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ABSTRACT

Larvae of a semiterrestrial grapsid crab that lives in mangrove swamps in Jamaica, Sesarma
curacaoense, were reared in the laboratory from hatching through metamorphosis. The morphol-
ogy of all larval stages and of the first juvenile crab instar is described in detail. It is compared with
thatin closely related coastal (S. reticufatum, S. rectum), freshwater (S. bidentatum), and te rrestrial
crab species (Mefopaulias depressus, Geosesarma perracae). As in limnic and terrestrial relatives,
the larval development of S. curacaoense is abbreviated, consisting of only two zoeal stages and
amegalopa. The lack of a Zoea il stage as well as an exceptionally early appearance of advanced
morphological features in the development of the maxiliped 3 and the pereiopods represent
phylogenetically derived characters in S. curacaoense. However, in most of their morphological
features (e.g. carapace spines, segmentation of the antennule, armature of the antennal exopod,
and endopods of the maxillule and the maxilla), the larvae of S. curacaoense are similar to those
of coastal rather than to freshwater and terrestrial species. In particular, they do not reveal
significant reductions in spines or appendages. Most morphological differences between these
species are striking in the zoeal stages, but disappear in the Megalopa or in the first juvenile crab
stage. In conclusion, the larval development of S. curacacense is intermediate between that of
ancestral (coastal) and derived (terrestrial and freshwater) species. This corroborates the hypothe-
sis that S. curacaoense is a close relative of the ancestral species, from which, in a process of
adaptive radiation, a number of endemic Jamaican freshwater and terrestrial crabs have evolved.

Keywords: Crab larvae, abbreviated development, semiterrestrial,
Grapsidae

INTRODUCTION

The brachyuran crab family Grapsidae has been particularly successful in
the transition from marine into freshwater and terrestrial environments. Within
the subfamily Sesarminae, two conspicuous centres of adaptive radiation have
been recognized, one in the indopacific region (Serene & Soh, 1970; Ng, 1988,
Ng & Tan, 1995), the other on the Caribbean island of Jamaica (Hartnoll, 1964),
where some species have become entirely independent from the sea. They
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pass their entire life cycle in non-marine habitats and hence, have become true
freshwater and land crabs (Burggren & McMahon, 1988; Hartnoll, 1988).

On Jamaica, endemic Sesarminae occur in mountain streams and rivers
(Sesarma bidentatum, S. windsor), subterranean limestone caves (S. verleyi),
in dry rubble and leaf litter of forest-covered hills (S. jarvisi, S. cookei), and on
large bromeliad plants (Metopaulias depressus) (Rathbun, 1918; Hartnoll,
1964,1971; Abele & Means, 1977; Tiirkay & Diesel 1994; Diesel & Horst, 1995).
According to morphological and distributional patterns, all these endemic
Jamaican freshwater and land crabs have evolved, in a process of adaptive
radiation, from a common marine ancestor, which must have been very closely
related to an extant semiterrestrial species, S. curacaoense (Hartnoll, 1964,
1965, 1971).

S. curacaoense lives in brackish coastal mangrove swamps on Jamaica
and other Caribbean islands (Hartnoll, 1965; Chace & Hobbs, 1969; Abele,
1992). In recent studies of its larval ecology and physiology (Anger & Schultze,
1995; Anger, 1995a, b; Schuh & Diesel, 1995), an abbreviated development
with only two zoeal stages and a megalopa was observed in S. curacaocense.
The same reduction in the number of zoeal stages occurs, as far as this is
known, also in fully limnic and terrestrial sesarminids: M. depressus and,
probably, S. bidentatum (Hartnoll, 1964), S. jarvisi (Biurle & Diesel, 1993;
Diesel & Horst, 1995), Geosesarma perracae (Soh, 1969). This is in contrast
to the larval development of coastal marine relatives, where normally at least
three zoeal stages occur (Rabalais & Gore, 1985).

In the present paper, the larval morphology of S. curacaoense is described
for the first time. It is compared with that in two endemic Jamaican species (S.
bidentatum, M. depressus), other closely related neotropical Sesarma spp. (S.
reticulatum, S. rectum), and in the only terrestrial sesarminid species from the
indopacific region, for which a description of the larval stages is available,
Geosesarma perracae.

MATERIALS AND METHODS

Qvigerous Sesarma curacaoense females were collected in March 1993 in
a coastal mangrove swamp near Mangrove Point (Trelawny, northern Jamaica)
and transported to the Discovery Bay Marine Laboratory (DBML; St. Ann,
Jamaica). The crabs were maintained at 25%. salinity and constant 25°C, with
a 12:12 h light:dark photoperiod.

