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R É S U M É

Les résulta ts in itiaux  de recherches su r le cycle de reproduction  de la langoustine , Nephrops 
norvegicus, dans la m er C a ta lan e  (M éd ite rran ée  nord-occidentale) sont présentés, à  savoir: âge 
à  50%  d e  m atu rité  (L e 30 ,5  m m ), sex-ratio  (p rédom inance  des m âles en au to m n e  et en hiver), 
p ériode de m atu rité  des gonades (avril-août) et période d e  ponte  (août-janvier). U n  type de syn
chron ism e en tre  m ue et rep ro d u c tio n  en fonction de la  classe de taille et du  sexe est proposé. 
C ’est en tre  décem bre et avril q u ’a été observée u n e  période principale de m ue p o u r tou tes les 
classes d e  taille et les deux  sexes. D eux au tres périodes de m u e, m oins prononcées existent, l ’une 
en é té  p o u r les juvén iles des deux  sexes, l 'a u tre  en au tom ne p o u r les m âles. Le synchronism e 
d ans le cycle b iologique est com paré  à  celui décrit dans d ’au tres parties de la M éd ite rran ée  et 
d ans l ’A tlan tique, L ’au te u r  aborde  égalem ent la question  de savoir si les femelles de cette espèce 
p o n d en t ch aq u e  année.

IN T R O D U C T IO N

T h e relationship betw een m oulting and reproduction in decapod crusta
ceans is a topic that is daily gaining in currency, both from the standpoint of  
basic biological knowledge and in  terms o f its direct application in fisheries and 
aquaculture. A iken & W addy (1980), Sastry (1983), Conan (1985), and Hart- 
noll (1985) have all recently published general reviews dealing with reproduc
tion and m oult cycles in crustaceans, w ith a view  to explaining adaptations of  
crustacean life cycles to different environm ent.

T h e relationship betw een body growth and reproduction is usually held to 
be synchronous, such that the energy m etabolized by an animal can be 
distributed so as to sustain m axim um  yield in both processes while preventing  
interferences. In m any species m ating, gonad m aturity, spawning, incubation  
o f  eggs, and the m oults associated with growth, puberty, and m ating follow a 
tem poral sequence that enables all these functions to take place without 
overlap. E ndogenous and exogenous factors interact, such that the fife cycles 
o f  decapods becom e adapted to each particular habitat, giving rise to varia
tions not only with latitude but also in response to local influences. T he N or
way lobster Nephrops norvegicus is no exception , and its life cycle is sufficiently
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flexible to adapt to local environm ents (Chapm an & Bailey, 1987; Figueiredo, 
1987; A non., 1988, 1989; Briggs, 1989), In this respect, there is evidence that 
Norway lobsters m ay, in response to factors which are not yet clearly under
stood, spawn every two years (C hapm an, 1980; F igueiredo, 1982; R edant, 
1 9 8 7 ; Briggs, 1988). H ow ever, except for A ndersen (1962), who reported 
incubation times o f 12-13 m onths for this species in the Faroe Islands, earlier 
references (K arlovac, 1953; Figueiredo & Barraca, 1963; O ’R iordan, 1964; 
Figueiredo & T hom as, 1967; Farm er, 1974a) m erely reported annual
s p a w n i n g .

Nevertheless, despite an extensive literature on the biology o f  Nephrops 
norvegicus throughout its range, e .g ., Figueiredo & T hom as (1967) and Farmer 
(1975) in the A tlantic and Karlovac (1953), Sarda & Fernández (1981), and 
Orsi Relini & R elin i (1989) in the M editerranean, no definite pattern which  
clearly explains the life cycle o f the species and contem plates synchronism  
between m oulting and reproduction while rem aining sufficiently flexible to be 
applied in different regions has yet been described.

