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SUMMARY: We analyzed the gonadosomatic (GSI) and hepatosomatic (HSI) indices, reproductive condition and bio-
chemical composition of the digestive gland, gonads and claw muscle of the Patagonian stone crab over a one-year period.
In females, the maximum HSI occurred in spring (gonad recovery period) and summer (maximum maturity period). The
maximum female GSI values were found in summer, and fell to minimum values in fall and winter. In males, the highest
GSI was observed during winter, which coincided with a non-mating period. The claw muscle biochemical composition did
not significantly differ between seasons for either sex, except for the significantly lower glycogen content observed in winter
relative to fall and summer in males. For both sexes, the claw muscle contained 72.4 to 81.2% moisture, 12.3 to 19.8% pro-
tein, 0.3 to 1.0% fat, 1.1 to 2.7% ash and 0.1 to 1.4% glycogen. In both sexes, the digestive gland was the main storage site
for lipids. In the ovary, lipid and protein contents were higher in spring and summer, and decreased to significantly lower
values after spawning. Moisture showed the opposite pattern and neither glycogen nor ash contents showed significant differ-
ences between seasons. The biochemical composition of the testes-vasa deferentia complex did not show significant seasonal
fluctuations, except for higher moisture content in fall compared to summer and spring.
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RESUMEN: COMPOSICION BIOQUIMICA DE PLATYXANTHUS PATAGONICUS A. MILNE EDWARDS, 1879 (PLATYXANTHIDAE: BRA-
CHYURA) Y SUS FLUCTUACIONES A LO LARGO DEL CICLO REPRODUCTIVO. — Se analizaron los indices gonadosomadtico (IGS) y
hepatosomatico (IHS), la condicién reproductiva y la composicién bioquimica de la glandula digestiva, génadas y musculo
de las quelas de Platyxanthus patagonicus durante un periodo anual. En las hembras, el maximo IHS ocurrié en primavera
(periodo de recuperacion gonadal) y verano (periodo de maxima madurez). El mdximo IGS fue alcanzado en verano, decre-
ciendo a minimos valores en otofo e invierno. En los machos, el mdximo IGS fue observado en invierno, coincidiendo con
un periodo de inactividad en el apareamiento. Para ambos sexos, la composicion bioquimica del misculo de las quelas no
difiri6 significativamente entre las estaciones del afo, excepto por el contenido en glucégeno, significativamente menor en
invierno respecto a otofio y primavera en los machos. Para ambos sexos tomados conjuntamente, el muisculo de las quelas
contuvo 72.4-81.2% de humedad, 12.3-19.8% de proteina, 0.3-1.0% de lipidos, 1.1-2.7% de ceniza y 0.1-1.4 de glucégeno.
En ambos sexos la gldndula digestiva fue el principal sitio de almacenamiento de lipidos. En el ovario, el contenido de lipidos
fue mayor en primavera y verano, decreciendo a valores significativamente menores después del desove, el contenido de
humedad mostré el patrén opuesto y los contenidos de glucégeno y cenizas no presentaron diferencias significativas entre
estaciones. En el complejo testiculos-vasos deferentes, la composicion bioquimica no mostré fluctuaciones estacionales,
excepto por un mayor contenido en humedad en otofio respecto al verano y la primavera.

Palabras clave: Platyxanthidae, composicion bioquimica, reproduccién, indice gonadosomatico, indice hepatosomadtico.
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INTRODUCTION

Seafood products are currently in high demand as
they are considered healthy and nutritional (Leu et
al., 1981; Connor and Lin, 1982; King et al., 1990;
Skonberg and Perkins, 2002). As a result, capture of
marine shellfish has increased exponentially during
the last century, and now exceeds 13 million t (FAO,
2008). Marine brachyurans (true crabs) represent
one tenth of this total (1.38 million t in 2006) (FAO,
2008).

In spite of their economic potential, brachyurans
such as the Patagonian stone crab Platyxanthus pat-
agonicus A. Milne-Edwards are still poorly targeted
in some regions (Baltz and Horst, 1992; Chauvet and
Kadiri-Jan, 1999). This species has been virtually
unexploited to date despite its wide latitudinal (29°
to 47°S along the Atlantic coast of South America)
(Nakamura et al., 1986; Melo, 1990; Boschi et al.,
1992) and bathymetric (0 to 155 m depth) (Nakamura
et al., 1986) distribution and its large size (up to 146
mm in carapace width and almost 1 kg in total fresh
weight). Like other members of the Xanthoidea (such
as stone crabs), mature males of this species have
large chelae in comparison to females, making them
a suitable target for “claw exploitation” (Restrepo,
1992; Carsen et al., 1996) and for the production of
specialty fresh and frozen products (Abugoch et al.,
1996). However, very little is known about the spe-
cies’ biology (Carsen et al., 1996; Leal et al., 2008)
and no information is available on its biochemical
composition.

