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Patterns of brood production in the grass shrimp
Palaemonetes pugio (Decapoda: Caridea)

RAYMOND T. BAUER" and JOSEPH H. ABDALLA
Department of Biology, University of Louisiana at Lafayette, Lafayette, LA 70504-2451, [SA
Tel +1(337) 482-6435; Fax +1 (337) 482-5834; email: rtbaver@louisiana, edu

Received 8 June 2000; Accepted 16 November 2000

Summary

The pattern of brood production was analyzed in the grass shrimp Palaemonetes pugio.
Determination of patterns of brood production as successive (spawning after each molt) or
alternate (spawning after every other molt) was made by observations an individual females
paired with males in the laboratory over a four-month period. A pattern of successive parturial
(spawning) molts was the most common pattern. However, in a majority of these successive
parturials, the ovary of the female was not mature at hatching of embryos from a previous brood.
There was a delay of 10-11 days, during which ovarian maturation took place, between embryo
hatching and the next (parturial) molt. This pattern of “slow successive” parturials does not result
in the truly continuous brood production which occurs in many caridean species, i.e., spawning
of a new brood within 1-2 days after hatching of a previous brood. However, there was a
relatively low percentage of females in which the ovary was mature at embryo hatching. These
latter females did have a parturial molt after only 2 days (“fast successive” parturial). In the
*‘alternate” pattern, more frequent later in the 4-month observation period, hatching of embryos
was followed by a non-parturial (without spawning) molt within 2 days, followed by an intermolt
period of 10 days during which ovarian maturation occurred prior to the next (parturial) molt.
The interval between spawns was similar in the “slow successive” and “alternate”™ parturial molt
patterns (22-23 days) compared to a much shorter one (14-15 days) in the *fast successive”
parturials. Examination of reproductive females from field samples indicated that the spawning
pattern observed in the laboratory was that which occurs in natural populations in southern
Louisiana. Although brood production in P. pugio is not truly continuous, the relatively short
interspawn intervals observed still allow production of several broods during the breeding
season.
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The number of spawnings during the annual
breeding season is one important component of the

total

Introduction collectively, of the population. In caridean shrimps,
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females are receptive to mating just after a molt that
precedes spawning (parturial or spawning molt). In
reproductive effort of individuals and, carideans and other crustaceans, the time interval
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between spawns is an important selective pressure in
the evolution of various male mating tactics since it
determines, in part, the frequency of females in the
population which are available to males for mating
(Wickler and Seibt, 1981).

Females of caridean shrimp species attach spawned
and fertilized eggs below the abdomen, as do all
pleocyemate decapods (Burkenroad, 1963). The brood
is then incubated by the female until hatching of the
embryos as larvae. Prior to spawning, the ovary
undergoes a “maturation” in which the oocytes pass
through primary and secondary vitellogenesis. Before
spawning, the female undergoes a parturial molt at
which morphological characters associated with
incubation of the embryos (“breeding dress,” Hoglund,
1943) are attained for the first time in the breeding
season or renewed if the spawning is not the first of the
season. Just after the parturial molt, mating takes place
and then spawning occurs within minutes, hours, or at
most a day or two (Héglund, 1943; Burkenroad, 1947,
Bauer, 1976, 1979; O’'Donovan et al., 1984; Bauer and
Holt, 1998; Bauer and Abdalla, 2000).

Many caridean females are “continuous™ or
“successive” breeders, i.e., they produce a new brood
very soon after a previous brood of embryos has
hatched (Bauer, 1976, 1979, 1989; O’Donovan et. al.,
1984; Bauer and Holt, 1998). In this pattern of multiple
brood production, the ovary matures again as the
incubated embryos of a previous spawning develop.
When the embryos hatch, the ovary is mature (full of
vitellogenic oocytes) and ready for spawning. Within a
day or two of embryo hatching, the female undergoes
a parturial molt, mates immediately or shortly
thereafter, and soon spawns again. Thus, the
interspawn interval of such “continuous” breeders
corresponds to the incubation period of embryos from
the previous spawn plus one to a few days during
which a parturial molt, mating, and spawning take
place. In continuous breeders, females which are
carrying embryos near hatching have a mature,
prespawning ovary. Since such individuals will hatch
embryos and undergo a parturial molt within a short
time (a few days or less), they can be selected for use
in observations and experiments on mating and
spawning (Bauer, 1976, 1979; Bauer and Holt, 1998).

Continuous (successive) breeding has been reported
in females of many caridean species, e.g., in tropical
and subtropical seagrass species (Bauer, 1986, 1989,
1992; Bauer and VanHoy, 1996), Heptacarpus
sitchensis and H. paludicola from the west coast of the
US (Bauer, 1976, 1979), and Macrobrachium rosen-
hergii, a species from Southeast Asia (Wickins and
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Beard, 1974; O’Donovan, 1984). In some carideans,
however, ovarian maturation takes two molting cycles
(Bouchon et al., 1992), so that if more than one brood
is produced per breeding season, spawning can only
take place at every other molt (“alternately™ rather than
“successively”). At the other extreme are species in
which females produce but a single brood per year,
particularly cold-water carideans such as boreal
pandalids (Allen, 1966; Butler, 1980; Williams, 1984).

Inthe brackish and freshwater genus Palaemonetes,
different patterns have been reported. Based on
qualitative observations on the presence of mature
ovaries in many females incubating embryos,
Knowlton and Williams (1970) stated that breeding
was continuous in P. vulgaris. Beck and Cowell (1976)
observed in P. paludosus that many females carrying
embryos also had mature ovaries, suggesting
successive broods. Spivak (1997) and Schuldt and
Damborenea (1987) gave similar evidence from field
samples suggesting two to three successive broods in af
least some females of P. argentinus. Jeffries (1964)
followed females of a cool-temperate species, P.
varians, in the laboratory and found that only a small
percentage had more that one brood, with a intervening,
non-parturial molt between the first and second
parturial molts and spawnings.

The objective of this present study was to describe
in detail the patterns of brood production in females of
Palaemonetes pugio, an abundant and ecologically
important estuarine caridean shrimp species along the
US Atlantic and Gulf coasts. The relationship of
ovarian development, molting, spawning, and
interspawn intervals are described. Field and laboratory
observations on brood production were used to test the
hypothesis that spawning is continuous in P. pugio.
i.e., females produce successive broods with a parturial
(spawning) molt soon after hatching of a previously
incubated brood. The alternative hypothesis examined
was that brood production is not continuous, with one
or more non-parturial molts between spawnings.

Materials and Methods

Collections of P. pugio for laboratory observations
on spawning and molting were made at Cypremort
Point, Louisiana, USA (29°43'N, 91°51'W) in April,
1996. Preserved specimens of brooding (embryo-
carrying) females on which observations of ovarian
condition were made were selected from field samples
taken twice monthly from April through September
(breeding season) 1999 at Grande Terre Island, just off






