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Summary

The spider crab Libinia emarginata has six male morphotypes that differ with respect to
their appearance and reproductive readiness. Large abraded males compete actively for
females and have the largest claws and reproductive system indices and highest methyl
farnesoate (MF) blood levels. Smaller abraded males with short claws attempt mating in
the absence of large abraded males but employ the alternative tactics of sneak mating and
female mimicry when large aggressive males are present. Unabraded morphs of any size
do not attempt to mate, either in competition or in isolation with receptive females. Their
MF levels are lower (usually one-half that of abraded males) indicating that they are in
a state of reproductive diapause. Incompletely abraded males have intermediate levels of
MF and are moderately active in reproduction. These data suggest that MF may be
involved in directing the reproductive behavior of different male morphotypes.

MINI-REVIEW

Alternate mating strategies are commonly found
in polygamous populations with polymorphic males
that have variable mating success (Gadgil, 1972).
These strategies have been explained mostly from an
ethological perspective based upon the physical
differences of the morphotypes and less from the
standpoint of their physiology. An exception to this

is seen in insects where differences in mating behav-
ior and polymorphism have been attributed to hor-
mone levels in the blood (DeWilde, 1983; Denlinger,
1985; Hardie and Lees, 1985).

The development of the reproductive system in
insects and mating behavior is controlled by juvenile
hormone (JH). This substance is actively synthesized
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hve long enough to partlclpate in several breedmg
seasons. During the non-breeding season, their JH
titers decrease concomitant with gonadal regression
and cessation of mating behavior and enter a state of
reproductive diapause.

In Crustacea male morphotypes exhibiting differ-
ent patterns of mating behavior have been described
for several decapod species such as the amphipod
Jassa falcata (Borowsky, 1985), the freshwater
prawn Macrobrachium rosenbergii (Ra’anan and
Sagi, 1985), the isopod Paracerceis sculpta (Shuster,
1987), the Snow crab Chionoecetes opilio (Conan
and Comeau, 1986), the Tanner crab (C. bairdi
(Donaldson and Adams, 1989), and the spider crab
Libinia emarginata (Laufer et al., 1992). Of these
species, hormone levels of male morphotypes have
been described only in L. emarginata (Homola et al.,
1991; Laufer et al., 1992).

Crustaceans produce a compound that is similar
in structure to the insect JH. This compound, methyl
farnesoate (MF), is synthesized by the mandibular
organs (MO) and appears to have a similar role in
reproduction (Laufer et al., 1986, 1987). For exam-
ple, it is found in L. emarginata males that have the
largest reproductive systems (Homola et al., 1991;
Laufer et al., 1992) and in females that are vitello-
genic (Laufer et al., 1986, 1987). That the MO
affects reproduction in a causal relationship was
suggested by Hinsch (1986), who transplanted active
MOs into juvenile females which resulted in growth
and maturation of the ovaries. In this paper we re-
port that MF levels in the blood vary according to
the reproductive state as portrayed by behavior in
male L. emarginata.

Male spider crabs (Majidae) exhibit marked
polymorphism regarding claw (propodus) length (PL)
relative to carapace length (CL) (Hartnoll, 1963;
Aldrich, 1974; Homola et al., 1991). In the common
east coast spider crab L. emarginata, several mor-
photypes have been described which consider the
condition of the exoskeleton as well (Sagi et al.,
1991): large-bodied (60-80 mm CL) males with
large claws (longer than the CL) have either pubes-
cent (unabraded), bare (abraded), or incompletely
abraded exoskeletons; large-bodied unabraded males
with small claws (less than the CL); and small-bod-
ied (<60 mm CL), both abraded and unabraded,
males with small claws. The abrasion process, which
appears to take about 1 year, is the wearing away of
the epicuticle covering the exoskeleton. The large-

anecdysw (Hmsch 1972 Homola et al

1991) The
other morphs have at least one more molt (such as
the small-claw male with the large carapace) or
several more if they have small carapaces. All of the
morphotypes =19 mm CL have sperm in their vas
deferens (Homola et al., 1991) and, therefore, may
be considered to be sexually mature (Hinsch, 1969).