Knowledge of crustacean biochemistry and
metabolic processes throughout the year not only
improves the understanding of the most relevant
physiological processes, namely reproduction and
growth, but also facilitates processing, utilization
and marketing of value-added products (Skonberg
and Perkins, 2002). For this reason, biochemical
changes in the gonads, digestive gland and muscle
during maturation, molting and reproduction have
been examined in many species of decapod crusta-
ceans (Gehring, 1974; Read and Caulton, 1980; Du
Preez and McLachlan, 1983; Galois, 1984; Wheaton
and Lawson, 1985; Castille and Lawrence, 1989;
Cifuentes and Quifinao, 2000; Gokodlu and Yer-
likaya, 2003; Hasek and Felder, 2005, 2006).

The objective of the present work is to describe the
seasonal fluctuations of the biochemical composition
of the gonads, digestive gland and claw muscle of
P. patagonicus, and relate them to the physiological

condition of the gonads throughout the reproductive
cycle. Results reported here improve the understand-
ing of the physiology and biochemistry of this and
other brachyuran species.

MATERIALS AND METHODS

Hard shelled Patagonian stone crabs were col-
lected monthly from November 2004 to October
2005 in Nuevo Gulf (Argentina, 42°-43°S, 64°-
65°W) between the 30 and 50 m isobaths using bait-
ed collapsible traps that were left overnight. After
capture, crabs were taken alive to the lab, classified
according to sex, weighed with a Mettler P3N bal-
ance to the nearest 1 g, measured with a Digimess
electronic caliper to the nearest 0.1 mm in carapace
width (CW), and staged according to the maturity
scale developed by Leal et al. (2008) for the species
after careful removal of the carapace. Crabs infested
by rhizocephalan parasites were excluded from the
samples. Monthly sub-samples of 7 to 11 mature-
sized individuals from both sexes (CW>90 mm for
males; CW>64 mm for females) were randomly
selected from each batch. Crabs were placed upside
down for 20 minutes to allow drainage of body fluids,
and then the ovary, testes-vasa deferentia complex,
digestive gland and claw muscle were dissected and
removed from the crabs and weighted with a Mettler
PC 440 Delta Range® electronic balance. The go-
nadosomatic (GSI) and hepatosomatic (HSI) indices
were calculated from these data as:

GSI = wet weight of the ovary / whole crab wet
weight (in females),

GSI = wet weight of the testes-vasa deferentia
complex / whole crab wet weight (in males),

HSI = wet weight of the digestive gland / whole
crab wet weight.

The biochemical composition of the gonads, di-
gestive gland and claw muscle was analyzed sepa-
rately using monthly pooled samples of males and
females. Moisture content was determined by drying
at 100°C to a constant weight (AOAC, 1980); pro-
tein content was established using the Lowry meth-
od (Lowry et al., 1951); lipid content was estimated
by extraction with ethylic ether in a Soxhlet system
(AOAC, 1980); glycogen content was determined
by colorimetry using the Antrhone reagent accord-
ing to the method described by Fraga (1956), and
ash content was obtained as the difference between
constant dry weight of tissues and the weight of
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the tissues after incineration in a furnace at 550°C.
Analyses were performed in duplicate. Results were
expressed as the averaged percentage of each bio-
chemical component relative to the wet weight. The
energy content in the different tissues of the crabs
was estimated by converting the protein, lipid and
glycogen contents to their equivalents in Kcal/g, em-
ploying Rubner’s coefficients (Winberg, 1971).

Condition indices (GSI and HIS) were compared
between sexes with the Mann-Withney U test, and
between seasons using the Kruskal-Wallis and T sta-
tistic tests for comparing pairs of treatments (Con-
nover, 1999). The biochemical composition was
compared between: 1) different seasons for each
organ/tissue and sex, 2) different organs/tissues for
the same season and sex, and 3) different sexes for
the same organ/tissue and season, using the same
statistical tests as for the condition indices. Statis-
tica 6.0 and electronic spreadsheets were used for
calculations.

