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A B S T R A C T 
Megalopae of the grapsid crab Pachygrapsus marmoratus were captuted from a 
mediolittoral rocky shore in the western Meditettanean and juveniles were 
obtained by rearing the megalopae in the laboratory. The megalopa and the 
fitst ctab stage ate described and illusttated. The morphological characters of 
the megalopa of P. marmoratus are compared with those of the othet known 
megalopae of the subfamily Grapsinae. 

MOTS CLES 
M é g a l o p e , 

Pachygrapsus, 
G r a p s i d a e , 

d é v e l o p p e m e n t larvaire, 
B rachyura . 

R E S U M E 
Des mégalopes du crabe grapsidé Pachygrapsus marmoratus ont été captutées 
sur des rochers médiolittotaux en Méditettanée occidentale. Les ctabes juvé
niles ont été obtenus au laboratoire à pattir de ces mégalopes. La mégalope et 
le ptemiet crabe sont déctits et illustrés. Les caractéristiques morphologiques 
de la mégalope de P. marmoratus sont compatées avec celles des autres méga
lopes déjà décrites d'auttes crabes de la sous-famille Grapsinae. 
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I N T R O D U C T I O N 

Megalopae play an important role within the life 
cycle o f a crab, since this is the larval stage which 
is going to perform, through metamorphosis , the 
change from a planktonic to a benthic life-style, 
hence the importance o f knowing in detail the 
morphologica l characteristics which m a k e this 
stage so adaptable to so different environments 
and which provide the animals with the beha
vioural capabilities to perform the habitat change 
(Forward & Rittschoff 1994; O lmi 1994; Zeng 
et al. 1997) . In addition, morphological studies 
on c rus tacean larval s tages , a n d especial ly on 
stages related to me tamorph ic moul t s , such as 
crab megalopae, provide important information 
on the evolutionary lines followed by the larval 
development o f a species (Rice 1980, 1988) . 

Three species o f the genus Pachygrapsus inhabit 
the northeast Atlantic and Mediterranean waters: 
P. marmoratus (Fabric ius , 1 7 8 7 ) , P. transversus 
(Gibbes , 1 8 5 0 ) , and P. maurus (Lucas , 1 8 4 6 ) . 
T h e y inhabit the mediol i t toral and /or shallow 
sublittoral regions on rocky shores. P. marmora
tus is distributed throughout the Mediterranean 
Sea, Black Sea, and eastern Atlantic waters from 
Br i t tany to M o r r o c o and the C a n a r y i s lands , 
inc luding the Azores and Made i ra (Zariquiey-
Alvarez 1968; Ingle 1980; Mann ing & Holthuis 
1981) . It is one o f the typical, and most easily 
seen and observed species o f the mediol i t toral 
z o n e o f r o c k y s h o r e s in the w e s t e r n 
Mediterranean (Forstner 1967; Ros et al. 1985) . 
However, the knowledge o f its ecology is very 
p o o r a n d m a i n l y b a s e d on faunis t ic records . 
Only Vernet-Cornubert (1958) devoted part o f 
her thesis to the understanding o f the life cycle o f 
P. marmoratus in the Mediterranean waters o f the 
south o f France. M o s t other publ ished studies 
dealing with the species are based on aspects o f 
its p h y s i o l o g y (e.g. H o u l i h a n & Innes 1 9 8 4 ; 
Hun i & Aravindan 1985 ; Warburg et al. 1987) . 

