sexes in response to environmental
conditions may produce a misleading relation-
ship between male activity and male breeding
success (Tejedo, 1993; Henzi et al., 1995). For
example, in Figure 2, I present data from 1997
showing the number of males observed on a giv-
en night relative to the ratio of females to males
observed on that night. Although the one out-
lier renders the correlation nonsignificant (ran-
domization test, r 5 0.23, P 5 0.09), the gen-
erally positive trend between male activity and
sex ratio could be taken to indicate that larger
choruses attract proportionally more females
and that this represents a benefit of aggrega-
tion. However, the actual data are meaningless
in this context, because they were collected
across many separate ponds, most of which con-
tained no more than a single male. Rather, this
correlation results from males being somewhat
more likely to come out on wet nights and fe-
males being much more likely to come out on
these nights. Although these results were ob-

tained in an unusual year, they demonstrate that
correlations between chorus size and operation-
al sex ratio (e.g., Ryan et al., 1981; Wagner and
Sullivan, 1992; Tejedo, 1993) should be treated
with caution.

Finally, the results presented above highlight
the value of multiyear studies for examining am-
phibian mating systems and ecology. Mating sys-
tems are often dependent on a range of ecolog-
ical conditions that may change from year to
year (Slobodchikoff, 1988; Lott, 1991). As a re-
sult, single-season studies may often provide an
incomplete, or even misleading, picture of a
species’ behavior or ecology. Given that we
know very little about the degree to which am-
phibian mating systems vary or the ecological
or evolutionary basis of such variation, multi-
year studies assume a particular importance for
these organisms.

ACKNOWLEDGMENTS

Many thanks to A. S. Rand for extensive dis-
cussions and encouragement. M. Ryan provided
helpful comments, and E. Fegraus was of great
assistance in the field. This research was sup-
ported by a National Science Foundation grad-
uate research fellowship and a Smithsonian
short-term research award.

LITERATURE CITED

BEVIER, C. R. 1997. Breeding activity and chorus ten-
ure of two neotropical hylid frogs. Herpetologica
53:297–311.

BRAGG, A. N. 1945. The spadefoot toads in Oklahoma
with a summary of our knowledge of the group II.
Am. Nat. 79:52–72.

COUSINEAU, M. M. 1990. Observations on the breed-
ing activity and larvae of the brown tree frog Litoria



1108 COPEIA, 2000, NO. 4

ewingii in the South Island, New Zealand. NZ Nat.
Sci. 17:13–22.

DUELLMAN, W. E., AND M. LIZANA. 1994. Biology of a
sit-and-wait predator, the leptodactylid frog, Cerato-
phrys cornuta. Herpetologica 50:51–64.

FITCH, H. S. 1956. A field study of the Kansas ant-
eating frog, Gastrophryne olivacea. Univ. Kans. Publ.
Mus. Nat. Hist. 8:275–306.

GREEN, A. J. 1990. Determinants of chorus partici-
pation and the effects of size, weight and compe-
tition on advertisement calling in the tungara frog,
Physalaemus pustulosus (Leptodactylidae). Anim. Be-
hav. 39:620–638.

HENZI, S. P., M. L. DYSON, S. E. PIPER, N. E. PASSMORE,
AND P. BISHOP. 1995. Chorus attendance by male
and female painted reed frogs (Hyperolius marmor-
atus): environmental factors and selection pres-
sures. Func. Ecol. 9:485–491.

LOREDO, I., AND D. VAN VUREN. 1996. Reproductive
ecology of a population of the California tiger sal-
amander. Copeia 1996:895–901.

LOTT, D. F. 1991. Intraspecific variation in the social
systems of wild vertebrates. Cambridge Univ. Press,
Cambridge.

MARSH D. M., E. H. FEGRAUS, AND S. HARRISON. 1999.
Effects of breeding pond isolation on the spatial
and temporal dynamics of pond use by the tungara
frog, Physalaemus pustulosus. J. Anim. Ecol. 68:804–
814.

PALIS, J. G. 1997. Breeding migration of Ambystoma
cingulatum in Florida. J. Herpetol. 31:71–78.

RAND, A. S., AND W. M. RAND. 1996. Variation in rain-
fall on Barro Colorado Island, p. 47–60. In: The
ecology of a tropical forest. E. G. Leigh, A. S Rand,
and D. M. Windsor (eds.). Smithsonian Institute
Press, Washington, DC.

RYAN, M. J. 1980. Female mate choice in a Neotrop-
ical frog. Science 209:523–525.

. 1983. Sexual selection and communication
in a neotropical frog, Physalaemus pustulosus. Evo-
lution 37:261–272.

. 1985. The tungara frog: a study in sexual se-
lection and communication. Univ. Chicago Press,
Chicago.

, M. D. TUTTLE, AND L. K. TAFT. 1981. The
costs and benefits of frog chorusing behavior. Be-
hav. Ecol. Sociobiol. 8:273–278.

SEMLITSCH, R. D. 1985. Analysis of climatic factors
influencing migrations of the salamander Ambysto-
ma talpoideum. Copeia 1985:477–489.

SLOBODCHIKOFF, C. N. 1988. The ecology of social
behavior. Academic Press, San Diego, CA.

SPIELER, M., AND K. E. LINSENMAIR. 1997. Choice of
optimal oviposition sites by Hoplobatrachus occipitalis
(Anura: Ranidae) in an unpredictable and patchy
environment. Oecologia 109:184–199.

TEJEDO, M. 1993. Do male natterjack toads join larg-
er breeding choruses to increase mating success?
Copeia 1993:75–80.

WAGNER JR., W. E., AND B. K. SULLIVAN. 1992. Chorus
organization in the Gulf Coast toad (Bufo valliceps):
male and female behavior and the opportunity for
sexual selection. Ibid. 1992:647–658.

WELLS, K. D. 1977. The social behaviour of anuran
amphibians. Anim. Behav. 25:666–693.

WIEWANDT, T. A., C. H. LOWE, AND M. W. LARSON.
1972. Occurrence of Hypopachus variolosus (Cope)
in the short-tree forest of southern Sonora, Mexico.
Herpetologica 28:162–164.

WILBUR, H. M. 1997. Experimental ecology of food
webs: complex systems in temporary ponds. Ecolo-
gy 78:2279–2302.

YANOSKY, A. A., C. MERCOLLI, AND J. R. DIXON. 1997.
Field ecology and population estimates of the
veined tree frog (Phrynohyas venulosa) in the east-
ern chaco of Argentina. Tex. J. Sci. 49:41–58.

DEPARTMENT OF ENVIRONMENTAL SCIENCE AND

POLICY, ONE SHIELDS AVENUE, UNIVERSITY OF

CALIFORNIA, DAVIS, CALIFORNIA 95616. E-mail:
dmmarsh@ucdavis.edu. Submitted: 8 March
1999. Accepted: 14 March 2000. Section edi-
tor: A. H. Price.


