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Abstract Eleven expeditions were undertaken to the
Saint Peter and Saint Paul Archipelago to study the repro-
ductive biology of Grapsus grapsus, providing additional
information on limb mutilation and carapace colour.
MATURE software was used to estimate morphological
maturity, while gonadal analyses were conducted to esti-
mate physiological maturity. The puberty moult took place
at larger size in males (51.4 mm of carapace length) than in
females (33.8 mm), while physiological maturity occurred
at a similar size in males (38.4 mm) and in females
(33.4 mm). Above 50 mm, the proportion of red males
increased in the population, indicating that functional matu-
rity is also related to colour pattern. Small habitat and high
local population density contributed to the high rate of can-
nibalism. The low diversity of food items, absence of pre-
dators of large crabs and high geographic isolation are the
determinants of unique behavioural and biological charac-
teristics observed in the G. grapsus population.

Keywords Grapsus grapsus · Reproductive biology · 
Sexual maturity · Mutilation · Equatorial Atlantic Ocean

Introduction

Within the Atlantic Ocean, the rocky shore crab Grapsus
grapsus (LINNAEUS, 1758) is very abundant on the Brazilian
northern oceanic islands of the Saint Peter and Saint Paul
Archipelago (SPSPA) (also known as Saint Paul’s Rocks),
at Rocas Atoll, and on Fernando de Noronha, while Grap-
sus adscensionis (OSBECK, 1765) occurs on various East
Atlantic Island groups and along much of the West African
coast (Hartnoll 2009). Morphological diVerences between
these species are very minor (Manning and Chace 1990)
and, according to Ratti (2004), would not justify the two
species described. However, on the basis of the strong
diVerences in the colouration patterns of the cephalothorax
and pereiopods (Fig. 1), the absence of an evident connec-
tion via larval dispersal today and the diVerences in zoea 1
morphology (Guerao et al. 2001), we are inclined to accept
them as diVerent species. The status of the crabs from
Trindade Island (500 miles oV the eastern Brazilian coast)
is yet to be determined (Hartnoll 2009). G. grapsus also
occurs in the Caribbean Islands, on the eastern PaciWc coast
and islands (from Baja California to northern Chile) and on
the Galapagos Islands. Despite the species’ wide distribu-
tion and the great popularity of this crab among people vis-
iting tropical paradises (it is known as the “Sally light foot”
crab in English, “aratu” in Portuguese and “sayapa” in
Spanish), there is little information available about its biol-
ogy. Descriptions of intraspeciWc display, mating behaviour
and gonopore morphology of G. grapsus were reviewed by
Hartnoll (2009), but little additional information about their
occurrence and general behaviour has been recorded since
the Wrst observations were made by Darwin in 1832 at Saint
Paul’s Rocks (c.f. Madeira 2008 and Freire et al. 2009).
Reproductive and cannibalistic behaviour were described
by Romero (2003).
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Due to the installation of a Brazilian scientiWc station on
Saint Paul’s rocks, it was possible to begin a broad investi-
gation into Grapsus grapsus biology since 2003, focusing
the research on larval ecology (Koettker et al. 2009),
growth, abundance monitoring, intraspeciWc and interspe-
ciWc interactions (Gianuca and Vooren 2007) and the pres-
ent one about reproductive biology.

Determination of the size at which brachyuran crab spe-
cies begins sexual activity is a key parameter to understand-
ing its life cycle (Hartnoll and Gould 1988). Furthermore,
estimation of size of sexual maturity is one of the most
important information for planning management pro-
grammes (Pinheiro and Fransozo 1998), being marked by
several morphological, physiological and behavioural
changes, indicating the transition between phases (Hartnoll
1985).

