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Abstract: Field populations of two Caribbean damselfishes, Stegastes dorsopunicans (Poey) and Micro- 
spat~odo~ chrysurus (Cuvier), were monitored for 7 months to determine if complete clutch cannibalism by 
paternal males occurs and to quantify what types of clutches were most vulnerable to cannibalism by the 
parent. in both species, filial cannibalism was confirmed by both direct observations and analysis of gut 
contents in guarding males whose clutches had disappeared prematurely. Smaller younger clutches were 
more likeiy to be eaten by the parental male in both species. Both species have broad spawning peaks within 
a lunar month, with males obtaining multiple clutches in a month. In M. chrys~~, there were temporal 
fluctuations in the magnitude of cannibalism, with higher proportions of clutches disappearing prematurely 
during months of lower egg production, especially for the last clutch a male received in the reproductive 
cycle. In S. dorsopunicans, females appeared to prefer to mate with males with early stage eggs while in 
M. chrysurus males with late-stage eggs were more likely to receive additional clutches. In general, these 
results support hypotheses for the adaptive significance of filial cannibalism in paternal care species. These 
data suggest that complete clutch cannibalism is a common phenomenon in fishes that guard demersal eggs 
and, because some clutches are predictably more vulnerable to filial cannibalism, the occurrence of filial 
cannibalism can exert a selective influence on female reproductive tactics. 
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INTRODUCTION 

In some species of fish with exclusive paternal care, fathers appear to consume entire 
clutches before the eggs can complete development and hatch. This egg eating by a 
parent, called “filial c~nib~ism”, has been documented in several fish species in 
aquaria but has only been documented in a few species of fish under natural circum- 
stances (reviewed in Dominey & Blumer, 1984; Petersen & Marchetti, 1989). When filial 
cannibalism of complete clutches by paternal males occurs, there should be selection 
on females to leave clutches in circumstances that minimize the probabi~ty that their 
eggs become food for a male, with the intensity of this selection related to both the rate 
of filial cannibalism and the predictability of which clutches will be eaten. 

Filial cannibalism of complete clutches has been interpreted as a parental investment 
decision by the parent to stop providing care. It has been hypothesized that, by not 
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providing care and consuming the clutch, the parent can reallocate its time and energy 
and potentially increase its lifetime reproductive success by either attracting more mates 
in the future, maintaining control of a preferred oviposition site longer, or increasing its 
growth or survival rate. Together with the hypothesis that the costs of parental care are 
relatively independent of clutch size in fishes that care for demersal eggs (referred to as 
shareable care; Wittenberger, 1979; Petersen, 1989) several predictions arise con- 
cerning which clutches should be eaten by parental males. 

If the predominant form of care for a clutch is shareable care, then the net benefit 
for raising a clutch increases with clutch size (Petersen & Marchetti, 1989). Small 
clutches have similar costs but lower benefits, so at some small clutch sizes it may be 
in a parent’s best interest not to raise a clutch even when parentage of the clutch is 
certain. Males should also preferentially eat younger clutches, both when they are the 
only clutch and when they occur in mixed-age groups of clutches. Younger eggs 
represent a poorer investment relative to similarly sized older clutches because they 
require a larger parental investment to raise to independence. If filial cannibalism is 
adaptive, then smaller younger clutches should be preferentially eaten by parental males. 

If patterns of filial cannibalism are predictable, then females are expected to choose 
males that are least likely to eat their eggs. One prediction of female choice in the face 
of filial cannibalism is that females should prefer to lay their eggs with other early stage 
eggs (Rohwer, 1978; Dominey & Blumer, 1984; Petersen & Marchetti, 1989). This can 
reduce filial cannibalism of a female’s eggs either by diluting the effect of a male that 
eats a constant number of eggs per clutch cycle (partial clutch cannibalism) or by 
increasing the net benefit to a male for caring for a larger total number of eggs. If 
early-stage clutches attract additional females, female choice for males with early-stage 
eggs may select for a delay in filial cannibalism. A female preference for males with 
early-stage eggs is known for several paternal care fishes (Ridley & Rechten, 1981; 
Constantz, 1985; Marconato & Bisazza, 1986; Unger & Sargent, 1988; Petersen, 1989; 
Sikkel, 1989). 

There can also be selection for females to avoid males with late-stage eggs who might 
be in poorer condition and more likely to cannibalize eggs. This avoidance can select 
for a cyclic pattern of clutch deposition at individual nests. Clutch cycling is also 
predicted by parental investment theory (Rohwer, 1978) and should be more strongly 
selected when filial cannibalism is common. 