The object o f the present paper is to propose a pattern o f  synchronism  for 
the different size classes o f  both sexes and to analyze the causes that m ight be 
responsible for spaw ning on an annual or biennial basis. Initial data on the 
reproductive cycle o f the N orway lobster off the M editerranean coast o f  Spain  
(size at 50% m aturity, sex ratio, gonad m aturity, and incubation period) are 
presented, and a relationship between the reproductive cycle and m oult fre
quency is put forward,

M A T E R IA L  A N D  M E T H O D S

A total o f 3,595 individuals o f Nephrops norvegicus (1 ,864  m ales and 1,731 
females) with carapace lengths ranging from 15 to 60 m m  were collected in 
1974, 1977, and 1978. Specim ens were taken by com m ercial trawlers 
operating out o f Barcelona (northeastern Spain) at depths betw een 300 and 600  
m (fig. 1). The custom ary fishing grounds for this species are known as the 
“ C erola”  grounds, situated in the vicinity of 4 1 ° 1 5 'N  2 ° 2 3 'E ) .

Specim ens were transported alive to the laboratory, where the follow ing  
measurements and biological data were taken: carapace length (Le) to the 
nearest 0.1 m m , measured along the dorsum from the end o f  the orbit to the 
terminal m argin of the carapace; sex, determ ined from the structure of the sex
ual pleopods (Farmer, 1974b); and gonad maturity stage, according to the 
scale given by Farmer (1974a) and Figueiredo (1972). For data processing pur
poses, only individuals in m aturity stages III and IV  were counted as m ature, 
in order to m inim ize the effect o f  possible gonadal reabsorption after stage II 
(Figueiredo, 1982).

G onad maturity stage and the presence o f eggs on the pleopods were the 
criteria used to evaluate the size at 50% m aturity, taken to be the smallest size 
at which half o f  the individuals were either ripe or ovigerous.
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Fig, 1. L ocation  of the study  a rea  (do tted  region) and o th er regions referred to in the lite ra tu re . 
C : C a ta lan  Sea; L: L ig u rian  Sea; A: A dria tic  Sea; T: T y rrh en ian  Sea; Av: the A lgarve; Aj:

the  A lentcjo.

M oult stages were identified in accordance with Drach (1939) as applied to 
Nephrops by Sarda (1983). M oulting specim ens in each sample were defined to 
be those individuals undergoing proecdysis and postecdysis (stages D 2 ~D3_4  

and A , respectively). W hen identification was im possible or doubtful on 
account o f decom position o f  the pleopods, m oulting individuals were defined  
to be those in which the consistency o f those regions o f the carapace typically 
involved in absorption or recalcification was soft (Sardà & Cros, 1984) or in 
which gastroliths were quite manifest.

T he figures have been presented in percent according to size class, with size 
intervals as per Sarda (1985) (table I). A G test was applied to calculate the 
significance o f the deviation o f the sex ratios recorded with respect to 50% 
(1:1) in both m onthly and com bined annual sam ples. Analysis o f variance 
(A N O V A ) was used to analyze interannual variations in the sex ratio.

R E S U L T S

Sex ratio. — T he sex ratio (fig. 2) varied in the different samples 
(G h = 81.96; p < 0 .0 5 ) ,  and presented significant m onthly differences with 
respect to the expected ratio (1:1). T he m onthly m eans for Ju n e, A ugust, 
O ctober, N ovem ber, and D ecem ber were significantly different from 50% . 
T he num ber o f  males in the catches rose in August and rem ained high through 
February.

Analysis o f  variance o f the sex ratio between years yielded no significant dif
ferences (p > 0 .0 5 ) ,  and the annual pattern was similar each year.

