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Abstract

Here we examine morphogenesis and terminal anecdysis in male morphotypes of the spider
Ž . Ž .crab Libinia emarginata through eyestalk removal ablation . Methyl farnesoate MF , an

Ž .unepoxidated form of juvenile hormone JH III and hydroxyecdysone, a moulting hormone, were
measured in attempt to understand these processes and to determine the physiological character-
istics of each morphotype, to be able to induce maturation by hormonal treatment and improve
crustacean culture. Following arrival at the laboratory, ablated small-claw unabraded small-cara-

Ž .pace males SUM moulted within 30 days to a juvenile and control SUM moulted within 75 days
to a mature morphotype with large claws. Following eyestalk removal small-carapace abraded

Ž . Ž .males SAM , large-carapace unabraded large-claw LUL and large-carapace abraded large-claw
Ž .LAL males never moulted even after 60 days, while the other ablated morphs moulted in 25–35
days. Significant increase of MF levels was observed in SUM, SAM and LUL de-stalked animals
compared to intact control group, while no differences were observed in LAL individuals. In fact,
LAL crabs presented the highest level of MF up to 2.23 ngrml. Ten days prior to moulting MF
increased 4-fold, and the ecdysteroids increased 15-fold in the haemolymph of ablated SUM and
25% in their testes. Ecdysteroid levels in the haemolymph of the SAM, LUL and LAL
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Ž .morphotypes remained low around 5 ngrml , and none of these animals moulted. The results
Ž . Ž .strongly suggest that: 1 SUM are able to moult, and represent the juvenile stage, 2 SAM, LUL

Ž .and LAL are terminally moulted and may represent the reproductive population, 3 circulating
Ž .ecdysteroids induce moulting in juveniles, 4 high levels of ecdysteroids in the testes of SAM,

Ž .LUL and LAL suggest a gonadal function, and 5 circulating MF controls morphogenesis of
Ž .juveniles SUM and seems to stimulate gonads in adults. q 2000 Elsevier Science B.V. All rights

reserved.
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1. Introduction

While many species of decapod crustaceans continue to moult and grow throughout
Ž .their lives, others, like spider crabs Majidae undergo an allometric differentiation of

Žthe chelae when they moult to maturity and become anecdysic Teissier, 1933, 1935;
.Hartnoll, 1963; Conan and Comeau, 1986; Conan et al., 1988; Comeau et al., 1991 .

However, some authors propose that the large species of spider crabs such as Chionoe-
cetes, continue to moult after reaching the large claw form. This is based on the finding
of morphometrically mature males that had well developed second carapaces, indicating

Ž .imminent moulting Somerton, 1981; Dawe et al., 1991 , and from long-term captivity
experiments that allow morphometrically mature male Chionoecetes bairdi to moult

Ž .after 26–27 months of captivity Paul and Paul, 1995 .
The terminal moult is not necessarily a maturational moult, because spermatophores

may be present in the sperm duct of male spider crabs prior to this moult. In Libinia
Ž . Ž .emarginata, Hinsch 1972 reported that males with a carapace length CL of 19 mm

had sperm that is morphologically indistinguishable from that of mature males. The
different male morphotypes of the spider crab present differences in the size and weight
of the reproductive system, morphological features of the carapace and reproductive

Ž .behaviour Homola et al., 1991; Sagi et al., 1994 .
Crabs are anecdysic after they have undergone a terminal moult, and are therefore

incapable of additional moulting. It has been proposed that the Y-organs may degenerate
Ž .or become permanently inhibited following this moult. Carlisle 1957 noted a reduction

in the size of the Y-organs after the moult to puberty in Maia squinado, and this gland
Žis not present after the onset of sexual maturity in Pisa tetradon Vernet-Cornubert,

.1958, 1960 . In Acanthonyx lunulatus, histology of the Y-organs revealed that these
Ž .degenerate completely after the terminal moult Chaix et al., 1976 . In the isopod

Sphaeroma serratum the concentration of 20-hydroxyecdysone and the size of the
ŽY-organs also decrease after the onset of sexual maturity Charmantier et al., 1977;