T h e complete larval development o f any species 
o f the genus Pachygrapsus is, so far, unknown. 
T h e comple te zoeal development (but not the 
megalopal stage) o f P. crassipes and P. gracilis and 
the early zoeal stages o f P. maurus and P. transver

sus h a v e b e e n d e s c r i b e d ( L e b o u r 1 9 4 4 ; 
Schlotterbeck 1976; Ingle 1987; Brossi-Garcia & 
D o m i n g u e s - R o d r i g u e z 1 9 9 3 ; C u e s t a & 
Rodriguez 1994) . Also, incomplete descriptions 
o f larvae o f P. crassipes a n d P. transversus are 
known from material obtained from the plank
ton (Rathbun 1923; Rossignol 1957; Villalobos 
1971) . Concerning P. marmoratus, only the first 
and second zoeal stages, obtained from both the 
p lankton and laboratory rearings, are properly 
known (Cano 1892; Wil l iamson 1915 ; H y m a n 
1924; Bourd i l lon-Casanova 1960 ; Paula 1 9 8 5 ; 
Ingle 1987 , 1992 ; Cues ta & Rodr iguez 1 9 9 4 ) . 
T h e present paper describes the morphology of 
the megalopa and the first juvenile o f P. marmo
ratus. 

M A T E R I A L A N D M E T H O D S 

A few large megalopae were collected by hand in 
O c t o b e r 1 9 9 5 f rom a m o n g s eaweeds on the 
m e d i o l i t t o r a l z o n e o f a r o c k y s h o r e n e a r 
Tarragona ( 4 l ° 0 6 . 4 ' N - 0 1 ° 1 7 . 1 ' E ) in the wes
tern Mediterranean in an area where both adult 
and juvenile Pachygrapsus marmoratus were abun
dant. S o m e megalopae were fixed in 4 % buffered 
formalin and two of them were kept alive, imme
diately transported to the laboratory and kept in 
a cons tant temperature room at 18 ± 1 ° C in 
aquaria with filtered and well aerated sea water. 
These two megalopae moul ted dur ing the first 
night in the laboratory and the juveni le crabs 
were subsequen t ly reared to the four th s tage . 
Exuviae o f mega lopae and juvenile crabs were 
preserved in 7 0 % ethanol. 

Dissection o f the appendages and measurements 
were pe r fo rmed wi th a b inocu la r m i c r o s c o p e 
equ ipped with an ocular micrometer . A phase 
contrast microscope was used in the observation 
(after mount ing in polyvinyl lactophenol) o f the 
setal structures o f the appendages. All drawings 
were m a d e wi th the a i d o f a camera lucida. 
Carapace width ( C W ) was measured as the grea
test distance across the carapace, and carapace 
length ( C L ) as the distance between the frontal 
margin and the posterior margin o f the carapace. 
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PvESULTS 

M E G A L O P A 

Dimensions (range) 
C L 3 .0-3 .2 m m ; C W 2.1-2.3 m m . 

Carapace (Fig. 1A-C) 
L o n g e r than b road , nar rowing anter ior ly and 
without spines; dorsal surface smooth ; rostrum 
strongly deflected venttally forming a laterally 
flattened keel or partition; lateral margin o f the 
ocular, hepatic, and metabranchial regions with 
1 0 - 1 1 , 9, and about 30 simple setae, respectively. 

Antennule (Fig. I F ) 
Peduncle 3-segmented , with respectively 9, 5, 
2 setae, basal segment bulbous; endopod 2-seg-
mented with 0, 3 + 1 setae; exopod 4-segmented 
with 0, 16-18 , 13, 5 aesthetascs and 0, 0, 1-2, 
2 setae, respectively. 

Antenna (Fig. 1G) 
Protopod 3-segmented, segment 2 with 3 simple 
setae and one longer p lumose seta, segment 3 
with 3 setae; flagellum 8-segmented, with 0, 0, 4, 
2 , 4 - 5 , 0, 3, 4 setae. 

Mandible (Fig. 1H) 

Mandibular palp 2-segmented with 0, 12 setae. 

Maxillule (Fig. 2A) 

Coxal endite with 18-20 setae; basial endite with 
29 setae, and 4 setae on its inner lateral margin; 
endopod 2-segmented with 2 , 3 setae. 
Maxilla (Fig. 2B) 
Coxal endite deeply bi lobed with 5 + 15 setae; 
bas ia l end i t e b i l o b e d wi th 1 6 - 1 7 + 13 se tae; 
endopod unsegmented with 4 p lumose setae in 
its outer lateral margin; exopod (scaphognathite) 
with 7 9 - 8 2 marginal p lumose setae and 4 medial 
setae. 

