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RÉSUMÉ 

Les résultats initiaux de recherches sur Ie cycle de reproduetion de la langoustine, Nephraps 
norvrgicus, dans la mer Catalane (Médilerrané"' nord-occidentale) sont présentés, à savoir: äge 
à 50% de maturité (Lc 30,5 mm), sex-ratio (prédominance des miles en automne et en hiver), 
période de maturité des gonades (avril-août) et période de ponte (août-janvier). Un type de syn­
chronisme entre mue et reproduetion en foncdon de la dasse de taille et du sexe est proposé. 
C'est entre décembre et avril qu'a été observée une période principale de mue pour toutes les 
classes de taille et les deux sexes. Deux autres pérîodes de mue, moins prononcées existent, l'une 
en été pour les juvéniles des deux sexes, l'autre en automne pour les miles. Le synchronisme 
dans Ie cycle biologique est comparé à cclui décrit dans d'autres parties de la Médîterranée et 
dans I' Atlantique. L'auteur aborde également la question de savoîr si les femelles de cetle espèce 
pondent chaque année. 

INTRODUCTION 

The relationship between rnauiting and reproduetion in decapad crusta­
ceans is a topic that is daily gaining in currcncy, both from the standpoint of 
basic biologica! knowledge and in terrus of its direct application in fisheries and 
aquaculture. Aiken & Waddy (1980), Sastry (1983), Conan (1985), and Hart­
noH (1985) have all recently publisbed general reviews dealing with reprodue­
tion and moult cydes in crustaceans, with a view to explainîng adaptations of 
crustacean lifc cycles to different environment. 

The rclationship between body growth and reproduetion is usually held to 
be synchronous, such that thc energy metabolized by an animal can be 
distributed so as to sustain maximum yield in both processes while preventing 
interferences. In many species mating, gonad maturity, spawning, incubation 
of eggs, and the moults associated with growth, puberty, and mating follow a 
temporal sequence that enables all these functions to take place without 
overlap. Endogenous and exogenous factors interact, such that the life cycles 
of decapods become adapted to each particular habitat, giving rise to varia­
tions not only with latitude but also in response to local influences. The Nor­
way lobster Nephrops norvegicu.s is no exception, and its life cycle is sufficiently 
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flexible to adapt to local environments (Chapman & Bailey, 1987; Figueiredo, 
1987; Anon., 1988, 1989; Briggs, 1989). In this respect, there is evidence that 
Norway lobsters may, in response to factors which are not yet clearly under­
stood, spawn cvery two years (Chapman, 1980; Figucircdo, 1982; Redant, 
1987; Briggs, 1988). Howcver, except for Andersen (1962), who reported 
incubation times of 12-13 months for this species in the Faroe lslands, earlier 
references (Karlovac, 1953; Figueiredo & Barraca, 1963; O'Riordan, 1964; 
Figueiredo & Thomas, 1967; Farmer, 1974a) merely reported annual 

spawmng. 
Nevertheless, despitc an extensîve literature on thc biology of Nephrops 

norvegicus tbraughout its range, e.g., Figueiredo & Thomas (1967) and Farmer 
(1975) in the Atlantic and Karlovac (1953), Sardà & Fernández (1981), and 
Orsi Relini & Relini (1989) in the Mediterranean, no definite pattern which 
dearly explains the lite cycle of the species and contemplatcs synchronism 
between rnauiting and reproduetion while remairring sufficiently flexible to be 
apphed in different regions has yet been dcscribed. 

The object of the present paper is to propose a pattem of synchronism for 
the different size classes of both sexes and to analyze thc causes that might be 
responsible for spawning on an annual or biennial basis. Initia! data on the 
reproductive cycle of thc Norway lobster off the Mediterranean coast of Spain 
(size at 50% maturity, sex ratio, gonad maturity, and incubalion period) are 
presented, and a relationship between the reproductive cycle and moult fre­
qucncy is put forward. 

MATERIALAND METHOOS 

A total of 3,595 individuals of Nephrops norvegicus (1,864 rnales and 1,731 
females) with carapace lengtbs ranging from 15 to 60 mm wcre collected in 
1974, 1977, and 1978. Specimens were taken by commercial trawlers 
operating out of Barcelona ( northeastern Spa in) at deptbs between 300 and 600 
m (fig. 1 ). The customary fishing grounds for this species are known as the 
''Cerola'' grounds, siluatcd in the vicinity of 41 o 15' N 2°23 'E). 

