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INTRODUCTION

The sustainability of exploitable marine resources
and the conservation of biodiversity in the Mediter-
ranean Sea are 2 of the major topics of on-going and
future research in European waters. The Mediterran-
ean is glo bally considered an oligotrophic sea, and
represents 0.82% of the world’s oceans. However,
despite its small volume, it presents considerable
heterogeneity and includes 4 to 18% of the world’s
marine diversity, depending on the phylum consid-
ered. Benthic communities are among the most
diverse in the Mediterranean Sea and are highly sen-
sitive to perturbations (natural or anthropogenic).

Currently, the biodiversity of the Mediterranean is
undergoing rapid alteration under the combined
pressure of overfishing, invasive species and climatic
changes (Durrieu de Madron et al. 2011 and refer-
ences therein).

In the last decades of the twentieth century, the
spider crab Maja squinado (Herbst 1788) became a
target species in fisheries in the Mediterranean and
was quickly overfished (Abad 2003). Along the Span-
ish Mediterranean coast, as well as the Catalan coast
and the Balearic Islands, only a few specimens have
been captured since late 1980 (Rotllant et al. 2010a).
Because of its high ecological value and the dimin-
ished size of its population, M. squi na  do is among the
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In the present study, larvae from 4 different batches were studied. Larvae were examined to deter-
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length, dry weight, ash and proximal composition (protein, carbohydrates and lipids) were meas-
ured. Metamorphosis began at 14 d posthatching (dph), with metamorphosis to the first juvenile
crabs completed in about 90% of the specimens at 17 dph. Survival dropped from 59.25 ± 19.53%
to 33.49 ± 19.53% between the zoea II and megalopa stages, and only 7.74 ± 1.94% of newly
hatched larvae (NHL) reached the first juvenile crab stage. NHL weighed 120.40 ± 18.95 µg,
increasing their dry weight and ash content 6-fold after metamorphosis. Dry weight also increased
through the moulting cycle in each larval instar, while ash content was higher in early premoult
stages. Proximal composition increased between 8- and 6-fold from NHL to megalopa in the pre-
moult stage and then decreased 2-fold during metamorphosis. Lipid and protein content varied
among moulting stages from the postmoult to the premoult stages, with more significant alter-
ations seen during the megalopa instar stage.
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species included in the Action Plan for the Mediter-
ranean (UNEP 1996). The Bern Convention on the
conservation of wildlife and natural habitats, opened
for signature on 19 September 1979 and ratified
by the EU in Strasbourg in 1997, established M.
squinado as a species of protected wildlife in the
Mediterranean (Anonymous 1999) and its exploita-
tion in Spain is regulated by general courts (Anony-
mous 1998).

Re-stocking is one of the options for allowing de -
pleted stocks to recover. The restocking programmes
include plans for evaluating the stock after releasing
cultured individuals of the target species, and when
recovery is sufficient, limited fisheries can be estab-
lished in the area (Bell et al. 2008, Lorenzen et al.
2012). Overall, the focus has been on developing me -
thods for mass-producing environmentally fit juve-
niles and releasing them in ways in which they sur-
vive without affecting the ecosystem or genetic
diversity of wild stocks. Trial release programmes for
enhancing or improving stocks of several severely
depleted crab species have been implemented in
Asia and North America, using aquaculture tech-
niques as a tool for producing juveniles. Examples
are the swimming crab Portunus trituberculatus
(Okamoto 2004), the blue crab Callinectes sapidus
(Zohar et al. 2008), the mud crabs Scylla paramamo-
sain (Ut et al. 2007, Liu et al. 2011), Scylla olivacea
and Scylla serrata (Lebata et al. 2009), and the red
king crab Paralithodes camtschaticus (Daly et al.
2009, 2012, 2013, Swingle et al. 2013).