. Ž .Charmantier and Trilles, 1979 . Furthermore, eyestalk removal ablation initiates
Žecdysis in juvenile P. tetradon and L. emarginata but not in the adults Vernet-Cornu-

.bert, 1960; Hinsch, 1972 . Generally, haemolymph ecdysteroid content is higher in
Ž .young crabs than in mature males Cormier et al., 1992; Laufer et al., 1993 . In addition,

Žecdysteroids have been identified in the ovaries and eggs of Parapenaeus fissurus Jeng
. Ž . Žet al., 1978 , Penaeus monodon Young et al., 1993 , Palaemon serratus Spindler et

. Ž .al., 1987 , Macrobrachium rosenbergii Wilder et al., 1991; Young et al., 1991 ,
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Ž . ŽHomarus americanus Lisk, 1961; Couch et al., 1987 , H. gammarus Goudeau et al.,
. Ž . Ž1990 , Nephrops norÕegicus Fairs et al., 1989 and A. lunulatus Chaix and De Reggi,
. Ž .1982 , and in the testes of H. americanus Burns et al., 1984 and L. emarginata

Ž .Laufer et al., 1993 .
Bilateral extirpation of the stalked eyes not only resulted in an accelerated moult but

has been shown to delay metamorphosis in larvae by the production of extra larval
Ž . Žstages in shrimp, Palaemon macrodactylus Little, 1969 and Palaemonetes Õarians Le

. Ž .Roux, 1984 ; the lobster H. americanus Charmantier et al., 1988 ; and intermediate
Ž .stages in crabs, Rhithropanopeus harisii Costlow, 1968 , and Sesarma reticulatum

Ž .Costlow, 1966; Freeman and Costlow, 1980 . The endocrine control of morphogenesis
in crustaceans is not well understood, but evidence suggests that inhibitory factors from
the sinus glands in the eyestalks are involved.

Morphogenesis and reproduction in crustaceans seem to be regulated by a juvenile
Ž . Ž .hormone JH , as in insects. The JH-like compound, methyl farnesoate MF , synthe-

Ž .sized and secreted by the mandibular organ MO functions in adult crustaceans in a
manner similar to its function in adult insects, that is JHs seem to stimulate reproduction

Ž .in both males and females Laufer et al., 1987; Laufer et al., 1988; Homola et al., 1991 .
Ž .Synthesis of MF in MOs is negatively regulated by factors from sinus glands SG

Ž .Laufer et al., 1987, 1989 . These factors are called mandibular organ inhibiting
Ž .hormones MOIHs , and they have recently been isolated from the sinus gland,

Ž .sequenced and cloned in L. emarginata Liu and Laufer, 1996; Liu et al., 1997a,b and
Ž .in Cancer pagurus Wainwright et al., 1996 .

The present study uses eyestalk ablation to induce moulting. Ecdysteroids and MF
levels were measured to determine which male morphotypes in L. emarginata are
anecdysic and sexually mature.

2. Material and methods

2.1. Animals

L. emarginata were collected in two locations, off the coast 2 km south of Woods
Hole, MA and 1 km north of Vineyard Haven harbour, Martha’s Vineyard, during the
summers of 1993 and 1994; and 2–4 km off shore from New London, CT during the
summer of 1995. Male morphotypes were identified and selected according to the length

Ž . Ž . Ž .of their carapace CL , small CL-60 mm or large CL)60 mm ; the condition of
Ž . Ž . Ž .their exoskeleton, abraded old shell or unabraded new shell ; and claw propodus

Ž . Ž . Ž .lengths PL , small PL-CL or large PL)CL . Hence, the following nomenclature
was used: SUMssmall-claw, unabraded, small-carapace male, with flexible exoskele-
ton covered with a scaly epicuticle; LULs large-carapace, unabraded, large-claw male;
LALs large-carapace, abraded, large-claw male; and SAMssmall-carapace, abraded,
males, with heavily calcified exoskeleton. A total of 1402 animals were measured
Ž .carapace and propodus length , weighed and tagged, then held in tanks in the facilities

Ž .of the Marine Biological Laboratory Woods Hole, MA , or in the Marine Biological
Ž .Laboratory of the University of Connecticut Noank, CT . They were maintained

separately in individual plastic cages on a shallow sea-table supplied with fresh running
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Ž . Ž .seawater at ambient temperature 18"28C and salinity 33.0"1 ppt . The crabs were
fed with fresh or frozen squid every other day ad libitum.

