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Methyl farnesoate appears to be a crustacean reproductive hormone

H. LAUFER, A. SAGI, J.S.B. AHL* and E. HOMOLA
Department of Molecular and Cell Biology, The University of Connecticut, Storrs, CT 06268;
Marine Biological Laboratory, Woods Hole, MA 02543 (USA)
*College of Basic Studies, University of Hartford, West Hartford, CT 06117 (USA)

Summary

Methyl farnesoate (MF) is an unepoxidated form of juvenile hormone III, which
controls reproduction in insects and appears to serve the same function in Crustacea. MF
is synthesized by the mandibular organs (MOs) and has been found in the hemolymph of
both females and males in more than 25 species of crustaceans. MF is most actively
synthesized by females during vitellogenesis. MF appears to be an active gonadotropin
since implants of MOs into non-reproductives will increase gonad indices. In males, high
titers of MF are associated with large reproductive systems and aggressive mating

behavior.

Review

Several hormones that regulate reproduction in
crustaceans include the gonad-inhibiting hormone
(GIH), which may be the same as the vitellogenin-
inhibiting hormone (VIH), gonad-stimulating hor-
mone (GSH), and the androgenic gland hormones
(AGHSs). GIH/VIH and GSH have been described
mainly in conjunction with female reproduction,
whereas the AGHs are only associated with male
reproduction. GIH/VIH is released from the sinus
gland in the eyestalk and inhibits ovarian synthesis of
yolk protein, vitellogenin, in vitro (Eastman-Reks and
Fingerman, 1984; Quackenbush and Keeley, 1987).

GSH is reported from the thoracic ganglion (Eastman-
Reks and Fingerman, 1984) and the brain (Anilkumar
and Adiyodi, 1980; Gomez, 1965; Hinsch and
Bennett, 1979; Takayanagi et al., 1986) and stimu-
lates ovarian growth and maturation. The AGHs are
produced by androgenic glands and control sexual
differentiation (Charnaiux-Cotton, 1954). In this
paper we discuss methyl farnesoate (MF),which is
found in both sexes, and may be a reproductive hor-
mone common to many species of crustaceans.

MF is an unepoxidated form of juvenile hormone
I, which in immature stages of insects controls
larval development and in adults controls reproduc-
tion. MF is synthesized by the mandibular organs
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(MO) Laufer et al 1986 1987a 1987b) as revealed

was_first detected in the hemolymph of the spider
crab, Libinia emarginata, using gas chromatogra-
__phy/mass spectrometry (Laufer et al.,
then, it has been identified in the hemolymph of both
males and females and in over 25 species of Crustacea
(Landau et al., 1989; Laufer and Borst, 1988; Sagi et
al., 1991; Tobe et al., 1989).

Although the role of MF in reproduction is not
entirely clear, it appears to be related to gonadal
growth and possibly also to maturation in both sexes.
MF may act as a gonadotropin since implants of
active MOs stimulate enlargement of the ovary in
immature female L. emarginata (Hinsch, 1980). MO

activity is associated with development of the ovary in_

that it is lowest in juvenile and pre-vitellogenic fe-
males and greatest during vitellogenesis, as demon-
strated in vitro with isolated MOs (Laufer et al.,
1986). MF induces small but significant increases in
hemolymph levels of vitellogenin when injected into
eyestalkless adult female L. emarginata (Vogel and
Borst, 1989).

In males, reproduction is even more complex
because there are several morphotypes, all of which
have sperm in their reproductive tracts, and they
display different mating behaviors. Although there
are a number of species that have behaviorally distinct
male morphotypes such as the amphipod Jassa falcata
(Borokowsky, 1985), the freshwater prawn Macro-
brachium rosenbergii (Ra’anan and Sagi, 1985), the
isopod Paracereis sculpta (Shuster, 1987), and the
Snow and Tanner crabs (Conan and Comeau, 1986;
Donaldson and Adams, 1989), investigations into the
endocrinology of these types has so far only been
done in the spider crab L. emarginata.

The male morphotypes of L. emarginata are dis-
tinguished by claw length relative to carapace length
and the condition of the exoskeleton (Homola et al.,
1991). There are large- and small-clawed males that
appear velvety due to the pubescent nature of the
epicuticle covering the exoskeleton and are referred
to as unabraded. These males have recently molted
within the past season. They have low MF titers in
their hemolymph, relatively inactive MOs, and small
reproductive systems. The other morphotypes, which
include both large- and small-clawed forms, lack the
pubescence because the epicuticle has been worn
away, and these are therefore called abraded. These
crabs have not molted for about a year or more. Com-
pared to the unabraded males, the abraded crabs have

1987D). Since

MF titers that are 2- 3 fold hlgher thelr MOs are 2—6

3-4 times larger.

