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Summary:

The international Workshop on Majid Crab Biology was set up as an informal forum for all
scientists ofany country and organization interested in sharing results and cooperative research on
the physiology, life eycles, population biology, and behaviour ofmajid crabs. New members are
introdueed upon nomination from two existing members. Meetings are seheduled to take plaee
every two years.

The first meeting took place at Universite Pierre et Marie Curie and at Museum National
d'Histoire Naturelle, Paris, France. It was attended by scientists from Brazil, Canada, France,
Germany, New Zealand, Russia, Spain, u.K., and USA.

Communieations dealt with Iife history, reproduetive behaviour, morphometry, evolution, cryptic
behaviour, endocrinology, and histology ofendocrine glands. The workshop does not deal with
topics directly related to fisheries management. However, the knowledge it brings on the basic
biology ofmajid erab, from an enlarged international forum may provide a useful basis for setting
up fisheries regulations in the context of ICES.
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Introduction:

Several important commercial species pertain to thc majicl crab family: Maja sqllinado,
Chiolloeceles spp., and are harvested both in thc Atlantic and thc Pacific. The majid crab faInily
has a uniquc biological characteristic among Decapod crustaceans, it is believed by most scientists
that both males and females reach a terminal anecdysis, that some compare With the imaginal molt
ofinseets. The presence ofthis characteristic has and is at times still disputed. The significance of
a terminal anecdysis for the reproduction strategy ofthe species is not fully understood iri an
evolutionary context. The eridocrine reguhition ofthe appearimce ofthe terminal molt is'not
knoWn. The environmental determinism ofthe terminal molt is not known. Peculiar behavioral
characteristics such as a morphometric differentiation ofthe claw at the onset ofthe terminal molt
appears to be characteristic ofthe family. A tyPical grasping behaviour ofthe female by the male
has been described for several majid species and may be conimon to all, its significance for
reproductive success is interi>reted differently by authors working on different siJecies. The
populations ofcertain species ofmajid crab appear to segregate by sex and matunty cah~gories,

different spatial structures suggestirig social interactions have been described.
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Themes considered during the sessions:

Phasing of seasonal events in the life history ofmajid crabs with environmental factors
Hormonal control ofmoulting and mating
l\1ating and moulting behaviour
Seasonal migrations and timing of life history events
The terminal moult, its determinism by environmental and hormonal factors
Detection of hormone production by the endocrine glands regulating moulting
Spatial dispersion ofmajid crabs: some evidence for a social behaviour
Pheromones and other means ofcommunication during mating and moulting
The morphology and evolution in majid crabs in relation to mating and moulting

•
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Presentations:

Thc folImVirig abstracts are based ori the summaries provided by the authors andlor on riotes
taken by the chairpersons whcn thc presentations provided additional informiltion. Not all ofthe
abstracts havc bcen rcVised by thc authors, please referto the authors for additional information,
rind please ask for their perinission before quotirig their results.

SJ'stematics and el'(}(ution

Daniele Gtiinot: "'fhe ciassilication of Majidae in the context of recent :idvaüce~ in the
knowJedge oe systematics and evolutiona!)' trends in Brachyu'ran Decapods".

Arevised classiflcation ofdeeapods (D. Guinot, 1979, Mem. l\lus nato Hist. nat., 112, 1-354)
regroups the families aceordirig to the position ofthe male cind female sexual openings.

The Podotremata earry the sexual openings ofthe females arid males ori the eoxal segment of
pereiopods 3 ancl 5 respeetively. The Dromiidae, Dynamenidae, Homoloidae, and Raninidae share
this eharacteristie. The two claws are ofequal size.

, ,

In the Heterotremata the female earry the sexual openings ventrally on the sternite 6 (whieh
corresponds to pereiopod 3), in the form ofpaired sternal vulva. The male bare the seXuai
openirigs ori the eoxa ofpereiopods 5. Thc Calappidae, Doiippidae, Leucosidae, MaJidae,
Parthenopidae, PortuOidae, Xanthidae among others share this charaeteristie.