RESULTS

The GSI and HSI showed significant differences
between seasons, both for females and males (Fig.
1). In females, the GSI was significantly higher in
summer compared to the other seasons, and was also
higher in spring relative to fall and winter (Fig. 1).
However, the male GSI was higher in winter than in
the other seasons (Fig. 1). In females, the HSI was
higher in spring and summer, compared to fall and
winter, while in males fall was the only season that
showed a significantly lower HIS compared to the
rest of the seasons (Fig. 1).

The biochemical composition of P. patagonicus
showed different patterns of seasonal variation de-
pending on the organ/tissue, sex and component ana-
lyzed (Fig. 2). In female gonads: 1) lipid content was
significantly higher in spring and summer than in fall
and winter; 2) moisture content showed the opposite
pattern; 3) protein content was significantly higher
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F1G. 1. — Gonadosomatic (GSI) and hepatosomatic (HSI) indices of female and male Platyxanthus patagonicus. Squared marks: median; box:
inter-quartile range; bars: non-outlier range; circles: outliers. Different/equal capital letters on top of the box plots represent significant/non-
significant differences between seasons (Kruskal Wallis tests, P<0.05 and T statistic tests comparisons between pairs of treatments, P<0.05).

SCI. MAR., 73(3), September 2009, 423-430. ISSN 0214-8358 doi: 10.3989/scimar.2009.73n3423



426 - ].B. DIM

Aetal.

Females

Ash A A Ash
10 e ? A 10, A
Z % A 1 A
8 é 7 i a 8 s
6 ﬁ A A ? ° é A
A AA A A A
4 caA SA bb S 4 bé b AS
2 w? @y g = 2 < |1j i
: L g O B ) O
Moisture Moisture 3 A
8 A Sab a ah G ) 1 s B 1B
80 1 agC @ 11 ot 80 1A A 4b  wb
[ e D, Mg i by @, @b,
g L b # 2 a %Tec Hc
72 R i % 72 =k =R 1 S
AA o 1 ) = (=]
iopp O ‘.
1 %
64 = =P 64 % b
56 56,
Glycogen A Glycogen zﬁ)
1.6 B 1.6
- B A AB BC
512 5 b a 1.2 v t1) N A
© a - ad P a 7 b
208 LAA AD UAAaB QAQ 038 ABLA B B sap) A
T D1 1 Uil b1 14 & 5 . rFh
2 04 7 N % 0.4 |i-| [ g
= B2 B 824 = &
0.0 0.0
A
Protein a Protein
30 A - AB 30
a % a A A
a
24 . AR 24 A2 A & AA 2
% A b A a2l b 2 aa A
b 1 14 b
A a 1 1B Ea
18 b o A EBA 18
1 A a A b
m A c ‘13 Ijl1 ? % G é
¢ 1 A Ep 1 ¢
12 o wa % 12 3 % i
Lipids A Lipids ?
a A o
16 1 a A 16 A . A A
7 i A R
12 7 H 12 = % ? 7
R T 4
4 A 1 A 1 Ab Ap 4 A @ A A AA AA
c = c= c 1 C 1 c 9 cb b b cb
0 + & 48 4T 0 1d b 22 L&
spring summer fall winter spring summer fall winter

[Jclaw muscle

= Ovary (females)
Testes-vasa deferentia complex (males)

Reproductive stages

spring

summer fall

Il Mature gonads

winter

Digestive gland

100
50

0
spring summer

Season

Recovering gonads

fall

winter

[0 spent gonads

Fi1G. 2. — Biochemical composition (box plots) and percentage of different stages of gonadal maturity (stacked bar plots) of female (left) and
male (right) Platyxanthus patagonicus in different seasons of the year. Squared marks: median; box: range. Different/equal capital letters on
top of the box plots represent significant/non-significant differences (Kruskal Wallis test, P<0.10 and T statistic test comparisons between
pairs of treatments, P<0.05) between seasons for each combination of organ/tissue and sex; different/equal lower-case letters represent signifi-
cant/non-significant differences (Kruskal Wallis test, P<0.10 and T statistic test comparisons between pairs of treatments, P<0.05) between
organs/tissues for each combination of season and sex; Different/equal numbers represent significant/non-significant differences (Mann and
Whithney U test, P<0.05) between sexes for each combination of organ/tissue and season.
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in spring and summer than in winter; and 4) ash and
glycogen contents did not show significant seasonal
variations (Fig. 2). The seasonal mean lipid content
showed a high positive correlation with that of pro-
tein (R = 0.80). In the female digestive gland: 1) the
lipid content did not show significant seasonal dif-
ferences; 2) the moisture content showed significant
differences between all seasons except for spring, in
which the largest variability was observed; and 3)
glycogen was only significantly higher in summer
(Fig. 2). The biochemical composition of female
claw muscles did not show significant seasonal dif-
ferences (Fig. 2). The most interesting findings of
the comparison between the biochemical composi-
tion of female organs/tissues were that: 1) lipid and
ash contents in the digestive gland were significantly
higher than in the ovary and claw muscles in all
seasons, and 2) glycogen content did not show sig-
nificant seasonal differences between organs/tissues,
except for the higher values observed in the diges-
tive gland and claw muscle in relation to the gonads
during summer (Fig. 2).

