J- Mar. Biol. Ass. UK. (2003), 83, 995-1005
Printed in the United Kingdom

Moult cycle and growth of Maja squinado (Decapoda:
Majidae) in coastal habitats of Galicia, north-west Spain

Maria-Paz Sampedro*, Eduardo Gonzélez-Gurriaran™ and Juan Freire'

*Instituto Espafiol de Oceanografia, Centro Oceanografico de A Corufia, Muelle de Animas s/n, Apartado 130,
15080 A Coruiia, Spain. TDcpartamcnto de Bioloxia Animal, Bioloxia Vexetal e Ecoloxia, Universidade da Coruiia,
Campus da Zapateira s/n, 15071 A Corufia, Spain. 1Corresponding author, e-mail: egg@udc.es

Over the course of the moult cycle of Maja squinado, the spider crab changes in the hardness and colour
of the carapace were assessed and used as methods to identify the intermoult stage in each individual.
This intermoult staging was later verified by means of the microscopic observation of the maxilla. These
staging techniques made it possible for the prompt identification of the principal intermoult stages—
postmoult, intermoult and premoult. In 90% of the cases analysed, there was a correlation between the
presence of an underlying carapace and a pink colour of the abdominal vein in crabs in advanced
premoult stages.

The seasonality of the moult was studied based on the number of specimens in the postmoult stage.
There were two main moulting periods—the first occurring in April, and the second, longer period was
between July and November. A hypothetical growth model was established and growth rates were deter-
mined by length—frequency distribution analyses. Three groups of juveniles and one group of adults were
identified. The adults were only found among the population between July and October. In both males
and females, the moult increment rate was lower in terminal moults (mean=22%) than in juvenile or

prepubertal moults (mean=27%).

INTRODUCTION

Growth in crustaceans is characterized by the periodic
replacement of the exoskeleton which takes place during
the ecdysis process. For most of its life history, the animal
1s preparing for or recovering from ecdysis through physio-
logical, metabolic, biochemical and behavioural changes
(Chang, 1995). Since crustaceans lose all of their hard
parts during the moulting process, there is no method
that can directly determine the age of these crabs. Studies
of growth under experimental conditions provide data on
the duration of the intermoult period and the growth rate
during ecdysis, however the results cannot be extrapolated
to the natural environment (Drach, 1939; Wilber & Wilber,
1989; Gonzalez-Gurriaran et al., 1995). Another study
technique involves tag—recatch experiments carried out
in the field. Among the disadvantages to this method is
that a large number of individuals must be tagged and
the loss of tag at moult. Other methods that have been
introduced recently estimate the age of individuals by
measuring the natural radioisotopes in the exoskeleton
(Le Foll et al., 1989) or by quantifying the concentration
of lipofuscin in the brain (Tully, 1993; Sheehy et al., 1998;
Ju et al., 1999). Analyses of growth by monitoring size
modes that correspond to age-classes through length—
frequency distributions can provide important information
on population structure and on aspects related to growth,
mortality and recruitment of the species (Botsford, 1984;
Caddy, 1986; Castro, 1995; Gonzalez-Gurriaran et al., 1998).

The spider crab, Maja squinado (Herbst, 1788) (Maj
brachydactyla Balss, 1922, according to the proposal of
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Neumann (1998)), is a species of great commercial value,
geographically distributed along the East Atlantic Ocean,
from the North Sea to North Africa as well as in the
Mediterranean Sea (Ingle, 1980). Maja squinado has a
complex biological cycle, with varying habitat require-
ments and changes in behaviour depending on the growth
phase and the specific time period in the life history
(Gonzalez-Gurriaran & Freire, 1994; Gonzalez-Gurriaran
et al., 2002). Moreover, the spider crab undergoes a term-
inal moult (Sampedro et al., 1999) which divides the life
history of the species into two stages: an early growth
period with a short larval life stage (Lebour, 1927) and a
juvenile stage (Teissier, 1935; Carlisle, 1957; Hartnoll, 1963)
and a second reproductive period, during which time the
animal does not grow in size. Therefore, the study of the
growth of this species includes the early postlarval stage
and the juvenile stage.