In the Thoracotreinahi bath female arid the inale sexual openings are sternal. The
Hyrrienosomidae, Gecarcinldae, Grapsidae, Oeypodidae and Pinriotheridae among others share
ihis eharacteristie.

~Iarcos Tava~es: "~heJycum and spermatheca in decapod crüstaceans" (SurriinMy presently
published in 199~ C.R. Aead. Sei. Paris, 316, 3, 133-138.)

'The theIycum and spermatheca are morphologieally very distinet structures but have the sarne
furictions: the storage ofspermatophores. The thdycuin is a structure derived from sternai .... '
modificaiioris always ofa single segment. It can be on the sixth, severith or eighth thoracic sternite
and eari be either an invagination or an evagination. The spermatheea is a strueture denved always
from two adjacent segments, that is, a split be,tween the plates ofthe intersegmental phfagnia. One
phiie ofthisphragrila is derived from sternite 8 and the other from sternite 7. The speimatheca ,
always involves these two segments (exeept, as rar as we know, in the penaeioid genera
Gcnnadas and BCllthcogcnilema in which it is denved from 7/6. The thelycum and spermlitheca
are not conneded to the ovary.

in the heterotreme and thoracotreme crabs the spermatophores are deposited in two openings
(vulva) iri the mid-Ienith ofstermte 6. The Vulva are ~erived always from sternhe 6 and are
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connected to the ovary by the oviduct which is not the case in a thelycum. The part of the oviduct
connected to the vulva is exodermic and the part connecting to the ovary is mesodermic:
Although the spermatophores can be stored in the oviduct this system allows for direct :
fertilization. A specific pIace for storage of spennatophores, independent ofthat storing the eggs,
does not exist. .

Pierre Noel: "Recent research on the phylogeny ofdecapods by immunoiogy".

Resear~h is presently conducted on the relationships between species ofdecapods by using
specific haemocyanin antisera. A1edorippe and Maja appear to be c10sely related and have
diverged eafly from other groups such as Carcillils and Potamo/I, or Eriocheir. Hs is not kriown
yet \vhether imniuriology will allow to discriininate subpopi.dations ofa same species.

. .

Voiker Neumann. "~iorphoiogicaVmorphonietricaidifferentiation between life stages of
different European Afaja species in the conteit of systematics. Remarks on morphological
differentiation and evolution in majid crabs". .

Different Maja species (M. SqtiillCldo. M crispata) from the Mediterranean can be distinguished
by allometric relationships. However the species go through successive stages ofmorphomdric
development charactenzed by different aIlometric relationships, It is sömetimes difficult to decide'
whether iridividuals with a different morphometry pertain to different species, or to süccessive
stages ofdevelopment.

Endocnnowgyandhhwwgy

Hans Laufer, Jouna S.8. Ahl; and Am;r Sagi. "Tbe relation of Methyl Farnesoate tö
Reproduction in Majid Crabs".

Methyl farnesoate (MF) is the unepoxidated forni of the insect juvenile hormone (JH III) which in
insects control reprorluction and reproductive behaViour. MF seeins to perforIn the 'same
functionsin the majid crab, Libillia emalgilUita. MF is synthesized in thc mandi\>Ular organs
(MOs) and is present in the blood ofboth males and females.

MF is niost abundantly produced rriy MOs in females during vitellogenesis. In males high MF
production by the MOs and high concentratioris in the blood are associated with large
reproductive systems and active mating behaviour. High MF concentrations occur in animaIs of
specific morphotypes: thc abraded forms. These are males in which the epicuticule ofthe carapace
has been ,vom away with the passage oftime. Unabraded crabs appear to be in astate of
reproductive inäctivity or diapause. The retatioriship ofMF to reproduction is thought to be
causal since implants ofactive MOs into juvenile females result in a stimulation ofgonad
development.
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We have tested sma11 numbers ofseveral majid crabs, including Chiolloccetesopilio,. .
LoxorhYllchlis gralldis lind Libillia dllbia. All have mandibular organs which produce 1\1F
consistent with the firidings in Libillia emargillata. Thus, MF may play an important roIe iri majid
crab reproduction and reproductive behaviour. . .