In this paper, I investigate patterns of clutch acquisition and loss in two permanently 
territorial damselfishes (Pomacentridae) with paternal care. Filial cannibalism of com- 
plete clutches has been suspected based on a single observation by Pressley (1980) for 
~icrospathodon chrysurus (Cuvier) while very little is known about the reproductive 
biology of the second species, Stegustes dorsopunicaas (Poey). 

The purpose of the present study is to determine if filial cannibalism of complete 
clutches occurs in natural populations of these species of territorial damselfishes and 
whether there are any patterns to this filial cannibalism. If the answer to both of the 
above questions is yes, then the role of filial cannibalism needs to be incorporated into 
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hypotheses for the evolution of the reproductive biology of these fishes, including 

patterns of reproductive periodicity for both individuals and populations, as well as the 

evolution of patterns of mate choice and sexual dimorphism. 

METHODS 

Both S. dorsopunicans and M. chrysurus are largely herbivorous damseltishes that 

defend permanent feeding territories throughout the Caribbean (MacDonald, 1973; 

Thresher, 1977; Randall, 1983; Robertson, 1984; Robertson et al., in press). As in many 

other darnselfishes, a female deposits a monolayer of eggs on a hard surface within the 

territory of a male and the male defends and tends the clutch (Thresher, 1984). In these 

species, hatching occurs at dusk 4-5 days after eggs are deposited, with larvae 

immediately becoming planktonic, ending the period of parental care. 

All data were collected between October 1987 and September 1988 in the San Blas 

Islands in the Republic of Panama on three patch reefs within 2 km of each other (for 

exact location of patch reefs in western San Blas Islands, see map in Robertson, 1987). 

Nest sites for both species were monitored at two patch reefs. The main S. dorsopuni- 
cans study site was at the southwest edge of Tiantupo reef. 42 nest sites that had been 

supplied with artificial substrata (10 x 20-cm clay tiles) were censused from 10 October 

to 15 December 1987 and from 22 April to 15 September 1988. Eggs of S. dorsopunicans 
tend to be deposited in protected sites, either on the underside of rocks or on vertical 

rock or dead coral surfaces. Occasionally, eggs were laid on natural substrata in 

preference to tiles and these clutches were also censused. In addition, a small and 

variable number of natural nest sites were also located and censused at this site. A 

second population was studied less extensively on Smithsoniantupo reef, a patch reef 

w 1 km from Tiantupo reef. At this site, 40-45 natural nest sites were monitored during 

55 censuses from 7 July to 12 September 1988. 

In M. chrysurus, tagged natural nest sites were censused every l-2 days at 

Aguadargana reef from November to December 1987 (n = 18) and from May to 

September 1988 (n = 29-31). A second group of 11 nest sites was less rigorously 

sampled on Smithsoniantupo reef from July to September 1988. 

During every census, the size and age of any clutches present and their location within 

the nest site were recorded. A clutch was defined as a group of eggs laid on the same 

day. These eggs were typically deposited in one continuous area but individual clutches 

are often deposited by multiple females in S. dorsopunicans (C. Petersen & H. Hess, 

unpubl. data). A clutch was considered to have disappeared prematurely if > 95% of 

the clutch was gone before the last census at Day 4 of development. 

The size of the clutch was estimated by measuring the length and width of the egg 

monolayer and defining the shape as an ellipse or a rectangle. The age of a clutch could 

be determined from previous censuses and by the color of the eggs; eggs change color 

during development from light orange on the day they are laid (Day l), to light brown 
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(Day 2) to grey (Day 3), to silver (Day 4). Occasionally, a fraction of a clutch would last 

5 days and the eggs would be bright silver. 

More intensive censusing of the Tiantupo S. dorsopunicans population was done 

during July-September 1988. During this period, two daily censuses were done, one in 

the early morning and one during the last hour of daylight. This more intensive censusing 

allowed clutch loss to be partitioned between day and night disappearances. 

