suppose why the Norops exhibits this
sex-specific behavior. If the females do
not maintain their own territories as was
mentioned earlier, perhaps a constant
food supply is not guaranteed, and thus
they must take food whenever they find
it. Conversely, the males, whose
territory size is dependent on food
density (Guyer 1982), are assured of a
relatively constant supply to draw upon
and therefore may not take every
opportunity to eat. If this were the case,
however, one would think that in at
least one of the trials a male would have
approached the prey. The limited
sample size may have contributed to the
unexpected outcome.

Other possible explanations for thig
sex-specific trend may be that females
need more food, because they reproduce
year-round (Guyer 1986), or that males
simply do not eat as often. More studies
should be done to further investigate
why this behavior occurs.

Although there was no relationship
found between female size and time to
response, it is interesting to note that the
female carrying the egg was the one
who jumped at the prey immediately.

Perhaps this individual was aware of

increased energy requirements due to its

reproductive state. As I only had one
trial with an egg-carrying female,

however, no trends can be determined.

TERRITORIAL BEHAVIOR OF MALE DENDROBATES PUMILIO

Sonya T. Dyhrman, Elizabeth S. McLanahan, and Elizabeth D. O'Hara

Abstract. We investigated the resident-win theory in Dendrobates pumilio to determine whether

there is an escalation in the aggressiveness exhibited by a resident upon entry of an intruder

when a female is present in the territory. We found no significant difference in the level of

aggressiveness (weighted rank) shown by either the resident or the intruder in trials with females

versus without. However, in 66.6% of the trials the resident did intensify its aggression level
when the female was present. Thus, our results indicate that the resident may risk expending

more energy in defense when the reproductive potential of the territory is increased. There was

no significant correlation between the magnitude of difference in body size and total

(EDOH)

INTRODUCTION (ESM, EDOH)

The males of the poison dart frog,
Dendrobates pumilio, establish territories
of two to three square meters
(Rabakiewicz 1985) for the purpose of
attracting mates. Through chirping,
males both maintain territory bound-
aries and attract females. The territories
have a high turnover rate; they are held
only for an average of sixteen days as a
resident can be displaced by an intruder
through aggressive interactions
(Rabakiewicz 1992). Conflicts begin
with rounds of chirping. The intruder
then approaches the resident, and
physical contact may ensue (Janzen
1983). The resident-win theory predicts
that the resident will act more aggres-
sively in a confrontation, since he al-
ready has an investment in the territory
and therefore has more to lose. Due to
the lower relative value of the territory,
an intruder should only enter a con-
frontation in which he is likely to be vic-
torious.

In this study we examined the resi-
dent-win theory in D. pumilio to deter-
mine whether aggressiveness was ele-
vated when the territory was more valu-
able. We hypothesized that the resident
would intensify the magnitude of its re-
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aggressiveness for the intruder and resident. Yet size did appear to be important, as in 13 of the
15 cases in which the intruder was victorious, his size was greater or equal to that of the resident.

sponse if an intruder entered its territory
when a female was present.

METHODS (ESM)

We studied aggressive interactions
in male D. pumilio, from 12-14 February
1993 at Finca La Selva, Costa Rica. We
collected 24 poison dart frogs, 12 males
and 12 females, from the telephone pole
20m behind the library. Between trials
the frogs were held in containers filled
with leaf litter, bromeliads, and water.
The females were kept together in one
container, while the males were placed
in individual holding tanks. Trials were
observed in plastic gray bins (50cm x
38cm x 18cm) containing leaf litter,
bromeliads, and rotting logs, in order to
mimic the frogs' natural environment;
the bins were covered with transparent
plastic wrap.

We performed twelve paired trials,
each composed of an interaction be-
tween a resident male and a male in-
truder (male-male) and an interaction
between a resident male with a female
and a male intruder (male-female-male).
A randomly selected resident male was
measured (snout-vent length) and
placed in a trial bin. The male remained



there, undisturbed, for a time period
greater than 4hr (Table 1) before a ran-
domly selected D. pumilio male was
measured and placed in the same bin
5cm from the resident, to serve as the in-
truder. Interactions were observed and
noted for 1hr. Following the hour, the
intruder was returned to its holding
tank and a randomly selected female
was placed with the resident in its bin.
After 1hr the previous intruder was re-
turned to the resident's bin (with the
resident male and female), and interac-
tions between the males were recorded
again.

Interactions between D. pumilio
males were ranked as follows: (1) alert

posture , (2) approach , (3) slow chirps,

(4) rapid chirps, (5) contact, (6) mount

(FSP 1991). As alert posture is not con-
sidered a mark of aggressiveness, it was
excluded from our weighted aggres-

siveness ranks. The scores were then

summed to determine an overall aggres-
sive rank for each resident and each in-
truder in each trial. After paired sets of
trials, males were rotated so that no frog
was in the same test bin twice, acted as
intruder or resident twice, or was intro-
duced to a familiar male.