. .
Auguste Le Roux: "Recent research on the anatomy and histology of the mandibular organ
of l\Iajid crab. Histological mOdifications of the maridibuiä" organ duririg moult stages in
Cltionoceetcs opilio';. . .

Sarnples ofthe mandibular organs ofthe specimens preparccl for eiectron microscopy by G.
Conan and M. Hubert werc processed by light microscopY. It appears that the maridibuhir organ
displaysdiffererit histological structures at different times ofthe intermoult eyde. Further sarnples
\Vi11 be processed to identif)' whether histological preparations ofthe mandibular organ can detect
the furiciional activity of the organ, arid Hs possible relationship With the prepanition for the moult
to termirial anecdysis.

. " . " ." ,. " ~ - , ' . ... _, " .... I

Gerard Coiuin and Michelle lIubeä1:, "MouUing, terminal anecdysis arid the ultrastructure
of (he Y organ of Chionoecetes opilio". .

Tbc Y organ ofdecapods is believed to regulate moulting by produCing thc moit hormone
crustecdysone. Therefore, the.y organ should regress after t~e molt to terminal anecdysis. Male
C. opilio having reached terminal anecdysis are easily identified by morphometry. The aIloinetric
relationship between the carapace size and the size ofthe cla\v changes abruptly when the
individuals achieve the terminal molt and becöme morphometrically mature (Conari arid Comeau
1986).

In order to verif)' \vhether the Y organ regresses after the malt ofmori>hometnc differentiation,
three sarnples of Y organ were prepared for transmission electron inicroscopy. Thc first sampie
was taken from a morphometricaIly differentiated male in ariecdysis, arlOther orie from a juvenile
male also in anecdysis, hut havirig moulted recently, and the last from 'ajuvemle male having
skipped the spring moult.

The Y organ of thc morphometrically differentiated male clearly displayed signs ofregression
such as myelinie degenerative structures. The juvenile recently moulted male had a c1early

. functional Y organ. The juvemle skip moulter had a fünctional but apparently less active organ.
.' .

Research is being purs~ed to test ä smaIl s~pie ofanimais, it appears thai histology ofthe Y
organ may provide a reliabIe tool for identifyirig whether a crab has achieved the termirial
anecdysis \Vithout having to rely exdusively on morphoinetry.
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Richard lIartnoJl. "The moult incremerii in majid crabs". (summary sent to the meeting)

,..

I
'. .',. ..' .' '.' . ~

It is accepted for most crabs that the moult incremerit follows a fairly staridardised pattenl. As the
crab increases in size the increment, in percentage terms, becomes progressiveIy smaller,:After
sexual maturlty the decline in the increment becomes even more marked, and the increment may ,
become negIigible. These patterns have obvious implicaiions in relation to asyrriptotic growth.

In spider crabs, however, and in some other crabs With determinate moulting patterns, there is
evidence that moult increment does not clecline (HartnoiI 1983, Stnitegies ofcrusÜlcean groWth. •
Mem. Aust. Mus. 18, 121-13 i). Studies to follow up this idea have been rather limitcd.

Recently we (Hartnoll & Bryant, in prep.) have lookecl at moultincrement critically in Hyas
eoaretatus and Inaehus dorsettellsis. The maults betweerijuvenile instars and the puberty moult,
were analyzed separately. There was no tendency ror perceritage increment to decrease with size
(except a sIight trend in male Inaehlls dorsetteilsis). In Hyas eoaretalus the iricremerit at puberty
moult was, in both sexes, smaller than at juvenile moults für the same body siie. In coritrast, it
was larger in [naehus dorsettensis. .