The occurrence of filial cannibalism was investigated both by directly observing 

parental males and by inspecting guts of males whose clutches had disappeared prema- 

turely. In addition to verifying the reproductive patterns at the main study reef and 

providing a population to collect suspected filial cannibals, the S. dorsopunicans 
Smithsoniantupo reef population was also used in a clutch-reduction experiment. Males 

with similar past reproductive history that had each received a similarly sized clutch on 

the same day were paired. The clutch of a randomly chosen male of the pair was reduced 

by scraping off part of the monolayer of eggs with a piece of plastic. At the control nest, 

a small number of eggs was also scraped with the plastic to partly control for the effects 

of broken eggs at the nest site and the rock or piece of coral the nest was on was held 

or turned over an identical amount of time as the reduced nest (25-150 s). Clutches were 

reduced to x 8,15 or 30 cm’. In 20 cases, the clutches were experimentally reduced on 

the morning they were laid; in four additional cases a reduction to 8 cm2 was delayed 

until the clutch was x48 h old (morning of Day 3). 

The correlates of current clutches in the nest and future clutch acquisition were 

determined for both species at the main study sites. For each day, the total number of 

clutches received in a study population and the number of nests with each stage of 

clutches (no clutches, Day 1, Day 2, Day 3 and multiple ages) were used to calculate 

the probability of each type of nest receiving eggs if clutch acquisition were random. The 

observed and expected number were summed for the entire 5-month period in 1988 and 

a selectivity index was calculated as: 

Selectivity index = 

observed number of clutches acquired 

expected number of clutches acquired if mating were random 

This index is used to determine if nests with early clutches are preferred and nests with 

late clutches avoided. This comparison is best when comparing males with single early 

and single late clutches because both males should have similar overall male mating 

success. Comparisons of males with different numbers of clutches in their nests may 

reflect overall differences in mate attracting ability and not the effect of eggs on mating 

success of a male. 

Individual males guarding nest sites at both main study areas were monitored for male 

site fidelity. In S. dorsopunicans, individuals were captured in 1988, their length 

measured and one to three dorsal or anal rays removed. This procedure appeared to 
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have no effect on individual males; preliminary tagging with tin clipping and sub- 

cutaneous injection of dye suggested that dye injection reduced individual survivorship 

while fin clipping had no effect. Identification from tin clippings was completely reliable 

for z 1 month and many individuals in the population could be identified for longer 

periods due to distinctive scars or markings from the fin clipping or natural events. 

In A4. chrysurus, many of the adult males could be identified by the unique patterns 

of blue iridescent dots on their bodies. The patterns of these dots were drawn for all 

males at nest sites in July and individual identifications were checked on a monthly 

basis. The major role of individual identification in both species was to determine if eggs 

disappeared only when the identity of the adult male at a nest changed. 

To determine if the apparent costs of parental care were independent of clutch size 

(shareable care), behavioral observations were made on S. dorsopunicans at Tiantupo. 

Throughout the day, 3-min activity budgets were taken on a subset of 22 males during 

the reproductive period. During the activity budget, the amount of foraging (bites on the 

substratum) and the number of chases (both conspecitics and heterospecilics) were 

recorded. To determine if time of day had any effect on behavior, the daylight hours were 

divided into five periods: 0900-1100, 1100-1300, 1300-1500, 1500-1700 and after 

1700. The effect of clutch age was determined from activity budgets of males having 

nests with eggs of a single age. The effects of clutch size were determined by summing 

the size of all clutches in the nest when the behavioral data were taken. 304 activity 

budgets lasting 3 min were taken during the study over 20 different days. These data 

were used to test whether there were changes in male behavior dependent on the 

presence of eggs, clutch size or clutch age. 

To better determine if male aggression toward territory intruders increased when 

males were guarding eggs in S. dorsopunicans, a large wrasse (either Hulichoeres 

bivattatus or Thalassoma bijksciatum in a glass jar) was placed in the territory of the male. 

Individuals in both of these species are commonly chased by S. dorsopunicans. The 

number of aggressive displays towards the fish (both flaring of the dorsal tin and biting 

the jar) by the male were recorded for 1 min. Placing an empty jar in the territory did 

not illicit a response from the male. 262 model bottle trials were conducted over 9 days 

during the reproductively active part of the lunar month. 

All statistical techniques for lunar periodicity are from Batschelet (1981); other 

statistical methods are from Sokal & Rohlf (1981). 