The morphotypes of L. emarginata that actively
mate, whether in competition with other males or in
isolation with a receptive female, are either abraded
or are in the process of becoming abraded. The large
abraded males have the largest reproductive indices
(Table 1) (reproductive system wt/body wt X 100)
(2.3940.43) (Homola et al., 1991) and highest MF
levels (67+16.6 ng/ml) (Sagi et al., 1993), and are
the primary reproductive animals (Homola et al.,
1991). The small abraded males also have high MF
levels (62.4+5.9 ng/ml) (Sagi et al., in press) and
large reproductive indices (2.86+0.35), but attempt
copulation in the absence of the larger males (unpub-
lished observations) or resort to alternative tactics
such as sneak mating and female mimicry (Sagi et
al., in press).

Small abraded males are often the same size as
the females (30-55 mm CL), and in the presence of
large abraded males they are very passive, which is
similar to female behavior. Occasionally, in captivi-
ty, small males have been observed being carried by
large-claw abraded males when a receptive female
was present in the tank. During one such observation
(unpublished), a small male that was being carried
grasped a receptive female, then commenced copula-
tion. Males which resemble females in appearance
due to their small size avoid aggressive behavior
from the primary reproductives, as evidenced by
their being carried like a female, and may be able to
increase their mating opportunities by “sneak” mat-
ing (Wendelken and Barth, 1985).

The large incompletely abraded males have repro-
ductive indices (1.23+0.21) (Sagi et al., in press)
and MF blood levels (27.148.1 ng/ml) (Sagi et al.,
in press) that are intermediate to those of the large-
claw abraded males and are in the process of becom-
ing competitive breeders both physiologically and
behaviorally. They are less competitive than the
large abraded males but actively pursue females in
the absence of dominant reproductives. That the
exoskeleton is incompletely abraded suggests to us
that these crabs are experiencing their first mating
season since undergoing the final molt, which took
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relation to MF levels

- Table 1. Size and reproductive system characteristics of male morphotypes of the spider crab Libinia émarginata in =~ =~

Type Carapace Propodus Reproductive system MF blood level
length (mm) length (mm) index (% body weight) (ng/ml)

Large-claw abraded 60-80 70-100 2.39 + 0.43* 67.0 + 16.6°

Large-claw 60-80 70-100 0.58 + 0.22* 29.0 + 7.1°
incompletely abraded

Large-claw unabraded 60-80 70-100 1.23 + 0.21° 27.0 + 8.1°¢

Large carapace with 50-60 25-60 0.27 + 0.32° 9.9 + 5.6*
small claw unabraded

Small-claw abraded 36-45 15-25 2.86 + 0.35° 62.4 + 16.3°

Small-claw unabraded 36-45 15-25 0.27 + 0.09* 10.7 + 6.0°

*Homola et al., 1991; PSagi et al., 1993; °Sagi et al., in press.

place some time during the previous autumn. this
also suggests that perhaps prior experience contrib-
utes to the mating success of the completely abraded
males, which are most likely at least to be in their
second mating season.

The lack of mating behavior of the unabraded
males, together with their small gonad indices (0.27-
0.58) and low MF hemolymph levels (9.9-29 ng/ml)
can be regarded as their being in a state of reproduc-
tive diapause according to comparable information
derived from insects. Although it could be argued
that the small unabraded males are reproductively
inactive because they are immature, it is important to
emphasize that they have sperm present in their
reproductive tracts, which indicates sexual maturity
of one sort. However, these crabs have not yet un-
dergone their terminal molt, so in essence they are
still growing. If in spider crabs mating is delayed so
that energy can be invested in growth, resulting in a
larger body and claw size that ultimately enhances
mating success (Sagi et al., 1988), then it is logical
that mating is not attempted by small unabraded
males even though sperm have been produced. The
large unabraded males, on the other hand, have
reached their maximal size externally; but their
internal organs, especially those in the reproductive
system, are probably about the same size they were
prior to the terminal molt. So, once again, energy is
used for growth at this stage to build up the repro-
ductive system prior to the commencement of the
energetically expensive effort of competing for fe-
males and mating.

Methyl farnesoate, similar to JH, may be respon-
sible for the type of reproductive behavior displayed
by male morphotypes in the spider crab. The large-

claw abraded males with high levels of MF are the
primary reproductives. The small-claw abraded
males, also exhibiting high MF levels, are secondary
reproductives, while the recently molted unabraded
males with lower MF levels do not mate and appear
to be in reproductive diapause. However, the exact
mechanism by which MF works requires further
elucidation.
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