The impIications in relation to the patterns ofgrowth arid the timirig ofgonad maturation are
investigated.

Faetors affeeting mortality

Guenaelle Wilhelm: "Recerit research on the presence of Haematodinium in Maja
squinado"•

Haematodinium infestations are quite com.mon in several European crab species. Up to 60 % of
Neeora puber may be infested by Haematodillillm. Haemalodinillm is also commori in Cancer .
pagllrils. Research is presently on goirig for identification ofHaematodinillm iri Maja sqllinado. It
is not clearly understood whether the same specics ofHaematodinium infects several species of
crab, eIectrophoresis tends to show different profiles, but common chMacters are also foünd.

Boris G. Ivanov. "Limb loss iri crabs (Crustacea Decapoda: Brachyura Majidae arid
Anomura Lithodidae): purposes and methods of its study exemplified by crabs of the
ßering Sea". ' .

Therc is a high incidence ofcrabs having lost part oftheir iimbs in the commercial catch ofmajid
. species (Chionoecetes opilio, C. bairdi, C. allgillatlls, and c. tallileri) and oflithodid spech~s

(Paralithodes plat)pus, LithOdes aeqllispinG, L. eouesi) in the western Bering sea. Thc
.proportion ofcrabs with missing legs is much higher (as much as 15%) in majids than in lithodids
(5%). The losses tend to by symmetrie iri majids and asyrrimetrie iri lithodids.

•
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The differences betweeri the t\VO types of crab may result from the presence ofa terminal
anecdysis in nlajid crabs. Majids are believed to be unable to regenerate once they reach terminal
anecdysis. . .

Life historj'

. '" ~ ".

Coliri L. McLay: "Cryptic behaviour in New Zealand Majid crab"

,"."- , , '

ManyMajid crab species (Exception being made for the Genus Chionoecetes) have a cryptic ,
behaviour, i.e. tcrid to camouflage by coveririg their carapace with picces of seawccd or dcbris.
Many species who camouflage bear hooked setae which hold the material in place. ,The
camouflage behaviour can be quite elaborate in the preparation ofthe ariifacts used for covering.,
the canipace frequeritly repeated. Ariother interpretation is that the camouflage is irideed a food
reserVe. Camouflaging is a trait which is also quite conimon among podotremllta.

,'.( " ,- .' . -. ~

Jocelyne Martiri: "Period of eclosion of the larvae of the spider crab Afaja squinado Herbst
in the Britis~ ehannel arid spring water temperature" ~

Zoopbinkton was sampled monthly and at times bi monthly from 1977 to 1979 and from i983
and 1992. 'Vater temperatures were measured sirriultaneously. Great year to year väriabiiity was
observed in the hatching period. Thc period over which hatchirig is initiated may range from early
June to late July. Maximum hatching is usuälly observed somctime between carly July and early
September. It is believed that hatching occurs cariy when high water ümiperatures are reached in
the spring.

",

• Eduardo GÖni~iez-Gurriaran."'fhe use of ultrasonlc tdemeti-y to monitor movements of
the spider trab lUaja squinado (Decapoda: lUajidae) in the Galician waterS (NW Spain)".

Coriventional tag data have demonstrated seasonai Inigratioris ofMaja squülado in severäl ,
geographie areas. However thc conventional approach does not provide in rlepth infomültion on
speed; orientation, diel and seasoriäl activity rhythms affecting these Inigratioris.