RESULTS 

POPULATION REPRODUCTIVE PATTERNS 

Reproduction in both S. dorsopunicans populations followed a lunar pattern (Fig. 1, 

Rayleigh test, z = 9.05, angular variance = 0.94, P < 0.001). Spawning in S. dorsopuni- 

cans always occurred in the first hours of daylight (n > 200). Multiple females commonly 

contributed to a single large clutch, with up to four females observed at a nest site in 
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Fig. 1. Distribution of clutches over lunar month in S. dorsopunicans (both study populations) and 
M. chrysurus (Aguadargana population only). Samples sizes are 643 (Tiantupo) and 329 (Smithsoniantupo) 

for S. dorsopunicans and 584 for M. chrysurus. F, full moon; N, new moon. 

a morning. Males employing alternative mating tactics were not seen in S. dorsopunicans. 
The estimated clutch area averaged 34.84 cm2 and varied from 1.8 to 127 cm’. There 

were no significant differences in clutch size either between populations (Fig. 2, 

F ,,9,8 = 0.81, P > 0.05) or among months (F8,918 = 1.56, P > 0.05) and there was no 

correlation between clutch size and the day in the lunar cycle the clutch was laid 

(FL,,, = 3.4, P > 0.05; all clutch size statistics from a nested ANCOVA with lunar day 

as a covariate). Based on an average egg density of 260 eggs * crne2 (SE = 17.75, 

IZ = 14), the average clutch consisted of ~9000 eggs. 

Reproductive periodicity in M. chrysurus was also significantly lunar (Fig. 1, 

Aguadargana population: Rayleigh test, z = 10.8, angular variance = 0.88, P < 0.001). 

The median date a clutch was received agreed with schedules of reproduction reported 

previously for M. chrysunts in Panama (Pressley, 1980; Robertson et al., in press), and 

in Puerto Rico (MacDonald, 1973). Spawning was observed in M. chrysurus in 3 1 cases. 

Spawning was always observed in the early morning, with all but one case before 0730 

(exception at 0850). In all cases, a single female was observed spawning with a male. 
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Fig. 2. Distribution of clutches sizes for S. dorsopunicans (both populations, bars as in Fig. 1) and 
M. chrysurus (both populations). Sample sizes are 592 (Tiantupo) and 304 (Smithsoniantupo) for 

S. dorsopunicans and 553 (Aguadargana) and 68 (Smithsoniantupo) for M. chrysurus. 

As in S. dorsopunicans, additional males were never observed attempting to compete for 

fertilizations at a nest site. Clutch size ranged from 8 to 235 cm2. Clutch size in 

M. chrysurus was significantly different between reefs (Fig. 2; Aguadargana, 

X = 73 cm2, Smithsoniantupo, X = 53 cm2, F,,,,, = 25.1, P < O.OOl), among months 
- 

?676 - 

6.4, P < 0.001) and decreased significantly through the lunar month 

3,676 = 4.0, P < 0.05; all tests from a nested ANCOVA with lunar day as a covariate). 

Although significant, the regression of lunar day on clutch size explained < 1 y0 of the 

variation in clutch size. Using the egg-density estimate of 250 eggs. cm- 2 of Pressley 

(1980), the average number of eggs in a clutch was 18 247 at Aguadargana and 13 235 

at Smithsoniantupo. 

CLUTCH LOSS AND DIRECT EVIDENCE OF FILIAL CANNIBALISM 

In S. dorsopunicans, observations of nests in the early morning showed that many 

clutches disappeared almost immediately after being laid, often within the first hour 
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of deposition. To reduce any bias this might cause in quantifying clutch loss, statistical 
analysis of clutch disappearance with respect to clutch size was restricted to the period 
when nest sites were censused during the first hours of daylight at Tiantupo (10 July-l 1 
September). 

Only 59% of the 258 clutches monitored during the dawn and dusk census period 
completed development (Table I). Evidence from the patterns of clutch size and age 
suggest that there are two distinct processes causing clutch loss during the day and 
overnight. All 12 cases, where the individual eating the eggs was observed, occurred 
early in the morning of the 1st day of egg development and it was always the parental 
male. In addition, two males at Smithsoniantupo reef shot 2-7 h after their lst-day 
clutches had disappeared had stomachs full of lst-day eggs while four adjacent males 
shot at the same time had no eggs in their stomachs. Based on these data, I consider 
complete clutch loss during the day to be due to filial cannibalism in S. dorsopunicans. 

TABLE I 

Patterns of clutch size, age and clutch loss in S. dorsopunicans for 258 clutches censused during dawn/dusk 

census period. 