Maja squinado is a spider crab species restricted to
the Mediterranean Sea (Neumann 1998, d’Udekem
d’Acoz 1999, Sotelo et al. 2008, Sotelo et al. 2009,
Guerao et al. 2011). A re-stocking programme for M.
squinado in the western Mediterranean Sea (in par-
ticular, the Catalan coast and the Balearic Islands)
was carried out during 2006−2010. The larval devel-
opment of M. squinado comprises 2 zoeal instars and
a megalopa (Guerao et al. 2008). The first studies on
embryonic, larval and juvenile culture of M. squi na -
do in captivity have recently been carried out.
Guerao & Rotllant (2010) cultured individually juve-
niles from megalopa to crab 8 in 154 d, showing that
sexual differentiation occurred at the crab 4 instar,
the moult increment was 21−35% and the survival
rate was 5.8%. Newly moulted juveniles (C1 instar)
were stocked and maintained together in a 1 m3

round fiberglass tank for mass culture, where the
moult increment was 38% (Pastor et al. 2011). Durán
et al. (2012) reported an embryonic development
duration of 32 d and a larval development duration of
17 d at around 19°C. Individual changes in biomass

during moult cycles can be used to quantitatively
describe and compare the basic patterns of develop-
ment and growth in decapod larvae (Anger 2001,
Rotllant et al. 2012). For the spider crab M. brachy -
dac tyla, the biochemical composition during larval
development has been determined and both biomass
and biochemical composition are considered useful
indicators of this species’ larval condition (Andrés et
al. 2010, Rotllant et al. 2010b).

The aim of the present study is to describe the mor-
phometry, biomass and proximal composition of the
larval instars of Maja squinado throughout the moult
cycle in order to provide tools for improving M.
squinado culture, to allow success in their production
for re-stocking programmes. The results are com-
pared with those obtained from the related species
M. brachydactyla.

MATERIALS AND METHODS

Maintenance of broodstock and larval rearing

Adult Maja squinado (8 males and 24 females,
140 ± 17 mm [mean ± SD] carapace length) were cap-
tured by local fishermen in the western Mediterran-
ean in April 2009 (Catalonian coast, n = 3 males and
8 females) and April 2010 (NW Corsica, n = 5 males
and 16 females), and transported in cooled, humid
containers (ca. 8°C; animals were wrapped with tis-
sues soaked in seawater) to Institut de Recerca i Tec -
no logia Agroalimentàries (Sant Carles de la Ràpita,
Tarragona, Spain) by road (the trip lasted from 2 to
16 h depending on the fishing location). Ovigerous
females were kept in 1500 l broodstock tanks con-
nected to a recirculation unit (IRTAMar, Ingesom)
maintaining a constant salinity of 34 ppt and a tem-
perature of 18 ± 1°C. Each broodstock tank contained
females collected from the same area; we did not mix
specimens from Catalonia and Corsica. Larvae were
released from 4 different fe males (2 from Catalonia
and 2 from Corsica) during late spring and summer.
Immediately after each hatch ing event, actively
swimming newly hatched first zoea larvae (NHL)
were collected from the broodstock tanks and trans-
ferred to 34 PVC cylinders (35 l) with 150 µm mesh
bottoms. Every day, 2 cylinders were sampled. Each
PVC cylinder contained 2100 NHL at the beginning
of the experiment. The PVC cylinders were kept in 3
holding tanks of 1500 l connected to a recirculation
unit that maintained seawater at a salinity of 36 ppt
and a constant temperature of 18 ± 0.5°C, under a
14 h light:10 h dark photoperiod. Larvae were fed
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with enriched Artemia meta nauplii at a feeding ratio
of 60 metanauplii larvae−1 d−1. Artemia metanauplii
were enriched with EasySelco (INVE, Belgium) at
0.6 g l−1 in seawater for 24 h. For further details on
broodstock and larval culture conditions, see Andrés
et al. (2007, 2008).

Larval sampling and biometric and biomass
 measurements

Larvae from 4 different broods were reared follow-
ing the same sampling procedure for each brood.
Every day, 2 PVC cylinders were emptied and all the
larvae were collected, counted and sampled for sur-
vival, moulting and developmental stage, after which
samples were kept for further analyses. In order to
avoid confusion, we will hereafter use the termino -
logy proposed by Anger (2001) and adopted by
(Guerao et al. 2010): zoeae and megalopa will be
referred to as larval instars, while moulting staging
will be referred to as moulting stages. 