First maxilliped (Fig. 2 C ) 
Coxal endite with 20 setae; basial with 17 margi
nal setae; ep ipod with 23 long setae; e n d o p o d 
unsegmented with four setae; exopod 3-segmen
ted; proximal segment with 3-5 p lumose setae 

placed distally, distal segment with 4 long termi
nal p lumose setae. 

Second maxilliped (Fig. 2 D ) 
E p i p o d wi th 14 setae; e n d o p o d 4 - s e g m e n t e d 
with 2 , 1, 6-7 , 12 setae; exopod 3-segmented, 
with one simple and 1-3 distally placed plumose 
setae on its proximal segment and 5 terminal 
p lumose setae on its distal. 

Third maxilliped (Fig. 3A) 
Protopod with 6 setae; epipod with 13 setae and 
31 long setae; endopod 5-segmented with 2 1 - 2 3 , 
12, 9 -10 , 19, 13 setae; exopod is 2-segmented, 
with 5-7 simple setae on the proximal segment 
and 5 terminal p lumose setae on the distal. 

Pereiopods (Figs 1A, 3 B - F ) 
Without ischial or coxal spines; propodia l seg
ment o f pereiopods 2-4 with a strong tetminal 
spine on its inner margin, armed with two rows 
of spinules; inner margin o f dactylus o f pereio
pods 2-4 armed with eight teeth, o f which the 
first is articulated and the fourth is the largest; 
pereiopod 5 with 3 long subterminal setae. 

Abdomen (Fig. I D , E) 
With 6 somites, broader than longer, plus telson; 
segments 2-4 with a small postero-lateral process; 
postero-lateral margin o f the fifth segment slight
ly prolonged towards the rear. 

Pleopods (Fig. 3G- I ) 
Present on segments 2-6; endopods with 5, 5, 5, 
4 coupling hooks; exopod of segments 1-4 with 
27 , 30 , 2 8 , 25 long plumose natatoty setae; uro-
pods with 2 setae on the basal segment, and 17 
on the distal. 

Telson (Figs I D , 31) 
Broader than long; posterior marg in rounded; 
dorsal surface with 2 + 2 median and 4 marginal 
setae. 

F I R S T CRAB 

Dimensions 
C L 2.8 m m ; C W 3 .19-3 .2 m m . 
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Carapace (Fig. 4A, E) 
Broader than long; frontal region broad, front 
measur ing more than one half carapace width; 
orbital dorsal margin slightly angular; the V-sha
ped notch on the ventral outer marg in o f the 
orbit, present on the adult crab (Ingle 1980) , is 
very poorly marked or absent in the fitst three 
juvenile crab stages (Fig. 4 E ) ; latetal regions o f 
the carapace dorsal surface with many transverse 
to obliquely placed carinae; antero-lateral mar
gins o f carapace with three acute teeth, first lar
gest and third smallest. 

Third maxilliped (Fig. 4B) 
E n d o p o d 5-segmented with about 6 5 , 3 5 , 3 9 , 
3 5 , and 17 setae; exopod 2-segmented with more 
than 41 setae on the proximal segment and 8 ter
minal p lumose setae on the distal segment; epi-
podite with more than 100 setae and more than 
74 non-plumose long setae. 

Pereiopods (Fig. 4A, C , D ) 
Chel iped merus transversely striated and distal 
margin serrate; with acute carpal spine (Fig. 3 C ) ; 
p e r e i o p o d s s t o u t a n d c o m p t e s s e d ; m e r u s o f 
second to fifth pairs broad and transversely stria
ted (except fifth); upper margins carinate, often 
with minute spinules; margins o f dactyl o f all 
pereiopods with prominent spines (Fig. 4 D ) . 

S E C O N D T O F O U R T H C R A B S T A G E S 

Specimens from second to fourth crab stages are 
similar in morphology to first stage, only diffe
ring in size from the stage described (Fig. 4 F ) . 