In male P. patagonicus: 1) the testes-vasa def-
erentia complex showed no significant seasonal
differences in biochemical composition, except for
the higher moisture contents observed in fall com-
pared to summer and spring; 2) the digestive gland
displayed no significant seasonal differences in bio-
chemical composition, except for the lower glycogen
content in spring relative to summer, and in winter
relative to fall; and 3) male claw muscles showed
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no significant seasonal differences in biochemical
composition, except for the lower glycogen content
in winter relative to fall and summer (Fig. 2). The
most prominent results of the comparison between
the biochemical composition of male organs/tissues
were that: 1) the protein content in testes-vasa def-
erentia complex was significantly higher than that
of the claw muscle in winter and summer, and the
protein content of the digestive gland was lower than
that of the other organs/tissues in all seasons; 2) the
lipid content in the digestive gland was higher than
that of the other organs/tissues in all seasons, the
glycogen content was significantly higher in fall and
winter, and moisture content was significantly lower
in fall and winter; and 3) overall, moisture content
in male claw muscles was higher than in the other
organs/tissues, but no significant differences were
observed in relation to the gonads in spring and sum-
mer, ash content was significantly lower than that
in the other organs/tissues in all seasons, and lipid
content was also significantly lower, except for the
summer (Fig. 2).

The comparison of the ovary and the testes-vasa
deferentia complex showed that: 1) the lipid content
in the ovary was significantly higher in all seasons;
2) ash content displayed the opposite pattern; 3) gly-
cogen content did not show significant differences;
and 4) protein and moisture contents showed sig-
nificant differences only in some of the seasons (Fig.
2). The comparison of the digestive gland from both
sexes revealed that: 1) the lipid and protein contents
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F1G. 3. — Seasonal energy content in different organ/tissues of female (left) and male (right) Platyxanthus patagonicus. Squared marks: me-
dian; box: range. Different/equal capital letters on top of the box plots represent significant/non-significant differences (Kruskal Wallis test,
P<0.10 and T statistic test comparisons between pairs of treatments, P<0.05) between seasons for each combination of organ/tissue and sex;
different/equal lower-case letters represent significant/non-significant differences (Kruskal Wallis test, P<0.10 and T statistic test comparisons
between pairs of treatments, P<0.05) between organs/tissues for each combination of season and sex; Different/equal numbers represent
significant/non-significant differences (Mann and Whithney U test, P<0.05) between sexes for each combination of organ/tissue and season.
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did not show significant differences in any season;
2) the glycogen content was significantly higher in
males in all seasons except summer; and 3) the ash
and moisture contents were significantly higher in
males in fall and winter respectively (Fig. 2). The
biochemical composition of the claw muscle showed
no significant differences between males and fe-
males, except for higher levels of ash, and lipid and
glycogen contents in females in winter, fall and sum-
mer respectively (Fig. 2).

The energy content of the ovary was significantly
higher in spring compared to winter, and in summer
relative to both fall and winter, while in the testes-
vasa deferentia complex it was only higher in summer
relative to fall (Fig. 3). No significant differences in
the energy content of the digestive gland were found
between sexes or between seasons in either sex (Fig.
3). In addition, no significant seasonal differences
in claw muscle energy content were found in either
sex, except for a higher content in summer compared
to fall in females. Claw muscle energy content did
not show significant differences between sexes in
any season (Fig. 3).

DISCUSSION

Fluctuations in the GSI and HSI in female P.
patagonicus reflect the physiological changes asso-
ciated with the reproductive cycle: 1) both indices
had high values in samples dominated by females
with recovering and mature ovaries (spring - sum-
mer); 2) the decrease in their values from summer
to fall matched the spawning period; and 3) their
high values in spring compared to winter coincided
with the rising proportion of females with recover-
ing and mature ovaries from winter to spring. Al-
though the joint seasonal fluctuation of GSI and HIS
did not reflect a phase-lag between the two indices
during ovary maturation, like that found in other
crustaceans (Kyomo, 1988; Castille and Lawrence,
1989; Haefner and Spaargaren, 1993; Chu, 1999),
the seasonal resolution of our analysis may not have
been adequate to detect this pattern. GSI has been
used to detect both steady and seasonally fluctuat-
ing spermatogenesis and spermatic content storage
in crustaceans (Sastry, 1983; Kyomo, 1988; Mina-
gawa, 1999; Swiney and Shirley, 2001). In contrast
to the female GSI, the GSI of male P. patagonicus
showed little seasonal fluctuation, with significantly
higher values only in winter, which matched a non-

active period (Leal et al., 2008). This contrasting
behavior of the GSI is relevant for understanding, at
least in part, the seasonal patterns of the biochemical
composition of both sexes.