Specimens were transported alive to the Iabaratory, where the following 
measurements and biologica! data were taken: carapace length (Lc) to the 
nearest 0.1 mm, measured along the dorsurn from the end ofthe orbit to the 
terminal margin of the carapace; sex, determined 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 maturity stages lil and IV were counted as mature, 
in order to mînimize the effect of possible gonadal reabsorption after stage II 
(Figueiredo, 1982). 

Gonad maturity stage and the preserree of eggs on the pleopods were thc 
criteria uscd to evaluate the size at 50% maturity, taken to be the smallest size 
at which half of the individuals were either ripe or ovigerous. 
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Fig. I. Location of the study area (dotted region) and other regions referred to in the literature. 
C: Catalan Sea; L: Ligurian Sea; A: Adriatic Sea; T: Tyrrhenian Sea; Av: the Algarve; Aj: 

the Alentcjo. 

Moult stages were identified in accordance with Drach (1939) as applied to 
Nephrops by Sardà (1983). Moulting specimens in each sample were defined to 
be those individuals undergoing proecdysis and postecdysis (stages D2-D3.4 
and A, respectively). When identification was impossible or doubtful on 
account of decomposition of the pleopods, rnauiting individuals were defined 
to be those in which the consistency of those regions of the carapace typically 
involved in absorption or recalcification was soft (Sardà & Cros, 1984) or in 
which gastroliths were quite manifest. 

The figures have been presented in percent according to size class, with size 
intervals as per Sardà (1985) (table 1). AG test was applied to calculate the 
significanee of the deviation of the sex ratios reearcled with respect to 50% 
(1:1) in bath monthly and combined annual samples. Analysis of varianee 
(ANOVA) was used to analyze interannual variations in the sex ratio. 

RESULTS 

Sex ratio. - Thc sex ratio (fig. 2) varied in the different samples 
(Gh = 81.96; p<0.05), and presented significant monthly differences with 
respect to the expected ratio (1:1). The monthly means for June, August, 
October, November, and December were significantly different from 50%. 
The number of rnales in the catches rose in August and remained high through 
February. 

Analysis of varianee of the sex ratio between years yielded no significant dif­
f'erences (p>0.05), and the annual pattern was similar each year. 

Reproduction. - The reproductive season for females (gonad maturity 
stages 111 and IV) ran from April to September (fig. 3). Spawning began in 
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TABLE I 

Size classes used for statistica! processing purpose 
(after Sardà, 1985) 

Size class number 

1 
2 
3 
4 

' 6 
7 

Size interval (Lc in mm) 

<20 
20-24 
25-29 
30-34 
35-39 
40-49 
>50 
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August and herried individuals were present through January (5-6 months). 
Overall, the maximum monthly percentage of ripe and ovigerous females 
came to approximately 80-90% of the population of females. This suggests that 
there are females that do not spawn on an annual basis (Thomas, 1964; 
Farmer, 1974a; Briggs, 1988), although the proportion was relatively low (less 
than 20% ). 

Slight differences in reproductive cydes associated with local adaptations 
have been reported, e.g., Arrobas (1982), offthe Algarve in Portugal, Morizur 
( 1981) off southern Britain, and Bailey ( 1984) in the Clyde and off the Island 
of .Jura in Scotland. Moreover, the periods of gonad maturity in the said areas 
were more prolonged than those reported from the Mediterrancan by Froglia 
& Gramitto (1980) for the Adriatic, Orsi Relini &: Relini (1989) for the Ligurian 
Sea, and the results presented herein for the Catalan Sea. In this respect it is 
important to take into account the different depth distributions for this species 
in the Atlantic and the Mediterranean, i.e., between 20 and 500 min the 
Atlantic and between 300 and 600 m in the Mediterranean, where reports of 
Nephrops at shallower deptbs are rare. Clearly, conditions with respect to light, 
temperature, and environmental stabîlity in the North Atlantic are quite dif­
ferent from those in the Meditcrranean. 

Fig. 4 shows size at 50% maturity for 496 females collected in June, July 
and August 1977 and 1978. Of these, only 296 were in maturity stages 111 and 
IV (approximately from 50 to 90% of the ripe females of Lc > 36 mm). The 
size at 50% maturity feil between 30 and 31 mm. 

