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Reproductive Behavior of the Japanese Treefrog, Rhacophorus arboreus

(Anura: Rhacophoridae)
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Abstract. Reproductive behavior of the foam-nesting treefrog, Rhacophorus arboreus, is described.
Oviposition was made either by an amplectant pair (a female and an amplectant male) alone or by an
amplectant pair and other males (joiners). The snout-vent length of males and females was nega-
tively correlated with the date of the first appearance in the pond. The period of staying in the pond
in males was longer than that in females. Physical body contacts of other males and encounter calls
by amplectant males were frequently observed before oviposition with joiners. Snout-vent length of
the female and an amplectant male were positively correlated. Encounter calls by amplectant males
were likely to precede movements of females. There was no difference of snout-vent length between
amplectant males and joiners. Females moved the hindlimbs more frequently than males during
oviposition. Amplectant males made encounter calls more frequently in oviposition with joiners than
oviposition without joiners. The patterns of transitions between acts of females and amplectant
males were similar between oviposition with and without joiners. Females more frequently respond-
ed to amplectant males than joiners. Both the duration of a bout of the movements of hindlimbs of
females and the interval between the bouts were longer in oviposition without joiners than that with
joiners. The number of the movements per bout in oviposition without joiners was smaller than that
with joiners. Encounter calls by amplectant males during oviposition tended to precede the hindlimb

movements of females.
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Introduction

Field studies on the mating behavior of frogs and toads
(anuran amphibians) from the viewpoint of behavioral
ecology revealed the male-male competition by physical
and vocal means and the “parasitic” males that exploit the
vocal activity of other males in a wide array of anuran
species (reviewed by Arak 1983). In most anurans,
oviposition and fertilization of eggs occur externally when
a female and a male are in amplexus. In several foam-
nesting rhacophorid treefrogs, however, a female and
some males are engaged in oviposition and fertilization
(hereafter the males other than amplectant ones are called
joiners or joining males). The relationships among the
males in these species have been considered as coopera-

1) Present address: Department of Biology, Faculty of Science, Kyushu
University, Fukuoka, 812-81 Japan. To whom reprint requests should be
sent. E-mail: ekasuscb@mbox.nc.kyushu-u.ac.jp

tive by some authors (e.g. Coe 1967; Wilson 1975; but see
Halliday and Verrell 1984; Kasuya et al. 1987; Kasuya 1992).
Their reproductive behavior in the field has not been
studied except for a small number of reports (e.g. Coe
1967, 1974; Kasuya et al. 1987; Jennions et al. 1992).
Studies on behavioral ecology of the foam-nesting
rhacophorids can provide interesting and critical informa-
tion on the evolution of cooperation and competition in
the male mating behavior of anuran amphibians.

In the present paper, we describe and analyze the mating
and oviposition behavior and the relationship among
adults of the Japanese treefrog, Rhacophorus arboreus.
Though a test of “male cooperation hypothesis” on the
adaptive significance of joining males during oviposition
in this species was reported elsewhere (Kasuya et al. 1987),
we refer to the adaptive significance of joiners in the
present study since the joiner is a unique feature in several
foam-nesting rhacophorids (Coe 1967; Kasuya et al. 1987;
Fukuyama 1991; Kusano et al. 1991).
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Fig. 1. Temporal change in the number of newly deposited

foam nests. For an explanation of the large and small ponds, see
Materials and methods.

Materials and methods

The study area was the ‘Hyoutan’ pond (Fig. 2) in
Iwamuro, Niigata, Japan. The altitude of the pond is
about 180 m. When the water level was low, the pond
split into two parts: a large pond and a small pond. The
observations were made from May to July, 1984. Frogs
captured were marked with color-banded waist bands for
later identification (Emlen 1968). We measured the snout-
vent length (SVL or body size, hereafter) with a ruler to
the nearest 0.1 mm and weighed each frog to the nearest
0.1 g. Observations in the night were performed with a

This did not appear to disturb the
behavior of frogs. We made the focal animal sampling
(Martin and Bateson 1986) for females. Thus, behavior
of solitary females and pairs in amplexus were recorded.
Behavior of males that approached the observed females
or pairs and that of joiners during oviposition were also
recorded.