The most noticeable changes in moisture, lipid
and protein contents occurred between summer and
fall, which matches the spawning period (Fig. 2). The
most prominent patterns associated with the repro-
ductive cycle of female P. patagonicus are the high
lipid and protein content and low moisture content
during the periods of gonad recovery and maximum
maturity (spring-summer), and the low protein and
lipid content and high moisture content during the
seasons with the highest frequency of spent ovaries
(fall and winter). However, the higher lipid content
found in the digestive gland in spring in compari-
son to winter may reflect an active accumulation of
this compound in spring in response to the acceler-
ated metabolism and feeding due to rising seawater
temperatures during this season; the lipids may be
transferred to the ovary during vitellogenesis, as re-
ported by Heath and Barnes (1970) and Spaargaren
and Haefner (1994) for other crustaceans.

It was more difficult to establish a relationship
between the reproductive cycle and biochemical
composition in males than in females, as all adult
male P. patagonicus sampled in this study were
either mature or in the gonad recovery stage in all
seasons. High protein content in comparison to the
other organs/tissues suggests that this component
plays an important role in male gamete formation.
Jeyalectumie and Subramoniam (1991) obtained a
similar result for the portunid crab Scylla serrata de
Haan.

In this study, the lipid content of the digestive
gland in both sexes was significantly higher than
in any other organs/tissues analyzed (7.6 to 18.1%
and 8.1 to 14.9% of the wet weight for males and
females respectively). Lipids accounted for no more
than 1 and 4% of the wet weight of the claw mus-
cle and testes-vasa deferentia complex respectively,
which suggests that the digestive gland may act as a
reservoir for lipids. A similar pattern was reported
by Heath and Barnes (1970) for the European green
crab (C. maenas) and by Gokodlu and Yerlikaya
(2003) for the blue crab (Callinectes sapidus Rath-
bun). Ash content was particularly high in the diges-
tive gland of P. patagonicus (up to 9.1 and 8.1% of
the wet weight in females and males respectively),
especially if compared with that reported for other
species (Kiiciikgiilmez et al., 2000).
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TaBLE 1. — Percentage of moisture, protein and lipids in muscle relative to the wet weight in some brachyuran species as reported by several
authors.

Species Moisture (%) Protein (%) Lipids (%) Reference

Callinectes sapidus 77.4 -86.7 11.9-19.2 04-1.5 ‘Wheaton and Lawson (1985)
Cancer magister 78.5-82.3 143-234 0.7-22 Wheaton and Lawson (1985)
Homalaspis plana ¢ 79.34 16.75 0.11 Abugoch et al. (1996)
Chaceon chilensis ¢ 79.68 16.25 0.40 Cifuentes and Quifiinao (2000)
Portunus pelagicus 75.28 — 80.9 21.54 -26.4 0.61-1.21 Gokodlu and Yerlikaya (2003)
Callinectes sapidus “ 78.02 19.55 0.44 Kiiciikgiilmez et al. (2006)
Platyxanthus patagonicus (f) 72.44 - 78.55 12.3-19.53 0.42-1.02 Present Study

Platyxanthus patagonicus (m) 73.03 -81.18 12.42 - 19.78 0.34 -0.92 Present Study

In species marked with # values correspond to the mean. In the other species, values correspond to the range. The values reported for P.
patagonicus correspond to the claw muscle and are differentiated for females (f) and males (m).

The biochemical composition of the claw
muscle of P. patagonicus is comparable to that of
several other brachyurans (Table 1). Based on our
results, this species can be characterized as hav-
ing low-fat meat, high protein content and stable
energy content throughout the year, both in males
and females. In this work the relationships that
stand out most are those between the biochemical
composition and reproductive condition. How-
ever, other physiological processes like molting
and feeding may also affect the biochemical com-
position. Therefore, these should be analyzed in
the future to improve the current understanding of
the dynamics of the physiological trade-offs in the
Patagonian stone crab.
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