The life cycle of G. grapsus, as with most brachyuran
crabs, involves a planktonic larval phase (zoea), recruit-
ment of megalopae and growth through instars. According
to Hartnoll (1963), the relative growth of some brachyuran
crustacean, like Majoidea crabs, can be characterized by
three phases: immature, prepuberal and mature. These
phases are separated by two important moults during ontog-
eny: prepuberty moult, in which immature crabs begin mor-
phologic changes to become adults, and puberty moult, in
which crabs acquire other morphological characters to
become mature. The transition of the last juvenile instar to
the Wrst adult one is marked by a critical moult (the
‘puberty moult’), which is accompanied by morphological
changes (Hartnoll 2001). At the puberty moult, male chelae
enlarge fast in relation to carapace width to be a better part-
ner’s hold, and females have an enlargement of their abdo-
men to protect the egg mass. These subtle changes in the
relative proportion of these body parts make possible a pre-
cise estimative of the size at morphological maturity.
Females of various crab species can and do mate (morpho-
logical maturity) before the ovaries mature, while males are
required to present mature gonads (physiological maturity)
(Schejter and Spivak 2005). The size at which morphologi-
cal and physiological maturity are achieved is not necessar-
ily the same; as a result, a determination of these diVerent

sizes at maturity in both sexes can be used to estimate func-
tional maturity (Pinheiro and Fransozo 1998; Pinheiro and
Fiscarelli 2001). Functional maturity is a broader concept
that should also include mating ability, which depends on
physiological, behavioural and morphological aspects
(Corgos and Freire 2006). Sexual maturity studies about
crabs are very common in the literature, especially in relation
to species of economic importance, and also with grapsoids
that play a key ecological role in their habitats (e.g. Flores
et al. 2002; Flores and Paula 2002; Luppi et al. 2004).

The focus of this study is to estimate physiological and
morphological maturity sizes of G. grapsus on Saint Paul’s
rocks, as well as to describe carapace colour patterns and
their possible correlation with maturity. An evaluation of
sex ratio and the incidence of mutilated individuals (limb
autotomy and carapace injures) in the population are also
presented. The Wndings reported here add new information
to the few existing studies on the reproduction investment
of tropical crab species (Hartnoll 2006), with possible use
at management programmes.

Materials and methods

Study area

SPSPA (00°56�N–29°22�W) is a group of 14 islets, with
surrounding depths of 5,000 m, located near the Mid Atlan-
tic ridge, around 80 km north of the Equator, 1,000 km
from the Brazilian coast and 1,890 km from Senegal
(Africa) (Fig. 2). It is one of the smallest and most isolated
oceanic islands in the world (Feitoza et al. 2003). The main
islets are separated by channels and a small inlet, with
depths ranging from 4 to 25 m. It receives waters from the
east (South Equatorial Current) and west (Atlantic Equato-
rial Undercurrent) of the Atlantic Ocean (Edwards and
Lubbock 1983). The area is a Wshing ground for Scombri-
dae (tuna Wsh), Carangidae and Exocoetidae (Xying Wsh)
(Vaske Júnior et al. 2006), with frequent observations of
whale sharks and manta rays, and more than 50 species of
reef Wshes and many endemic species (Feitoza et al. 2003).

Fig. 1 a Grapsus grapsus 
(LINNAEUS, 1758) in the Saint 
Peter and Saint Paul Archipel-
ago; and b Grapsus adscension-
is (OSBECK, 1765) on Ascension 
Island. Photo: a Maurício 
Tavares, and b Richard Hartnoll
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The area is recognized as a Brazilian Exclusive Economic
Zone. The Brazilian ScientiWc Program for the SPSPA
maintains a team of scientists there for 15-day period,
assisted by Wshermen, under extreme environmental condi-
tions, such as rough waves, complete isolation and occa-
sional seismic tremors. The research described here was
concentrated at the Belmonte Islet, the largest islet, with an
area of 500 m2. The emerged area of the Belmont Islet has a
very irregular relief, where ocean waters Wll the rocky pools
mainly by the action of the waves. Tidal cycle had not been
scientiWcally described in the area.

Sampling strategies

Crabs were spread out in the whole island, occupying
diVerent microhabitats as the rocky pools, rocky coast,
rocky crevices, breeding and nesting sites of the booby
Sula leucogaster (BODDAERT, 1783), under the scientiWc
station and over the pier. The crabs were sampled ran-
domly and manually, in all these microhabitats, using a
50-cm2 net over the rocky Xoor or directly with the
hands. Crabs were sampled during the day, especially in
the morning, when the action of the waves was less
intense. The crabs were immediately frozen in individual
plastic bags and duly labelled. Samples were taken on 11
expeditions from February 2003 to May 2005, with the
number of crabs/expedition limited by the ScientiWc
Program.