The vocalization of frogs was recorded with tape-
recorder (Sony TC-D5M®) and microphone (Sony ECM-
Z300®). This was analyzed with Kay 7800 Digital
Sonagraph® at the Department of Zoology, Kyoto
University and MacRecorder® Sound analyzing system in
our laboratory. We follow the classification of vocaliza-
tions by Kasuya et al. (1992). The length and width of
newly deposited foam nests were measured (Coe 1974)
with a ruler to the nearest 1 mm. The product of length
and width was used for the size measurement of a foam
nest and called the ‘size’ of the foam nest.

6 V battery lamp.

Results

Temporal aspects of the breeding population
in the pond

Figure 1 shows the temporal change in the number of
newly deposited foam nests (eggs were oviposited into
them). Oviposition began on June 1 and finished on July
10 in the 1984 reproductive season. There was a large
variation in the number of foam nests made during one
night. The total number of foam nests was 147. The spa-
tial distribution of all the foam nests deposited is shown
in Fig. 2. All the foam nests, except an unfertilized one,
were deposited above the water (Fig. 2). The clusters

5m

Fig. 2. The spatial distribution of all the foam nests deposited. Dot, foam nest; open circle, preyed foam nest; rectangle, unfertilized

foam nest; hatched area, fallen tree.
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Fig. 3. The temporal change in the size of the foam nest. For
an explanation of the size of the foam nest, see Materials and
methods.

of foam nests were observed on twigs above the water
and on the fallen trees floating on the water. Figure 3
shows the temporal change in the size of foam nests (the
size of a foam nest is positively correlated with the
number of eggs in the foam nest; Kasuya and Saito, unpu-
blished). There was no significant correlation between
the size of a foam nest and the date of oviposition (r=
—0.087, n=132, P>0.05).

Figures 4 and 5 show the relationship between the date
of the first discovery and the size of females and males
(snout-vent length), respectively. There is a significant
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Fig. 4. The relationship between the date of the first discovery
and the size of females (snout-vent length).
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Fig. 5. The relationship between the date of the first discovery
and the size of males (snout-vent length).

tendency that larger individuals were discovered earlier in
both sexes (female: r=—0.359, n=36, P<0.05; male:
r=—0.25, n=141, P<0.05). The size (SVL) of females
was 7.44+0.42 cm (mean = SD, hereafter, if not otherwise
mentioned} (n=36) and that of males 5.54+0.35cm
(n=141). The body weight was 33.4%4.6g in females
before oviposition (n=13), 18.2+3.7 ¢ in females after
oviposition (7=20) and 8.6 1.5 g in males (n=137). The
breeding sex ratio (the sex ratio of individuals in and
near the pond) was highly male-biased.

The duration from the first discovery to the last
discovery of a given adult male was 4.3%5.4days
(n=141). The duration was 1.1+0.2days (n#=36) for
females. It was only one day for most females and the
longest was two days. No female was observed to make
multiple foam nests (clutches). As we recorded the
behavior of females or pairs in amplexus as mentioned
above, this value for males is possibly an underestimate.
The size distribution of females at the first discovery
(Fig. 4) approximately shows that of females at the time
because females stayed for one or two days. This was
not the case for males (Fig. 5).