Fig. 5 represents a total of217 ovigerous femalcs out of a total sample of 542 
females from the months of August and September. In this case, the size at 
50% maturity, basedon the females carrying eggs attached totheir pleopods, 
was between 32 and 33 mm Lc. The minimum size for ripe females reearcled 
was an Lc of 22 mm, quite smal! when compared with the minimum size for 
ovigerous females, which was Lc = 27 mm. The habit of females to hidc intheir 
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Fig. 2. Monthly sex-ratio (aet/99) basedon data for all three years (1974, 1977, and 1978 com­
bined); vcrtical bars represent thc standard deviation - ( + ): values significantly different from 

the ratio of l: I; (- ): val u es statistically the same as 1: I. 

• 

Fig. 3. Percentage of mature (blank bars) and ovigerous (hatched bars) females accordingto the 
size classes set out in table L 

burrows when încubating eggs is one possible explanation for this i ncrease in 
minimum size between ripe and herried females, since this would affect their 
frequency in the samples and result in underestimation of the tails of the size 
frequency distributions for females. Nevertheless, a later analysis of the size 
frequencies did notuncover any differences in the size distributions affernales 
caught befare and during the period of incubation. 

The figures show that the asymptotic portion of the curve fails to remain 
parallel to 100% and in fact falls somewhat, suggesting a decreasein the ability 
to spawn annually with size, such that substantial numbers of females in the 
population mîght not be functionally reproductive every year. 
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Fig. 4. Size at 50% maturity based on ovary devetopment stage (stages III and IV). 
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Fig. 5. Size at 50% maturity based on o'·igerous females. 
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Fig. 6. Percentage of moulting rnales and female~ by size class (numbered after table I). Diagram of the reproductive cycle showing the 
typical sequence of synchronie events between rnauiting and reproduction: Blank bars: immature individuals; Hatched bars: ripe 
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Moult frequency. -Fig. 6 depiets the moult frequency by month and size 
class. Broadly speaking, December to April is an important rnauiting season 
in bath sexes, constituting the main or most pronounced rnauiting period, 
tenned "flxed" by Sardà (1985). This rnauiting period affected ncarly all the 
rnales in the population and most adult females. Charuau (1974) and Conan 
(1975) reported similar rnauiting periods which extended Jonger into spring. 

Th ere was a smaller peak in J une and J uly, mainly affecting the smaller size 
classes of bath sexes. Another peak occurred in September·Ûctober, affecting 
most of the rnales and juvenile females. 

Fig. 6 thus depiets three rnauiting pcriods: the first, from December to 
April, a "fixed" rnauiting season (F), foliowed by a "long" intermoult period 
of 3-4 months, leading up to a second rnauiting period for the smaller size 
classes in June and July, foliowed by a further "short" interrnauit period of 
2-3 months and then a third rnauiting period in September-October. Lastly, 
a "variable" interrnauit period, dependent upon size and sex, compieted the 
annual cycle by bridging the time remaining to the next moult during the 
''fixed'' moulting season. 

There was no percentage of rnauiting individuals that constituted a 
threshoid that couid he used as a criterion to define rnauiting periods or 
seasons. The percentages reported by various other investigators in other 
species, e.g., Emerita analoga (Stimpson, 1857) (cf. Conan, 1985), Palaemon 
elegans Rathke, 1837 (cf. Webster, 1982), Sicyonia ingentis (Burkenroad, 1938) 
(cf. Andersou et al., 1985), Paralithodes spp. Oensen & Armstrong, 1989), and 
Liocarcinus depurator (L., 1758) (cf. Abelló, 1989), tagether with the data 
presented herein, would seem to place such a threshold at around 20%. For 
juveniles the threshold is probabiy Iower, since they moult somewhat asyn­
chronously more than once a year, all year long except in May, August, and 
September. 