During the laboratory analyses, the specimens were
identiWed by sex and classiWed as males, non-ovigerous and

ovigerous females. The abdomen shape of the females was
classiWed at three categories (triangular, triangular/round or
round) (Fig. 6). The following measurements were taken
with a vernier calliper (0.05 mm): carapace width and
length (CW and CL, respectively), propodus length of the
cheliped (PL), greatest width of the Wfth female abdominal
somite (AW) and length of Wrst male gonopods (GL).
Exemplars were dissected for gonadal development stage
estimation by macroscopic analysis.

The relative growth of propodus and gonopod (males)
and pleon (females) was studied using log-transformed data
(see Pinheiro and Fransozo 1998, for details). The Snede-
cor’s F test (a = 0.01) was used to check whether one or
two regression lines Wt better the data. The biometric rela-
tions with best Wt were used to describe growth changes
between phases and estimate morphological maturity size
in brachyurans, according to the procedures described by
Pinheiro and Fransozo (1998). The data for each biometric
relation establish a characteristic relative growth pattern
and were processed using speciWc computer software:
MATURE 1 (Somerton 1980) or MATURE 2 (Somerton
and Macintosh 1983).

The physiological maturity of each sex was deWned
according to 3 macroscopic gonadal maturation stages
(IM = immature; DE = developing; MA = mature, Table 1),
considering shape, colour and gonadal size, modiWed from
Pinheiro and Fransozo (2002) and Flores et al. (2002).

The size at which half the population of individuals are
mature (CW50%) was established by size distribution of
each sex according to their gonadal maturation stage

Fig. 2 a Position of the Saint Peter and Saint Paul Archipelago, and
current circulation in the Atlantic Ocean (modiWed from Edwards and
Lubbock 1983). ECC Equatorial counter current, AEU Atlantic equa-

torial undercurrent, SEC South Equatorial current, BC Brazil current,
NBC North Brazilian current; and b the whole Archipelago showing
the small inlet and Belmont Island
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(IM = immature; DE = developing; MA = mature) into 5-mm
CW classes, by plotting the proportion of adult stages
(DE + MA) in relation to juveniles (IM) for each CW class.
The frequency of adults by size class was Wtted for each sex
using Galton’s Ogive function (y = 1 ¡ e¡AZ, with Z = xb).
An estimates of physiological maturation (CW50%) was
obtained for each sex by CW50% = e[ln[¡ln(1¡0,5)]¡lnA]/b

(Fonteles-Filho 1989).
The morphological and physiological maturity sizes to

each sex were compared to verify a possible synchrony
between these events and a possible establishment of func-
tional maturity.

The colour pattern of the specimens was categorized into
four groups: (1) Green: carapace green/dark green, with
light yellow spots (Fig. 8); (2) Red leg: carapace dark green
and pereiopods/chelipeds dark red; (3) Red frontal plate:
carapace slight dark red (red in the frontal plate) and dark
red legs; and (4) Red: carapace fully and bright red, yellow
to white lines and spots and red legs (Fig. 1). The relation
between colour pattern categories to CW was analysed
graphically.

Crabs sampled randomly during 4 expeditions (n = 522)
were used to register mutilation (injuries in the carapace as
scars, holes, missing pereiopods and regeneration bourse).
Frequency distribution of mutilated crabs and number of
missing pereiopods were analysed by size (CW) class, and
results obtained to each sex were compared by chi-square
test (Zar 1998).

Results

A total of 705 crabs were captured (384 males and 321
females). Male size (CW) ranged from 14.2 to 69.5 mm
(39.9 § 12.1 mm) and was signiWcantly larger than female
size (P < 0.05), which ranged from 9.1 to 57.3 mm
(35.9 § 11.1 mm). The overall sex ratio was 1:0.9 MALE/
FEMALE (P < 0.01). The sex ratio did not diVer signiW-
cantly from 1:1 (P < 0.05) in 70% of the months sampled.
Ovigerous females (n = 94) ranged from 31.6 to 55.4 mm
(41.7 § 5.46 mm) and recorded in all of samples, with
reduced percentage (<20%) during July and May (Table 2).