Five larvae per cylinder were examined to deter-
mine the larval instar and moulting stage under 40×
and 63× magnification using a Leica DM LB micro-
scope equipped with an Olympus DP 70 digital cam-
era. The classification system described by Guerao et
al. (2010), which is adopted in this paper, comprises
both the principal phases (stages AB, C, D and E) and
subdivisions (substages) of stage D (D0−1 and D2,
according to the larval instar). For each moulting
stage and larval instar, 40 individuals were used to
measure growth in body size and dry weight (DW;
n = 10 and 30, respectively); the rest were stored at
−80°C for later biochemical analyses (minimum
500 mg of fresh weight of larvae). 

Measurements taken from zoeal stages and mega-
lopa were carapace length (CL) and width (CW). For
zoeal instars, CL corresponded to the distance meas-
ured from between the eyes, at the base of the ros-
trum, to the posterolateral carapace margin, and CW
corresponded to the distance measured from the tip
of one lateral spine to the tip of the other lateral
spine. For the megalopa, CL was measured from the
base of the rostrum (frontal margin) to the postero -
dorsal margin of the carapace, and CW was meas-
ured as the maximum carapace width. For juveniles,
CL was measured as the distance between the rostral
margin (without rostral spines) and the posterior
margin of the carapace (without intestinal spines),
and CW was measured as the maximum cara pace
width. Measurements were taken using a Nikon
SMZ800 stereomicroscope under 40× and 63× mag-

nification connected to an Olympus DP25 digital
camera and an image analysis device (AnalySIS,
SIS). Thirty larvae per instar and moulting stage in
each batch of larvae (6 per replicate, n = 5) were gen-
tly rinsed in distilled water and blotted on filter paper
for wet weight measurements. After oven-drying for
24 h at 60°C, DW was determined on a Sartorius
BP211D balance to the nearest 0.001 mg. The ash
content was measured after 4 h combustion at 450°C
in a muffle furnace.

Biochemical analyses

Larval samples for proximate biochemical analysis
were gently rinsed in distilled water, dried on filter
paper and kept frozen at −80°C until analysis. Tissue
homogenization from larvae reared from the 4 differ-
ent batches in each instar and moulting stage (13 lar-
val stages × 4 batches) was carried out on ice (4°C)
and attained after 5 min disruption with an Ultra Tur-
rax T-25 (IKA WERKE) and 1 min sonication (Vibra-
cell, Sonics). Three subsamples of each homogenate
were used to estimate the proximal composition of
the larvae. The methods of Lowry et al. (1951) and
Dubois et al. (1956) were used to determine protein
and carbohydrate content, respectively. Protein in
the samples was previously digested with NaOH 1 N
at 60°C for 30 min to allow for better performance of
the test. Total lipid content was quantified gravimet-
rically after extraction following the method of Folch
et al. (1957). The individual content (µg larva−1) of
each biochemical component was calculated on a
DW basis.

Statistical analyses

Statistical analysis was performed using SigmaStat
3 (Systat Software). Larvae hatched from females
captured from the Catalan coast and Corsica did not
show any significant difference in any biomass or
proximal composition variable considered (Student’s
t-test, p > 0.05); therefore, all larvae regardless of the
origin of the broodstock, were pooled for further
analysis, and the number of samples (females) was
n = 4. Ontogenetic changes in body size, DW and
proximal biochemical content (data were log trans-
formed where necessary) were described by means
of linear or non-linear regressions (95% confidence
intervals of the regression coefficients). Differences
between stages and instars were tested by one-way
ANOVA. Normality and homogeneity of variance
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were tested with Kolmogorov-Smirnov and Levene’s
tests, respectively. Comparisons between groups
after finding significant differences were performed
by either Holm-Sidak or Tukey’s tests, depending on
the results, with an overall significance level of 0.05.
Biometric, biomass and biochemical data are given
as means ± SD.