R eproduction. — T he reproductive season for fem ales (gonad maturity 
stages III and IV ) ran from April to Septem ber (fig. 3). Spaw ning began in
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T ab l e  I

Size classes used for statistical processing purpose 
(after Sarda, 1985)

Size class n u m b er Size in terval (Le in tnm )

1 < 2 0
2 20-24
3 25-29
4 30-34
5 35-39
6 40-49
7 > 5 0

August and berried individuals were present through January (5-6 m onths). 
Overall, the m axim um  m onthly percentage o f ripe and ovigerous fem ales 
came to approxim ately 80-90%  o f the population o f fem ales. T h is suggests that 
there are fem ales that do not spawn on an annual basis (T hom as, 1964; 
Farmer, 1974a; Briggs, 1988), although the proportion was relatively low  (less 
than 20% ).

Slight differences in reproductive cycles associated with local adaptations 
have been reported, e .g ., Arrobas (1982), off the A lgarve in Portugal, M orizur  
(1981) off southern Britain, and Bailey (1984) in the C lyde and off the Island  
of Jura in Scotland. M oreover, the periods o f  gonad m aturity in the said areas 
were more prolonged than those reported from  the M editerranean by Froglia 
& Gramitto (1980) for the Adriatic, O rsi R elin i & R elin i (1989) for the Ligurian  
Sea, and the results presented herein for the C atalan Sea. In this respect it is 
important to take into account the different depth distributions for this species 
in the Atlantic and the M editerranean, i .e ., betw een 20 and 500 m  Ín the 
Atlantic and between 300 and 600 m in the M editerranean, where reports of  
Nephrops at shallower depths are rare. C learly, conditions w ith respect to light, 
temperature, and environm ental stability in the N orth A tlantic are quite dif
ferent from those in the M editerranean.

Fig. 4 shows size at 50% maturity for 496 fem ales collected in Ju n e, Ju ly  
and A ugust 1977 and 1978. O f  these, only 296 were in m aturity stages III and 
IV (approxim ately from 50 to 90% o f  the ripe fem ales o f  Le > 3 0  m m ). T he  
size at 50% maturity fell betw een 30 and 31 m m .

Fig. 5 represents a total o f 217 ovigerous fem ales out o f  a total sample o f  542 
females from the m onths o f A ugust and Septem ber. In this case, the size at 
50% maturity, based on the fem ales carrying eggs attached to their pleopods, 
was between 32 and 33 m m  Le. T h e m inim um  size for ripe fem ales recorded  
was an Le o f 22 m m , quite small when com pared w ith the m inim um  size for 
ovigerous fem ales, which was Le = 27 m m . T h e habit o f fem ales to hide in their
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Fig. 3, Percen tage  o f m atu re  (b lank  bars) and ovigerous (hatched bars) females acco rd ing  to the
size classes set ou t in table I-

burrows w hen incubating eggs is one possible explanation for this increase in 
m inim um  size between ripe and berried fem ales, since this would affect their 
frequency in the sam ples and result in underestim ation o f the tails o f the size 
frequency distributions for females. N evertheless, a later analysis o f the size 
frequencies did not uncover any differences in the size distributions o f  females 
caught before and during the period o f incubation.

T he figures show that the asymptotic portion o f the curve fails to remain 
parallel to 100% and in fact falls som ewhat, suggesting a decrease in the ability 
to spawn annually with size, such that substantial num bers o f females in the 
population m ight not be functionally reproductive every year.
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M oult frequency. — Fig. 6 depicts the moult frequency by month and size 
class. Broadly speaking, D ecem ber to April is an im portant m oulting season  
in both sexes, constituting the m ain or m ost pronounced m oulting period, 
termed “ fixed”  by Sarda (1985). T h is m oulting period affected nearly all the 
males in the population and m ost adult fem ales. Charuau (1974) and C onan  
(1975) reported similar m oulting periods which extended longer into spring.

There was a sm aller peak in Ju n e and Ju ly , m ainly affecting the sm aller size 
classes o f both sexes. Another peak occurred in Sept em ber-O ctober, affecting 
most o f the m ales and juvenile females.