Morphological maturity estimation

Allometric expressions, determination coeYcients, allome-
tric level and the results of Somerton’s analyses are shown
for each relationship, sex and categories in Table 3; Figs. 3
and 4.

MATURE 1 revealed three regressions for biometric
relation PL £ CW: CW < 28 mm; 28 · CW < 51.4 mm;
and CW ¸ 51.4 mm. There was negative allometric growth
before the prepuberty moult (28 mm) followed by positive
growth until the puberty moult at 51.4 mm. After the
puberty moult, there was a huge increase in the allometric
constant (1.19–1.82).

The same software revealed two regression lines for the
relation GL £ CW, with inXection pointed at 28.8 mm.
Changes in the relative growth rates of chelae and gono-
pods provided almost identical estimates of prepuberty size
(28 and 28.8 mm, respectively). It is noticeable that allome-
tric growth was positive before the inXection point

Table 1 Description of gonadal development stages used in macroscopic analyses of males and females of Grapsus grapus

Stage Females Males

Immature Not visible. Hepatopancreas highly developed Not visible. Hepatopancreas highly developed

Developing Small ovaries; light yellow to light orange Vas deferens clearly visible; translucent to whitish

Hepatopancreas developed Hepatopancreas developed

Mature Ovaries larger; orange to red with distinct oocytes. 
Ovaries occupying most of the available cephalothorax space, 
at least 1/2 of the size of the hepatopancreas

Testes convoluted to enlarged and sinuous, white, 
at least 1/4 of the size of the hepatopancreas

Table 2 Monthly abundance (number of individuals) of each sex and
ovigerous condition, as well as monthly sex ratio at Saint Peter and
Saint Paul Archipelago, Brazil

NO not ovigerous, OV ovigerous, OV% percentage of ovigerous
females in relation to total females

* P < 0.05

Months Male 
total

Female Total OV% Sex ratio

NO OV Total M:F Sig

Feb 2003 74 17 17 34 108 50.0 1:0.5 *

Apr 34 17 7 24 58 29.2 1:0.7 NS

Jul 41 18 3 21 62 14.3 1:0.5 *

Nov 25 24 7 31 56 22.6 1:1.2 NS

Mar 2004 26 17 7 24 50 29.2 1:0.9 NS

Aug 29 18 6 24 53 25.0 1:0.8 NS

Nov 53 31 27 58 111 46.6 1:1.1 NS

Jan 2005 35 42 14 56 91 25.0 1.1.6 *

May 38 33 5 38 76 13.2 1:1 NS

Jul 22 17 1 18 40 5.6 1:0.8 NS

Total 377 234 94 328 705 28.7 1:0.9 NS
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(28.8 mm) for the GL £ CW relation but negative before
the inXection point (28 mm) for the PL £ CW relation.

For the females, the relation AW £ CW was expressed
by three diVerent regressions: (1) CW < 23.8 mm; (2)
23.8 · CW < 39.4 mm; and (3) CW ¸ 33.8 mm. The
inXection point between regression lines 1 and 2 (23.8 mm)
was considered the prepuberty size, and the positive allo-
metric constant increased from the lower line towards the
upper one (MATURE 1). MATURE 2 was used for the
29.9–39.4 mm CW zone, due to overlap between regression
lines in this case. The lower line was the upper one from the
previous data (b = 1.80), changed to negative allometric
growth (0.96) after 33.8 mm. The prepuberty size for mor-
phological maturity was very near between sexes (males,
28.8 mm; females, 23.8 mm), but puberty moult took place
at a considerably larger size in males (51.4 mm) than in
females (33.8 mm).

Physiological maturity estimation

Among the females, 44% had gonads in the developing
stage and 20% had mature gonads. Most of the ovigerous
females (77%) had gonads in the developing stage, and
none were observed with immature gonads. Among the
males, the general proportion of gonadal stages was very
similar, with 45% in the developing stage (DE) and 25%
having mature gonads (MA). Crabs with mature gonads
were found in all months sampled.

Onset of physiological maturity occurs since 20–25 mm
CW class, where individuals with mature gonad were repre-
sented by 3.7% (males) and 3% (females), reaching 50%
with 38.4 and 33.4 mm, respectively (Fig. 5).