Ž .The animals were divided into two groups: intact eyestalk controls 742 , and
Ž .eyestalk-ablated 660 . Eyestalks were removed with forceps after the crabs had been

chilled on ice for 30 min; then the wounds were cauterized immediately to reduce
mortality due to possible infection and bleeding. Eyestalk removal caused around 20%
of mortality. Haemolymph samples and testes were taken from animals that were
sacrificed on day 1 of the experiment and at various intervals up to day 73. Another two
groups, one with intact eyestalks and the other with eyestalks ablated, were maintained
until moulting occurred.

( )2.2. ReproductiÕe index RI

Body weight was measured to "0.01 g. The testes, vas deferens, and accessory gland
Ž .Homola et al., 1991 were dissected and weighed separately to "0.01 g to determine
their wet weight. The reproductive indices were calculated by dividing the sum of the
components of the reproductive system by the body weight and multiplying by 100.

2.3. Haemolymph leÕels of MF

Prior to dissection, 2 ml samples of haemolymph were taken from the base of
walking legs, using a 5-ml syringe with an 18-gauge needle. The samples were

Ž .transferred to 15-ml borosilicate tubes containing ice-cold acetonitrile 5 ml and 4%
Ž .NaCl 2 ml . The samples were vigorously mixed, and then stored at y208C if they

Ž .were not extracted immediately. Prior to extraction, an aliquot 15–25 ng of cis–trans
MF, a nonbiologically active isomer, was added to each tube as an internal standard
Ž .Sagi et al., 1991a . The samples were extracted twice with 500 ml of hexane. The
hexane fractions were pooled, then stored in tightly capped 1.5-ml amber glass vials at

Ž .y208C. Before analysis by High Performance Liquid Chromatography HPLC , each
sample volume was reduced by evaporation under nitrogen to approximately 100–250

Žml. The whole sample was then injected into a Waters HPLC system model 501 pump
.and Waters 486 absorbance detector set at 214 nm . Cis–trans and all-trans MF, the

biological isomers, were separated using normal phase with a 5-mm, 100-A Microsorb-
Ž .MV silica column, 4.6 mm=25 cm Rainin Instrument , and a running solvent of 1%

Ž .diethyl ether in hexane flow rate of 1.5 mlrmin, 1000–1500 psi . Elution times for
cis–trans and all-trans MF were determined by running a mixture of the isomers as
external standards. Peak areas were calculated with Maxima 820 software. The amount
of MF present in each sample was determined by comparing the peak area of the

Ž .internal standard cis–trans MF , which represented a known amount, to the peak area
of the all-trans MF.

2.4. Radioimmunoassay of ecdysteroids

Ž .Radioimmunoassays were carried out as described by Chang and O’Connor 1979 .
The antibody was produced by Dr. Walter E. Bollenbacher and was described by
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Ž .Soumoff et al. 1981 . b-ecdysone 2-hemisuccinate was conjugated to thyroglobulin and
the antiserum raised against this conjugate had a strong binding affinity for 20-hydroxy-
ecdysone. The cross-reactivity was as follows: 50% competition occurs at about 250 pg
for 25-deoxyecdysone, 325 pg for ecdysone, 600 pg for 20-hydroxyecdysone and

Ž .)10,000 pg for 3-dehydroecdysone Ernest S. Chang, personal communication .
A total of 10 ml of fresh haemolymph without pre-treatment were used, while 100 mg

Ž . Žwet weight of testes were extracted twice with 1 ml of 80% ethanol the insoluble
Ž .material was removed by centrifugation 1000=g , then 40 ml of the supernatant was

.added to an Eppendorf tube and dried in a rotary concentrator . The aqueous haemolymph
or the dry testes extracts were mixed with or dissolved in, respectively, 100 ml borate

Ž .buffer 0.1 M boric acid, 0.1 M sodium tetraborate, 0.075 M NaCl, pH 8.4 containing
w3 x Ž .approximately 12,000 dpm H a-ecdysone 82.80 Cirmmol; New England Nuclear .