RESULTS

Survival and larval stage duration

Survival remained high until zoea II (ZII) in inter-
moult stage (C) (71.79 ± 2.46%), and then subse-
quently decreased to 59.25 ± 19.53% and 33.49 ±
19.53 in the ZII and megalopa (M) stages, respec-
tively; only 7.74 ± 1.94% of NHL reached the first
juvenile instar (C1) (Fig. 1). Survival decreased dur-
ing ecdysis in all instars, and the differences were not
significant from zoea I (ZI) to ZII (79.93 ± 4.49% vs.
78.77 ± 8.11%), significant during ecdysis from ZII to
M (59.25 ± 19.53% vs. 33.49 ± 4.27%) and high from
M to C (12.76 ± 6.18% vs. 7.74 ± 1.94%) (F12,39 =
58.52, p < 0.001). Mortality was also observed in pre-
moult stages in each developmental instar: differ-
ences in survival between stages C and D2 were
92.48 ± 2.43% vs. 79.93 ± 4.49% for ZI, 71.79 ±
2.46% vs. 59.25 ± 19.53% for ZII and 31.82 ± 13.04%
vs. 12.76 ± 6.18% for M (F12,39 = 58.52, p < 0.001).

Moulting from ZI to ZII occurred at 4 d
posthatching (dph) and from ZII to M at 8
dph. The first juvenile crabs (C1) were
observed at 14 dph (Fig. 1), but it was not
until 17 dph that 97% of the population
in the cylinder became C1. The experi-
ments were terminated when the first
juvenile crabs appeared, settling on the
mesh bottom of the culture cylinders.

Growth in size and weight

Newly hatched zoeae of Maja squi nado
had a mean CL of 1079 ± 60 µm and a
mean CW of 898 ± 38 µm (Table 1). Sig-
nificant size differences among instars
were observed at megalopa and C1 for
CL (F12,39 = 150.486, p < 0.001) and CW
(F12,39 = 90.772, p < 0.001). No differences
in size were observed among the different
moulting stages within a single develop-
mental instar.

The increase in DW during the course of larval
development from hatching through metamorphosis
suggested an exponential pattern of growth (Fig. 2.;
see equation parameters). From the day of hatching
to the C1 stage, the increment in DW was 5.5-fold.
Significant differences were observed in DW be -
tween the different larval stages in intermoult (C)
(155.27 ± 3.86 µg in ZI, 267.11 ± 15.24 µg in ZII and
329.87 ± 38.26 µg in M). Differences in DW among
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Developmental  Moulting stage          CL (µm)                  CW (µm)
instar                    or substage

Zoea I                            AB            1078.98±60.17e,d     897.55±38.37f,e

                                       C              1071.75±82.62e        831.71±52.28f

                                     D0−1            1075.75±52.09e,d     872.00±53.14f,e

                                       D2             1083.62±8.96e,d        886.71±0.54f,e

Zoea II                           AB            1222.99±29.81c,d      954.28±33.79d,e

                                       C             1237.89±18.04c,d    1004.17±20.26b,c,d

                                     D0−1            1268.18±33.81c      1005.94±24.07b,c,d

                                       D2             1215.24±36.26c,d     981.88±11.74c,d

Megalopa                      AB            1878.29±147.19b    1056.68±53.07b,c

                                       C              1840.16±52.15b     1078.59±46.51b

                                     D0−1            1890.33±50.33b     1007.59±64.96b,c,d

                                       D2             1862.70±65.87b     1039.90±27.17b,c,d

Crab 1                           AB            2320.55±122.56a    1570.00±6.06a

Table 1. Maja squinado. Morphometrical characteristics of different larval
instars and the first juvenile throughout the moult cycle from 4 different
hatching events (n = 4): first juvenile crab (crab 1), megalopa, and zoea I
and II. Data are shown as means ± SD. Different letters (superscripts) in
the carapace length (CL) and width (CW) columns denote significant 

differences among stages (p < 0.05)

Fig. 1. Maja squinado. Percentage survival and occurrence of
successive larval instars. C1: first juvenile crab; M: mega lopa; 

ZI: zoea I; ZII: zoea II



Rotllant et al.: Larval growth of Maja squinado

moulting stages were only significant in the M instar,
where the postmoult stages (AB) (280.20 ± 35.26 µg)
were lighter than the premoult stages (D) (533.05 ±
24.24 µg; F12,39 = 85.350, p < 0.001). Allometric
growth of the larvae was determined by plotting DW
and CL after logarithmic transformation of both
parameters (Fig. 3). Correlation between biomass
and size of the larvae resulted in a coefficient of 1.624
(r = 0.873, p < 0.001, n = 43)