Fate of clutch Clutch size (cm’) n (% of total) Lost after Day 

x SD 1 2 3 

Normal development 37.3 18.7 152 (58.9%) - - - 

Lost during night 37.1 18.8 85 (33.0%) 28 37 20 
Lost during day 22.3 9.96 21 (8.1%) 21 0 0 

The second pattern of clutch loss occurred at night, between the dusk and the dawn 
census. Observations of S. dorsopunicans at night showed them to be relatively 
quiescent; in addition, parental males would not attack the hand of the diver when it 
was put over the eggs. This lack of a response is in marked contrast to the highly 
protective behavior observed during the day, including repeated bites and rushes by a 
parental male at a diver inspecting the nest site. Although the cause of nocturnal clutch 
loss is not known for this species because at night parental males were never observed 
eating eggs nor were they seen defending their nests, it is assumed not to be due to filial 
cannibalism. Both day and night clutch loss occurred at both natural and artificial nest 
sites in both populations. 

In M. c/~~~~yus, 111 of 752 (14.8 %) of the clutches censused in this study prematurely 
disappeared. The cause of premature clutch disappearance was determined for only 
three clutches. In one case, the paternal male was observed eating the clutch and in two 
cases the parental male was shot 2-6 h after the lst-day clutch was last observed and 
its stomach was found to be full of lst-day eggs. Filial cannibalism of complete clutches 
does occur in M. chrysurus but it was not directly observed as often as in S. dorsopuni- 
cans. 
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EFFECT OF CLUTCH SIZE AND AGE ON CLUTCH LOSS 

In S. dorsopunicans, clutches that disappeared during the day always disappeared 
during the 1 st day of development and were significantly smaller than the clutches that 
were still present at the end of the 1st day (Fig. 3, t = 3.6, n = 21,237, P < 0.001). The 
experimental reduction of clutch size significantly increased the disappearance rate of 
entire clutches. Six of 14 clutches reduced to an area of < 15 cm2 disappeared by the 
end of the 1st day while none of the control nests disappeared (P < 0.05, Fisher’s exact 
test). None of the six clutches reduced to 20-30 cm2 disappeared and none of the four 
clutches reduced to 8 cm2 on Day 3 disappeared but these sample sizes were too small 
to test for differences among different clutch reductions. When multiple clutches were 
present and one subsequently disappeared, there was a signitkant tendency for the 
younger clutch to disappear (12 of 13 cases, P = 0.0034, binomial distribution). 

There was no significant difference in size between clutches that completed develop- 
ment and those that disappeared overnight (t = 0.07, n = 85,152, P > 0.5). When 
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Fig. 3. Percentage of clutches eaten vs. clutch size for S. dorsopunicans and M. chrysurus. Each clutch size 
category ranged over 5 cm2 in S. dorsopunicans and 10 cm* in M. chrysurus. Number above each point 

represents total number of clutches within a size category. 
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clutches disappeared overnight, there was no significant effect of age of the clutch on 
the probability of clutch loss (x2 = 3.56, df = 2, P > 0.1, Table I). The highly biased loss 
of small lst-day clutches during daylight hours and the random loss of clutches at night 

with respect to clutch size and age provide strong support that filial cannibalism is 
responsible for daytime losses while other types of egg predation are responsible for 
night losses. 

The patterns of clutch loss in M. c~~~~~~ were similar to but not as striking as those 
found in S. dorsopunicans and provide indirect evidence that filial cannibalism is respon- 
sible for some of the clutch losses in M. chrysurus. For the main study population during 
1988, there was a significant tendency for smaller clutches to disappear [Fig. 3, t = 1.91, 
P = 0.03, (one-tailed), y1 = 49 1651. The smaller data sets had similar trends but were 
not significant (t tests, P > 0.05). 

There was also a significant tendency for lst-day clutches to disappear in M. chrysurus 
(Table II). In cases where only a single clutch was present in the nest when eggs 
disappeared, 30 of 37 cases involved Ist-day clutches. When multiple clutches existed 
in a M. chrysurus nest and one subsequently disappeared prematurely, these clutches 
tended to be younger (12 of 13 cases, P = 0.0034, binomial distribution). Since it is 
unlikely that non-parental egg predators would consume one entire clutch while leaving 
a contiguous older clutch untouched, this is indirect evidence of filial cannibalism. 

TABLE II 

Patterns of clutch loss in M. chrysurus with respect to clutch age. Data from both reefs combined. Based 
on 2094 nest days of observation. Not included were three clutches whose age at disappearance could not 

be determined. 

Age of clutch 
when last observed 

Observed Predicted xz 

Day 1 67 38.78 24.65 
Day 2 28 35.33 5.11 
Day 3 13 33.88 12.87 

Total x2 = 42.63; df = 2, P < 0.001. 

