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Ecdysteroids and Juvenoids in Two Male
Morphotypes of Libinia emarginata

H. LAUFER,* G. WAINWRIGHT, N. J. YOUNG,f A. SAGL* J. S. B. AHL,*}{ H. H. REES{

Two forms of the large-clawed male spider crab, Libinia emarginata, from the same molt stage, were
examined to determine possible roles of ecdysteroids and juvenoids (methyl farnesoate) during
maturation of the reproductive system and mating behavior. These forms are distinguished by the
condition of the epicuticle covering the exoskeleton, abraded (worn away) and unabraded (intact), and
mating behavior, active and inactive, respectively. Methyl farnesoate (MF) levels in the blood are high
during active reproduction (abraded males)}—mating, mate guarding and male competition; but, when
the animals are in reproductive diapause (unabraded males), these levels are low. Ecdysteroids are
found primarily in the testes of both male types. However, the amounts detected are highest in the
non-reproductive unabraded males, and lowest in the actively mating abraded ones. It appears that
ecdysteroids may function early in maturation in unabraded animals by making the gonad competent,
while MF may be functioning in mature males with developed reproductive systems and exhibiting
mating behavior,
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INTRODUCTION

Reproductive maturation in crustaceans is a complex
process that includes maturation of the reproductive
system and initiation of mating behavior. In the male
spider crab, Libinia emarginata, this process extends
beyond the initial production of sperm, the onset of
which occurs in very small males (19 mm carapace
length) (Homola et al., 1991). Non-reproductive individ-
uals continue to grow until they reach a final “matura-
tional” molt (Hartnoll, 1963). Male spider crabs that
have undergone the “‘maturational” molt have devel-
oped large claws which are used to compete for females,
and to maneuver their mates into position for insemina-
tion. There are two morphotypes of these large-claw
males, abraded and unabraded, which are distinguished
by the condition of the epicuticle covering the exoskele-
ton, and by their mating behavior. The abraded morph
is the primary reproductive type that aggressively com-
petes for a female, then will carry and guard her until
oviposition (Sagi er al., 1991a). Abraded males have
been anecdysic for at least a year as evidenced by the
presence of epibionts on the exoskeleton, and the epicu-
ticle is worn away (Homola et al., 1991). The unabraded
morph has recently molted as evidenced by the
pubescent nature of the epicuticle (Homola et al., 1991),

molt

and does not display reproductive behavior (Sagi et al.,
1991a).

The hormonal control of reproduction in crustaceans
is known to involve neurosecretions from the sinus gland
that regulate the ovarian cycle of females (see Charni-
aux-Cotton and Payen, 1983). However, there is also
evidence that vitellogenesis is stimulated by low blood
levels of ecdysteroids, (Charniaux-Cotton, 1985), and
elevated titers of methyl farnesoate (MF) (Laufer et al.,
1986, 1987), which in insects is a precursor to the

juvenoid hormones that regulate development and

reproduction.

Ecdysteroids are produced by the Y organs, which
degenerate after the “pubertal” molt (“maturational”
molt of Hartnoll, 1963) in spider crabs (Chaix et al.,
1976). So in female crabs, the source of ecdysteroids
during reproduction may be the ovary, since these
hormones are present in this tissue throughout vitelloge-
nesis (Chaix and DeReggi, 1982; Laufer et al., 1988).
However in males, this final molt may be better termed
a “differentiational” molt because the claws become
greatly enlarged. Sperm are present in the reproductive
systems of all males greater than 19 mm carapace length
(Homola et al., 1991), and small-clawed crabs are also
capable of mating. Thus, these large-clawed crabs clearly
have not undergone a “pubertal” or a “maturational”
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What is known about the endocrine basis for male |

reproduction in crustaceans is limited to differentiation
and maintenance of the gonad which is controlled by
secretions from the androgenic gland (Charniaux-
Cotton and Payen, 1983). Recently we have found that
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MF levels are high in reproductively active male L.
emarginata (Homola et al., 1991; Sagi et al., 1991a), but
low in non-reproductive animals, suggesting that this
compound may be involved in reproductive maturation.
Although ecdysteroids have been reported to be present
in the testes of the crab Pachygrapsus crassipes (Chang
et al., 1976), their role in male reproduction remains to
be elucidated.

In this paper we report on the status of ecdy-
steroids and juvenoids in two large-claw forms of
the male spider crab, L. emarginata, from the same
molt stage to determine their possible roles during
maturation of the reproductive system and mating
behavior.

MATERIALS AND METHODS

Animals

Libinia emarginata were collected by the staff of
the New England Utilities Environmental Laboratory,
Waterford, Conn. in April of 1991; and by the Depart-
ment of Marine Resources of the Marine Biological
Laboratory, Woods Hole, Mass. in July 1991.

The morphotypes were identified on the basis of log
propodus (claw) to log carapace length ratios, and the
appearance of the epicuticle covering the exoskeleton
(Homola et al., 1991). Reproductive behavior was as-
sessed by observing male competition in the holding
tanks, and during a 15min period when individual
males were isolated with a receptive female (Sagi et al.,
1991a).

Extraction, purification and analysis of free ecdysteroids

Hemolymph (2 ml) samples were taken from the base
of the walking legs, then transferred to 15ml culture
tubes with caps. Testes, vas deferens and accessory
glands were dissected out separately, weighed to the
nearest 0.01 g, then transferred to culture tubes and
capped. Both the hemolymph and tissue samples were
stored at —20°C until assayed. Before ecdysteroid
extraction, the tissue samples were lyophilized and
reweighed.