Fig. 3 Regression analysis of a and b chelar propod length (PL)
(n = 370) and c and d Wrst gonopod length (GL) (n = 376) against car-
apace width (CW) for males

Table 3 Results of biometric relations obtained for Grapsus grapsus and allometric level of each equation

PL chelae propodus length, CW carapace width, GL Wrst gonopod length, AW width of the Wfth female abdominal somite

– negative, + positive, 0 isometry

* InXection point estimated in Mature 1 analyses (P < 0.01), except ** where Mature 2 was used

Biometric relation Sex Category n Equation (y = axb) R2 Allometric 
level

Somerton’s F test*

F value Cut-oV (mm)

PL £ CW M Immature 74 PL = 0.544CW0.91 0.94 ¡ 36.11 28.0

Prepubertal 228 PL = 0.214CW1.19 0.96 + 63.84 51.4

Pubertal 68 PL = 0.0179CW1.82 0.90 +++

GL £ CW M Immature 78 GL = 0.0125CW1.94 0.95 ++++ 532.17 28.8

Prepubertal 296 GL = 0.398CW0.91 0.96 ¡
AW £ CW F Immature 52 AW = 0.119CW1.37 0.98 ++ 27.42 23.8

Prepubertal 87 AW = 0.0314CW1.80 0.94 +++ 769.91 33.8

Pubertal 176 AW = 0.777CW0.96 0.97 0 **

Fig. 4 Regression analysis of abdomen width (AW) against carapace
width (CW) for females (n = 315)
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Morphology of the female abdomen

There was a clear trend for abdominal shape change from
triangular to round as CW increased (Table 4; Fig. 6).
Females with triangular abdomen (1%) were found above
the size of morphological maturity (33.8 mm), while 6% of
females with round abdomen were registered below that
size. The transition of the specimens with three abdominal
shapes corresponds to overlap between the two upper
regression lines for the biometric relation AWxCW
(29.9 · CW < 39.4 mm).

Carapace colour

The distribution of colour pattern according to the size of
each sex indicated a general trend towards shift from the
green pattern to the red one according to the size increment
(n = 522) (Fig. 7). Red crabs were mainly large males,

while green crabs were small specimens (not sex depen-
dent). Females of all colours were recorded above the size
of sexual maturity (33.8 mm). Crabs of intermediate size
(35–45 mm) had all colour patterns. Few male crabs
reached physiological maturity (38.4 mm) with the green
pattern. Morphological sexual maturity in males (51.4 mm)
was achieved when the crabs already had red legs, a red
frontal carapace plate or were fully red.

Mutilated crabs

From a total of 522 crabs, 122 (24%) were recorded with
scars, holes, missing limbs and regenerating bourses. Crabs
were recorded with perforations in the carapace and even
with the whole branchial chamber exposed. Missing pereio-
pods were registered in 119 crabs (Table 5). Most of them
(68.9%) had one missing pereiopod, but crabs with 3 or 4
missing pereiopods were also observed wandering over the
rocks. Some crabs had the pereiopod removed in both
sides; the fourth pereiopod was the most removed one
(Fig. 8).

Fig. 5 Physiological maturity curve for males (a) and females (b) of
Grapsus grapsus, adjusted to the empirical points of the total adult
(developing and mature gonads) in each size class (black
point = CW50% = size at which half the population is sexually mature)

Table 4 Range of CW (carapace width, mm) within each abdomen
shape category in Grapsus grapsus females

T triangular, TR triangular/round, R round

* Calculated using morphological maturity size (CW = 33.8 mm) as
parameter

Abdomen shape Initial 
CW

Final 
CW

n Juveniles* Adults*

n % n %

Triangular 9.1 34.7 92 90 73.8 2 1.0

Triangular/round 21.2 48.9 28 20 16.4 8 4.1

Round 24.1 57.3 198 12 9.8 186 94.9

Total 9.1 57.3 318 122 100 196 100

Fig. 6 Occurrence of females with triangular (T), triangular/round
(TR) and round (R) abdomens, by carapace width (CW)
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Mutilated crabs were recorded in all the classes, inside
the female and male size range (Fig. 9a). More than two
missing pereiopods were also recorded in most of the sizes
analysed (Fig. 9b). Mutilations of large males (> 60 mm)
were scars veriWed on the carapace. Males and females had
equal proportions of missing limbs (�2 = 1.80; P > 0.01),
occurring the same when crabs without one to three pereio-
pods were compared (�2 = 3.28, 0.06 and 0.60, respectively;
P > 0.01). Moreover, females without 4 limbs represented
more than 50% of predicted (�2 = 4.00; P > 0.01).