Next, 100 ml of borate buffer containing a polyclonal ecdysteroid antiserum was added.
Then the samples were incubated at 378C for 30 min. The reaction was stopped by the

Ž .addition of 200 ml of ice cold 48C saturated ammonium sulphate in borate buffer
Ž .solution, followed by precipitation 20 min . Samples were then centrifuged for 20 min

at 2300=g, the supernatants were aspirated off, and the pellets rinsed in 50% saturated
ammonium sulphate. The resuspended pellets were incubated and centrifuged, then the
supernatant was removed as before. Rinsed pellets were then resuspended in 30 ml water

Ž .and 1 ml of scintillation fluid Packard was added. After mixing, the samples were
placed in standard scintillation vials and activity was counted in a scintillation counter.
A standard curve was constructed by adding concentrations of 20-hydroxyecdysone
Ž .Sigma from 25 to 4 ng to a series of incubation tubes. The resulting values correspond
to the ecdysteroids detected by the antibody and they are expressed in 20-hydroxyecdy-
sone equivalents. The background represents less than 3%. The recovery was over 80%
and was tested with a water sample for the haemolymph and with muscle tissue for the
testes.

2.5. Data analysis

The arithmetic means and standard errors for RIs, and MF and ecdysone levels
detected in different experimental groups were determined from 7–10 individuals in
each group. The significance of the differences found between the control group and
de-eyestalked group was determined by Student’s t-test at the p-0.05 probability

Ž .levels Sokal and Rohlf, 1969 and Sigma Plot software.

3. Results

3.1. Moulting obserÕations

Eyestalk intact control SUM animals moulted within 75.75"2.23 days of the
beginning of the experiment in early July, and ablated SUM moulted within 31.71"2.38
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Ž . Ž . Ž . Ž .Fig. 1. Small unabraded male SUM of L. emarginata before moulting 1 and after moulting 2 . A Intact
Ž . Ž .control SUM. B Eyestalk-ablated SUM. Note that control SUM moulted in a large claw animal mature

Ž .while ablated SUM moulted in a small claw animal juvenile . Bars represent 3 mm.

days of the beginning of the experiment. All intact SUM moulted into an animal that
Ž .presented a large claw Fig. 1A while all ablated SUM moulted into a crab that showed

Ž .a small claw Fig. 1B . None of the SAM, LUL and LAL males moulted, even the males
in which the eyestalk had been removed for 2 months.

3.2. ReproductiÕe index

The RIs of intact and ablated morph males of L. emarginata in each group of
Ž . Ž .sampling ns6–10 were calculated Fig. 2 . No significant differences were observed
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Ž . Ž . Ž .Fig. 2. The RI in four types of L. emarginata males. a Small unabraded male SUM , b large unabraded
Ž . Ž . Ž . Ž . Ž .large claw male LUL , c small abraded male SAM , and d large abraded large claw male LAL . Animals

Ž . Ž .were divided into two groups: intact eyestalk controls white columns and eyestalk ablated black columns ,
and they were sacrificed on day 1 of the experiment and at various intervals up to day 73. The bars represent
mean"SEM of 6–10 values. No significant differences were observed between control and ablated animals.

between controls and ablated animals. The RIs for SUM are shown in Fig. 2a, and low
w x w xvalues 0.80–2.64 were observed. The LUL had similar RI values 0.76–2.84 as shown

w xin Fig. 2b. The SAM and LAL RIs were significantly higher, with values of 3.28–9.24
Ž . w x Ž .for the SAM Fig. 2c and 1.14–3.84 for the LAL Fig. 2d .