The aim of this paper is to analyse different aspects of
the moult cycle and growth of a spider crab population
inhabiting coastal areas of the Ria de Arousa. The moult
cycle of this population was examined over a yearly cycle
and the individual moult stage was identified using macro-
scopic and microscopic criteria. Macroscopic methods,
commonly employed by fishermen, are calibrated in terms
of the microscopic classification proposed by Drach (1939)
and later applied to most scientific research (Stevenson,
1972; Aiken, 1973; Lyle & MacDonald, 1983; Moriyasu &
Mallet, 1986; O’Halloran & O’Dor, 1988). Lastly, based on
the size—frequency distribution analysis, a possible growth
model for males and females is proposed and growth rates
during terminal and non-terminal moults in the field are
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determined. The obtained results will be compared with
previous information about growth in the laboratory of
crabs sampling in the same study area (Gonzalez-
Gurriaran et al., 1995).

MATERIALS AND METHODS
Sampling

The area chosen for the study was the north coast of
the O Grove Peninsula, located on the left-hand shore of
the outer Ria de Arousa (north-west Spain) (Figure 1).
During the juvenile stage, spider crabs inhabit coastal
zones with depths of less than 1015 m and mixed bottoms
of sand and rock (Gonzalez-Gurriaran & Ireire, 1994;
Gonzalez-Gurriaran et al.,, 2002). After the terminal
moult, the adult individuals migrate to deeper waters
(Gonzalez-Gurriaran et al., 2002), where mating probably
occurs. Only the adult females return to the shallower
waters to spawn.

Monthly samplings were carried out between February
1994 and February 1995, and a total of 2463 individuals
were analysed, consisting of 1237 males and 1226 females.
The specimens were caught by professional fishermen
using the method known as the glass box ‘espello’. This
gear 1s made of a wooden box in the shape of a truncated
pyramid. In the larger, square base a piece of glass is
installed. From small vessels ( <4 m length), the fishermen
lower the ‘espello’ so that it floats on the water surface,
allowing them to see the bottom. The depth to which they
can see depends on the transparency of the water. When
they locate a specimen, it is caught and hauled on board
with a long pole that has a curved hook on the end.

The crabs were sexed according to the morphology of
the abdomen, which is narrow and triangular-shaped in
males and wider and rounder in females. Females were
divided into juveniles and adults, distinguished by the
shape of the abdomen, which is flat in juveniles and
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convex in adults. Males were found to have two growth
periods: a juvenile and an adult phase, which were identi-
fied by the relative size of the chelipeds (Sampedro et al.,
1999). The carapace length was measured in all specimens
from the posterior end of the cephalothorax to the point
where the rostral spines join, using a digital calliper and
adjusting the measurement to the nearest 0.1 mm. The right
cheliped height from the posterior area of the dactylus
insertion, and the length from the base of the carpus inser-
tion to the inferior part of the dactylus articulation were
also measured in males.

Intermoult stages

The intermoult stage was determined by means of three
techniques based on the observation of morphological
changes. Two methods——carapace hardness and the colour
of the abdominal vein—use macroscopic criteria; and the
third method is based on the observation of the maxilla
endite under the microscope. With the latter method it is
possible to observe internal morphological changes in
the tegument directly related to the moult, leading to the
precise identification of the intermoult stages and sub-
stages. Carapace hardness and abdominal vein colour are
techniques used by fishermen and professionals in the
marketing industry to determine the meat content of the
crabs. This paper assesses the accuracy of the identification
of the intermoult stage with the results of the microscopic
observation of the basal endite on the second maxilla.

The method that uses carapace hardness is based on
the consistency of the tegumentary skeleton. By applying
pressure with the fingers on the posterior dorsal part of the
carapace and the dactylus of the last pair of legs, it is
possible to determine carapace hardness. This has been
divided into four stages as follows: Stage A, characterized
by a soft body, full of water, which becomes completely
deformed by finger pressure; Stage B, a soft, flexible

Ria de
Arousa

Figure 1. Map of the Ria de Arousa (north-west Spain), showing the location of the study area.
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Figure 2. Association between intermoult stage identified by
the setae morphology of second maxilla and the carapace
condition (top) and the colour of abdominal vein (bottom) in
Maja squinado.

carapace that does not become deformed (in the early
stage it has a parchment-like consistency and the different
body parts gradually begin to harden); Stage C, all the
body parts are rigid and no depression is observed; Stage
D, normal carapace hardness (by breaking the apical end
of the dactylus of the last pereiopod, it is possible to see
that a new carapace is being formed under the existing
one).