Ultrasonic telemetry allow to monitor smalt ~nd large scalc movements of M. sqziinado iri .'
Galicia. Juveniles move only over short distances at speeds ofno more than SOm per day and With.
no specific privileged orientation. In summer the juveniles are located in kelp beds at shallo\v j to
10 rri depths. Once they have undergone the pubeftal moult in late summer, the adults rerriain in
the same area as the juveniles arid have similär patterns ofmovement. Later in atituinri, the adults

. move preferentially and at greater speeds towards deeper rocky arid saridy areas. The femäles
reach gomidal maturity arid initiate their breeding cycles in these area~. '

"[he g~riäds 'of the feinales always deveiop after the ~oit ofmorphometric differentiation.
Recently moulted soft shetl females have riever been found with sperrnatheques full, milting occurs
duririg the terminal anecdysis long after the moit. Three to five broods are produced from April to
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September. In September 80% ofthe females are berried, in Oetober they stoiJ producing eggs
and by December all the eggs have hatched. Females are frequently found iri the field ,vith few or
tinfertilized eggs. :

Daniel Latrouite: "Biology and harvesting of the spider crab Afaja squinado".

NI. sqllillado is distributed over some 40 degrees oflatitllde in the l\fediterranean sea and thc
Eastern Atlantic (Europe and Africa). The anrlUal catch does not exceed 10 000 tons, it proceeds
mainly from the western British Channel. The fishing fleet is mainly French, and to a lesser degree
from the Channel Islands. Five hlJndred boats fish 2 million traps in Brittany. The crabs are
harvested by tangle riets (5 km per crew member). The fishery is c10sed in September and
October.

In France, the assessmerits are made by systematic sampling. Each sampIe is a using 2 rl'Iile
dredge tow.

M sqllillado reach maturity in 2 to 3 years and reproduce twice a year in Brittany. The,
10comotoTy activity iricrcascs with temperature. Terminal anecdysis has been an accepted fact
cver since the work of Tessier in the 1930's. Old animals are rare, only the very small are left.
Over the past 25 years larger crabs have been seledively removed by the fishery. The females are

harvested as weIl as the males. At times, females arc found with non fertilized eggs. Reemitinent
varies by a factor ofone to five.

, ,

A Ph. D. thesis was receritly produced by D. Le FoIl: "Biologie et exploitation de l'araignee de
mer Maja sqllillado en Manche Ouest". •

Rudolf Diesel: "The Mating Strategy of the Symbiotic Spider Crab, Inachus l'halangium".

Inachlls phallangiilm is a small majid crab living on the sea ailemonae Änemonia suleata in the
Mediterr~nea.ri. There appears to be orie generation per year. One female will produce up to 8
broods. The whole life cycle takes abotit 2 years, after which a terminal anecdysis is reached, the
animals die a few months after the terminal anecdysis. The females are orily slightly smaller than
the males. .. .

The male holds the female face to face by the aritenria iri the preparation for mating. Males mate
with females in any state, With or without eggs, but more iikely ifthe female is ready to spawn.
There is strong competition between males. The female is guarded by the male after mating if she
is ready tri spaWn. The larger males are usually the last to mate prior to spawning, their
sperniatophores are deposited towards the opening ofthe spermatheque, and the semina! fluid
flushes previous spermatophore packages upwards) arid hardens them. The sperm from the last
male is used for fccundating several broods afterwards.

It is believed that part of the internal spennatheqtie originates from ectoderm ofa fomiedy
external thelycum in previous stages ofevolution.
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Guy' Charmaiitier and ~1ireilleCharmailtier-Daures: " Salinity toleränce and
osmoregui:ition in zoeae arid'juveniles öf the snolv crab Cltioiwecetes opilio"•. .

Osmoreguhition arid salinity tolenince were stuclied in zoeae 1 arid inshir IX juveniles. In zoeae i,
thc lower and upper lethaI salinities for 50% ofthe animaIs (LS 5 ) at 14 oe were 'about 10 per mil
arid 42 per mil at 24h, 4 i per mil at 48h, 25 per mit arid 38 per init .h 96 h. In juveniles, thc
approxirriate 48h Ls 50 at 6°e ,vere 13.5 per mil and 46 per mil. .

