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nibbling, was observed during spawning and may be related in some way
to anemone biting.

In addition to outright attack, then, most of the behavior
patterns discussed above appear to communicate threat or appeasement at
various levels of intensity and are either related to defense of
territory or, perhaps, to dominance (in the case of appeasement dis-

plays, discussed more fully below).

Reproductive Behavior and Ecology

Nest preparation in A. melanopus may be nearly identical to that
reported by Moyer and Bell (in press) for A. clarkii. They observed
both substrate-biting behavior and anemone-biting behavior by the
adult pair prior to spawning. Though I did not actually observe
anemone-biting behavior prior to spawning, it seems likely anemone
biting as well as substrate biting (observed prior to spawning) are
the elements of nest-preparation behavior. Substrate biting was
reported to be the major form of courtship behavior in A. clarkii
(Moyer and Bell, in press). It may function similarly in A. melanopus,
though I did not observe the activity in a situation where it could
not have functioned simply to clean the nest area of algae. Nest
longevity is related to changes in breeding partnership, to changes
in the physical features of the territory, and to unknown events,
based on observed changes in nest location immediately following such
events.

Spawning behavior is similar to that reported for A. clarkii by
Moyer and Bell (in press) except for the time of occurrence and the

occurrence of substrate biting. Substrate biting was not observed



31

during A. melanopus spawning. Variations in observed incubation
periods of eggs are probably due to temperature fluctuation, as was
reported by Bell (1976) for A. clarkii eggs.

Though quantified in a different way than that of Allen (1975) on

A. chrysopterus and Moyer and Bell (in press) on A. clarkii, egg-

fanning behavior in A. melanopus does not drop during intermediate
stages of incubation, but rather levels off until the final stages.
Whether the function of egg fanning is to provide water movement alone
or increased oxygen concentration near the eggs is not known. Eggs
that do not receive vigorous agitation do not hatch (Allen, 1975).
Lack of observed nocturnal egg care suggests that egg metabolism slows

down at night and that egg-eating predators are not nocturnal.

*

The lunar cyclic nature of reproduction in the anemonefish
A. melanopus is likely an adaptive response to tidal rhythm rather
than to varying light intensity due to moon phase (as sugges@ed by
Allen, 1975), though it may be keyed by the latter. There are ;;veral
reasons for this. Spawning occurs during the daytime when moonlight
confers no particular advantage. In addition, there appears to be no
nocturnal egg care, an observation supported by studies of the anemone-
fish A. clarkii (Moyer and Bell, in press). Care of eggs does occur
on the night of hatching, as reported for A. clarkii (Moyer and Bell,
in press), but even so, the second clutch of a lunar cycle typically
hatches when there is essentially no 1ight from the moon (13 days
after full moon). Hence, parental care does not appear to be
facilitated by the 1ight of the moon. Nor would the photopositive
response of newly hatched larvae (Allen, 1975 and Moyer and Bell,

in press) be optimally facilitated by the observed hatching
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lsynchrony. However, assuming that hatching regularly occurs approxi-
mately an hour after sunset (as was observed once in the present study
and demonstrated in the anemonefish A. clarkii by Moyer and Bell, in
press), observed hatching periodicity is synchronized very closely to
high tides (Table 30). Analysis of variance shows that combined water
heights (C1 plus C2: Table 30) on peak hatching days (+2 and +13 days
from full moon) are significantly greater, at the 0.001 level (F 1, 34
= 18.5), than water heights of days 90° out of phase (*7 days) in the
Tunar cycle.

The functional significance of such an adaptive response is prob-
ably related to dispersal. Greater water velocity and stronger
cdurrents are present, at least on reef-flat areas, during high tides.
These stronger currents would aid in the immediate dispersal of newly
hatched larvae from the area of the nest, where predators might other-
wise concentrate and take a large percentage of the larvae. Long-
distance dispersal is not implied, because the advantageous effect of
the observed correlation lasts only for the duration of the high tide.
On the basis of the above hypothesis, reproductive cycles of anemone-
fish at other localities could be predicted and tested with a knowledge

of moon phase and tidal cycles.

The lack of seasonal breeding activity in observed populations
of A. melanopus is consistent with the findings of Allen (1975) for
several Amphiprion species in the tropical waters of Enewetak Atoll.
A. clarkii at Miyake Island, Japan were highly seasonal, spawning only
six to eight times between May and October (Bell, 1976). Fricke (1974)
reported an annual fecundity of 13.7 clutches in Red Sea A. bicinctus.