Discussion

Data about size range of Grapsus grapsus are only avail-
able for PaciWc Ocean sites. The maximum sizes attained
by G. grapsus from SPSPA (males, 69.5 mm; females,
57.3 mm) were smaller than recorded in Galapagos by
Veintimilla (1975) (75 mm), in Mexico by Rathbun (1918)
(87 mm) and in Peru by Romero (2003) (males, 79.8 mm;
females, 74.6 mm). The maximum size of G. grapsus males
sampled in this study was similar to G. adscencionalis
(67 mm), although the females of the latter species were
slight larger (69 mm) (Hartnoll 2009).

In brachyuran crabs, the size at the onset of sexual matu-
rity using a single criterion may lead to unrealistic conclu-
sions regarding the actual size at which these organisms are
functionally mature (Flores et al. 2002). Lopez Grego and
Rodrigues (1999) evidenced a great contrast between diVer-
ent estimates for Chasmagnathus granulatus. In the case of
Perisesarma guttatum, gonadal maturity was also reached
much earlier than morphological maturity, while the size of
the smallest ovigerous female was surprisingly large, closer
to maturity size by biometry (Flores et al. 2002). Estimates

Fig. 7 Occurrence of diVerent colour patterns on Grapsus grapsus by
carapace width (CW) a males b females

Table 5 Number of crabs with missing limbs (from 1 to 4) and regis-
ter of the missing pereiopods in Grapsus grapsus

n number of crabs, R right, L left

No. of missing limbs n %

1 82 68.9

2 31 26.1

3 5 4.2

4 1 0.8

Total 119 100

Missing pereiopod One side R and L %

1st 10 2 10.1

2nd 10 1 9.2

3rd 16 13.4

4th 23 1 20.2

5th 19 16.0

>1 37 31.1

Fig. 8 Mutilated green Grapsus grapsus wandering in the rocks
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based on the smallest ovigerous crab are dependent on sam-
ple size and the ovigerous state and do not be used alone to
estimate mature specimens (Flores and Paula 2002).

Females of G. grapsus with three diVerent shapes of
abdomen could be found within the range of the morpho-
logical maturity size. In grapsoid crabs, when the abdomen
reaches the basis of pereiopod coxae (maximum AW), the
female is considered morphologically mature; in Chasmag-
nathus granulatus, at least two moults were necessary to
complete morphological maturation of the abdomen (Luppi
et al. 2004), with some females observed carrying eggs
after Wrst moult, although this sex became morphologically
mature when the abdomen is clearly wider and rounded
(Luppi et al. 2004).

In G. grapsus, the prepuberty size (23.8 mm) was
reached concurrently during transition to the round abdom-
inal shape (21.2–24.1 mm). Female crabs from 23.8 to

33.8 mm (with intermediate abdomen shape) could be des-
ignated as adolescent (or prepuberal), according to the ter-
minology adopted by Alunno-Bruscia and Sainte-Marie
(1998) and Luppi et al. (2004); however, only after
39.4 mm, females were invariably adults.

Only 5.6% of the 90 females with smaller sizes than the
overlap between the prepuberal and puberal phases
(<31.6 mm) had developing and mature gonads. In the
overlap of these two upper regression lines (31.6–36.8 mm)
occurs 47 specimens that comprise 19 (40.4%) prepuberal
and 28 (59.6%) adults, whereas 74.5% (35 females) had
functional maturity. In sizes greater than the overlap
(>36.8 mm), only seven females (4.2%) of 165 specimens
showed no functional maturity. Ovigerous females were
registered since 31.6 mm and comprise a good estimate of
the onset of functional maturity of G. grapsus in this study.
In Galapagos, most of the G. grapsus ovigerous females
ranged from 36 to 45 mm CW (Veintimilla 1975), reinforc-
ing our results for female adult size in this species. Sexual
maturity of G. adscencionalis was also reached at a similar
size (Hartnoll 2009).