Synchronism. - Fig. 6 also illustrates the pattem of synchronism between 
rnauiting and reproduetion observed in Nephrops norvegicus in the western 
Mediterranean. The period of gonad maturity and berry coîncided with the 
period with thc lowest percentages of rnauiting adult female individuals, with 
batehing concurrent with the onset ofthe ''fixed'' rnauiting season. The winter 
moult means that females can be fertilized between February and April by 
rnales that have hardened following their earlier moulting period in 
September-October. The findings of other workers (Karlovac, 1953; 
Figueiredo & Barraca, 1963) agree with these results. In the North Atlantic the 
mating season that follows the batehing of eggs takes place a little later, in 
April-May (Andersen, 1962; Figueiredo & Thomas, 1967; Farmer, 1974a; 
Symonds, 1972; Conan, 1975). Smal! differences in thc rcproductive period, 
assocîated with local adaptations, have been reported by Arrobas (1982) offthe 
Algarve in Portugal, Morizur (1981) off southern Britain, and Bailey (1984) 
otlClyde andjura in Scotland. Camparing the data presented by these resear-
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chers with the findings of Froglia & Gramitto (1980) in the Adriatic, Orsi 
Relini & Relini (1989) in the Ligurian Sea, and the data for the Catalan Sea 
set out herein, the period of gonad maturity also lasts Jonger in the Atlantic 
than in the Mediterranean. However, the different depth distributions for this 
species in the North Atlantic, between 20 and 500 m, and in the Mediterra· 
nean, between 300 and 600 m, with only rare records of Nephrops at shallower 
deptbs in the Mediterranean, should not be overlooked. As a consequence, 
conditions of light, temperature, and environmental stability in the North 
Atlantic are clearly quite distinct from those in the Mediterranean. 

Finally, fig. 6 also shows that the percentage of mature females (size classes 
4, 5, and 6) undergoing moulting tended to be smaller than that in males, 
indicative of relatively slower growth in females (Sardà, 1985). Moulting of 
rnales and females in all size classes took place tbraughout the year, although 
it varied in intensîty. This means that a certain percentage of mature females 
remained unhcrried and hence did nat reproduce. Basically, no ripe females 
were reearcled in the stages of pro~ or postecdysis; though there were some 
slight overlaps of rnauiting ripe females in the specific instances of May 1974 
(1% ), June 1978 (1.1% ), and July 1978 (4.5% ), the valnes for the remaining 
months were all nil. Taken in conjunction with the results represented in figs. 
4 and 5, the data in fig. 6 provide ample evidence of a relatively large number 
of females that do nat spawn every year. 

DISCUSSION 

Although the overall annual sex ratio for Nephrops norvegicus in the Mediter~ 
ranean was around 50%, the proportion of rnales increased between August 
and December. The decrease in the number of females in the catches at the 
end of summer and in autumn coincided with the period in which they were 
incubating their eggs. During this period females are less active and spend 
most of the time hiding intheir burrows (Chapman, 1980). These results are 
in consananee with the findings of most researchers (Figueiredo & Thomas, 
1967; Figueiredo, 1986; Bailey, 1984; Briggs, 1988; Brander & Bennet, 1989; 
Farifia, 1989). The size at 50% maturity (30.5 mm Lc) was camparabie to 
those reported by Orsi Relini & Relini (1989) in the Ligurian Sea (31.5 mm), 
Figueiredo (1987) off the Alentejo in Portugal (30 mm), and Arrobas (1982) 
off the Al garve in southern Portugal (30 mm). These valnes are, however, 
relatively high in comparison with those reported in the North Atlantic. Briggs 
(1988) demonstrated that the size of Nephrops norvegicus at 50% maturity 
decreased with latitude. According to Sardà (1985), this size is attained during 
the fourth year of life, a year later than reported by Morizur (1979) in the 
A dantic off France and some two to three years later than reported by Bailey 
( 1984) off Scotland. The si ze at 50% maturity based on ovigerous females was 
around 32.5 mm Lc, also greater than the size estimated for the Atlantic. 
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It should be noted that in no case did the percentage of ripe females exceed 
90% of all adult females and even feil considerably with increasing size (figs. 
4, 5). The mean proportion of ripe females during the reproductive period was 
70%. It therefore seems reasanabie that an appreciable portion of the adult 
female population does not spawn on an annual basis. Fig. 6 also supports this, 
in that moulting adult females were present during the season of egg incuba­
tion (August-March). These females were not carrying eggs and therefore 
could not reproduce. According to Sardà ( 1983), intermoult stage C in adult 
females lasts about the same length of time as the period of gonad maturity 
(170 days = 5-6 months). Stage C is thus largely responsible for the syn­
chronism between the moult and reproductive cyclcs, sincc, compared to the 
other moult stagcs (pro- and postecdysis), it is the stage that undergoes the 
greatest varlation with size. 

Most pattems of moult cycles and the number of moults yearly established 
using the results of fieldwork (Conan, 1975; Arrobas, 1982; Bailey, 1984) 
have been based on adults measuring from 30 to 45 cm Lc, which make up 
the bulk of catches and samples. In laboratory and tagging experiments, on the 
other hand, the most rcpresentative size classes have tended to be those corre­
spondingto the first four years oflife. Be this as it may, the moult cycle should 
be regarcled as a dynamic process that varies contînuously from 4-5 moults a 
year in postlarvae to fewer than one moult a year in older, very large adults 
(Sardà, 1985). Knowing the number of moults undergone by an individual 
each year or thc age at which moulting takes place is less important than deter­
mining the sizes and times of year at which moulting takes place, tagether with 
the relative importance of moult synchronism. 