My observed annual fecundity of 24 clutches in the most stable pairs



Table 30. A comparison of predicted water heights 1 hour afte? sunset on observed peak hatching days with
water heights of days 90° out of phase (+7 days) in the lunar cycle.*

Predicted Water Height One Hour After Sunset

Lunar Displacement From
Lunar -7 Days Observed Peaks +7 Days : Monthly Peak Water Ht.
Month cl 2 ci W) 1 EZ ¢ Range (Days )T
Jan. 75 D:7 0.4 2.1 1.9 1.0 1.5 -0.4 to 2.7
Feb. 0.7 0.1 1.5 2.0 1.0 1.5 -0.4 to 2.7 +2
Mar. 0.6 0.2 1.4 2.0 0.9 1.5 -0.2 to 2.6
Apr. 0.6 0.4 1.5 1.9 0.7 1.3 -0.4 to 2.5 +1
May = 0.6 1.2 2.1 - 0.9 1.5 -0.4 to 2.5
Jun. 1.2 1.2 1.4 2.0 1.0 1.4 -0.6 to 2.5 +1
Jul. % Tow 1.3 2.2 1.4 1.6 -0.6 to 2.6
Aug. 1.9 1.5 1.7 2.2 1«5 1.8 -0.5 to 2.6 -1
Sep. 2.0 137 1.8 2.1 1.7 1.9 -0.1 to 2.6
Oct. 1.9 1.2 1.9 2:3 1.7 2.0 -0.4 to 2.6 -1
Nov. 1.7 1.6 2. 2.0 1.4 1.8 -0.6 to 2.6
Dec. 1.5 1.0 2.1 2.0 1.1 1.6 -0.7 to 2.6 -1
X 1.1 1.9 | 1.4 0

*Based on tide tables published by U. S. Department of Commerce (1975 and 1976). A1l values were
obtained by linear interpolation and are expressed in feet above mean lower low water. C1 and C2 re-
present the water heights corresponding to Clutch 1 (first observed hatching peak, +2 days from full moon)
and Clutch 2 (second observed hatching peak, +13 days), respectively. Because there are two peak hatching
days nearly two weeks apart, a 180° phase shift (in a lunar cycle) would result in peak hatching days that
nearly coincide with those observed.

tThis analysis of water height shows the number of days from the observed peaks that the actual
predicted, highest water heights occurred, one hour after sunset, for every other lunar month of 1975,

£8
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of A. melanopus probably reflects year-long optimal temperature and

food conditions at Guam.

Territorial Behavior

The results show that both juveniles and adults defend territory.
Juveniles as small as 20 mm SL apparently begin to restrict themselves
to a small area within the anemone cluster and defend, or attempt to
defend, the small subterritory. Success in excluding other individuals
from a subterritory appears to be related to both the size of the
defender and the intruder. Though, for the most part, juvenile and
subadult subterritories are mutually exclusive, adults often success-
«fully enter the subterritories of co-resident juveniles and subadults.
Larger juveniles or subadults are more successful at excluding adults
from their subterritories than are smaller individuals. The terri-
tories of juveniles and subadults are termed subterritories because
they are mutually exclusive units of the anemone cluster located
entirely within the area actively defended by the adult breeding pair
(only a slightly different interpretation than thét of Allen, 1975).
Subadult fish may also aid, to some extent, in the defense of adult
territories from conspecific intruders.

The occurrence of subterritories within adult territory implies
conflict between adult and juvenile residents. Obviously these cannot
be absolute territories, and hence a dominance hierarchy must also be
operating within individual populations. These dominance hierarchies
are probably related to the success with which subterritorial resi-
dents are able to exclude adults from their respective subterritories.

The degree of success, in turn, is probably related to the size of
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the defender. Breeding adults, however, are always dominant over all
other co-residents. There was no observed aggression between members
of the adult pair; therefore, neither the female nor the male is con-
sidered dominant over the other.

The observed equality in the size of mated female and male terri-
tories is in contrast to the observations of Moyer and Sawyers (1973)
in the anemonefish A. clarkii. A. clarkii female territories were
much larger than male territories, and in some cases overlapped several
males' territories. I did not, however, observe multi-adult terri-
tories. In addition, Moyer and Sawyers (1973) observed an inward
female territorial emphasis, whereas male territorial energy'focused
.ogtward in defense of the periphery. An opposite emphasis, though
subtle, was observed in A. melanopus. Moyer (personal communication)
believes there are considerable differences between the behavior of
members of the Clarkii Complex (Allen, 1975) and members of the
Ephippium Complex (which includes A. melanopus).