DeWning size at the onset of functional maturity is more
diYcult in males because there is increasing evidence that
males bearing fully developed testes may be prevented
from mating (Flores and Paula 2002). According to the
Flores et al. (2002), the high positive allometric growth of
the gonopods can be explained by the distinct development
of pleopods into functional gonopods, the same occurring
with exemplars of G. grapsus with CW < 28.8 mm. After
that size, gonopods growth became negatively allometric;
the crabs allocated their energy to increasing their chelae,
conWrmed by positive allometric growth of propodus
length. Chelipeds are used in territorial defence, combat,
display and courtship (Hartnoll 1982). The continuous
increase in the positive allometric growth of the chelae, even
after the 51.4 mm (cut-oV point), indicates that enlargement
of the chelipeds is essential to functional maturity. The
onset of gonadal maturation in males occurs since 24.2 mm,
all being morphologically immature until 51.4 mm (size of
morphological maturity), with 47.2% of them showing
developing and mature gonadal stages. From 51.4 mm,
96.2% of individuals have mature gonads and were mor-
phologically and physiologically suitable for reproduction
(functional maturity). Male physiological maturity of
G. adscencionalis (32–36 mm), established by Hartnoll
(2009), was similar to G. grapsus, and they also exhibited
higher allometric growth of chelae among larger crabs.

After 50 mm, the proportion of red males increased in
the population, indicating that maturity is also related to
this colour pattern change. Male crabs from 38.4 to
51.4 mm had functional gonopods and were physiological
mature, but their proportional chelae size made them less
able to compete with the red males. In fact, red frontal plate

Fig. 9 Mutilation in G. grapsus by size class (CW, carapace width):
a Percentage of injured crabs (injured carapace, missing limbs or
regenerating bourse) in females and males and b number of crabs with
1–4 missing limbs in both sex
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males could be seen copulating in the rocks when the
breeding embrace took place far from the fully red males.
In grapsoids, size diVerences between potentially mature
males may be quite high and exclusion of juvenile crabs
during agonistic interactions is expected (Flores et al.
2002). Males were larger than females in all mating pairs
observed, which was caused by the size of males at func-
tional maturity being greater than female ones. Mating cou-
ples involving a larger male and a smaller female are
commonly recorded in brachyuran crabs (e.g. Pinheiro and
Fransozo 1999; Flores and Paula 2002), and small males
are also under risk of being predated by the female (Lopez
Grego and Rodrigues 1999). Cannibalism was observed in
a G. grapsus Peruvian population after the copula, resulting
in the death of the male (Romero 2003), which was not
seen at the site studied by us.

In many marine crabs, phenotypic plasticity in carapace
colouration patterns has been observed (Reuschel and
Schubart 2007) and may involve some advantage against
visual predators (Todd et al. 2005). Colouration patterns in
semi-terrestrial crabs may change with growth, seasonality,
current state of the individual such as stress, endogenous
rhythms and even changes in temperature (Silbiger and
Munguia 2008). Carapace colour has been also correlated
with respiratory and osmoregulatory physiology, response
to desiccation, moult cycle, chelae biometry/prey selection,
chelae autotomy and mating behaviour (Reid et al. 1997).

The fact that mature Grapsus grapsus males had at least
some red colour in their carapace indicated that this colour
pattern was important in mating behaviour. Most of the
time we observed red leg and red frontal plate male crabs
interested in the same female, and the fully red ones could
displace them. Colour and size has already been considered
representative of hierarchy status in other male grapsoid
crabs (reviewed in Abello et al. 1997). The existence of
relation between colour, size and sex was described in
Perisesarma (Huang et al. 2007) and Heloecius cordiformis
(Detto et al. 2004).