The method involving the abdominal vein identifies
colour changes in the ventral part of the sternal region.

with muscle and tissue, is found. In crabs that have recently
moulted, exhibiting little muscle and high water content,
the hindgut is visible through the transparent shell, which
gives this area a blackish or grey coloration. In specimens
in the intermoult stage, the musculature covers the intes-
tine, obstructing the view of the hindgut and the colour is
predominantly white. In the premoult stage, the formation
of a new carapace underneath the existing one gives the
area a pink colour. These two methods based on macro-
scopic criteria were applied in the field immediately after
the animal was caught.

The microscopic method follows the classification criteria
put forth by Drach (1939) and Drach & Tchernigovtzeff
(1967). These authors observed changes in the growth of
the setae in the mouthparts related to the moult cycle.
This widely used model has been adapted to different crus-
taceans such as shrimps (Scheer, 1960), Thalassinidea

Table 1. Monthly percentage of each intermoult stage identified by the microscopic observation for males and females, from a coastal

population of Maja squinado.

Feb ’94 Mar Apr May Jun Jul Aug Sep Oct Nov  Jan’95 Feb’95
Males A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0
B 11.8 24.8 37.6 0.0 4.7 35.8 20.8 26.1 19.4 35.6 0.7 16.7
C 79.4 60.8 57.4 87.9 86.2 61.0 74.4 61.3 71.6 59.2 92.4 69.9
D, 0.0 3.0 1.0 6.1 3.4 3.2 2.4 2.1 1.5 0.4 1.4 0.0
Dy 5.9 2.3 4.0 3.0 2.3 0.0 1.2 3.5 4.5 0.4 2.0 6.7
Dy 2.9 2.3 0.0 1.5 2.3 0.0 1.2 2.1 0.0 0.8 0.7 6.7
D{” 0.0 4.5 0.0 1.5 1.1 0.0 0.0 2.8 1.5 2.0 1.4 0.0
D, 0.0 1.5 0.0 0.0 0.0 0.0 0.0 2.1 0.0 1.6 1.4 0.0
E 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Females A 2.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0.0
B 9.8 13.9 27.4 1.2 5.9 32.6 13.9 16.6 13.6 41.0 3.8 29.7
C 80.3 64.9 63.7 82.5 81.1 61.5 79.7 76.8 74.5 53.9 94.6 64.9
D, 2.0 8.2 0.0 3.5 4.7 3.5 3.8 1.2 1.7 0.5 0.0 2.7
Dy 3.9 5.7 6.3 3.5 3.5 1.2 0.0 2.4 0.0 1.8 0.0 0.0
Dy 0.0 4.1 0.0 2.3 2.4 1.2 1.3 1.2 3.4 2.3 0.0 2.7
D{” 2.0 1.6 1.3 2.3 1.2 0.0 1.3 0.0 3.4 0.5 0.8 0.0
D, , 0.0 1.6 1.3 3.5 1.2 0.0 0.0 1.8 1.7 0.0 0.8 0.0
E 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Figure 4. Size—frequency distributions of juvenile male and female Maja squinado, from February 1994 to February 1995. Crabs
are grouped by size-classes of 5 mm CL, and the main intermoult stages are identified (postmoult, Stages A+ B, intermoult,

Stage C, and premoult, Stage D).

(Daguerre de Hureaux, 1970) and lobsters (Kamiguchi,
1968). In order to observe setae under the microscope,
part of the body must be transparent. In the spider crab
the basal endite of the second maxilla was chosen. The
maxilla was extracted from the live animal with tweezers
and preserved in vials filled with seawater at a temp-
erature ranging between 2 and 3°C. The intermoult stage
was always determined during 24 h after the sample was
collected, with the assistance of an optical microscope at a
magnification of 40x and 100x. By observing the
morphology of the setae and the condition of the epidermis,
cight stages were able to be identified: two postmoult
stages (A and B), an intermoult stage (C) and five
premoult stages or substages (D, Dy, D;", D;"" and D).

In order to study the moult cycle, the intermoult stage
was determined by using microscopic criteria. The speci-
mens were monitored monthly in each of the intermoult
stages, according to sex and state of maturity.
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Analysis of length— frequency distributions

The analysis of the length—frequency data was per-
formed using the computer program MIX (version 3.1)
(MacDonald & Pitcher, 1979; MacDonald & Green,
1985). This program adjusts the distributions to groups of
data using the method of the greatest likelihood and esti-
mates the ratio of each component, the mean and stan-
dard deviation. Each monthly sampling grouped the
individuals into 25 size-classes with a 5 mm amplitude,
indicated by the mean point of the interval. The analyses
were performed separately for males and females and for
the juvenile and adult growth stages. Previous tests had
been done using size-classes having the smallest amplitude
(3 and 4 mm) which did not allow us to identify a coherent
pattern of evolution for the population.