3.3. MF leÕels

A significant increase in MF levels was observed in SUM, SAM and LUL de-stalked
animals compared to intact control group, while no differences were observed in LAL
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w xindividuals. LAL crabs presented the highest level of MF 1.67–2.23 ngrml , which was
Ž .only reached by LUL and SAM morphs when they were ablated Fig. 3 . The MF level

w xmeasured in SUM crabs was the lowest: levels in intact animals were 0.10–0.21 ngrml
Žof MF and they increased significantly in the SUM-ablated group on day 7 0.75"0.15

. Ž . Žngrml hemolymph , on day 14 0.54"0.13 ngrml , and on day 21 0.89"0.08
. Ž . Žngrml Fig. 3a . The MF level measured on day 1 in LUL crabs was 0.56"0.15
. w xngrml and remained low in intact animals 0.17–0.57 ngrml . A significantly higher

Ž .MF level was measured in the LUL-ablated group on day 7 1.63"0.19 ngrml , on day
Ž . Ž . Ž .14 1.46"0.21 ngrml and on day 20 0.75"0.20 ngrml Fig. 3b . MF titers

measured in SAM crabs were higher than in SUM and LUL animals. The MF level in
Ž . Ž .control SAM increased from day 1 0.51"0.06 ngrml to day 50 0.95"0.22 ngrml .

Significantly higher MF levels in de-stalked SAM crabs than in control animals on day 1
Ž . Ž .were measured on day 7 2.02"0.44 ngrml and on day 14 2. 22"0.44 ngrml and

Ž . Ž .the highest MF titre was measured on day 20 2.27"0.36 ngrml Fig. 3c .

Ž . Ž .Fig. 3. Circulating levels of methyl farnesoate ngrml of four types of L. emarginata males. a Small
Ž . Ž . Ž . Ž . Ž . Ž .unabraded male SUM , b large unabraded large claw male LUL , c small abraded male SAM , and d

Ž . Žlarge abraded large claw male LAL . Animals were divided into two groups: intact eyestalk controls white
. Ž .columns and eyestalk ablated black columns . Haemolymph samples were taken from animals that were

sacrificed on day 1 of the experiment and at various intervals up to day 70. The bars represent mean"SEM of
6–10 values. Significance of differences between control and ablated animals are shown by an asterisk
Ž .p-0.05 .
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3.4. Ecdysteroid leÕels

Ž . ŽEcdysteroid levels were measured in the haemolymph Fig. 4 and in the testes Fig.
. w5 . In the haemolymph, ecdysteroid levels in control SUM were low 1.23–15.56

xngrml until day 68, they peaked on day 70 to 32.44"14.26 ngrml, and then
Ž . Ž .decreased on day 73 10.59"6.08 ngrml , which was just before moulting day 75 . In

the ablated SUM, the ecdysteroid levels increased more quickly than in controls. By

Ž .Fig. 4. Circulating levels of ecdysteroids, expressed as 20-hydroxyecdysone equivalents ngrml , in the
Ž . Ž . Ž .haemolymph of four types of L. emarginata males. a Small unabraded male SUM , b large unabraded

Ž . Ž . Ž . Ž . Ž .large claw male LUL , c small abraded male SAM , and d large abraded large claw male LAL . Animals
Ž . Ž .were divided into two groups: intact eyestalk controls white columns and eyestalk ablated black columns .

Haemolymph samples were taken from animals sacrificed on day 1 of the experiment and at various intervals
up to day 73. The bars represent mean"SEM of 6–10 values. Significance of differences between control and

Ž .ablated animals are shown by an asterisk p-0.05 .
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Ž .Fig. 5. Ecdysteroid levels expressed as 20-hydroxyecdysone equivalents ngrg , in the testes of four types of
Ž . Ž . Ž . Ž . Ž .L. emarginata males. a Small unabraded male SUM , b large unabraded large claw male LUL , c small

Ž . Ž . Ž .abraded male SAM , and d large abraded large claw male LAL . Animals were divided into two groups:
Ž . Ž .intact eyestalk controls white columns and eyestalk ablated black columns . Testes were taken from animals

sacrificed on day 1 of the experiment and at various intervals up to day 73. The bars represent mean"SEM of
6–10 values. Significance of differences between control and ablated animals are shown by an asterisk
Ž .p-0.05 .

day 7, the haemolymph ecdysteroids had increased to 8.60"1.22 ngrml; by day 14 to
Ž .58.17"14.31 ngrml; and by day 20 to 91.73"24.22 ngrml Fig. 4a . All the other

Ž .morphotypes LUL, SAM and LAL had basal levels of ecdysteroids in the haemolymph
w x Ž .during the entire study 0.37–6.63 ngrml Fig. 4b,c and d .

