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Summary

Study of latitudinal variation in seasonality of reproduction and recruitment of benthic
marine invertebrates is useful in generating and testing hypotheses about causal factors
acting on reproduction such as temperature and larval food supply that might be altered by
changes in world climate. Analysis of latitudinal variation in reproductive patterns might
be made with comparisons (a) among species with a common phylogenetic history from
different latitudes and habitats and (b) among phylogenetically different taxa from the same
location. Hypotheses on variation of reproductive seasonality with latitude are tested here
with results of a study on nine species of caridean and two species of sicyoniid shrimp
sampled from a tropical seagrass meadow in Puerto Rico. Breeding condition was
determined by the presence or absence of incubated embryos (carideans) and the state of
ovarian development in both carideans and sicyoniids. Recruitment was estimated from the
percentage of individuals of monthly population samples in the juvenile size classes.
Comparison of reproductive patterns among tropical, subtropical, and cool temperate
Sicyonia spp. supports the paradigm of continuous reproduction in the tropics with
increased restriction of breeding season with an increase in latitude. A greater intensity of
breeding effort appears to accompany the shorter breeding period associated with an
increase in latitude. At the tropical site most females of all caridean species carried
embryos during all months of the year. With the onset of sexual maturity, caridean females
produced consecutive broods for the rest of their relatively short ( < 6 month) life span. In
both sicyoniid and caridean species, recruitment occurred throughout the year but was
highly variable, i.e., episodic rather than truly continuous or seasonal. Patterns of
recruitment were highly concordant among but not between sicyoniid and caridean species,
indicating that different sets of environmental factors controlled recruitment in the two
groups. It is suggested that simultaneous study of adult reproduction and larval ecology is
necessary to understand patterns of reproduction and recruitment. Coordinated effort on
a global scale in studying latitudinal variation in reproduction and recruitment is suggested
in order to predict the consequences of climate change on commercially and ecologically
important marine invertebrate species.
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Introduction

Making generalizations about biological phenome-
na from empirical studies is a useful and necessary
tool for summarizing information on those phenome-
na. More importantly, such generalizations or general
principles serve a heuristic function by acting as a
model or paradigm for making and testing hypotheses
on causal factors or selective pressures that may be
responsible for the patterns observed, Quite often
generalizations are oversimplifications that do not
hold up as more studies are conducted on the biologi-
cal phenomenon of interest and contradictory results
are encountered. The paradigm is then either discard-
ed or modified, but in the process new, often impor-
tant information is discovered, and our understanding
of the biological world increases.

Generalizations about latitudinal variation in
annual patterns of reproduction in near-shore, benthic
marine invertebrates have been useful in suggesting
the underlying environmental factors that might ac-
count for the patterns observed. Orton (1920) hypoth-
esized that relatively constant temperature conditions
in tropical seas with high water temperatures year-
round was the cause of continuous reproduction in
populations of a variety of tropical marine inverte-
brates. Seasonal variation in water temperature, the
pattern of which is strongly tied to latitude, has al-
ways been considered an important proximate factor
or environmental stimulus in triggering and maintain-
ing gametogenesis and thus defining the breeding
season of marine invertebrates as well as other marine
and terrestrial animals, Thorson (1950) suggested that
the important selective pressure acting on timing of
reproduction in marine invertebrates with planktotro-
phic larvae might be the temporal variation of larval
food supply, that is, the seasonal pattern of primary
and secondary productivity. Thus, the temporal avail-
ability of larval food supply was supposed to be the
“real” reason (“ultimate factor”; Baker, 1938) for the
observed seasonality (or lack thereof) in reproduction
and larval output in benthic invertebrates, Tempera-
ture (and/or other environmental variables) act as
environmental cues (“proximate factors™) on the
physiological systems of these benthic invertebrates.
By means of these cues, spawning of eggs or release
of planktotrophic larvae is timed to coincide with
periods of favorable food supplies in the plankton.

Thorson’s (1950) classic paper presented evidence
for several invertebrate groups that the breeding
season became more restricted or seasonal with an
increase in latitude, As noted above, he attributed this

to temporal patterns of plankton productivity in which
the duration of high productivity is negatively corre-
lated with latitude. Thus, reasoning from Thorson’s
ideas, at low latitudes there is relatively little varia-
tion in primary and secondary productivity (larval
food supply) throughout the year in coastal areas, and
there is little selection for seasonality in reproductive
cycles. At higher latitudes (temperate, boreal), breed-
ing seasons and peak larval output should roughly
coincide with the seasonal pulses of productivity. The
situation is more complex in polar regions where
temperature variation is again slight. Although prima-
ry and secondary productivity in the plankton is high-
ly seasonal, restricted to intense bursts in the polar
summer, current information shows that reproduction
of invertebrates with planktotrophic larvae is not
necessarily highly seasonal and correlated with the
summer pulse of planktonic productivity (Pearse et
al., 1991; Thorson, 1950).

Although reviews and summaries of the literature
on marine invertebrate reproduction certainly do
seem to indicate a tendency for extended reproductive
seasons at lower latitudes, with more restricted ones
at higher latitudes, there are certainly many excep-
tions reported [see reviews for invertebrates in gener-
al in Giese and Pearse (1974); for crustaceans in Sas-
try (1983)]. Thus, there are tropical taxa in which
different species may either have seasonal or continu-
ous breeding (Cameron, 1986; Hendler, 1979). Trop-
ical reef corals often have restricted breeding periods
(Harrison et al., 1984; Schlesinger and Loya, 1985).
Some tropical species have semiannual breeding
seasons in areas subject to major semi-annual envi-
ronmental perturbations, i.e., monsoons (Giese and
Pearse, 1974).

Thus, general or simplistic models about the rela-
tionship between length of breeding pattern and lati-
tude may not be applicable to all or most near-shore
benthic invertebrates. There probably is no one gen-
eralization about reproduction or recruitment that can
be made about all or most taxa. The term “near-shore
benthic invertebrate™ refers to a variety of taxonomic
groups with very different phylogenetic histories,
each taxa with its own reproductive capabilities and
constraints imposed by its particular body plan, physi-
ology, and ecology. At similar latitudes there may be
much variation from one benthic habitat to another in
a variety of abiotic and biotic factors that influence
reproductive patterns.

A corollary to the hypothesis of a latitudinal gradi-
ent in breeding and larval production of near-shore
invertebrates is that recruitment patterns should mir-