Ash content and proximate biochemical
 composition

Ash content increased from 36.90 ± 7.64 µg in NHL
to 244.14 ± 50.93 µg after metamorphosis. The ash
content in C1 was significantly different compared
with any larval stage. Zoeae increased their ash con-
tent during development, but the differences were
not significant among them or the newly moulted M
instars. In the M instars, significant differences were
observed between postmoult (51.39 ± 18.32 µg) and
premoult (126.66 ± 39.44 µg; F12,39 = 24.597, p <
0.001). Protein content increased significantly during
ontogeny, from 7.90 ± 0.81 µg larvae−1 in NHL to
27.83 ± 0.88 µg larvae−1 in C1 (F12,39 = 7.841, p <
0.001); however, higher values of protein content
were found in the M instars in early and late pre-
moult (31.02 ± 8.99 and 44.79 ± 17.14 µg larvae−1,
respectively), although they were not significantly
different. Significant differences among moult stages
were only observed in the M instars, increasing from
12.99 ± 0.39 µg larvae−1 in late postmoult to 44.79 ±
17.14 µg larvae−1 in premoult. Lipid levels presented
the same significant trend during ontogenic develop-
ment (4.23 ± 0.47 µg larvae−1 in NHL to 17.36 ±
5.87 µg larvae−1 in C1) and among moulting stages in
M (10.45 ± 1.13 µg larvae−1 in late postmoult to
34.78 ± 7.36 µg larvae−1 in premoult; F12,39 = 25.250,
p < 0.001). Carbohydrate levels were very low, and
although they increased during development, the
differences were not significant (0.42 ± 0.15 µg lar-
vae−1 in NHL to 0.96 ± 0.45 µg larvae−1 in C1). Signif-
icant differences in carbohydrate content were ob -
served among moulting stages in M (0.77 ± 0.18 µg
larvae−1 in late postmoult to 2.33 ± 1.12 µg larvae−1 in
premoult; F12,39 = 4.725, p < 0.001).

When the results of ash and proximal content were
expressed as a percentage of DW (Fig. 4), significant
differences were only observed for ash and lipid val-
ues. In the first juvenile stage, ash content repre-
sented the major compound, while protein showed
the highest levels in all larval developmental instars
and moulting stages. Lipid content was the lowest in
C1 compared with all other larval instars (F12,39 =
6.666, p < 0.001).

DISCUSSION

The present study describes patterns of larval
growth in Maja squinado reared under controlled
laboratory conditions, allowing predictions of growth
in size, biomass and biochemical composition of suc-
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Fig. 2. Maja squinado. Relationship between dry weight (DW)
and time of development (days posthatching) among the dif-
ferent larval instars (zoea [Z] I, II, megalopa [M]), moulting
stages (AB, C, D0, D2; see 'Materials and methods' for details)
and the first juvenile crab (C1). Different symbols represent 

larvae from different broods

Fig. 3. Maja squinado. Allometric relationship between
biomass (dry weight [DW]) and size (carapace length [CL])
in successive larval stages and first juvenile after ln−ln 

transformation of data
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cessive developmental instars and moulting stages.
These results can be applied (1) to improve hatchery
techniques for the production of juveniles for re-
stocking and (2) to assess the quality of environmen-
tal conditions for larval growth (Anger 2001).

Complete larval development of Maja squinado
from hatching to the C1 stage lasted 15 to 17 d at
18°C in this study, which is similar to what was
observed by Durán et al. (2012) using a higher rear-
ing temperature (20°C). The duration of larval instars
was also very similar between both studies. In the re -
lated species M. brachydactyla, increasing the rear-
ing temperature from 15 to 18°C shortened the time
to metamorphosis by 5 d. Longer periods of develop-
ment at lower temperature were observed for pre-
moult stages (stage D), being 1 d longer in each zoea
instar and 3 d longer for the megalopal instar
(Guerao et al. 2010). At 18°C, the duration of moult-
ing stages was similar between M. squinado and
M. brachydactyla. Slight variations in the duration of
larval instars in M. brachydatyla reared between 15
and 22°C were also observed in previous studies
(Schle gel 1911, Urcera et al. 1993, Iglesias et al. 2002,
Andres et al. 2007, 2008, Palma et al. 2008), suggest-
ing that other factors such as feeding, prey and larval
density, water quality and rearing systems might be
responsible for such a difference.