D I S C U S S I O N 

T h e megalopae studied hetein were captured in 
the medioli t toral zone (Ros et al. 1985) at the 
end o f the reproductive season o f Pachygrapsus 
marmoratus (Vernet-Cornubert 1958; Zariquiey-
Alvarez 1968; Garcia-Raso 1984) and the reared 
juvenile crabs were typically gtapsid in carapace 
shape and morphology, having thtee teeth on the 
antero-lateral margins. This character, specific to 
P. marmoratus in the Medi te r ranean , together 
with the habitat where the megalopae wete cap
tured, allowed confident specific identification 

(Zariquiey-Alvarez 1968 ; Ingle 1980 ; Mann ing 
& H o l t h u i s 1981) . 
Knowledge o f the larval development o f grapsid 
crabs is limited. Thus , while the family includes 
over 3 7 7 species, the megalopal stage is adequa
tely described for only thirty-one species (Cuesta 
& Schubart, unpublished data). Within the sub
family Grapsinae, the megalopal stage is properly 
known for only nine species: Pachygrapsus mar
moratus (see C a n o 1 8 9 2 ) ; P. transversus (see 
Rossignol 1957); P crassipes (see Rathbun 1923) ; 
Grapsus strigosus (see Gohar & Al-Kholy 1957) ; 
Planes minutus (as Nautilograpsus in C a n o 1892) ; 
Planes cyaneus (see M u r a o k a 1 9 7 3 ) ; Metopo-
grapsus latifrons (see Kakati 1982) ; M. maculatus 
(see Pasupathi & Kannupandi 1986) ; M. fronta
lis (see Fielder & Greenwood 1983) . But the des
criptions o f only four o f them have been based 
on material reared in the laboratory: P. cyaneus, 
M. frontalis, M. maculatus a n d M. latifrons. 
However, the mega lopa described by Gohar & 
Al-Kholy (1957) from the plankton and attribu
ted to G. strigosus is vety similar in morphology 
to those o f the genus Metopograpsus and, since 
there are no proper descriptions o f megalopae o f 
the genus Grapsus, it could belong to M. messor, 
a species also present in that area. 
T h e mega lopa o f Pachygrapsus marmoratus was 
p r e v i o u s l y i n c o m p l e t e l y d e s c r i b e d by C a n o 
( 1 8 9 2 ) . T h i s author descr ibed two mega lopa l 
s t ages for the spec i e s , b u t on ly o n e ac tua l ly 
belonged to a Gtaps id crab (Hyman 1924; Ingle 
1987, 1992) . This megalopa was very similar to 
the megalopa described herein, but the brief des
c r ip t ion p r o v i d e d by C a n o does no t a l low a 
detailed comparison. 

O t h e r desc r ibed m e g a l o p a e o f spec ies o f the 
g e n u s Pachygrapsus a r e t h o s e p r o v i d e d by 
R o s s i g n o l ( 1 9 5 7 ) for P. transversus, ba sed on 
material captured by hand on the shores o f cen
tral West Africa, a n d by R a t h b u n ( 1 9 2 3 ) for 
P. crassipes f rom m e g a l o p a e c o l l e c t e d in the 
p lankton off the west coas t o f M e x i c o . T h e s e 
desc r ip t ions are i n c o m p l e t e s ince there is no 
information on setation and detailed morpholo
gical characteristics. N o appendages are described 
and only drawings showing the overall dorsal 
(and frontal in the case o f P. crassipes) morpholo
gy o f the whole animal are presented. T h e overall 
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carapace shape and that o f the pe re iopods o f 
both species are very similar and also similar to 
those o f P. marmoratus described herein. In all 
spec ies the s p i n u l a t i o n o f the dac ty l s o f the 
pereiopods 2-4 is particularly well developed. 
C o n c e r n i n g other mega lopae o f the subfamily 
Grapsinae, only those o f Metopograpsus latifrons, 
M. frontalis, M. maculatus and Planes cyaneus are 
sufficiently well described (Table 1) ( Muraoka 
1973; Kakati 1982; Fielder & Greenwood 1983; 
Pasupathi & Kannupandi 1986) . T h e megalopa 
o f Metopograpsus differs ma in ly f rom that o f 
Pachygrapsus marmoratus in carapace shape and 
morphology o f the frontal region, besides some 
addit ional differences in setation and shape o f 
the fifth abdominal segment. Tha t o f P. cyaneus 
differs mainly in size (it is much bigger than that 