Fig. 6 thus depicts three m oulting periods: the first, from D ecem ber to 
April, a “ fixed” m oulting season (F), followed by a “ long”  interm oult period 
of 3-4 m onths, leading up to a second m oulting period for the sm aller size 
classes in Ju n e and Ju ly , followed by a further “ short”  interm oult period of 
2-3 m onths and then a third m oulting period in Septem ber-O ctober. Lastly, 
a “ variable”  interm oult period, dependent upon size and sex, com pleted the 
annual cycle by bridging the tim e rem aining to the next m oult during the 
“ fixed” m oulting season.

There was no percentage o f  m oulting individuals that constituted a 
threshold that could be used as a criterion to define m oulting periods or 
seasons. T h e percentages reported by various other investigators in other 
species, e .g ., Emerita analoga (Stim pson, 1857) (cf, C onan, 1985), Palaemon 
elegans Rathke, 1837 (cf. W ebster, 1982), Sicyonia ingentis (Burkenroad, 1938) 
(cf. Anderson et a í., 1985), Paralithodes spp. (Jensen & A rm strong, 1989), and 
Liocarcinus depurator (L ., 1758) (cf. Abelló, 1989), together with the data 
presented herein, would seem  to place such a threshold at around 20% . For 
juveniles the threshold is probably lower, since they m oult som ewhat asyn- 
chronously m ore than once a year, all year lon g  except in  M ay, A ugust, and 
September.

Synchronism . — Fig. 6 also illustrates the pattern o f synchronism  between  
m oulting and reproduction observed in Nephrops norvegicus in the western  
M editerranean. T h e period o f gonad maturity and berry coincided with the 
period with the lowest percentages o f m oulting adult fem ale individuals, with  
hatching concurrent with the onset o f the ‘ ‘fixed’ ’ m oulting season. T he winter 
moult m eans that fem ales can be fertilized betw een February and April by  
males that have hardened following their earlier m oulting period in 
Septem ber-October. T he findings o f other workers (K arlovac, 1953; 
Figueiredo & Barraca, 1963) agree with these results. In the N orth A tlantic the 
m ating season that follows the hatching o f eggs takes place a little later, in 
April-M ay (A ndersen, 1962; Figueiredo & T hom as, 1967; Farm er, 1974a; 
Sym onds, 1972; C onan, 1975). Small differences Ín the reproductive period, 
associated with local adaptations, have been reported by Arrobas (1982) off the 
Algarve in Portugal, M orizur (1981) off southern B ritain, and Bailey (1984) 
off Clyde and Jura in Scotland. C om paring the data presented by these resear-
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chers with the findings o f  Froglia & Gramitto (1980) in the Adriatic, Orsi 
R elin i & R elini (1989) in the Ligurian Sea, and the data for the Catalan Sea 
set out herein, the period o f gonad m aturity also lasts longer in the Atlantic 
than in the M editerranean. H ow ever, the different depth distributions for this 
species in the North Atlantic, between 20 and 500 m , and in the M editerra
nean, between 300 and 600 m , with only rare records o f Nephrops at shallower 
depths in the M editerranean, should not be overlooked. As a consequence, 
conditions o f  light, tem perature, and environm ental stability in the North  
A tlantic are dearly quite distinct from those in the M editerranean.

Finally, fig. 6 also shows that the percentage of mature fem ales (size classes 
4, 5, and 6) undergoing m oulting tended to be smaller than that in m ales, 
indicative o f relatively slower growth in fem ales (Sarda, 1985). M oulting of 
m ales and fem ales in all size classes took place throughout the year, although 
it varied in intensity. T his m eans that a certain percentage o f mature females 
rem ained unberried and hence did not reproduce. Basically, no ripe fem ales 
were recorded in the stages o f  pro- or postecdysis; though there were som e 
slight overlaps o f  m oulting ripe fem ales in the specific instances o f M ay 1974 
( l% ) ,J u n e  1978 (1 .1% ), and July  1978 (4 .5% ), the values for the rem aining  
m onths were all nil. Taken in conjunction with the results represented in figs. 
4 and 5, the data in fig. 6 provide am ple evidence o f a relatively large num ber 
o f  fem ales that do not spawn every year.