Isosmotic and isoiomc n~gu}(itiori in post-metarnorphic stages are known from Maja, Hyas arid
possibly LibiJiia. These characteristics are presumably an attribute ofthe majid family.

However, both zoeae arid juveniles ofChiolloecetes opilio were abie to withstarid ample but short
variations ofsaIinity. On the long term, zoeae ,vere hyper-osmoconforrners, whiie juveniles wen~
osmoconfonners and isoionic to the external medium ex:cept for Mg++ which was hyporegi.dated.
The short term euryhalinity may be retated to the characteristics ofthe distribution ofthe ioeae .
arid juveniles in the in the field.

Gerard CODa": "Life llistory of Chionoecetes Opilio, an adaptation to ä highly seasoriai
environment". '

Ten years ofobservations on a smaII population ofsnow crab isolated at the benthic stages inside
the sill ofadeep Newfoundlarid fjord have produced detei-minant irifonnation on the life history of
this species.

Snow crab live in deep ,~ater pocket in the fjord. Thc water rerriains from year to year between -1
to +1 oe. Athennocline forins in the spring and progressively moves down to 60 m in the Fall.
Above the thermocline the water temperature may rise to 15°. The crabs move down below the
thermocline except for some bemed femaIes who speed up the development oftheir eggs eit 3 to
soe: Female spawn iriime~iately ~ermatirig in late May to early, June, the eggs Me carried under
the abdomen for up to two years, althotigh some females may achieve a one year developmeni by
renlainirig in wariner water. .

.The signal for egg hatching is given by a rain of organie carbone produced frorri the spring
phytoplankton bloom. sriow crab Cari exactly match the spring bloom cind avoid match Inismatch .
fluctuaiions in recruitment which would result from iricorrect tirrung ofthe larvae release.

The megaIopes are recruited to the grounds iri iaie August. It tak.es about 5years for the males .
arid feniales to reach a functional maturity stage. However, not all individtiats in a conort reach
siniultaneouslynititunty.Although the goriads ofthe males start de produc~ some spennatophores
in ihe third year, actual ninctional maturity is reached oilly after a specific differentiation ofthe
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claw. This secoridary sexual character devetops at thc onset ofthc last rriolt in thc life cyclc of ,
the anima!. This specific molt can oe reached any\vhere in the 5th to 10th year ofHfe ofthc' males
or thc females. The anirrials who reach this terminal anecdysis do not appear to sumve more than
5 years. Soon the carapace becomes abraded, limbs which are lost cannot be regenerated,
microorganisms slowly destroy the carapace.

Females will reproduce twice, at the most three times in their life spawn. ihey are much ~maller
than the males bllt take' about as long to grow. Each spawning ,takes piace irrimediately after
mating. FemaJes do have a "spermatheca" which is actüally a differentia.tion cifthe oViduct canal
and not a trlie spermatheca (See Tavares). The sperrriatophores in the "spermätheca" are said io
remmn funetiorial from orie year to the next, however it appears thai in nature this safeguard is
seldom ifever used. ' "

Males hold the females in precopulatory emhrace ror several days orweeks uritil the eggs ofthe
female hatch. One claw ofthe male is used io hold the pereiopods ofthe female in ä facirig

.position, the other claw is usedto fence away the other males. This oehaviour has also been
described ofother species ofChiolloecetes from the Pacific ocean. However it appears to be
Genus specific, the related Hyas collected in the same area have a different embrace, the male
holds face to face the claws ofthe female.

l\1ating takes place immediately after egg hatching, the female is turned up side'dowri urider the
male, both individtiaIs now facirig the same direction. Acttial rriating is much shorter than the . '
precopulatory embrace. Matirig is prorriptly followed by the extrusion by the female ofa new
clutch of eggs. Mature femäIes are äImost never found Without a clutch ofeggs, except ,vhen they
oecome senile. .