ŽIn the testes, ecdysteroid concentrations increased significantly in ablated SUM day
.7, 17.89"2.97 ngrg; day 14, 94.56"23.30 ngrg; and day 20, 138"37.64 ngrg . In

w x Ž .the control SUM, the range of ecdysteroid levels was 15.88–46.88 ngrg Fig. 5a . No
significant differences in gonad ecdysteroids were observed between intact and ablated
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Ž .individuals of the three morphotypes LUL, SAM and LAL , and the amounts detected
w x Ž .were similar to those of the control SUM 5.84–54.94 ngrg Fig. 5b,c and d .

4. Discussion

We tested the effect of eyestalk removal on moult induction in four male morpho-
types of the spider crab L. emarginata. As has been shown before, eyestalk ablation in
crabs that are still growing, like the SUM, reduced the intermoult period. Ablation failed

Ž .to induce moulting in the other morphotypes LAL, LUL and SAM , suggesting that
they have lost the ability to moult and are anecdysic. Males with abraded exoskeletons
have been anecdysic for at least a year demonstrated by the presence of epibionts on the
exoskeleton and their epicuticle is worn away. The exoskeletons of unabraded morphs,

Žwhich have recently moulted, are covered by a thick velvety epicuticle Homola et al.,
. Ž . Ž .1991 . LUL are unabraded morphs newly moulted but, as described by Aldrich 1974 ,

they are morphologically mature males. The morphological allometry also made it
possible to recognise small size mature crabs. Small crabs appear to live for several
years, as evidenced by several layers of barnacles in rocky habitats, while large crabs in
the mud were never found with more than a few scattered barnacles, an indication that

Ž .they may not have lived as long as the small males. Thus, Aldrich 1974 proposed two
Ž .reproductive strategies: small size and small number of larvae in the case of females

coupled with several reproductive years, and large size coupled with a shorter reproduc-
tive period. He also observed that the smallest mature males mated with mature females

Ž .when large crabs were absent. Aldrich 1974 suggested that all morphologically and
behaviourally mature morphs, either large claw or small abraded, were terminally
anecdysic.

The X-organ sinus gland complex in the eyestalk synthesises two groups of peptides,
Ž .the Crustacean Hyperglycemic Hormone CHH neuropeptide family and the chro-

Ž .matophorotropines Van Herp and Soyez, 1997 . The primary physiological roles of the
Ž . Ž .CHH, Gonad-Inhibiting Hormone GIH , Moult-Inhibiting Hormone MIH and MOIH

are now recognised. Nevertheless, a multifunctional role of these peptides is quite clear
Ž .Van Herp, 1998 . With regard to a regulation of moulting, the MIH acts mainly by
inhibiting the synthesis of ecdysteroids by the Y-organ, but CHH also has an inhibitory
effect on the synthesis of this hormone, although CHH was much less effective than

Ž .MIH in this respect Webster, 1998 . Then, eyestalk ablation removes the source of
inhibition of the Y-organs, resulting in increased ecdysteroid levels in the haemolymph
Ž .Chang, 1997 . In L. emarginata, eyestalk ablation only increased ecdysteroids in SUM
while in LUL, LAL and SAM ecdysteroid levels in the haemolymph remained basal.
The concentrations of ecdysteroids in the haemolymph of juvenile crabs were higher

Žthan those found in morphometrically mature animals in C. opilio males Cormier et al.,
. Ž .1992 and in L. emarginata females Laufer and Deak, 1995 . In addition, Vernet-