Table 1. Characterization of dominance by male D. pumilio in relation to its length (snout-vent) and res-

ident acclimation time,

Male-male interaction

Male-female-male interaction

Trial Resident Dominant Size of intruder
relative to resident

acclimation frog
time (hr)

Resident Dominant Size of intruder
acclimation frog relative to resident
time (hr)

7 intruder  larger
7 intruder  equal
7 intruder  larger
14 intruder  larger
14 intruder  equal
14 resident  smaller
3 resident  smaller
3 resident  larger
3 resident  equal
12 intruder  equal
12 intruder  smaller

O 0NN WN =

RESULTS (STD)

For each of the 24 trials, the domi-
nant frog, intruder or resident, was as-

sessed using weighted aggressiveness
ranks (Table 2). The size relationship
between frogs was also determined. Of

the 24 trials there were 15 cases of

dominant intruders. Additionally, of

these 15 cases, 13 of the intruders were

of equal or greater size than the resident.
There was no trend in the comparative
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4 intruder  larger
4 resident  equal
4 resident  smaller
15 intruder  larger
15 intruder  equal
15 intruder  larger
5 resident  smaller
5 resident larger
5 resident  equal
14 intruder  equal
14 intruder  smaller

sizes of the dominant residents in the

other nine trials.

We performed a Wilcoxin signed-

rank test to compare frog aggressiveness
between the paired male-male and male-
female-male trials. Tests were per-

formed separately for both residents
(r=24, p>0.05) and intruders (r=25,
p>0.05). Although neither of these was
statistically significant, in 8 of 12 cases

the resident was ranked as more

aggressive when a female was present,

while in 6 of 12 cases the intruder was
ranked as more aggressive when a
female was present (Table 2).

Table 2. Mean weighted-ranking of aggression
for resident and intruder D. pumilio for male-
male and male-female-male interactions.

Male-male mean s.d.
"~ Resident 13.42 17.01
Intruder 19.25 15.96
"Male-female-male
" Resident 19.67 30.00
Intruder 2175 25.69

each male's weighed aggressiveness
rank) of an interaction was not corre-
lated with the magnitude of size differ-
ence between the two males, for either
the male-male trials (r=-0.42, p>0.05) or
the male-female-male trials (r=-0.33,
p>0.05).

After tabulating our data we no-
ticed that, for male-male and male-fe-

time was less than 7hr the resident was
ranked most dominant (Table 1).
Conversely, in trials in which the
resident acclimation time was greater
than 7hr, all but one of the encounters
resulted in intruder dominance.

DISCUSSION (STD)

Territorial interactions in D. pumilio

is possible that our results were skewed
15 instances of intruder dominance, the
intruder was of equal or greater size
than the resident. This situation reflects

intruder would probably not risk energy

Total aggressiveness (the sum of

male-male treatments combined, in 8 of
9 trials in which the resident acclimation

do not seem to support the resident-win
theory in laboratory trials. However, it

in favor of the intruder because in 13 of

what potentially occurs in nature, as an
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expenditure in a conflict unless his size
or overall fitness indicated that there
was a high probability of his ultimate
dominance.

A further complication with our
resident-win trials was that we were un-
able to standardize resident acclimation
times and observed an effect between
times greater or less than 7hr. Perhaps
maximizing acclimation time is not ideal
for in lab trials. After 7hr the resident
might become cognizant of its confine-
ment and might determine that the area
is not worth defending. Conversely, an
intruder who is introduced into a large,
unfamiliar environment may perceive
the territory as more valuable than
would the resident and may act accord-
ingly.

As hypothesized there was a trend
towards increased resident aggressive-
ness in the male-female-male trials,
whereas there was no trend evident in
the change of intruder aggressiveness
between the paired trials. It appears
that resident frogs are able to recognize
the increased reproductive potential or
worth of their territory and defend it ac-
cordingly. Intruders who are not estab-
lished in a territory and who do not
have the hour-long contact with a fe-
male have no reason for increased ag-
gressiveness.

We performed our correlation test
to -account for the possibility that
aggressiveness may be different
between individual frog interactions
based on their relative sizes. In other
words, frogs who are closely matched in
size may act more aggressively than
frogs of disparate size. This, however,
did not appear to be the case. Rather,
other factors such as resident
acclimation time and the presence or
lack of the female seemed to play more



important roles in determining an
individual's aggressiveness.

Thus, further investigation should
be done both in the field and in the lab
to determine how long it takes a male D.
pumilio to investigate a territory thor-
oughly enough to decide whether it is
worth defending. Our list of aggressive
behavioral classes and their ranks, al-
though purposefully assigned is not
complete. We observed several interac-
tions which did not fit into the general
categories. For instance, in many trials
we observed that the frogs would adopt
a stance parallel to one another. This in-
teraction as well as the ones which we
used in this study should be examined
in further detail. This could reveal
whether the weighted ranking proce-
dure we used is accurate and whether

the parallel stance is indeed a major part
in the D. pumilio aggressive interactions,
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