After the 2nd year arid uritil they reach the terininal moit 'males ancl females llsllally molt 'once per
year in the spring~ However some individuals appear to sometimes molt in early ',vinter and skip .
the spring molt. It is not kßown what triggers this " skip mouliing" beh~lViollr.

Social interactions such as delay ofthe molt ofthe juveniles by the morphometricaIly mature,
attraction ofthe rriäIes by the females by other means than the classic pheromone derived from the
molt hormone are suspected but not demonstrated. Podding behaviollr ofthe femäIes prior to
mating has not been observed. MäIes, females and yourig immature crab tend to segregate in .
different patches. A cannibalistic behaviour of the rriorphorrietrically mature, terininäI anecdysis
males on thc recently moulted juveniles is observed in aquarium, but has not been documerited in
nature. '.

Corisiderable fluctuations in cohort strength have been observed as early as the first bentl~ic
stages, but riot in the plaIlktonic stages. The metamorphosis to the.benthic stages (megalope) may
be the deteiminant step in the success of recruitment. Over the period ofstudy a 5 year interval
has been observed between major recruitmerit successes, however, it is too eady to conclude
about ci periodicity pattern. '
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General niscussion ,
Individual presentations lead 10 general theme discussioris :

'fhe determinism of the terminal molt is not kno\vn. The factors that contribtlte to induce an
iridividual to achieve the terminal molt rather than growing to larger sizes as a juvenile are not
known. As shown in Chionoecetes opilio, the individuals from a same cohort will reach the '
terminal molt over a long rarige of several years. Gnce the terminal molt is reached, reproduction
is possible, but death will happen relativC1y shortly due to the impossibility to regenerate 'or
rejuvemite an old carapace. It is riot kno\vn whether each individual is genetically preprogramrried
to achieve its terminal molt at a given age, \vhether eiwironmental and intra-population regulatory
factors iritervene. '

Thc concept ofterminal molt is now accepted by most authors for most species ofmajicl crab
studied. The significance ofthe terminal molt as an evolutiomiry trait is riot weil kriown. It may be
an rirchaic trait, or a modern trait which was discovered several limes, or both. Thc presence of a
terminal molt appears to be general \vithin the family Majidae. Arnong other families ofdecapods,
only certain species (CoO'stes spp.) have been described to have a terminal molt . ,The termirial
molt, as it is described far certain Thoracatremäta may have a totally different biological
significarice, and may bci ci recent discoveiy. ConversCly there is scarce uripublished information
suggestirig that at least certain archaic Padotremata may reach ci terminal molt.

Lire histories Within a same species may vary with latitucle as demoristrated by the observations ori
Maja squillado. P~icularly, the number ofrepraductions per year may vary.

A commori reproductive behaviour may have evolved into different strategies iri different species.
The practice ofholding the ferilales for extensive periods seems to be a common trait in Majidae,
the body part held in the claw is a characteristic of each genus or may be species: perCiopods
(ChiOlloeceies), claw (Hyas), antenna (blachlls). This holding behaviour may justify the
differentiation ofthe claw at onset of morphömetric rilaturity, however it seems to have ,
disappeared in male Libitiia who were reported to hold the female by using the pereiopods.
Chiolloecetes are reported to hold the female in precopulatory embnice, possiblywaiting for the
eggs to receive th'e sigrial to hatch from thc phytoplankton bloam, so that the male may be thc
orily one to mate immcdiately ~er the hatching and precisely before thc ensuing new spawning.
Inachils phalallgium is reported to hold the femaIe sä that the male be the last to mate arid
therefore to successfully fecundate the ova shortly before spawning.