These morphotypes are just as distinct behavior-
ally. Large-claw abraded males actively compete for,
mate with, then carry and guard receptive females
(Laufer et al., 1992; Sagi et al., 1992. Small-claw
abraded males utilize a non-competitive “sneak-mat-
ing” tactic. That is, they either mate in isolate or
quickly copulate when the large-claw abraded males
are “distracted,” but they do not carry or guard the
females after mating. The unabraded males do not
display any mating behavior. Thus, the large-claw
abraded males are the primary reproductives (Homola
et al., 1991).

In insects, high levels of juvenile hormone (JH)
are necessary for the development and maturation of
the reproductive system and for the display of mating
behavior (see Downer and Laufer, 1983). The lack of
mating behavior, especially in adults, is attributed to
low levels or the absence of JH, and in some species
gonadal regression (DeWilde, 1983). This condition
is referred to as reproductive diapause and commonly
occurs after the molt to the adult form (Denlinger,
1985) and between breeding seasons. It appears then
that the lack of mating behavior, low levels of MF in
the hemolymph, and the small reproductive system
exhibited by unabraded male L. emarginata suggests
that these crabs are in a state of reproductive
diapause.

The synthesis of MF by the MOs and its high titer
in the hemolymph of vitellogenic females and the
reproductively active male morphotypes are strong

evidence that MF is indeed important for reproduc-

tion in crustaceans.

Acknowledgements

We would like to thank David Dodge and the staff
of the New England Utilities Environmental Labora-
tory at Millstone Power Plant for the collection of
Libinia emarginata, and Dr. Larry Renfro for help
with their transportation; the technical advice of
Dr. F. Mauri of the University of Connecticut Bio-
technology Center; and for the use of the HPLC
facilities. This work was supported in part from the
Sea Grant College Program to H.L.; a Fulbright
Scholarship, and a Binational Agricultural Research
Development Foundation fellowship to A.S.



19

U References

Taufer, H. and Borst,; D.W. Tuvenile hormonein Crusta-

cea. In: Invertebrate Endocrinology, Vol. 2, Endocri-_

Anilkumar, G. and Adiyodi, K.G., Ovarian growth induced

.- by.eyestalk ablation during the pre-breeding season.in... ...

the crab, Paratelphuse hydrodromus (Herbst). Int. J.
Invert. Reprod., 2 (1980) 95-105.

Borowsky, B., Differences in reproductive behavior be-
tween two males morphs of the amphipod crustacean
Jassa falcata Montagu. Physiol. Zool., 58 (1985) 497-
502.

Charnaiux-Cotton, H., Implantation de gonades de sexe
oppose a des males et des femelles chez un Crustace
Amphipode (Orchestia gammarella). C.R. Acad. Sci.
Paris, 238 (1954) 953-955.

Conan, C.Y. and Comeau, M., Functional maturity and
terminal molt of male Snow crab, Chionoecetes opilio.
Can. J. Aquat. Sci., 43 (1986) 1710-1719.

DeWilde, J., Endocrine aspects of diapause in the adult
stage. In: Invertebrate Endocrinology, Vol. 1., Endo-
crinology of Insects, R.G.H. Downer and H. Laufer,
eds., A.R. Liss, New York, 1983, pp. 357-368.

Denlinger, D.L., Hormonal control of diapause. In: Com-
parative Insect Physiology, Biochemistry, and Pharma-
cology, Vol. 8, EndocrinologyIl, G.A. Kerkutand L.I.
Gilbert, eds., Pergamon Press, New York, 1985,
pp. 353-412.

Donaldson, W.E. and Adams, A.E., Ethogram of behavior
with emphasis on mating for the Tanner crab Chionoe-
cetes bairdi Rathbun. J. Crust. Biol., 9 (1989) 37-53.

Downer, R.G.H. and Laufer, H., eds., Invertebrate Endo-
crinology, Vol. 1, Endocrinology of Insects, A.R. Liss,
New York, 1983.