There i1s a drawback that must be taken into account
in the analysis procedure of the evolution of the length—
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Figure 5. Hypothetic growth model for (A) male and (B) female Maja squinado, based on results from modal analysis of size—
frequency distributions. Weighted means for each component and the transfer percentage among components are shown (dashed
lines are used in cases with no clear evolution). Close season, for the area and period of sampling, is framed. Start of adult migration

is also indicated (Gonzalez-Gurriaran & Freire, 1994).

frequency distributions, the size selection owing to the
fishing gear. Among other factors, this selective process
affects the smallest sizes in the catch. The gear used is the
‘espello’ that requires the fisherman to actually see the speci-
mens. The specimen with the shortest carapace length (CL)
caught was a female measuring 47.5 mm. The length range
used in the analysis was 58—178 mm, including crabs having
a CL of <58 mm (N=18) in the first size interval.
Growth rates in the field were estimated based on the
results obtained from the identification of the normal
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population groups. In order to do this, the size increment
was calculated by assuming the pre-ecdysis size to be the
mean size of the previous group the month before. Earlier
papers on the growth of Maja squinado in the laboratory
(Gonzalez-Gurriaran et al., 1995), revealed that the growth
rate during the terminal moult was different from the
growth achieved in previous moults. Therefore, the growth
analysis was performed separately for juveniles and adults.
In adults, the adjustment was made in the samples from
July to October, which were the only months when adults
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Table 3. Growth rates (percentage increment) estimated for non-terminal moults (1st juvenile component to Znd juvenile component
and 2nd juvenile component to Srd juvenile component) and terminal moults (3rd juvenile component to adult component) in male and

JSemale Maja squinado.

Males Females
Ist—2nd 2nd-3rd 3rd—adult Ist—2nd 2nd-3rd 3rd—adult
February 1994 - - - - - -
March 26.5 - - (13.6) - -
April 20.2 - - 27.3 - -
May (55.2) - - (70.6) - -
June (55.1) (17.0) (8.6) 39.8 (9.0) -
July - 24.5 17.0 - 29.5 21.3
August - - 21.2 - - 19.6
September - - - - - 32.2
October - - - - - 23.9
November (13.0) - - 25.7 - -
January 1995 26.1 - - (15.7) - -
February 28.0 - - 24.7 - -

were recorded in the population because of the autumn
migration (Gonzalez-Gurriaran & Freire, 1994). Although
adults were observed in the June and October male
samplings and the November sampling of females, their
number was so few that we were unable to calculate the
parameters.

RESULTS
Calibration of intermoult-staging techniques

By observing the state of the carapace it was possible to
begin to determine the main divisions of the intermoult
cycle. Stage A specimens exhibited a total correlation
between the carapace stage and the intermoult stage,
determined by examining the mouthparts under the
microscope (Figure 2). However, 77% of the crabs in the
advanced postmoult stage (B), should have been in Stage
C on the basis of microscopic observation of the maxilla.
One of the macroscopic traits that was indicative of
premoult was the presence of a new carapace underneath
the existing one. In keeping with this, over 90% of the
specimens in the advanced premoult stage (substages D,”,
D, and D4 4) exhibited an underlying carapace.

Four main colours of the abdominal vein were con-
sidered: black, grey, white and pink. Black is the typical
colour of crabs in the postmoult stage, and together with
grey, these colours were found in approximately 60% of
the individuals in Stage B. The abdominal vein was trans-
parent in the rest of the crabs (Figure 2). Stage C indi-
viduals had a grey or white vein, although, in a small
number of individuals, it was black. The initial premoult
stages showed a predominance of specimens with a white
coloured abdominal vein (86% of the specimens in D),
which gradually increased to a pink colour with the
approach of ecdysis (from 33% to 91% between Stage D’
and Stage Dj ,). An abdominal vein with a pink colour
was clearly associated with the presence of a second cara-
pace under the existing one and with pre-ecdysial changes
in the mouthparts. The colour of the abdominal vein is a
quick way to identify the moult stage the animal is in,
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although there may be some interference, due to the sub-
jective nature of this method and to the possible effect of
external elements, or factors related to the animal itself,
such as its habitat and feeding habits.