Recruiirrient success, is highly variable from year to year in Chi0110ecetes and in Maja despite I

regulatory mechanisms such as sperm storage by the females from one spawning to the riext. The
main factcirs affecting recruitment have orily recently been methodically investigated. The
population structure itselfmay gerierale long term ascilhiiioris in abundance by.altematirig of
dominäting morphomctrically tcrminal anecdysis aniinals and juvenile ariimals. In Chiolloecetes
opilio the success ofthe planktonie stages does riot appear to generate major fluctuations in '
rccrtlitment through matchirTIismatclt witlt piaDictoruc blooms. '
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The discrepancy between the activation ofreproductive behaviour in Libinia vs Chionoecetes and
A1aja may be only apparent. Abraded males corresporid to second year after terminal molt
morphometrically mature males in Chiolloecetes opi/io. C. opi/io who have receritly reached
terminal anecdysis have few spermatophores in their msa deferelltia, and require one year of
tissue <ind gonad prodtiction before they become functional. During field observations, juvenile
skip moulter C. o/Ji/io wen~ not reported to mate. It would be worth checkirig whether The
abraded males ofLibinia are not in flict animals in terminal anecdysis irrespective oftheii- size. A
three to four fold range of sizes is not uncorrimon for individuals from a same cohort having
reached terminal anecdysis over 3: Wide range ofsuccessive moults.

Conversely an interestirig working hypothesis would be that the presence/absence of Methyl
famesoate (MF) produced by thc mandibular orgllfi may regulate the onset ofthe terminal
anecdysis. Thc production ofMF could be abundant in juveniles, reduced towards the temunal
molt to morphometric maturity, arid abundant again during reproductiori. This hypothesis may be
tested by a coordinated effort for jointly processing sampIes as undertaken by G. Conari, M.
Hubert, H. Laufer arid A. Leroux. .

There are practical applications to the basic biology studies undertaken. An in depth knowledge of
the life history ofcoinrriercial majid crabs is required for developing efficient arid practical
methods ofstock enhancement and enhancemerit cifthe commercial value ofthe catch:

-The recent advances in thc analysis ofrecruitment fluctuations and ofthe factors affecting
recruitment bcith by ~aiysis oflaboratory experimental data and by field observations may allow
to predict recruitment strerigth many years ahead oftime. A prediction ofrecruitment strength
allows to adjust quotas arid market to the annual production.- •

-The ideniification ofthe early benthic nursery grounds which appear to differ [rom the grcninds
occupied by commercially harvested stages in Maja arid Chionoecetes may allow to specific8.Ily
protect and enhance early recruitment by restricting trawling and dredging on these grounds.

-The identification ofthe physiological and enviroruriental factors determining the onset ofthe
terminal anecdysis may help to identify what portion ofan assessed stock will molt to .
morphometric mätuiity over the ricXt moulting seäson arid subsequentIy reach commcrcial qualitY.
Conversely, the identification ofthe individuals who will reach thc terminal anecdysis cit sizes
inferior to a commercial minimal sizc will aliciw to evaluate the eccinomic potential ofa recriJiting
cohort. Identifying whether thc deternumsm is partly or entirely genetic may avoid long term
drifts in commercial quality of the stock. .

-Idcntification offactors affccting the survival ofthe larvae (tolcrance to salinityvariations), of
the benthic stages (Haematodillimn), ofthe a.nimals in teiminal ariecdysis (lass oflimbs,lack of
regeneration, short life expectancy) will allow to predict recruitriient fltictuations and to adjust thc
quotas annually. For instance it may not be profitable toset lowquotas on a strong recruitment of
terminal anecdysis males who have stopped grciwing and will only lose limbi:;, gain heavy fouling
oftheir carapace arid massively die after having corrip~eted reproductiori over a few nest years.
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New memberships

Applications for membership to the International Workshop on Majid Crabs are welcome. New
members should be nominated by two standing members to the chairpersons ofthe 1993 meeting.

Next venue

Participants feit that the next meetings of the International workshop on Majid Crabs should
be arranged to take place as satellites of major international Crustacean conferences in order
to maximize access and reduce travel costs for the participants. The organizers of several
conferences scheduled in 1995 are presently being approached for endorsing the next meeting of
the International Workshop on Majid crabs.
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