In four cases where Day 2 or Day 3 clutches disappeared, there had been a late-stage 
clutch in the nest that had hatched the evening before. These clutches appear to have 
been eaten only after the older clutch hatched and no new additions eggs were obtained. 
In 24 of 25 cases where multiple clutches disappeared together from a nest site, one 
clutch was a lst-day clutch. 

TEMPORAL PATTERNS OF CLUTCH LOSS WITHIN A POPULATION 

There was no tendency for the frequency of clutch loss to change through the monthly 
reproductive period for either species (Spearman’s rank correlation of day in lunar 
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month vs. proportion clutches lost, r, = 0.02, - 0.04, for S. dorsopunicans and 

M. ~hry~~rz~~, respectively, NS). The percentage of clutches lost was significantly 

different between months in M. chrysurus and was lower for the months with the highest 

reproductive activity (Table III, G = 17.1, df = 4, P < 0.01). There was a slightly signifi- 

cant effect of month on proportion of clutches lost in S. dorsopunicans (Table III, 

G = 10.0, df = 4, P = 0.046) but this pattern was not related to monthly reproductive 

activity. 

TABLE III 

Patterns of clutch acquisition and disappearance for both S. dorsopunicans and M. chrysurus during the 5 
lunar spawning months at main study sites in 1988. Clutch disappearances include both day and night 

losses. 

No. 
clutches 

Clutch size No. Percentage 
disappeared disappeared 

x (s”) 

S. dorsopunican 
Apr-May 

May-Jun 
Jun-Jul 
Jul-Aug 
Aug-Sep 
M. chrysurus 
Apr-May 
May-Jun 
Jun-Jul 

Jul-Aug 
Aug-Sep 

u 

117 

47 
109 

157 
58 

184 82.6 32.7 10 5.4 

58 14.1 28.8 8 13.8 

162 63.7 25.8 18 11.1 

116 64.6 27.0 22 19.0 

72 82.0 37.8 14 19.4 

31.0 14.4 30 25.6 

33.2 16.1 21 44.1 

35.4 20.9 43 39.4 
37.6 17.8 65 41.4 
34.8 14.9 19 32.8 

PATTERNS OF CLUTCH ACQUISITION AND LOSS AT INDIVIDUAL NESTS 

The 40 S. dorsopunicans nest sites that were actively defended for the entire 5 months 

attracted 5-28 clutches (X = 11.6 clutches, SD = 5.7). Premature clutch loss occurred 

at all 40 nests, varying from 1 to 12 clutches (X = 4.1 clutches, SD = 2.37). Neither male 

size nor total number of clutches received were accurate predictors of the proportion 

of clutches lost at a nest (multiple regression of arcsine-transformed proportion of 

clutches lost, F2 3, = 1.41, P > 0.05). There was also no apparent affect of order of 

clutch acquisition in a nest and the probability of disappearance. Thus, in S. dorsopun- 
icans, neither the size of the male nor the success of the site were accurate predictors 

of safer locations for clutches. The same males continued to defend nest sites after clutch 

losses. 

Over the first 4 months at Aguadargana during 1988, 29 M. chrysunts nest sites 

received between 1 and 36 clutches (X = 17.1 clutches, SD = 11.2). At these sites, the 

number of clutches that disappeared prematurely ranged from 0 to 7 (X = 1.86 clutches, 

SD = 1.83). Neither male size nor total number of clutches received were accurate 
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predictors of the proportion of clutches lost at a nest (I;,,*, = 2.48, P > 0.05). As in 
S. dorsopunicans, neither the male’s size nor his mating success were accurate predictors 
of safer locations for clutches. However, there was a unique temporal pattern of clutch 
loss within individual nests in ikf. chrysunts. The last clutch a male received in a month 
was more likely to disappear than other clutches [ 13 of 25 clutches (52%) vs. 9 of 114 
clutches (7.9%), G = 23.8, P < O.OOl]. This pattern did not hold for the 2 months of 
highest reproductive activity (G = 1.15, P > 0.1). 

In both species, the probability of a nest site obtaining additional clutches was 
dependent on the age of the clutches currently at the nest site (Fig. 4). In S. dorsopuni- 
cmzs, nest sites with Day-2 eggs had a significantly higher probability of attracting 
additional eggs than a random nest on the same day (Fig. 4). However, clutch cycling 
is weak or absent because males with late-stage eggs still commonly attract clutches 
(Fig. 4). Pulses of new clutches were typically separated by 2-4 days in S. dorsopunicans 
(Fig. 5), so it was common for nests with 3rd- or 4th-day clutches to receive new 

clutches. 
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Fig. 4. Relative probability of obtaining additional clutches for nests with different clutch compositions. A 
selectivity index of 1 represents a probability equal to random clutch placement. 
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Fig. 5. Distribution of clutches within a lunar month for main study populations for both species. 