Sequence of mating behavior

In R. arboreus, mating and oviposition behavior usually
proceeds as follows. First, a male catches a female in or
near the pond. The pair in amplexus (the female and the
amplectant male) moves to an oviposition site (often on
the twigs of a tree). The female secretes fluid from which
the foam nest is constructed and oviposits eggs into it.
The amplectant male alone or the amplectant male and
other males (joiners or joining males, hereafter) attend the
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Fig. 6. The relationship between the size of females and males
in amplexus (snout-vent length). Dot, pair that was observed in
oviposition behavior; open circle, pair that was not observed in
oviposition behavior.

ovipositing female and release sperm into the foam nest
during oviposition. Oviposition is made by an amplectant
pair or the pair and joining males. The former is called
oviposition without joiners or a single male mating ag-
gregation while the latter oviposition with joiners or multi-
ple male mating aggregation, hereafter (following Kasuya
et al. 1987). The female and males leave the constructed
foam nest after oviposition. We present results on mating
and oviposition behavior in the following two sections.
We describe and analyze behavior before the start of
oviposition in the first section while behavior during
oviposition was dealt with in the second section.

In this section, we describe the behavior from the time
when a male pairs up with a female (posture of amplexus)
to the beginning of oviposition. Figure 6 shows the rela-
tionship between the size of the female and the male in
amplexus. There was a significant positive correlation
(r=0.75, P<0.05, n=11). We exclude the pairs in which
oviposition was not observed from this data analysis (e.g.
turn-over of the amplectant male).

Males in amplexus often made encounter calls (call type
C in Kasuya et al. 1992) different from the ordinary
advertisement call (call type A in Kasuya et al. 1992). The
encounter call has only one note per call (Kasuya et al.
1992). Of 19 cases where we observed most of the
behavior sequence, 4 cases resulted in oviposition without
joiner (oviposition solely by the pair), 10 in oviposition
with joiner (oviposition by the pair and joiner) and the
composition of the mating aggregation was not recorded
in 5 cases. In all of 6 cases where we recorded the calling

Table 1. Comparison of several male mating behaviors in
behavior sequences of mating (from catching up with female by
male to the beginning of oviposition).

Behavior sequence resulting in oviposition

without joiners with joiners

Physical body contacts 2 51
by other males

Encounter calls by males 0 45
in amplexus

Encounter calls by 0 7
other males

Advertisement calls by 3 7

other males

status of the amplectant male before amplexus, he called
before he paired up with a female.

Table 1 shows the comparison of several behaviors
between cases that resulted in oviposition without joiner
and those with joiner. The pooled number of behavioral
acts are shown. We compared occurrences of several
behaviors under the null hypothesis that the number of a
given kind of behavior per case is equal in both of the
mating behavior sequences that resuited in oviposition
with and without joiner. There are significant differences
in the occurrence of physical body contact from other
males (y2=15.96, P<0.001, df=1) and encounter calls
by male in amplexus (x*=18.00, P<0.001, df=1).
However, the differences were not significant in the occur-
rence of encounter calls by other males (binomial test,
P=0.095) and advertisement calls by other males
(binomial test, P=0.266).

Out of 7 encounter calls made by other males, 3 were
preceded by encounter calls by males in amplexus and 2
were followed by encounter calls by males in amplexus.
In 51 cases of the physical body contacts of other males in
cases which resulted in oviposition with joiners, 10 were
followed by an encounter call of a male in amplexus,
12 followed by the movement of a pair, 3 followed by
the dropping of the pair into the water and 5 followed by
the dropping of other males into the water. Two cases
of physical body contact by other males in behavior
sequences which resulted in oviposition without a joiner
were followed by the movement of the pair. Out of 45
cases of encounter call by males in amplexus in those cases
which resulted in oviposition with joiners, 33 were
followed by the movement of the pair.

Figure 7 shows two cases of movement of pairs from the
time when the male paired up with the female to the beginn-
ing of oviposition. These typical examples show that the
pairs were frequently attacked by solitary males with
physical body contacts, particularly before oviposition
with joiners. Physical combat between males and turn-
over of males in amplexus were observed.
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Fig. 7.

Movement of pairs from the time when the male paired up with female to the beginning of oviposition.

(a) oviposition

without joiners; (b) oviposition with joiners. Solid line, itinerary of a pair; broken line, itinerary of a solitary female; dotted line,
itinerary of a solitary male; dot, a male not in amplexus; open circle, oviposition site; and asterisk, physical attack by male.