o f P. marmoratus) and also in setation, but not in 
overall shape. T h e most important differences in 
setation between the megalopae o f P. cyaneus and 
P. marmoratus are those o f the p ro topod o f the 
uropod. T h u s , the megalopae o f P. marmoratus 
bear two p lumose setae and that o f P. cyaneus 
bear three. A l s o , the e n d o p o d o f the maxi l l a 
bears four setae in P. marmoratus and seven in 
P. cyaneus. 
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TABLE 1. — Morphological characteristics of several described megalopae of the subfamily Grapsinae. 

Fe atures P. marmoratus M. frontalis M. maculatus M. latifrons P. cyaneus 
(present study) (Fielder & 

Greewood 1983) 
(Pasupathi & 

Kannupandi 1986) 
(Kakati 1982) (Muraoka 1973) 

Dimensions: 
CL (mm) 3.0-3.2 1.56-1.64 1.79 1.85 3.5-4.5 
CW (mm) 2.1-2.3 1.46-1.76 1.60 1.55 1.5 
Antennule setation: 

endopod 0, 4 0, 4 0 , 2 0, 3 0, 5 
exopod (A) 0, 16-18, 13, 5 0, 6, 5, 4 6, 7, 9, 0 24 (total) ? 
exopod (S) 0, 0, 1-2, 2 0, 1, 2, 2 0, 0, 0, 2 ? ? 

Antenna setation: 
protopod 0, 3 + 1, 3 3, 2 + 1, 3 1, 2, 2 1, 2, 2 8, 2, 2 
flagellum 0, 0 , 4 , 2 , 5 , 0 , 3 , 4 0 , 0 , 4 , 1 , 5 , 0 , 3 , 3 2, 0, 0, 0, 6, 1, 3, 3 0, 0, 3, 0, 5, 1, 2, 2 0, 0, 3, 2, 3, 0, 2, 

Mandible setation: 
palp 0, 12 0, 7 0, 0 , 9 0, 0, 8 0, 10 

Maxillule setation: 
endopod 2, 3 0. 0 0. 3 0, 0 2, 1 
basial endite 29 28 23 20 21 
coxal endite 18-20 15 12 11-12 15 

Maxilla setation: 
basial endite 16-17+ 13 9 + 1 12 + 13 21 20 
coxal endite 5 + 15 7 + 10 9 + 1 12 18 
scaphognathite 79-82 58-63 76 71 ? 

Maxilliped I setation: 
coxal endite 20 14 12 10 13 
basial endite 17 13-14 20 17 17 
epipod 23 11 g 7 ? 
exopod 3-5, 0, 4 3, 4 2 , 4 2. 4 3, 0 , 6 

Maxilliped II setation: 
epipod 14 3 0 0? ? 

endopod 2, 1,6-7, 12 1, 1, 6, 9 0, 1, 5, 5, 7 0, 0, 1,4, 10 2, 1, 7, 9 
exopod 2-5, 0, 5 2, 5 0, 6 0, 5 3, 0, 5 

Maxilliped III setation 
epipod 13 + 31 7-9 + 22 12 14 36 
endopod 23, 12, 10, 19, 13 15, 10, 8, 10, 10 16, 5, 2, 7 , 6 14, 6, 1,8, 5 17, 1 0 , 5 , 6 , 8 
exopod 5-7, 5 5, 5 0 , 4 0, 4 0, 4 

Uropod setation: 
exopod 2, 17 2, 13 1, 16 2, 16 3, 20-23 
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