Survival was high in zoeal Maja squinado instars
and decreased sharply at the M instar, with only 7%
of the NHL reaching the C1 stage (Durán et al. 2012,
present study), which is close to the survival rate
reported by other authors in studies of M. brachy-
dactyla (13%, Andrés et al. 2007; 8−13%, Iglesias et
al. 2002), but lower than that achieved by Urcera et
al. (1993) (46%). In the present study, considering the
moulting stages in each developmental instar, the
highest mortality was found to occur in the early pre-
moult stages. Anger (1987) described the critical
points in larval development in 9 decapod species
belonging to 8 families and 4 higher taxa (Caridea,
Macrura, Anomura and Brachyura) using different
morphological and hormonal conditions. Two of the
thresholds described by the author as ‘D0 threshold’
and ‘exuviation threshold’ agree with the periods of
maximal mortality observed in the present study.

An increase in size only occurred after moulting to
the next stage, whereas growth in weight increased
continuously during moulting stages and develop-
mental instars, as expected. Maja squinado larvae in -
creased in size 2.2-fold in terms of CL and 1.8-fold in
terms of CW from hatching to metamorphosis in the
present study and in that by Durán et al. (2012), while
M. brachydatcyla larvae increased 3.6- and 3.3-fold
in terms of CL and CW, respectively (Andrés et al.
2008). Schlegel (1911) measured ZI of M. brachy-
dactyla captured in the Northern Sea (Germany),
obtaining values of 1100 µm for CL and 800 µm for
CW, while Andrés et al. (2008) found that newly
hatched zoeae from the Galician coast (Spain) had
CL of 570 µm and CW of 460 µm. As reported in other
crustacean species, it remains uncertain whether
these differences in biomass occurred due to a mere
variability among cohorts produced by different
hatching events (Anger et al. 1989), or whether they
represent differences between conspecific popula-
tions (Laughlin & French 1989, Rotllant et al. 2004).

As in many other Decapoda, the pattern of larval
and early postlarval growth in biomass may be de-
scribed as an exponential relationship of the number
of successive instars. Biomass gain per larva from
NHL to metamorphosis (M in late premoult) ranges
from 42 to 5388% depending on the decapod species
studied (Anger & Harms 1990). In the present study,
Maja squinado showed a relatively low biomass gain
of 343%. If the results published by Durán et al. (2012)
are compared with those of the present experiment,
biomass gain would be underestimated since Durán
et al.’s (2012) results corresponded to a postmoult
mega lopa. Both studies confirmed that M. squinado
growth in biomass follows an exponential trend line
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Fig. 4. Maja squinado. Ash content and proximal composi-
tion as percentage of dry weight (DW) of the different larval
instars and moulting stages and the first juvenile. Develop-
mental instars: C1, first juvenile crab; M, megalopa; ZI: zoea I;
ZII: zoea II. Moulting stages: AB, C, D0, D2 (see ‘Materials
and methods’ for details). Different letters in the ash and
lipid content bars denote significant differences between 

stages (p < 0.05)



Rotllant et al.: Larval growth of Maja squinado

similar to that previously described for M. brachy-
dactyla (Andrés et al. 2008). The gain in weight calcu-
lated from the data presented by Andrés et al. (2008)
was slightly lower (314%) than that ob tained for M.
squinado in the present study; however. megalopa
measurements were taken at the intermoult stage.
Biomass gain in another spider crab, Hyas araneus,
was 3-fold higher compared with our measurements
of Maja spp. (Anger & Harms 1990); however, both
species belong to different families and genetic differ-
ences might explain their differences in growth. In
our study, a continuous weight increase was observed
from hatching to metamorphosis into C1. In H. ara-
neus, weight also increased progressively during all
moulting stages in zoea instars, but M growth
followed a parabolic pattern (Anger et al. 1989). M in-
star duration is 3-fold faster between Maja spp. (Rotl-
lant et al. 2012, present study) and H. araneus (Anger
et al. 1989); therefore, the lack of differences during
moulting stages of M in Maja spp. could be explained
by the shorter duration of this instar. Crustacean lar-
vae (Anger & Harms 1990) and adults (Vernet & Char-
mantier-Daurès 1994) do not feed during late premoult
and early post moult stages; therefore, the decrease in
weight observed in H. araneus might be a conse-
quence of a low larval feeding rate and a high energy
demand for the moulting processes.