Behavior sequence of oviposition

First, in this section, we describe the composition of
mating aggregations. The maximum number of males in a
mating aggregation was 3.46+2.90 (n=14). As a mating
aggregation included one male in amplexus, the mean of
the maximum number of joiners in a mating aggregation
was 2.46. The correlation between the size of females
and joiners in a mating aggregation was not significant
(r=—0.149, P>0.05). There was no significant dif-
ference between the size of the male in amplexus and
joining males (Mann-Whitney U-test, z=0.004, P>>0.05)
and the correlation between them was not significant (r=
0.145, P>0.05).

Table 2 shows the frequency of the movements of hind
and forelimbs and that of encounter calls in mating ag-
gregations with and without joiners. There were signifi-
cant differences in frequencies of hindlimb movements
between the female and the male in amplexus in mating
aggregations without joiners (x2=409.2, P<0.001, df=1),
and those with joiners (x2=962.0, P<0.001, df=1). The
difference in the frequency of encounter calls by the
amplectant male between single male mating aggregations
and multiple male ones was significant (32=232.04,
P<0.001, df=1).

Table 3 shows the inter-individual transition matrices in
behavior sequences during oviposition. These matrices
are based on inter-individual dyads. The explanation of
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Table 2. Comparison of the number of movements of fore and
hindlimbs of males in amplexus and females in single male and
multiple male mating aggregations.

Single male Multiple male
aggregation aggregation
(without joiners) (with joiners)
Movement of hind limbs 16 3
by male
Swimming like movement 455 971
of hind limbs by females
Movements of forelimbs 0 1
by male
Movements of forelimbs 0 1
by female
Encounter calls by males 3 97

in amplexus

abbreviations for behaviors in oviposition is as follows.
The character in parenthesis shows the category of an
individual frog that performed the given behavior; F:
female; M: male in amplexus, and J: joining males.

Ab : abdomen bending (M, J);

Cn : encounter call (call type C) (M, J);

Mb : moving body (F, M);

Mhl : moving hindlimbs (M, J);

Bmbh: beginning a bout of swimming-like movements of
hindlimbs (F). A bout of movements consists of several
successive movements without interruption between them.

M1l : moving forelimbs (F, M, I);

Pam : pushing another male (M);

CB : multi-note aggressive call (M, J). Emitting a
multi-note aggressive call (type B in Kasuya et al. 1992),
which is easily distinguished from the advertisement and
encounter calls;

individual transition matrices (Table 3) are simple. The
number of cells in which at least one transition was observ-
ed was rather smaller than the total number of cells in each
of matrices (a)-(h). We summarize the major patterns
below.

In the transitions between the amplectant males and
females, four kinds of transitions except those relating
Nor were observed both in single male and multiple male
aggregations. They are Ab—Smh, Mhl—Smh, Cn—Bmh
and Bmh—Ab (Table 3 (a), (b), (c) and (d)). This pattern
of transitions is similar between oviposition without
joiners and that with them.

Table 3. Inter-individual transition matrix in behavior se-
quences during oviposition.