D IS C U S S IO N

A lthough the overall annual sex ratio for Nephrops norvegicus in the M editer
ranean was around 50% , the proportion o f males increased between August 
and D ecem ber. T h e decrease in the num ber o f  females in the catches at the 
end o f sum m er and in autum n coincided with the period in which they were 
incubating their eggs. D uring this period fem ales are less active and spend 
m ost o f  the tim e hiding in their burrows (C hapm an, 1980). These results are 
in  consonance w ith the findings o f  m ost researchers (Figueiredo & T hom as, 
1967; Figueiredo, 1986; Bailey, 1984; Briggs, 1988; Brander & Bennet, 1989; 
Fariña, 1989). T he size at 50% maturity (30.5  m m  Le) was com parable to 
those reported by O rsi R elin i & R elin i (1989) in the Ligurian Sea (31.5  m m ), 
Figueiredo (1987) o ff the Alentejo in Portugal (30 m m ), and Arrobas (1982) 
o ff the A lgarve in southern Portugal (30 m m ). T hese values are, how ever, 
relatively high in  com parison with those reported in  the North Atlantic. Briggs 
(1988) dem onstrated that the size o f Nephrops norvegicus at 50% m aturity  
decreased with latitude. According to Sarda (1985), this size is attained during  
the fourth year o f life, a year later than reported by M orizur (1979) in  the 
A tlantic off France and som e two to three years later than reported b y  Bailey  
(1984) off Scotland. T he size at 50% maturity based on ovigerous fem ales was 
around 32 .5  m m  Le, also greater than the size estim ated for the Atlantic,
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It should be noted that in no case did the percentage of ripe fem ales exceed 
90% of all adult fem ales and even fell considerably with increasing size (figs. 
4, 5). T he m ean proportion o f ripe fem ales during the reproductive period was 
70%- It therefore seems reasonable that an appreciable portion o f the adult 
female population does not spawn on an annual basis. Fig. 6 also supports this, 
in that m oulting adult fem ales were present during the season o f  egg incuba
tion (August-M arch). These fem ales were not carrying eggs and therefore 
could not reproduce. According to Sarda (1983), interm oult stage C in adult 
females lasts about the same length o f  tim e as the period of gonad m aturity  
(170 days = 5-6 m onths). Stage C is thus largely responsible for the syn
chronism between the m oult and reproductive cycles, since, com pared to the 
other m oult stages (pro- and postecdysis), it is the stage that undergoes the 
greatest variation with size.

M ost patterns o f  moult cycles and the num ber o f  m oults yearly established  
using the results o f field work (C onan, 1975; Arrobas, 1982; Bailey, 1984) 
have been based on adults m easuring from 30 to 45 cm Le, which make up  
the bulk o f catches and samples. In laboratory and tagging experim ents, on the 
other hand, the m ost representative size classes have tended to be those corre
sponding to the first four years o f life. Be this as it m ay, the m oult cycle should  
be regarded as a dynam ic process that varies continuously from 4-5 m oults a 
year in postlarvae to fewer than one m oult a year in older, very large adults 
(Sarda, 1985). K nowing the num ber o f  m oults undergone by an individual 
each year or the age at which m oulting takes place is less important than deter
m ining the sizes and tim es o f year at which m oulting takes place, together with  
the relative im portance o f m oult synchronism .

Recapitulating, m ost o f  the m ale population in  the study area m oulted  
during the “ fixed”  m oulting season. Juven ile  m ales m oulted again in su m 
m er, while juvenile and particularly adult m ales underw ent an additional 
m oult later in autum n. Adult fem ales (size classes 4-7) also m oulted during the 
“ fixed”  m oulting season. Fertilization took place after the eggs had hatched  
in spring. Imm ature fem ales (size classes 3 and 4 and lower) and im m ature  
males underwent m oulting throughout the year, with m oult intensity follow ing  
the pattern depicted in fig. 6.