Ash content increased gradually from 37 to 127 µg
in Maja squinado from NHL to metamorphosis, and
increased abruptly when moulting to C1 (244 µg). No
significant differences in ash content were found
among zoea stages, but premoult M presented signif-
icantly higher levels than zoeae and significantly
lower levels than newly moulted C1. Increases in
inorganic matter during the premoult M stages may
indicate that the accumulation of minerals and high-
energy substances for the calcification of the new
exoskeleton has already started. A decrease in ash
content between postmoult ZII and premoult M was
also observed, as previously reported in M. brachy-
dactyla by Urcera et al. (1993). Nevertheless, values
from Urcera et al. (1993) were much lower than those
observed in the present study. If the re sults are
expressed in terms of percentage DW of the mega-
lopa, both species presented similar values in ash
content (Urcera et al. 1993, Andres et al. 2008, pres-
ent study). Reported values for the first juvenile crab
showed a significantly higher ash content, being
37% for M. squinado (present study) and 47% for M.
brachydactyla (Andres et al. 2008). Both studies were
conducted using the same rearing system and condi-
tions, so the observed differences suggest an adapta-
tion to their different geographic distributions.

Our results show that protein, lipid and carbohy-
drate contents of Maja squinado increased gradually
until moulting to M; in M moulting stages, this incre-
ment is sharp and then values decreased when moult-
ing to C1. In M. brachydactyla, Andrés et al. (2008)
also observed an increase in the protein, lipid and car-
bohydrate composition of the larvae and a decrease
after metamorphosis. Lipid content was very similar
between both species, while protein and carbohydrate
content was between 3- and 20-fold higher in M.
squinado than in M. brachydactyla. Andrés et al.
(2008) and Anger & Harms (1990) measured similar
levels of protein content for M. brachydactyla larvae.
These results suggest that differences in the protein
and carbohydrate composition of larval M. squinado
and M. brachydactyla are either due to genotypic dif-
ferences or are phenotypically induced by the sur-
rounding environment. Protein comprises the major
component of larvae. Since variations among stages
in percentage of protein were not significantly differ-
ent (differences were only detected in terms of lipid
content), we might conclude that lipids are the main
source of energy used by M. squinado larvae during
development. Preferential utilization of lipid reserves
is a widespread pattern in crustacean species, al-
though some species may use different biochemical
substrates for energy production during starvation
(for a review, see Sánchez-Paz et al. 2006). Thus, in
premoult stages, spider crab larvae have a higher
concentration of proteins compared with lipids, as has
been reported in other crustacean decapod larvae
(Anger 1998). These physiologically different phases
of growth have been interpreted by Anger (1998) as
an initial period of rapid lipid storage in the larval he-
patopancreas, followed by the production of protein-
rich integument and muscle tissues. A correlation be -
tween proximal and elemental composition has been
reported by Gnaiger & Bitterlich (1984). If we assume
the same correlation, results from this study in M.
squi nado showed that zoea instars presented a de-
crease in protein and lipid content in premoult stages,
as previously reported by Rotllant et al. (2012) in
terms of nitrogen and carbon in M. brachydactyla.
Nevertheless, in megalopa, both Rotllant et al. (2012)
and the present study showed an increase in proximal
or elemental composition during moulting stages. In
Hyas areneus, Anger et al. (1989) also observed a de-
crease in lipid and protein content during the second
part of the moult cycle in zoeae instars and megalopa.

The present study shows that differences in biomass
and biochemical composition of the early develop-
mental stages of Maja squinado and M. bra chy dac tyla
exist, even though their development and morphology
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are very similar. These differences might be influ-
enced by a genetic component or could be a response
to different environmental conditions. It is important
to analyse the biochemical composition of the larvae
of different species since it reflects the differences in
the nutritional requirements for each species, particu-
larly in the case of M. squinado, where the aim is to
produce juveniles to re-stock the population in the
Mediterranean Sea.
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