A different pattern emerged in M. chrysurus. Nests with Day-4 eggs, either alone or 

in combination with other clutches, obtained more clutches than predicted if clutches 

were distributed randomly on a day with respect to clutch age (Fig. 4). Clutches were 

also distributed more evenly within a lunar month than in S. dorsopunicans (Fig. 5). 

COSTS OF PARENTAL CARE 

Feeding rates of egg-tending males in S. dorsopunicans decreased significantly com- 

pared with the same subset of males when they did not have eggs during the reproductive 

period of the lunar month (two-way ANOVA, F1,251 = 28.1, P < 0.001, Fig. 6). There 

was also a significant effect of time of day on feeding rate (two-way ANOVA 

F 5,25, = 44.7, P < 0.001, Fig. 6). There was no interaction between time of day and the 

presence of eggs in their effects on feeding rate (two-way ANOVA, F44,25, = 1.73, NS). 

There was no effect of the age of the clutches on the reduction in feeding rate (effect 

of age in two-way ANOVA with time; F4,12, = 0.31, P > 0.5). Clutch size also had no 

effect on feeding rate after the effect of time of day had been removed (ANCOVA, 

F , ,,25 = 1.6 1, P > 0.2). There was no effect of the presence of eggs, the size of the clutch 

or the age of the clutch on male aggressive behavior towards natural territorial intruders, 

either under normal conditions or when a wrasse was put in the territory of the male 

in the model-bottle experiments (ANOVA: P > 0.1 in all cases). Males did appear to 
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Fig. 6. Changes in foraging rate for S. dorsopunicans males with and without eggs. Data are shown as 
X + 1s~. Numbers above lines are sample sizes for males without eggs, sample sizes below lines are for 

males with eggs. 

react more strongly to divers censusing their nests when they had eggs but this higher 

level of aggression was not carried over to conspecific and heterospecific fishes. Thus, 

although feeding was reduced with the presence of eggs, the age or number of eggs in 

a nest did not affect the feeding or aggressive behavior of parental males. 

DISCUSSION 

OCCURRENCE OF FILIAL CANNIBALISM 

The results establish filial cannibalism as a significant occurrence in natural popu- 

lations of both S. dorsopunicans and A4. chrysurus. In S. dorsopunicans, 4 1% of the 

clutches disappear prematurely and filial cannibalism appears to be responsible for 21 y0 

of these clutch losses. The level of clutch loss in M. chrysurus agrees with the data of 

Pressley (1980) who noted that 11.1 y0 of the 117 clutches he followed prematurely 

disappeared. The results of this study suggest that this loss is due largely to filial 

cannibalism by the male. 

Several of the predictions from the previous studies of filial cannibalism in fishes are 

supported in this study. In both species, filial cannibalism is focused on younger 

clutches, both when they are alone and when they exist in nests with clutches of different 

ages. When older clutches disappeared, it did not appear to be due to filial cannibalism 

in the case of S. dorsopunicans; all older clutches disappeared at night. In M. chrysurus, 
late-stage clutches disappeared either along with younger clutches when all the eggs in 

the nest disappeared or after older clutches had hatched. Once older clutches hatch and 

no new clutches are received, the net benefit for continuing to raise a remaining clutch 

may drop below a level needed for the male to continue providing parental care. 

The particularly early filial cannibalism by S. dorsopunicans may be due to the reduced 
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probability of more eggs being available following synchronized spawning pulses within 
the lunar spawning period. One reason for a parent to delay egg consumption is if those 
eggs increase the probability of obtaining more eggs on the next day (Rohwer, 1978; 
Petersen & Marchetti, 1989). Even though the data suggest that females may prefer 
males with early-stage eggs (Fig. 4), the pattern of spawning synchrony within popu- 
lations, with spawning peaks followed by l-3 days of reduced spawning (Fig. 5) 
reduces the probability of additional eggs being available the day after a male receives 
eggs. Thus, selection for delaying cannibalism of clutches is reduced. 