Ž . Ž .Cornubert 1960 and Hinsch 1972 observed for P. tetraodon and L. emarginata,
respectively, that ablation of the eyestalks results in ecdysis in juvenile individuals, but
not in adults. These results, plus the moulting capacities of SUM, suggest that this
morphotype may be a juvenile form, while the abraded and large claw males, in which
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moulting was not observed, may be mature morphotypes with different reproductive
Ž .strategies, as suggested by Aldrich 1974 . The low concentrations of ecdysteroids

observed in the anecdysic morphotypes are necessary for basal growth or regeneration as
Ž .suggested by Hopkins 1992 in Uca pugilator, or for repairing cuticular damage as

Ž .proposed by Halcrow and Steel 1992 in C. opilio. Since the Y-organs degenerate or
Ž .are permanently inhibited in anecdysic forms Carlisle, 1957; Chaix et al., 1976 , the

higher levels of ecdysteroids observed in the testes of the mature morphotypes could be
synthesised in the testes themselves. Ecdysteroids have been found in ovaries, eggs and

Žtestes of prawns, lobsters and crabs Chang et al., 1976; Chaix and De Reggi, 1982;
.Laufer et al., 1988; Goudeau et al., 1990; Laufer and Deak, 1995 . They have been

Žshown to enhance cell proliferation in primary cultures of lobster testes Brody and
.Chang, 1989 , and stimulate DNA synthesis in the testes of the freshwater prawn M.
Ž .rosenbergii Sagi et al., 1991b , possibly during early phases of spermatocyte prolifera-

tion.
Eyestalk ablation removes the source of inhibition not only of the Y-organs but also

of the MO. In fact, eyestalk removal has been shown to increase MF hemolymph titers
Ž .in juvenile or adult spider crab L. emarginata Laufer et al., 1986, 1987 , and H.

Ž .americanus and Orconectes Õirilis Tsukimura et al., 1989 .
This report presents evidence of a relationship between the levels of MF in the

hemolymph and morphogenesis of small-claw, small-carapace, unabraded male of the
spider crab L. emarginata. Control SUMs that had low levels of MF are moulted into
males with large claws while ablated SUMs, whose levels of MF were 4-fold those of
the controls prior to ecdysis, moulted in a male with small claws. Because allometric

Ždifferentiation of the chelae at maturity has been described in Majid crabs Teissier,
1933, 1935; Hartnoll, 1963; Conan and Comeau, 1986; Conan et al., 1988; Comeau et

.al., 1991 these results indicate that SUM morphotype may represent the juvenile
population. SAM, LUL and LAL never moulted and presented higher levels of MF,
suggesting that they are mature morphotypes and the removal of their eyestalks
enhances testis growth. Eyestalk removal causes hypertrophy and changes in the

Ž . Žultrasructure of the MO in larvae Le Roux, 1983 and adults Byard et al., 1975; Bazin,
.1976; Hinsch, 1977 , further showing that the MO is stimulated by ablation. However,

eyestalk ablation did not produce an increase in MF level in LAL crabs, and this
Ž .morphotype presented the highest levels of MF. Sagi et al. 1994 propose that LAL are

the primary reproductive males with high circulating and synthetic rates of MF.
Ž .Recently, Laufer et al. 1998 demonstrated that the administration of MF in the

crayfish Procambarus clarkii stimulates ovarian maturation. Treatment with hormones
to induce reproduction should be done, taking the different morphotypes into account.
Hence, the physiological characterisation of these morphotypes represents important
information for the successful manipulation of growth and reproduction of this crus-
tacean species in culture.

5. Conclusion

L. emarginata presents a clear polymorphism in males, and from the four morpho-
Ž .types studied, we can conclude that: 1 SUM are able to moult, and represent the
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Ž .juvenile stage, 2 SAM, LUL and LAL are terminally moulted and may represent the
Ž . Ž .reproductive population, 3 circulating ecdysteroids induce moulting in juveniles, 4

high levels of ecdysteroids in the testes of SAM, LUL and LAL suggest a gonadal
Ž . Ž .function, and 5 circulating MF controls morphogenesis of juveniles SUM and may

stimulate gonads in adults as observed in insects.
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