T he “ fixed” m oulting season appears to take place earlier in the M editerra
nean than in the North Atlantic. Charuau (1974) and C onan (1975) stated that 
the main m oulting season for both m ales and fem ales was in spring, with  
another, less marked m oulting period in Ju n e. T h is latter m oulting period  
coincided fully with the observations presented herein, as did the growth pat
tern and moult frequency.

Furthermore, according to Jensen  & A rm strong (1989), an incubation  
period for eggs lasting longer than around 12 m onths w ould be one o f  the ch ief  
conditioning factors responsible for biennial spawning. In Nephrops, the 
incubation period took 5 to 6 m onths in the M editerranean (present data),
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betw een 6 and 10 m onths in the Atlantic (Farmer, 1974a), and 12 to 13 m onths 
in Iceland (A ndersen, 1962). Biennial spawning would, thus, be a local adap
tation in which the relationship between temperature and embryo develop
m ent would play a role. D ifferent authors (C hapm an, 1980; Figueiredo, 1982; 
Briggs, 1988; Sterk & R edant, 1989) have presented evidence in support o f  
biennial spawning. It is extrem ely difficult to pinpoint the factors that cause 
a portion o f the population to spawn biennially, and m ost discussions o f the 
phenom enon have been purely descriptive in nature. Biennial spawning m ay  
take place in certain individuals as an adaptive response to size or age or as 
a sim ple consequence o f the random ness o f  such processes as m ating, asyn- 
chronism , behaviour, and the like.

It is known that endogenous factors like biological clocks and exogenous fac
tors like temperature and light cycles affect reproductive cycles (Chapm an, 
1980; Sastry, 1983; C hapm an & H ow ard, 1988). W hile the intensity o f  the 
interactions am ong such factors varies with latitude, there are also important 
local effects that influence growth, reproduction, behaviour, and m etabolism  
in general. In other words, on the one hand there are a series o f specific charac
teristics from which the basic pattern o f the life cycle o f the population  
(genetically adapted to its environm ent), i .e . ,  growth, size at 50% maturity, 
duration o f  gonad m aturity, incubation period, etc., can be predicted. O n  the 
other hand, other factors, i . e. ,  substrate, fishing pressure, food availability, 
clim ate, currents, tem perature, light cycle, local hydrographic features, etc., 
sim ultaneously exert an influence, giving rise to local adaptations and 
m odifications to this basic pattern. H ow ever, there are additional factors 
which m ay be extrem ely important but which are difficult to quantify and 
w hose effect on populations is hard to m easure. T hese can be regarded as ran
dom  factors, in that they arc not directly dependent upon phenotype or local 
habitat, and include: the type o f exploitation to which the stock is subjected 
(variations in effort levels, gear type, fishing cycle); sudden, abnormal varia
tions Ín clim ate; the asynchronism  intrinsic to the species in question (typically  
extrem ely important in crustaceans); and phenom ena that are dependent on  
density or the often random  (in spite o f  the action o f pherom ones, the effec
tiveness and range o f  which are unknown) possibility o f a m ating encounter  
between a hard m ale and a mature, soft female. Thus, a certain and not 
insignificant percentage o f the asynchronism  and variability in crustacean life 
cycles m ay be the result o f  random  factors w hose occurrence and effect on the 
population are difficult to predict. Such factors are responsible for the con
siderable proportion o f the fem ale population that does not spawn every year 
and w ould also account for the difficulty in determ ining which sizes and which  
proportion o f the population spawn on an annual or biennial basis and there
fore in describing a general pattern o f reproduction for Nephrops norvegicus. 
Lastly, it should be noted that, in  keeping with the term inology current in the 
literature, spaw ning that does not take place every year has been referred to  
as biennial, even though it m ay in actual fact be pluriannual in som e cases.
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