





























both in ejaculatory duct width. Transitionals, by defini-
tion, were MPs in which the ovarian portion of the gonad
was filling with vitellogenic oocytes but which were not
carrying embryos. Loss or reduction of male characters
such as size and spination of the appendix masculina and
cincinnuli on Pleopod 1, with development of the female
incubatory flanges, all appear to take place at the molt
which transforms the transitional to FP. This may be one
reason which so few transitionals were found in popu-
lation samples. Another reason may be that many MPs
never make the change to the FP phase.

Although many MPs may not change to FP her-
maphrodites, all appear capable of doing so. All MPs
dissected, both large and small, had a gonad similar in
morphology to that of FPs, with an undeveloped (small,
nonvitellogenic) ovarian portion. The larger MPs of
Lysmata wurdemanni which do not develop into the fe-
male phase do not appear to be primary males incapable
of developing into a female phase, but rather potential
simultaneous hermaphrodites.

What are the proximate and ultimate factors medi-
ating sex change in this species? Two hypotheses pro-
posed for the evolution of hermaphroditism by Ghiselin
(1969) are relevant to Lysmata wurdemanni. The first, the
““size advantage hypothesis” as elaborated for fishes and
shrimps by Warner (1975) and Charnov (1979), attempts
to explain the evolution of sequential hermaphroditism.
In protandry, male reproductive function is most
advantageous when the individual is small, but female
reproduction is more advantageous at a larger size. In
many gonochoristic carideans, males are smaller than
females (Bauer 1996b). Males can produce sufficient
numbers of the energetically inexpensive sperm at small
body sizes to fertilize the spawn of the largest females.
Where studied, males of such species do not guard nor
defend reproducing females, and thus large body size is
not selected for (Bauer 1996b). In fact, small males are
more cryptic than larger ones, an advantage for escaping
predation. On the other hand, with increasing body size,
females can produce larger broods of the energetically
expensive, large eggs of carideans (Bauer 1991). While
the size-advantage model explains protandry fairly well
in a number of species, it does not explain why more
gonochoristic species with small males and larger fe-
males have not evolved protandry. Nor does it explain
why more protandric carideans have not evolved a
system similar to L. wurdemanni, in which male function
is retained with no apparent loss of female function.
Also unexplained is why, in L. wurdemanni, some MPs
apparently do not enter the female phase.

It will be essential, in order to understand the evo-
lution and maintenance of simultaneous hermaphrodi-
tism in Lysmata wurdemanni, to know what proportion
of inseminations are accomplished by MPs compared to
those made by FPs acting as male mating-partners.
Presumably, FPs acting as males can compete with MPs
in nature for matings with receptive, prespawning FPs,
thus enhancing their lifetime reproductive output over
that of simple protandry. If not, it would be difficult to
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comprehend how the simultaneous hermaphroditism of
L. wurdemanni FPs could evolve and be maintained,
since there must be some cost, as yet unknown, of
maintaining a male system during the female phase.
Knowledge of the relative male reproductive success of
individuals during MP and FP phases, along with the
demography of a population, will be vital in under-
standing if and when an MP changes to FP. If a popu-
lation is low in FPs, and FPs acting as males can
successfully compete with MPs for copulations with re-
ceptive females, then it would be advantageous for an
MP to change to FP, i.e. to have both male and female
reproductive functions. Conversely, if a population has
an abundance of FPs, the change of an MP to an FP
might not be adaptive, given the yet unknown costs of
sex change and maintenance of a male system during the
female phase.

Simultaneous hermaphroditism can be an advantage
when population densities are low, since the probability
of meeting another individual of the opposite sex would
be slight (“low density model”’: Ghiselin 1969). Some
species of Lysmata, such as L. grabhami, occur in pairs
at low abundance (Limbaugh et al. 1961; Criales 1979).
In L. grabhami, female-phase hermaphrodites appear to
comprise such pairs (personal observation by RTB on
specimens donated by P. Wirtz; Wirtz 1997). However,
densities in the L. wurdemanni population sampled in the
present study were qualitatively quite high; several in-
dividuals could be collected with a single sweep of the
net or could be observed in tidepools at the same time.

Factors related to social organization and mating
system, such as dominance relationships among and sex
ratios of female-phase and male-phase individuals, have
been shown to be important determinants of sex change
in sequentially hermaphroditic fish species (Chan and
Yeung 1983; Ross 1990), including protandric species
(Fricke and Fricke 1977, Godwin 1994). In protandric
caridean shrimps, environmental control of sex change
through social interactions has been suggested for Ath-
anas spp. (Alpheidae) (Nakashima 1987; Gherardi and
Calloni 1993), and is indicated by data on pandalid
shrimps (Charnov et al. 1978, but see Bergstrom 1997).
In Lysmata wurdemanni, in which individuals occur in
groups of several to many individuals, a change from
MP to FP, based on rank relationships, if they exist, is
conceivable. Alternately, some threshold sex ratio
(Shapiro and Lubbock 1980) may regulate proportions
among FPs and MPs in a group, with the type and
frequency of interactions of an individual shrimp with
other sexual morphs as the proximate factor triggering
change in sexual type.

In Lysmata grabhami, in which FPs occur in isolated,
female-female pairs (Wirtz 1997), similar social interac-
tions might be proximate factors which trigger change
from an MP to a hermaphroditic FP condition. In this
case, the “low density”’ hypothesis might serve as the
ultimate (evolutionary) factor accounting for a fully
hermaphroditic “female phase,” with the “size advan-
tage” hypothesis explaining the sequence of MP to FP
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rather than the reverse. All the above is speculative and
must be tested with empirical observations on the sexual
systems, social structure, and ecology of Lysmata spp.,
since sexual systems may vary even in related, ecologi-
cally similar species (e.g. Thor spp.: Bauer and VanHoy
1996). Furthermore, phylogenetic relationships of Lys-
mata spp. must be analyzed in order to comprehend the
evolution of species of such different social structure
(high-density groups vs low-density pairs) but with,
apparently, a very similar hermaphroditic system.
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