Moulting seasonality

In the spider crab population under study, there were
two main moulting periods. The first took place in early
spring and the second lasted from July until November
(Table 1). The first month of sampling produced a small
percentage of specimens in the postmoult stage (12% of
the males and 10% of the females). These values increased
in spring, particularly in April, which had the highest
percentages of individuals that had recently moulted
from the first moult period (38% of the males and 27%
of the females). In May and June there was a decline in
the number of crabs in the postmoult stage, accounting
for 6% of the population at most. During the summer
and autumn, the monthly percentages of postmoult stage
crabs fluctuated between 14% and 41%. In winter both
sexes remained largely in the intermoult stage (>92% of
the specimens in January). In the monthly evolution of the
percentages of specimens in the postmoult stage, males
and females were found to have similar moult cycles,
although the higher values for males at the beginning of
the two moult periods would seem to indicate that males
were slightly more advanced (Figure 3).

Analysis of length— frequency distributions: growth model

Figure 4 presents the length-class—frequency distri-
butions pertaining to each intermoult stage. Prior to the
first moult period, the population is made up of juveniles
less than 110 mm in length. During the months of March
and April it was the smallest sized members of the popu-
lation that underwent moulting. In summer and autumn
the length range increased with the incorporation of small
sized specimens from recruitment as well as the new adults
into the population. During these months it was possible to
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observe individuals on the verge of moulting and others that
had recently moulted across the entire size range. At the
end of autumn, the adults vanished from the study area,
with the population consisting only of specimens with a
CL of < 110 mm, mostly in the intermoult stage.

The results obtained based on the identification of
components of the population were similar in both males
and females (Table 2). Over the course of the year, three
juvenile components and one adult component were
identified. The three juvenile groups were not present in
all of the months and the adult component only appeared
between July and October. In order to monitor each group
and consolidate the mean values, the average annual
weighted length was calculated based on the sampling
size and the percentage it accounted for in each monthly
sampling as compared to the total population consisting of
juveniles and adults (Figure 5). The mean weighted lengths
in males were 77, 95 and 118 mm, for the three juvenile
components and 135 mm for the adult group. In females
the values were 80, 97 and 115 mm for the three juvenile
components and 144 mm for the adult component.

Based on the monthly evolution of the percentages of
cach group, a possible specimen transfer model between
components was derived. This model provides an overall,
simplified view of the evolution of the population over a
yearly cycle. The model was created by assuming that the
mortality rate was equal in all the size groups and that
there were no immigration processes from other popula-
tions. According to this model, there was a moult period
between February and March, during which time 65% of
the males and 83% of the females from the first group
became part of the second size group. The crabs continued
to move into the second group between March and May,
although a smaller number did so. In late spring males
belonging to the 2nd group with a mean length of 95 mm
moulted to the 3rd juvenile component (83%) or to the
adult group (18% of the cases). Females belonging to the
2nd size group moulted and moved into the 3rd group
between May and June. The first group reappeared in
July, accounting for 40% of the males and 59% of the
females. The number of males gradually increased until
October when they accounted for 72%, at which time
there was another moult period in this size group. Females
also entered into the 2nd group, but in a smaller percentage.

The first adult males were seen in June, although, due
to their small number, it was not possible to identify an
adult component in this sampling. The first adult females
appeared in July, corresponding to the terminal moults of
specimens belonging to the 3rd size group. The ratio of
adults increased until August with values of 30% and
48% for males and females respectively. Between the end
of summer and the beginning of autumn there was a
decline in the percentage of adults and the 3rd juvenile
group, and these components did not reappear during the
rest of the sampling. Adult males vanished from the popu-
lation before females did, and in October males accounted
for only 6% while females made up 32%.

The growth rates in the field varied considerably
(Table 3). The estimates that presented extreme values,
compared with previous information on the moulting
behaviour of this species (Gonzalez-Gurriaran et al., 1995),
were not taken into account (Table 3: values in paren-
theses). In the non-terminal moults (between the Ist and
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2nd group and between the 2nd and 3rd group) the growth
rate fluctuated between 20% and 40%. The mean growth
rate in a non-terminal moult was 25.1% in males and
29.4% 1n females. During the moult where the animal
moved from the 3rd group into the adult group—the
terminal moult—the growth rate ranged 17% to 32%,
with a mean value of 19.1% in males and 24.2% in females.