(a) Male in amplexus—female in single male aggregations

Female
Bmh Smh Nor Total
Ab 0 19 84 103
Cn 3 0 0 3
Mb 0 0 2 2
Mhl 16 0 0 16

(b) Female—male in amplexus in single male aggregations

Male in amplexus

Ab Cn Mb Mhl Nor Total
Bmh 103 0 0 0 352 455
Smh 0 0 0 0 19 19

(c) Male in amplexus—female in multiple male aggregations

Apa : approaching the mating aggregation (J); Female
Ja : joining the mating aggregation (J); Bmh Smh Mb MiA Nor Total
Mva : moving within the mating aggregation (J);
Bf : burying the body into foam (J); Ab 0 38 0 0 202 240
S : seizing female (J); Cn 91 0 0 0 214
La :leaving the mating aggregation (J); Mb 4 0 0 0 2 6
Smbh : stopping a bout of the swimming-like movements Mhl 2 0 0 0 1 3
of hindlimbs (F); Mf 0 0 0 0 1 1
Nor : no response (F, M, J). Pam 0 0 0 0 3 3
In general, the transition structures of the inter- CAm 0 0 0 0 2 2
(d) Female—male in amplexus in multiple male aggregations
Male in amplexus
Ab Cn Mb Mhl Mfl Pam CAm Nor Total
Bmh 232 4 0 0 0 0 2 733 971
Smh 0 0 0 0 0 0 0 1090 1090
Mb 0 0 0 0 0 0 0 3 1
Mfl 0 0 0 0 0 0 0 1 1
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Table 3. (Continued)
(e) Joiner—female in multiple male aggregations
Female
Bmh Smh Mb Mfi Nor Total
Ab 0 0 0 0 62 62
Apa 0 0 0 0 22 22
Ja 0 0 0 0 53 53
Cn 0 0 0 0 66 66
Mva 1 0 0 1 38 40
Mfl 0 0 0 0 7 7
Bf 0 0 0 0 2 2
St 0 0 0 0 3 3
CAm 0 0 0 0 2 2
La 0 0 0 0 42 42
(f) Female—joiner in multiple male aggregations
Joiner
Ab Apa Ja Cn Mva Mfl Bf Sf CAm La Nor Total
Bmh 43 0 0 5 4 0 0 0 2 0 917 971
Smh 0 0 0 0 0 0 0 0 0 0 1090 1090
Mb 0 0 0 0 0 0 0 2 0 0 1 3
Mil 0 0 0 0 0 0 0 0 0 0 1 1
(g) Joiner—male in amplexus in multiple male aggregations
Male in amplexus
Ab Cn Mb Mhl Mfl Pma CAm Nor Total
Ab 8 0 0 0 0 0 0 54 62
Apa 0 3 0 0 0 0 0 19 22
Ja 0 16 0 0 0 0 0 35 51
Cn 0 12 0 0 0 0 0 39 51
Mva 0 10 0 0 0 0 0 2 37
Mfl 0 0 0 0 0 0 0 7 7
Bf 0 0 0 0 0 0 0 2 2
Sf 0 0 0 0 0 0 0 3 3
CAm 0 1 0 0 0 0 0 1 2
La 0 5 0 0 0 0 0 37 42
(h) Male in amplexus—joiner in multiple male aggregations
Joiner
Ab Apa Ja Cn Mva Mfl Bf Sf CAm La Nor Total
Ab 19 0 0 0 0 0 0 0 0 0 221 240
Cn 0 0 1 7 11 0 1 0 0 5 118 143
Mb 0 0 0 0 0 0 0 0 0 0 6 6
Mhl 0 0 0 0 0 0 0 0 0 0 3 3
MAfl 0 0 0 0 0 0 0 0 0 0 1 1
Pam 0 0 0 0 2 0 0 0 0 1 0 3
CAm 0 0 0 0 1 0 0 0 0 0 1 2
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In contrast with the amplectant males, the interactions
between females and joining males are one-sided ones.
Females seldom responded to the behavior of joiners
(Table 3 (e)). Joining males responded with Ab to Bmh
by females, like the amplectant males (Table 3 (f)).

Interactions between amplectant and joining males in-
clude Ab—Ab and Cn—Cn or Cn—Mva (Table 3 (g) and
(h)). The last two show that the encounter call (Cn) is also
used in male-male interactions in mating aggregations.

