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Abstract

Basic functional and evolutionary aspects of penaeoid shrimp insemination mor-
phology remain poorly known or understood in spite of the ecological, commer-
cial, and phylogenetic importance of these animals. Sperm is transferred from
male to female in spermatophores of varying structural complexity. Externally
attached spermatophores are most complex, while those stored in paired sem-
inal receptacles inside the female cephalothorax are reduced to simple sperm
masses. The petasma, a complex structure on the male’s first pair of abdominal
appendages, is often assumed to function mechanically in transferring sperma-
tophores. Petasmata vary among penaeoid males in their degree of ventral open-
ness and presence of distal horns or spouts. Associated morphoclines in male
petasmata, female spermatophore attachment/storage genitalia, and spermato-
phore complexity are described. Correlation of these morphoclines with a reduc-
tion in serial homology (branchial characters) suggests that external attachment
of a complex spermatophore to an open thelycum is primitive, while storage of
simple sperm masses in internal seminal receptacles is derived. Alternative
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hypotheses about petasma function are proposed (spermatophore transfer struc-
tures; female-stimulating devices). Results of manipulative mating experiments
with Sicyonia demonstrate the pattern of seminal receptacle filling. An experi-
mental approach is necessary to resolve questions about petasma function and
related theoretical questions about mating systems in penaeoid shrimps.

ENAEOID SHRIMPS (order Decapoda, suborder Dendrobranchiata, super-

family Penaeoidea) are important crustaceans in several respects. They are
commercially important, making up the bulk of the catch in shrimp fisheries
around the world. In recent years, they have become a focus of crustacean
mariculture, Penaeoids are often a diverse and abundant element of bottom
faunas in tropical and subtrapical marine communities. In the study of decapod
phylogeny they are a key group, unique among the Decapoda in their primitive
method of reproduction in which fertilized embryos are not brooded but spawned
free into the water, hatching as nauplii. Yet in spite of their commercial, ecolog-
ical, and phylogenetic significance, many aspects of penaeoid reproductive biol-
ogy are puorly known. In this chapter T will focus on penaeoid morphology that
is concerned with insemination, i.e., the transfer of sperm from males to attach-
ment or storage structures of females, illustrated with examples from several
penaeoid species.

Penaeoid shrimp have morphologically complex external male and female
genilalia. External features of the genitalia, so important in penaeoid taxonomy,
have been well described and figured for many species by authors such as
Burkenroad (1934, 1936), Heldt (1938a), Kubo (1949), and especially Pérez Far-
fante (1969, 1971a, b, 1975, 1977, 1982, 1985, 1988). Male genitalia consist of two
structures: the petasma, or modified endopods of the male'’s first abdominal
appendages (pleopods), and the appendix masculina and (in some) the appendix
interna, processes on the endopod of the second male pleopod. Female genitalia
consist of the thelyeum and/or seminal receptacles, thoracic sternal structures
associated with spermatophore attachment or storage.

Although the modified anterior pleopods of other decapod males have been
shown to function in insemination (crayfish [Andrews 1911]; caridean shrimp
{Bauer 1976; Berg & Sandifer 1984], brachyuran crabs {Hartnoll 1969]), it is not
known if and how the male genitalia function in copulation and insemination in
penaeoid shrimp. In this chapter, 1 will address the hypothesis that the petasma
transfers spermatophores in penaeoid shrimp.

Another focus of this chapter will be to examine the hypothesis, originally
proposed by Burkenroad (1934, 1936) and especially by Heldt (1938b), that there
are correlated morphoclines in spermatophore, male petasma, and l[emale the-
tycum/seminal receptacle structure fn penaeoid genera, Bauer's (1986) restate-
ment of these apparent morphoclines indicated that they had both functional
and phylogenetic significance. I will describe and illustrate in greater detail
these correlated morphoclines that are associaled with increased internalization
of sperm storage in penaeoids.
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SPERMATOPHORES

The term spermatophore has been variably used by different authors. The defini-
tion of spermatophore used here is: the structure emitted from the male ejacu-
latory duct (= terminal ampoule) during copulation. Spermatophore structure
and complexity will be described from some original observations on sperma-
tophore structure as seen in histological sections of the male ejaculatory duct
and from information in the literature.

Penaeoid spermatophores exhibit considerable variation. At one extreme are
structurally complex external spermatophores, characterized by various wings,
flanges, plates, and adhesive materials (families Aristeidae, Solenoceridae, and
the subgenus Litopenaeus, genus Penaeus, in the Penaeidae). At the other extreme
are the highly internalized simple spermatophoric masses found in the Sicyoni-
idae.

The spermatophore of the white shrimp Penaeus (Litopenaeus) setiferus typifies
the complex type deposited externally on the female (Pérez Farfante 1975). A P.
setiferus female receives a compound structure that is composed of two single
spermatophores emitted from the left and right ejaculatory ducts of the male.
Figure 11.1 illustrates the general features of the male reproductive tract, includ-

FIGURE 11.1. Male reproductive tracts, dorsal view of A. Penaeus setiferus (modified
from King 1948) and B. Trachypenaeus similis. ed, ejaculatory duct; t, testes; vd, vas
deferens. Scale bar = 10 mm in A, 6 mm in B,