Recapitulating, most of the male population in the study area moulted 
during the "fixed" moulting season. Juvenile rnales moulted again in sum­
mer, while juvenile and particularly adult rnales underwent an additîonal 
moult later in autumn. Adult females (sîze classes 4-7) also moulted during the 
"fixed" moulting season. Fertilization took place after the eggs had hatched 
in spring. Immature females (size classes 3 and 4 and lower) and immature 
rnales underwent moulting tbraughout the ycar, with rnoult intensity following 
the pattem depicted in fig. 6. 

The "fixed" rnauiting season appears to take place earlier in the Mediterra­
nean than in the North Atlantic. Charuau ( 197 4) and Conan ( 197 5) stated that 
the main moulting season for both rnales and femalcs was in spring, with 
another, less marked moulting period in June. This latter rnauiting period 
coincided fully with the observations presented herein, as did the growth pat­
tem and moult frequency. 

Furthermore, according tO Jensen & Armstrong (1989), an incubation 
period for eggs lasting Jonger than around 12 months would be one of the chicf 
conditioning factors responsible for biennial spawning. In N(phrops, the 
incubation period took 5 to 6 months in the Mediterrancan (present data), 
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between 6 and 10 months in the Atlantic (Farmer, 1974a), and 12 to 13 months 
in leeland (Andersen, 1962). Biennial spawning would, thus, be alocal adap­
tation in which the relationship between temperature and embryo develop­
ment would play a role. Different authors (Chapman, 1980; Figueiredo, 1982; 
Briggs, 1988; Sterk & Redant, 1989) have presented evidence in support of 
biennial spawning. It is extremely difficult to pinpoint the factors that cause 
a portion of the population to spawn biennially, and most discussions of the 
phenomenon have been purely descriptive in nature. Biennial spawning may 
take place in eertaio individuals as an adaptive response to size ar age or as 
a simple consequence of the randomness of such processes as mating, asyn­
chronism, behaviour, and the like. 

lt is known that endogenous factors like biologica} clocks and exogenous fac· 
tors like temperature and light cycles affect reproductive cycles (Chapman, 
1980; Sastry, 1983; Chapman & Howard, 1988). While thc intensity of the 
interactions among such factors varies with latitude, therc are also important 
local effects that influence growth, reproduction, behaviour, and metabolism 
in generaL In other words, on the one handthereare a series of specific charac­
teristics from which the basic pattem of the life cycle of the population 
(genetically adapted to its environment), i.e., growth, size at 50% maturity, 
duration of gonad maturity, incubation period, etc., can be predicted. On the 
othcr hand, other factors, i.e., substrate, fishing pressure, food availability, 
dimate, currents, temperature, light cycle, local hydragrapbic features, etc., 
simultaneously exert an influence, giving rise to local adaptations and 
modifications to this basic pattern. However, there are additional factors 
which may be extremely important but which are difficult to quantify and 
whose effect on populatîons is hard to measure. These can be regarcled as ran· 
dom factors, in that they are not directly dependent upon phenotype or local 
habitat, and include: the type of exploitation to which the stock is subjected 
(variations in effort levels, gear type, fishing cycle); sudden, abnormal varia· 
tions in climate; the asynchronism intrinsic to the species in question (typically 
extremely important in crustaceans); and phenomena that are dependent on 
density or the aften random (in spite of the action of pheromones, the effec­
tiveness and range of which are unknown) possibility of a mating encounter 
between a hard male and a mature, soft female. Thus, a eertaio and not 
insignificant percentage of the asynchronism and variability in crustacean life 
cycles may be the result of random factors whose occurrence and effect on the 
population are difficult to predict. Such factors are responsible for the con­
siderable proportion of the female population that does not spawn every year 
and would also account for the difficulty in determining which sizes and which 
proportion of the popu!ation spawn on an annual or biennial basis and there­
fore in descrihing a general pattem of reproduetion for Nephrops norvegicus. 
Lastly, it should be noted that, in keeping with the terminology current in the 
literature, spawning that does not take placc every year has been referred to 
as biennial, even though it may in actual fact be pluriannual in some cases. 
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