DISCUSSION

The inspection of the mouthparts has been used in
Majids as a general technique to determine the intermoult
stage (Moriyasu & Mallet, 1986; O’Halloran & O’Dor,
1988; Dawe et al., 1992; Hoenig et al., 1994). Of the three
techniques used in intermoult staging, observation under
the microscope is the least subjective method and the one
that allows the identification of the greatest number of
stages and substages, but it is slow and impractical in
fieldwork. However, the identification of the first post-
moult stage (Stage A) using this technique is complex,
due to the flexibility of the animal’s carapace. A more reli-
able method in this case is the observation of carapace
hardness. The inspection of the abdominal vein is a quick
and highly accurate way to identify the advanced
premoult stages (D,” and subsequent stages). Classifica-
tion based on microscopic criteria had a higher correla-
tion with carapace hardness and the colour of the vein.
Moreover, there was a large proportion of individuals
that were unable to be assigned to one of the stages by
using the colour of the vein as a criteria, primarily
affecting postmoult stage specimens.

The population of Maja squinado under study presented a
moulting pattern with two peaks—one in the spring and
the other in summer—autumn, which coincided with the
common model for large-sized decapods in temperate
waters (Conan, 1985). While moulting is a response to the
regulation of the endocrine system (Skinner, 1985; Chang,
1989, 1995), there are external factors that may have an
effect on its seasonality. In keeping with this, the highest
percentages of postmoult stage specimens coincided with
an increase in water temperature, shortly before the time
when food became more readily available in spring, as
well as during the phytoplankton peak in autumn.

The monthly evolution in the moult cycle was similar
in both males and females, although males were slightly
ahead of females. In the first few months of the moulting
period, there was a higher percentage of male crabs in
the postmoult stage. In many brachyurans the earlier
moulting of the males is linked to the fact that mating
requires the males to be in the intermoult stage and
females in the postmoult stage. In the spider crab mating
may take place when both sexes are in the intermoult
stage, so the slightly earlier moulting of the male specimens
could be related to the difference in the energy balance
linked to the start of the reproduction period and/or
the migration of adult males to deeper waters ahead of time
(Gonzalez-Gurriaran & Freire, 1994). This movement
requires the crabs to have recovered from moulting,
which is why they tend to undergo ecdysis slightly earlier.

Previous works have reported that some spider crab popu-
lations (Carlisle, 1957), and other majids such as Libinia
emarginata (DeGoursey & Stewart, 1985, DeGoursey &
Auster, 1989), migrate to shallower waters to moult. The
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populations studied here, however, remained in the shallow
areas of the Ria de Arousa, on bottoms of both rock and
sand, all year round. The crabs moult in these zones, where
food is plentiful and there is sufficient protection from
predators. They only leave these habitats once the terminal
moult has taken place, when they have grown to a size that
will serve as protection, which is related to oceanographic
changes or the start of the reproduction cycle (Gonzalez-
Gurriaran & Freire, 1994; Gonzalez-Gurriaran et al., 1998;
Gonzalez-Gurriaran et al., 2002).

Although the make-up of the catches differed depending
on the gear used in the sampling, an overall pattern in
seasonal variations was able to be extracted. The speci-
mens caught in winter and spring were immature,
measuring less than 110 mm in length. This size increased
until June, with the appearance of the first adult animals
that remained in the population until November. As
immigration had not been previously detected in the
population and there are no data available on these
processes, we would assume that these specimens reached
maturity chiefly in the summer of that year. Therefore the
terminal moult of this population would have occurred
between June and August in shallow areas. In the
populations of the English Channel, the terminal moult
occurs in late summer and early autumn (De Kergariou,
1984; Meyer, 1993), although these authors also reported
that the appearance of the first adults varied from year to
year.

From August until November, the percentage of adults
and the 3rd group of juveniles gradually decreased until
they completely disappeared from the population. There
are two phenomena involved in this event: on the one
hand, the movement of adults towards nearby areas within
the Ria and, secondly, the effect of fishing activities.
Although the fishing season had not officially begun,
illegal fishing might have considerable repercussions on
the specimens, especially on those over 120 mm.