Total free ecdysteroids were extracted and purified as
described previously by a combination of silicic acid
column chromatography and C,; Sep-Pak fractionation
(Rees and Isaac, 1985; Mercer et al., 1987; Young et al.,
1991). The samples were then analyzed by RIA using
H-22 antiserum (generously provided by Dr L. L
Gilbert; Warren and Gilbert, 1986) and expressed as
ecdysone equivalents.

Analysis of the reproductive system

The reproductive system_index was calculated by
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Methyl farnesoate hemolymph titers

Hemolymph samples (2 ml) were taken from the base
of the walking legs, extracted with hexane then analyzed

~using HPLC according to Homola et al. (1991).

Cis—trans MF was used as an internal standard and
trans—trans MF was determined by reading O.D. at
215 um.

Data analysis

Differences between mean values were assessed using
a t-test (Sokal and Rolf, 1973).

RESULTS

Ecdysteroids were present primarily in the hemolymph
and the testes of each morphotype (Fig. 1). The highest
concentration of ecdysteroids per dry weight was in the
testes of the unabraded males (132.15 + 25.87 ng/g), but
their hemolymph contained the lowest concentration
(0.88 + 0.36 ng/ml). The abraded males had less than
one fifth (26.92 + 12.4 ng/g) the concentration of ecdy-
steroids in their testes as the unabraded males, which was
significant (P <0.05). However, their hemolymph con-
tained more than twice (2.28 4 0.77 ng/ml) the amount
detected in the unabraded animals.

The abraded males actively competed for, mated with
and carried the receptive females. Their reproductive
indices (Table 1) (2.45 4+ 0.46% of the body weight vs
1.07 £ 0.85%), and their hemolymph titers of MF
(Table 1) (53.2 + 11.4 ng/ml vs 23.6 + 10.3 ng/ml), were
significantly greater (P € 0.05) than those of the
unabraded males. The unabraded males made little or no
attempt to compete for, carry or mate with receptive
females, even when isolated with them.

Examination of the semen from the vas deferens
revealed that both abraded and unabraded large-claw
males contained spermatophores.
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FIGURE 1. Ecdysteroids present in the hemolymph (ng/ml) and testes

(ng/g dry wt) of unabraded (solid bars) and abraded (cross-hatched

bars) male L. emarginata as detected by RIA. The value above bar is
_.the mean from 3, 6, 2 and 5 animals, respectively. =
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TABLE 1. Reproductive indices and hemolymph titres in the large-
clawed male morphotypes of Libinia emarginata

Reproductive system i
Methyl farnesoate

index
Morphotype n  [%body wt (£SE)] [ng/mi (£SE)]
Unabraded 7 1.07 (£0.12) 23.6 (+10.3)
Abraded 8 2.45 (£0.03) 53.2 (+11.49)
DISCUSSION

While the role of ecdysteroids and juvenoids during
maturation of the reproductive system and mating be-
havior in Crustacea is still tentative, we note certain
trends in two forms of the large-claw male spider crab
L. emarginata. Abraded males have high blood levels of
MF, large reproductive systems and display mating
behavior. However, ecdysteroids are present in relatively
small amounts in the blood and in the testes. The
unabraded males show a reversal in these trends. Their
MF and ecdysteroid blood levels are low, and they do
not display reproductive behavior. Although their re-
productive systems are less developed and smaller
than those of the abraded males, there are com-
paratively large amounts of free ecdysteroids present in
the testes.

Ecdysteroids have been shown to enhance cell pro-
liferation in the primary culture of lobster testes (Brody
and Chang, 1989), and stimulate DNA synthesis in testes
of the freshwater prawn Macrobrachium rosenbergii
(Sagi et al., 1991b) possibly during early phases of
spermatocyte proliferation. This has also been demon-
strated in insect species, such as Rhodnius prolixus
(Dumser and Davey, 1974), and many others (see Hage-
dorn, 1983). That ecdysteroid levels in testicular tissue
from unabraded males are greater than those of the
abraded males, suggests that these steroids may function
by stimulating spermatogenesis or growth of the
gonad.

Even though ecdysteroids are found in, and have an
effect on testes in crustaceans, it is not clear exactly
where they are being produced in spider crabs, since it
is assumed that the Y-organs have disintegrated prior to
the differentiational molt.

The lack of mating behavior, small reproductive sys-
tem, and low MF blood titers in the unabraded male
suggest that this crab may be in a state of reproductive
diapause. In insects, this state commonly occurs in newly
eclosed adults, and is due to a juvenile hormone (JH)
deficiency (DeWilde, 1983; Denlinger, 1985). JH has
been found to have a negative effect on spermatogenesis
(Dumser and Davey, 1974), so ecdysteroids may work to
make the gonad competent in the absence of juvenoids
durmg the perlod of reproductlve diapause. It has even

productxon by promotmg the release of an allatostatin
(Tobe, 1980), which inhibits the corpora allata that
produce the juvenoids in insects.

In conclusion, during development of the reproductive

“system, ecdysteroids may-function early in maturation

teroids-may-regulate-juveneoid-——-202-205-~
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by stimulating spermatogenesis, while MF may be func-
tioning during later stages, and may somehow stimulate

--or promote the development of mating behavior. How-

ever, further studies are needed to complete our under-
standing of the roles of ecdysteroids and juvenoids in
crustacean reproduction.
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