The temporal features of swimming-like movements of
female hindlimbs also show an aspect of relationship
among frogs in mating aggregations. The duration of a
bout in single male mating aggregations (12.6+7.8 s) was
significantly longer than that in multiple male mating
aggregations (9.1%+7.1s) (ANOVA by ranks, z=7.85,
P<0.001, Meddis 1980, 1984). The interval between two
consecutive bouts in single male mating aggregations
(54.4+40.4 s) was significantly longer than that in multiple
male mating aggregations (38.7%+37.6s) (ANOVA by
ranks, z=16.59, P<0.001). The number of movements
in a single bout during oviposition without joiner
(5.76 £2.94) was significantly smaller than that with
joiners (8.00+3.64) (ANOVA of ranks, z=3.20,
P<0.01).

Discussion

Rhacophorus arboreus in the present study was a pro-
longed breeder in the prolonged breeder/explosive breeder
dichotomy (Wells 1977) on the ground of the duration of
the reproductive period (40 days in the present study). In
two major types of non-random mating in anurans (Arak
1983), size-assortative mating was observed in R. arboreus
(Fig.6). However, size dependent mating was not examin-
ed in a critical manner in the present study because our
observations were made by focal animal sampling of
females. As pointed out by Arak (1983), non-random
mating does not mean the existence of mate choice by
females, but this may be the consequence of alternative
mechanisms, e.g. male-male competition. In the present
study, size-assortative mating may be the consequence of
the negative correlation of body size of males and females
with the time of the first discovery (Figs. 4 and 35).
Physical male-male competition, which is in the form of
physical body contact between males and turnover of an
amplectant male in the present study, was observed, but
their contribution to the size-assortative mating was not
evaluated quantitatively in this study.

The reproductive success of amplectant males with
joiners would be lower than those without joiners because
of fertilization of some portion of eggs by sperm of
joiners. The observations that females did not make
multiple foam nests and that females after oviposition

did not have residual eggs support this version. An in-
teresting problem is what determines whether oviposition
is performed with or without joiners. The comparisons of
occurrences of physical body contacts and encounter calls
in the behavior sequence of mating (from the time when a
male catches up with a female to the beginning of oviposi-
tion) may be useful to answer this question. The com-
parisons suggest that whether oviposition is performed
with or without joiners depends on the behavioral interac-
tions between an amplectant male and other males before
oviposition. Typical examples of trajectories of pairs
(Fig. 7) also show that aggressive behavior by other males
was observed frequently in cases that resulted in oviposi-
tion with joiners. Kato (1956) also noted similar behavior
of males. A possible interpretation is that physical body
contacts by other males or encounter calls by an amplec-
tant male allow other males to locate the amplectant pair
and to follow the pair. It thus results in oviposition with
joiners. This is consistent with the version of Kasuya et
al. (1987) that the joiners in R. arboreus are a special case
of ‘sneaky breeders’ (Arak 1983; also see Fukuyama 1991).

The result in Table 1 suggests that encounter calls by
amplectant males were made in response to approach or
attack of other males. An analysis of behavioral transi-
tions helps to clarify the situation where encounter calls
aremade. In 45 encounter calls by amplectant males before
oviposition, 15 were preceded by the movement of the
pairs, 11 preceded by physical body contacts by other
males, 5 preceded by the movements of other males near
the pairs and 2 preceded by encounter calls by other
males. This transition supports the assertion that amplec-
tant males make encounter calls in response to approach
or attack of other males before oviposition. The result
that 33 out of 45 encounter calls were followed by move-
ment of the pair suggests that the function of encounter
calls by males in amplexus before oviposition is to move
the female in amplexus. This suggests that the encounter
calls by amplectant males has a function to elicit the move-
ment of females in amplexus in this species.

The result in Table 3 (g) suggests that encounter calls by
males were used as a way of aggressive interaction among
males during oviposition. Encounter calls by males in
amplexus were frequently followed by Bmh (beginning a
bout of the swimming-like movements of hindlimbs).
This suggests that a function of encounter calls by amplec-
tant males is to start the hindlimb movement of females in
amplexus. Encounter calls were also made by joiners. In
contrast with amplectant males, encounter calls by joiners
seemed not to influence the behavior of females in
amplexus (Table 3 (¢)). Encounter calls by joiners were
frequently followed by encounter calls by males in am-
plexus (Table 3 (g) and (h)). Kasuya et al. (1987) showed
that oviposition with joiners did not result in larger
foam nests than that without joiners. They also showed
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that the duration of oviposition increased with the number
of males in a mating aggregation. They presented a
hypothesis that the mating aggregation in R. arboreus is a
consequence of the selfish behavior of males rather that of
cooperation among males. This hypothesis suggests that
the behavior of males in mating aggregations is explained
from the viewpoints of their reproductive success and
sperm competition among them.