In late autumn, adults began to migrate to deeper zones.
This is a phenomenon common to the species that has also
been reported in populations of the English Channel
(Edwards, 1980; Latrouite & Le Foll, 1989; Le Toll,
1993), in the south of Great Britain (Camus, 1983) and in
the Adriatic Sea (Stevcic, 1973). The migration studies
carried out on populations inhabiting the Ria de Arousa
(Gonzalez-Gurriaran & Freire, 1994; Gonzalez-Gurriaran
et al., 2002) have related these migrations and activity
changes in general to both ontogenetic factors as well as
the need for the crabs to adapt to changes in environmental
conditions, such as wind shifts, the start of the rainy season
and temperature drops. This would indicate that the
deeper zones, where the crabs migrate to, have slightly
higher temperatures in winter than the bottoms where the
crabs originate from.

As there are no data that would indicate that juveniles
migrate to deeper zones like the adults do, and in many
cases they reach marketable sizes, it would be possible to
infer that the disappearance of the 3rd juvenile group was
due, at least in part, to the fact that they were caught by
fishermen. The long-term biological impact of catching
these specimens might lead to the disappearance of the
size-class, which, in the next moult would reach maturity
with maximum sizes among the adults. Owing, in all
probability, to a new recruitment and the adult migration
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discussed above, in November the population was again
comprised mostly of small-sized juveniles.

The February samplings (1994 and 1995) exhibited the
lowest catch density, which may reflect changes in the
activity of the population. The catchability of a species
depends on the intermoult stage. An animal is less sus-
ceptible to being caught during the premoult and early
postmoult stages, while this disposition increases during
the late postmoult and intermoult stages (Newman &
Pollock, 1974; Chittleborough, 1975). In a study of the
populations in the English Channel, De Kergariou
(1984), suggested that juveniles of 30 mm stop growing in
the winter and moult to reach 70 mm in the summer. This
agrees with our findings in this study, where specimens
measuring from 60 to 85 mm start to join the population
in July. Drach (1939) reported that an average-sized
specimen (80—120 mm) moults twice a year, at the begin-
ning of summer and in autumn. Under experimental
conditions, it was found that in the juvenile stage Maja
squinado underwent 2-3 moults with two peaks; one in
spring and the other in summer—autumn (Gonzalez-
Gurriaran et al., 1995). Le Foll (1993) believes that it is
possible for large-sized individuals to undergo as many
as three moults during the year of their terminal moult.
Le Toll (1993) and De Kergariou (1976) consider that
while, in some cases it takes three years for crabs to reach
the adult stage, in general an individual attains this stage
in two years, which is deemed to be a rapid growth rate. The
spider crab is assumed to have a wide-ranging individual
variability in terms of growth, which would explain the
presence of adults in a broad spectrum of sizes (Sampedro
et al., 1999). This variability may be attributed to lower
growth rates in the moulting period and/or differences in
the total number of moults, considering the broad range of
the breeding cycle and the number of clutches (Gonzalez-
Gurriaran et al., 1996; Gonzalez-Gurriaran et al., 1998)
which inhibits the modal integration of the size structure.

Highly variable growth rates have been found in the
growth study performed in the field. The mean moult
increment rates were lower in the field than the values
obtained in lab experiments with populations from the
same area (Gonzalez-Gurriaran et al., 1995), in both
non-terminal moults (27.2% in the field vs 36.1% in
laboratory experiments) and terminal moults (22.5% vs
26.5%). Higher moult rates shown by animals held in
captivity should have been due to more favourable condi-
tions such as adequate temperature and greater avail-
ability of food, and less expenditure of energy as the
animals were in protected conditions. Although, it must
be taken into account that the overlap between modes
may obstruct the exact identification of the population
groups, which would cause underestimated percentages of
moult increment in the field. The values were also lower
than those estimated by Le Foll (1993) in a English
Channel population, who reports that the growth rate is
29%, in the terminal moult and 33% in the non-terminal
moults. In this case, differences on size of animals between
populations can explain this variability.

Information on the periodicity of moulting and the
characterization of the habitats where it occurs, in addi-
tion to data on the composition and growth of the spider
crab populations living in coastal waters will make it
easier to interpret other aspects of the biology, population
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dynamics and the behaviour of this species. This knowl-
edge may also be applied to catch management, in order
to prevent the fishery of crabs in the postmoult stage,
which are of little commercial value, and of crabs that
have not yet reached maturity.

This study was funded by the Conselleria de Pesca, Marisqueo
¢ Acuicultura (Xunta de Galicia), Project: PE608A 94/2-0. The
authors are grateful for the assistance given in the field by the
fishermen Francisco Vidal ‘Paco Chalan’ and Juan F. Silva
‘Cachopeiro’.
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