In M. chrysurus, clutch size has a significant but less dramatic effect on clutch loss 
than in S. dorsopunicans. Two factors may have contributed to this difference between 
the two species. First, spawning in M. chrysunts occurs throughout the monthly repro- 
ductive peak, with males often guarding multiple clutches. The benefits of providing 
parental care are rarely limited to those arising from a single clutch. Thus, the effects 
of individual clutch size on the incidence of filial cannibalism are less than in 
S. dorsopunicans. Second, individual condition may have played a more important role 
in determining which clutches were eaten. This second result is speculative since no 
measurements of fish condition were taken but are supported by some of the patterns 
of filial cannibalism in this species. In the months when egg production was lowest, filial 
cannibalism rate was highest. If the low egg production reflects poorer female condition, 
it might also reflect poorer condition of the males and males in poor condition may be 
more likely to eat eggs. During these months, there was also a significant tendency for 
the last clutch in a nest to prematurely disappear. Males should be in their lowest 
condition at this point. These results suggest that factors other than clutch size such 
as male condition may be more important in determining clutch loss in M. chrysurus 
compared with S. dorsopunicans. 

The most unexpected result of this study was the significant periodicity of 3 days 
between clutches for individual nests in A4. chrysunts (Fig. 5). This 3-day periodicity 
makes nests with 4th-day eggs more likely to receive additional clutches. This pattern 
is opposite what would be predicted if longer periods of uninterrupted parental care 
reduced the ability of the male to continue providing care (Rohwer, 1978). The pattern 
in M. chrysunrs may have been due to female mate fidelity and an interspawning interval 
for females of 3 days. Data on female spawning periodicity from other pomacentrids 
support an interspawning interval in female pomacentrids of w 3 days (C. W. Petersen, 
unpubl. data; Y. Sadovy, pers. comm.). However, little is known about mate choice in 
M. chrysurus. Mate choice patterns by individual females in paternal care fishes are just 
beginning to be studied and deserve closer scrutiny to determine the legitimacy of such 

a hypothesis. 

COMPARISONS WITH OTHER REEF FISHES 

Predictions concerning the occurrence of filial cannibalism can address both when 
filial cannibalism should occur in a species and how the relative frequency of filial 
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cannibalism should vary among species. Some patterns of filial cannibalism of complete 

clutches occur in all species studied. Small clutches always suffer disproportionate 

levels of filial cannibalism. In addition, clutches that are eaten are eaten early. 

S. dorsopunicans appears to make a decision to eat eggs earlier than other species; 

however, in all species studied eggs are disproportionately eaten at early stages of egg 

development (this study, reviewed in Petersen & Marchetti, 1989). These patterns of 

clutch loss have also been documented in other fishes, but the causes of clutch loss were 

not reported (Ochi, 1985; Sikkel, 1988). It is likely that clutch loss in these cases is due 

a least in part to filial cannibalism. 

The occurrence of clutch cycles, a predicted response to filial cannibalism, has been 

reported in some species with filial cannibalism but did not occur in either of the two 

species in this study. This may have occurred because spawning in both species is 

periodic (Fig. 1); Robertson et al. (in press) have hypothesized that clutch cycles are 

more likely to evolve in species where spawning is not periodic. In species not spawning 

on a lunar schedule, females can choose between males at various stages of a clutch 

cycle. In species with lunar or other periodic spawning patterns, all males have had 

periods without eggs during the hiatus between spawning bouts within the last month, 

and many males have nests with clutches at similar stages of development. The closer 

equivalence of the recent egg-tending history of all males and the guaranteed break in 

egg guarding from lunar population cycles may have reduced the selection for clutch 

cycles in both of the species in this study. 

The costs of parental care should generally be lower in species that are permanently 

territorial compared to species that have major changes in lifestyle when they change 

from non-parental to parental. For example, a planktivorous fish that feeds in the water 

column would be expected to suffer more reduced feeding opportunities when restricted 

to the area around a small nest site. While defending a nest, feeding was reduced by 

72% in the normally nonterritorial planktivore Chromis multilineata while feeding rates 

were reduced by only 24-40% in territorial pomacentrids (Robertson et al., in press). 

The common occurrence of filial cannibalism of complete clutches in permanently 

territorial damsellishes suggests that filial cannibalism might be common in fishes over 

wide ranges of costs of parental care. Alternatively, filial cannibalism may ultimately 

prove to be more common in permanently territorial species because females in 

permanently territorial species are unable to place their eggs in preferred nests as easily 

as females in nonterritorial species. There may be costs associated with leaving a 

territory unattended, and mating partners of territorial females may be limited to local 

males. Whatever the comparative data ultimately show, filial cannibalism is a common 

phenomenon in reef fishes and needs to be incorporated into models of mate choice and 

life-history decisions in these species. 
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