A. melanopus territories are not, for the most part, stable,
rigid, and well defined entities. Observations have shown that terri-
tories fluctuate in size, emphasis (location of peak attack behavior
within the subterritory), and even location within the anemone cluster
from time to time (Tables 19, 21, and 27). Loss of individuals,
changes in nest location, and immigration all contribute to territorial
instability. Dominance relationships, however, are apparently main-
tained at all times.

Despite high levels of intraspecific aggression against intruders,
some immigrant fish are successful in gaining territory. Furthermore,

reduction in intraspecific aggression at under-inhabited sites (as was
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observed at site 1D) may facilitate increased immigration and growth
of resident fish. This suggests a feedback mechanism whose effect
would be the optimum colonization of all anemone sites.

There is little defense of territory against other species of
fish, though, in some cases, this may be due to the rarity of incursion
of certain species. Some species, in fact, regularly occupy space
completely within A. melanopus territory, and, presumably, have similar
food requirements to those of A. melanopus. Most interspecific attacks,
furthermore, appear to be directly related to defense of the nest or
eggs rather than feeding areas. Allen (1975) suggested that inter-
specific territoriality functions to a certain extent in the protection

*

of anemones from coelenterate-feeding fishes.

In light of the above observations, then, terfitoria] behavior in
A. melanopus appears to function as a means of protecting resources
necessary for survival (food and shelter), and, in addition, as a means
of protecting the adult pair bond as a successful reproductive unit.

Optimum population size may also be facilitated by territoriality, but

this effect, ultimately, can be equated to reproductive success.
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SUMMARY

1. The anemonefish Amphiprion melanopus colonizes aggregations of

the anemone Physobrachia sp. extensively and nearly exclusively, even

though capable of inhabiting other anemone species.

2. The total standard length of anemonefish at each anemone
aggregation is a function of the total areal coverage of resident
anemones. This relationship suggests that some critical anemonefish
resource (such as food, shelter, or protection) is directly related to
the quantity of anemone present. Breeding populations require pro-

«portionally more anemone area than non-breeding populations.

* 3. Individuals of stable breeding populations have a mean turn-
over period of approximately 4 years. Both larval recruitment and
inter-population migration may contribute to the optimum population
size. The mean population size is 3.51 individuals per anemone
aggregation.

4. The display repertoire consists of some 11 behavior patterns
(excluding reproductive behavior), many of which are related directly
to defense of territory. Other displays, functioning as appeasement
or submissive postures, may be related to dominance within popula-
tions.

5. Nest preparation probably consists of anemone biting and
substrate biting. Spawning occurs 2-2.5 hours after sunrise and lasts
for approximately 1.5 hours. Egg fanning occurs only during daylight
hours and increases in frequency as eggs mature. Hatching occurs

1-2 hours after sunset on the seventh or eighth day of incubation.
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6. Spawning is related to moon phase with peak activity at -5
and +6 days from the full moon. Hatching peaks correlate strongly with
high water heights (high tides) and currents, suggesting that hatchling
predation may have been the selective force resulting in the observed
rhythmicity. There is no seasonal periodicity in spawning activity.

7. Both juveniles (as small as 20 mm SL) and adults defend
territory. Mated adult females and males defend essentially the same
territory, which is considerably larger than the area covered by res-
ident anemones. Juveniles and subadults, however, defend mutually
exclusive areas (subterritories) within the confines of the anemone
aggregation. Consequently, adult-juvenile agonistic encounters are
'frequent. The adult female fish defends territorial peripheries to a
s{gnificantly greater extent than does the male. Large conspecific
intruders are attacked more heavily and at greater distances than are
small ones.

8. Territorial fluctuations in size, emphasis, and location are
related to loss of individuals, changes in nest location, and
immigration.

9. There is reduced agonistic behavior, resulting in increased
immigration and growth of juveniles, in adult fish whose mates are
lost. This suggests a feedback mechanism whose effect is to stabilize

populations at their optimum size.

10. Interspecific territorial behavior is sporadic and appears
to be directly related to defense of the nest or eggs rather than
defense of feeding areas.

11. Territorial behavior in A. melanopus probably functions to

protect some vital resource related to the actiniarian host as well

i .
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