In Xantho poressa, the diVerent colour patterns of juve-
niles and adults are still controversial. Bedini (2002) sug-
gested that the juveniles have colour patterns that conform
to cryptic mimicry in sea grass and that the adults change
their colour at their Wnal moult to complete adulthood and
move to rocky shores. However, Reuschel and Schubart
(2007) argued that both juveniles and adults were found
with highly variable colours, suggesting that they use diVer-
ent colours and disruptive cryptic colouration as passive
defence (camouXage). In the SPSPA, green-grey G. grap-
sus were manly found at sea level, on vertical and negative
rocky walls, well camouXaged against the dark rocks. On
the other hand, the fully red crabs were proportionally more
abundant in the rocky pools, nesting bird sites and pro-
tected horizontal rocks. Carcinus maenas also had a single

colour form dominating in a particular area, but the exten-
sive review of Reid et al. (1997) was unable to elucidate the
reason. The change in allometric growth of Grapsus grap-
sus near to the size at which fully red crabs were propor-
tionally more abundant was related to the fact that larger
and red crabs had wider and more circular carapaces than
green ones. Changes in allometric growth were also associ-
ated with changes to the carapace shape of X. poressa
(Reuschel and Schubart 2007).

Females of Grapsus grapsus in Galapagos also changed
their colour gradually from black to red as size increased,
reinforcing the popular belief that the larger and redder the
crabs are, the more mature they are (Veintimilla 1975). In
the SPSPA, red males of G. grapsus were more successful
in mating, but males with some green in the carapace were
also sexually mature. The colour pattern did not seem to be
very important for female breeding success, since sexually
mature and ovigerous females of all colours were found.

The aggressive intraspeciWc behaviour of the fully red
crabs was even observed when the green crabs were simply
walking nearby and not only related to breeding competi-
tion. The encounter was usually followed by autotomy and
escape or by the death and consumption of the smaller crab.
Smaller victims reduce the risk to predators and reduce
handling time, making the prey item more proWtable in
terms of energy returns (Kurihara and Okamoto 1987).
Data on injured crabs within a population are very variable
in the literature (9–65%) (review by Davis et al. 2005).
Cannibalism, expressed by the mutilation index, among
G. grapsus in the SPSPA (24%) was much higher than in
Peru (5%) (Romero 2003). Cannibalism is a common phe-
nomenon amongst crustaceans and certain conditions
encourage this behaviour: an unusual small habitat that pre-
vents dispersal and promotes high population densities
(Moller et al. 2008), limited food and little available refuge
(Marshall et al. 2005). All of these conditions were present
in our site, but we do not know which factors contributed to
the high mutilation rate. A high percentage of crabs with
only one missing limb, a slightly smaller percentage of
missing chela, both sexes equally mutilated and large males
with scars were also observed in Peruvian G. grapsus
(Romero 2003). The impact of limb losses may indirectly
aVect other parameters, such as habitat choice and distribu-
tion (Davis et al. 2005) and the growth and structure of crab
populations (Luppi et al. 2001). If a rocky intertidal crab is
unable to negotiate its habitat as well with missing walking
legs, it may choose an area less inXuenced by tidal energy
until its limbs regenerate (Davis et al. 2005). The negative
eVects of mutilation on growth have been described in other
crab species, and limb regeneration may aVect the process
of morphological change at the onset of maturity (Luppi
et al. 2001). Limb autotomy, especially in species with high
incidence of autotomies, should be considered in crab
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Wsheries where size at the onset of maturity is relevant
(Luppi et al. 2001).

The environmental conditions at the SPSPA are unique,
due to the low diversity of food items, lack of predators for
large crabs and high degree of geographic isolation. On
other Brazilian oceanic islands, G. grapsus feed on new-
born turtles, while on the Peruvian coast the species preys
on cirripeds and mytilideans mussels (Romero 2003), all of
which are absent at our site. However, the booby Sula leu-
cogaster colony represents an important food source for the
crab, contributing to the high abundance of crabs in relation
to other sites (Gianuca and Vooren 2007). These features,
together with the high mutilation rate, can aVect functional
maturity size. Future work on reproduction and behaviour
on the Brazilian oceanic islands should take account of the
contribution of the environment to the deWnition of matu-
rity. Molecular, morphological, biometric and carapace col-
our studies will clarify the status of this species in the
Atlantic Ocean islands, as well as the connectivity between
its populations.
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