Eastman-Reks, S. and Fingerman, M., Effects of neuroen-
docrine tissue and cyclic AMP on ovarian growth in
vitro in the fiddler crab, Uca pugilator. Comp. Bio-
chem. Physiol., 79A (1984) 679-684.

Gomez, R., Acceleration of development of gonads by
implantation of brain in the crab Paratelphusa hydro-
dromus. Naturewise, 52 (1965) 217.

Hinsch, G.W., Effect of mandibular organ implants upon
spider crab ovary. Trans. Am. Microsc. Soc., 99
(1980) 317-322.

Hinsch, G.W. and Bennett, D.C., Vitellogenesis stimulated
by thoracic ganglion implants into destalked immature
spider crabs, Libinia emarginata. Tissue and Cell, 11
(1979) 345-351.

Homola, E., Sagi, A. and Laufer, H., Relationship of claw
form and exoskeleton condition to reproductive system
size.and methyl farnesoate in the male spider crab,
Libinia emarginata. Invert. Reprod. Develop., 20
(1991) 219-225.

Landau, M., Laufer, H. and Homola, E., Control of meth-
yl farnesoate in the mandibular organ of the crayfish
Procambarus clarkii: evidence for peptide neuro-
hormones with dual functions. Invert. Reprod. Devel-
op., 16 (1989) 165-168.

nology of Selected Invertebrate Types, H. Laufer and
“R7H.G. Downer, eds.; "A.R. Liss, New York, 1988,
pp- 305-313.

Laufer; H., Borst, D.; Baker, F.C., Carrasco, C., Sinkus,
M., Reuter, C.C., Tsai, L.W. and Schooley, D.S.,
Identification of a juvenile hormone-like compoundin a
crustacean. Science, 235 (1987b) 202-205.

Laufer, H., Landau, M., Borst, D. and Homola, E., The
synthesis and regulation of methyl farnesoate, a new
juvenile hormone for crustacean reproduction. In:
Advances in Invertebrate Reproduction 4, M. Porchet,
J.C. Andries and A. Dhainaut, eds., Elsevier Science,
Amsterdam, 1986, pp. 135-143.

Laufer, H., Landau, M., Homola, E. and Borst, D., Meth-
yl farnesoate: its site of synthesis and regulation of
secretion in a juvenile crustacean. Insect. Biochem., 17
(19872) 1129-1131.

Laufer, H., Sagi, A. and Ahl, J.S.B., Juvenile hormone-
like compounds in crustacea and their implications for
reproductive behavior. In: Advances in Regulation of
Insect Reproduction, I. Bennettora, I. Gelbic and T.
Soldan, eds., Institute of Entomology, Czech. Acad.
Sci., 1992, pp. 153-155.

Quackenbush, L.S. and Keeley, L.L., Regulation of vitello-
genesis in the fiddler crab, Uca pugilator. Am. Zool.,
27 (1987) 152A.

Ra’anan, Z. and Sagi, A., Alternative mating strategies in
male morphotypes of the freshwater prawn Macro-
brachium rosenbergii (deMan). Biol. Bull., 196 (1985)
592-601.

Sagi, A., Homola, E. and Laufer, H., Methyl farnesoate in
the prawn Macrobrachium rosenbergii: Synthesisby the
mandibular organin vitro, and titers in the hemolymph.
Comp. Biochem. Physiol., 99B (1991) 879-882.

Sagi, A., Ahl, J.S.B., Danaee, H. and Laufer, H., Methyl
farnesoate and reproductive behavior in male morpho-
types of the spider crab, Libinia emarginata. Am.
Zool., 31 (1992) 87A.

Schuster, S.M., Alternative reproductive behaviors: three
discrete male morphs in Paracerceis sculpta, an inter-
tidal isopod from the northern Gulf of California. J.
Crust. Biol., 7 (1987) 318-327.

Takayanagi, H., Yamamoto, Y. and Takeda, N., An ovary
stimulating factor in the shrimp, Paratya compressa. J.
Exp. Zool., 240 (1986) 203-209.

Tobe, S.S., Young, D.A., Khoo, H.W. and Baker, F.C.,
Farnesoic acid as a major product of release from crus-
tacean mandibular organs in vitro. J. Exp. Zool., 249
(1989) 165-171.

Vogel, I.M. and Borst, D.W., Spider crab yolk protein:
molecular characterization and the effects of methyl
farnesoate (MF) on its hemolymph levels. Am. Zool.,
29 (1989) 49A.



