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stress and aquarium conditions. Sperm depletion was in- 

volved in declines in fertilization success in successive 

spawnings of the characin, but not in the serranid. Ade- 

quate field studies have been performed on so few free- 

spawning fishes that it would be highly premature to 

conclude that sperm limitation cannot be a significant 

problem for them. 

Constraints on variation in egg density 

There is considerable interspecific, and, more important- 

ly, intraspecific variation in egg density in the fishes con- 

sidered here. Egg density also is known to vary seasonal- 

ly within species of fishes (e.g., Kjesbu et al. 1992). This 

information indicates that the relationship between egg 
volume and content is not rigidly constrained, by, for ex- 

ample, effects on the fertilization process or early devel- 

opment, and that fishes have some ability to control vari- 

ation in egg density. Other potential constraints to sub- 

stantially increasing egg size include the availability of 

space in the female's body cavity (space limitation). The 

ability of the sperm limitation hypothesis to explain vari- 
ation in egg density depends heavily on the assumption 
that egg production is limited by energy rather than 

space in the female. Benefits of increased fertilization 
success arising from production of larger eggs could be 
offset by the cost of reduced clutch size if the female is 

space-limited. In ? bifasciatum space limitation seems 

unlikely to be a serious, chronic constraint. In San Bias a 
female's clutch, on average, is only one-third the size of 
the largest clutch produced by females of her length 
(n = 2579 females, 90 spawning days; D.R. Robertson 
and S. Swearer, unpublished data). My calculations 
based on the data of Warner (1995) from St. Croix indi- 
cate that average clutch size of ? bifasciatum there is 
-43% of the size-specific maximum (n = 480 females, 6 

spawning days). In the small sample of females collected 

by Shapiro et al. (1994) (51 fish, unspecified number of 

days) from Puerto Rico, average clutch size was -65% of 
the size-specific maximum. However, the Puerto Rico 

sample could simply have been taken on 1 or 2 good 
days. At San Bias average output per female fluctuates 

considerably over periods of days, and can change by as 
much as 35% of the size-specific maximum from one 

day to the next. Hence long time series of data would be 
needed from other sites to determine whether there is 
substantial geographic variation in average fecundity, 
and the potential for space limitation. 

If space limitation does represent a serious potential 
constraint on clutch size its effects could be reduced by 
the production of smaller clutches at more frequent inter- 
vals. Because females of ? bifasciatum are capable of 

spawning on consecutive days, and often do so (e.g., 
Schultz and Warner 1991), they should have the capacity 
to reduce effects of space-limitation by spawning every 
day. While a female of ? bifasciatum does not spawn 
more than once a day (Warner et al. 1975), some Serr- 
anus species regularly parcel their clutches in multiple 
spawning acts over a day's spawning period (Petersen 

1995, and references cited therein). At least one of those 

serranids ovul?tes and/or hydrates eggs throughout the 
course of a 3-h daily spawning period (Fischer and 

Hardison 1987). Such a pattern of egg production could 
allow a fish to release more eggs during one spawning 
period than it might have space to hold for release in a 

single spawn. 
If, compensatory increases in egg size in response to 

sperm limitation are not responsible for interspecific 
variation in egg size among these fishes what factors 

might be? Levitan (1993) maintained that, because larvae 

of the congeneric species of sea urchins that he studied 

develop together at the same time in the same larval hab- 

itat, it is unlikely that variation in egg content would be 
related to interspecific differences in the ecology of 

young larvae. For fishes such as those considered here 
there is considerable evidence of variation in larval life 
histories across a range of taxonomic levels (e.g., Lasker 

1981; Victor 1986; Leis 1991). Interspecific variation in 

egg content among the fishes considered here seems 

likely to reflect differences in zygote provisioning relat- 
ed to variation in the ecological capabilities of newly 
hatched larvae, or their developmental trajectories. 
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