The comparisons of frequencies of the movements of
hind and forelimbs between females and males (Table 2)
show that females contributed to most of the limb
movements while the contribution by males was small.
This suggests that the construction of foam nests are
almost made by females alone. This is consistent with the
observation that the large number of males in mating
aggregations did not contribute to the larger foam nests,
but to the longer duration of oviposition (Kasuya et al.
1987). The comparisons of inter-individual transition
matrices (Table 3) show that the patterns of transitions
between acts of males in amplexus and those of females
are similar between oviposition with and without joiners.
These comparisons also show that most of the responses
of females to those of joining males (99.3% =297/299)
were Nor’s (no change in the behavior of females) (Table
3(e)). These are consistent with the observation that
joiners do not positively contribute to the construction
of foam nests.

The transition that Ab (bending abdomen) by males
followed Bmh by females was common both in amplectant
and joining males. This suggests that males release sperm
when bending their abdomens during the swimming-like
movements of female limbs. This may be a tactic to
enhance reproductive success through sperm competition.

The comparisons of swimming-like behavior of females
during oviposition show the differences in this behavior
between oviposition with joiner and without joiner. In
single male mating aggregations, the duration of a bout
is longer, the interval of bouts is longer and the number
of movements in a single bout is smaller, than in multiple
male mating ones. These differences in behavior can be
considered to cause the longer oviposition duration in
mating aggregations with the larger number of males
(Kasuya et al. 1987). Males are expected to compete with
one another to enhance the probability of fertilization of
eggs by their own sperm. This behavioral competition is
predicted to be intense in mating aggregations with joiners
while absence in those without joiners. The longer dura-
tion of oviposition in mating aggregations with more
males may be a consequence that male behavior to com-
pete with other males for fertilization of eggs interferes
with female behavior for construction of foam nests.

The joiners in foam-nesting rhacophorid frogs has been
considered a consequence of cooperative behavior by
males (Coe 1967; Wilson 1975; Feng and Narins 1992) or

that of selfish behavior of males (Kasuya et al. 1987;
Fukuyama 1991; Kasuya 1992; Jennions et al. 1992).
Several hypotheses that assumed cooperation among males
were falsified by Kasuya et al. (1987). It is useful to sum-
marize the status of selfish and cooperation hypotheses in
the light of the present study.

Movements of male limbs during oviposition were
considered as evidence that supports the cooperation
hypothesis (e.g. Coe 1967; Wilson 1975). Since some sub-
hypotheses of the cooperation hypothesis were falsified,
this is the only substantial evidence consistent with the
cooperation hypothesis. Most of the data for the
movements of limbs so far was not quantitative. In the
present study, a small contribution by R. arboreus males is
shown in a quantitative manner. Further, the movements
of male limbs does not necessarily mean contribution by
males to foam nest construction. They can be behaviors
to facilitate the fertilization of eggs by their own sperm.
Our observation showed that males made a unique ab-
domen-bending behavior just after the beginning of bouts
of the movements of female limbs. This suggests that
males synchronized their ejaculation to the oviposition of
eggs by females into the foam. Other lines of evidence,
for example, the large testes in R. arboreus shown by
Kusano et al. (1991), also support the hypothesis that
the mating aggregation in R. arboreus is a consequence
of selfish behavior of males and that the joiners in R.
arboreus are a special case of ‘sneaky breeders’. At pre-
sent, the cooperation hypothesis lacks substantial evidence.
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