Freshly hatched larvae were pipetted to glass bowls with 400 ml diluted
seawater (25%0 S) and reared in groups of 40-50 individuals per bowl, at the
same temperature and light conditions. Water and food (freshly hatched
Artemia sp. nauplii; San Francisco Bay Brand?; ca. 10 nauplii/ml) were changed
daily. Samples of intermoult larvae (10-20 individuals per stage) were
preserved in 4% buffered seawater-formaldehyde. Later, they were examined
under stereo and compound microscopes (Olympus), and drawings were made
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with the aid of attached camera lucida. Additional material was obtained from
rearing experiments at the Marine Biological Station Helgoland, Germany, at
constant 24° C and 32%o. salinity, but otherwise identical conditions.

In the morphological description of appendages, we followed the
terminology used by Ingle (1992). The classification of setae and spines is
based on the system proposed by Watling (1989). The following abbreviations
are used in the description: CL = carapace length from orbit to posterior
carapace border; CW = carapace width measured at the widest part of the
carapace (only in the megalopa and first juvenile); DS = dorsal spine; P =
pereiopod; PL= pleopod; RS = rostal spine; S = setation, with characterization
of setae: pl = plumose, pld = plumodenticulate, s = simple, se = serrate. Size
measurements (from 10 individuals in each stage) are given as arithmetic mean
+ standard deviation.

RESULTS

The larval development of Sesarma curacaoense consists of two brief zoeal
stages (ca. 1.5 to 3 days each at 24-25° C) and one megalopa (duration quite
variable, ranging from 7-20 days). While some individual variability in body size
and setation of appendages occurred (see below), no major morphological
differences were observed between larvae originating from different females
or reared at slightly different temperature or salinity conditions. No variability in
the number of larval stages was observed.

Zoea |

Carapace (Fig. 1A). CL 0.8120.04 mm. Smooth, globose; lateral spines
absent; DS and RS short, approximately equal in length to the antenna (less
than 1/3 of CL); DS recurved; eyes unstalked.

Antennule (Fig. 2A). Exopod unsegmented, conical, with 3 aesthetascs
(revealing subterminal pores) and 2 s setae of unequal size.

Antenna (Fig. 3A). Endopod bud prominent, length approximately 1/3 of
protapod; long spinous process with acute tip and 2 rows of spines. Exopod
extending into the distal half of the spinous process, terminating in 2 stout
spines of unequal size.

Mandible (Fig. 4A). Symmetrical, molar and incisive parts well developed,
variable number of teeth.

Maxillule (Fig. 5A). Endopod 2-segmented; S: 1 (smooth s), 5 (1 smooth s,
4 terminal pld). Basal endite with distal S: 3 pld, 2 pl setae, 3 small spines.
Coxal endite with 6 pl setae.

Maxilla (Fig. 6A). Endopod bilobed, with 3, 2 terminal, sparsely pl setae;
80-100 minute s setae on external, ca. 10 s setae on internal margin. Basal
endite bilobed, S: 4, 4-5 pld. Coxal endite S: 4, 4 pl setae, 1 small spine; ca.
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10 minute s setae on margin. Scaphognathite with 4 (sometimes 3) pl setae
with supracuticular socket.

Maxilliped 1 (Fig. 7A). Basis with 10 s setae; lower external margin with ca.
40 minute s setae. Exopod with 4 natatory pl setae. Endopod 5-segmented; S:
2(1s,1ph,2(s,1ph, 1,2, 52 pld, 3 pl); third segment with ca. 10
minute s setae.

Maxilliped 2 (Fig. 8A). Basis with 4 s setae. Exopod unsegmented, with 4
natatory pl setae. Endopod 3-segmented; S: 0, 1 (s), 5 (4 s, 1 se).

Maxilliped 3. Endopod indistinctly 3-segmented, with epipod and exopod
buds.

Pereiopods (Fig. 10A). P1 (cheliped) 4-segmented, P2-P5 indistinctly
5-segmented; coxa and basis (in P1 also ischium) not differentiated.

Gills (Fig. 10 A). Two pairs of buds without lamellae.

Pleopods (Fig. 1A). Buds.

Abdomen (Fig. 12A). Five-segmented; first segment completely covered by
carapace; all segments bear a pair of ventral, posteriorly-pointing spines;
segments 2 and 3 bear a pair of dorso-lateral knobs; all bear a pair of minute,
dorso-lateral s setae.

Telson (Figs. 1A, 12A). Three pairs of pl setae on posterior margins, length
ca. 1/3 of furca, two rows of spinules on outer rami (1 dorsal, 1 on internal
margin).

Zoea ll

Carapace (Fig. 1B). CL 0.92%0.07 mm. RS proportionally longer than in
Zoea | (approximately twice the length of the antenna, more than 1/2 of CL);
DS wider and longer than in Zoea |. Eyes stalked.

Antennule (Fig. 2B). As in Zoea |, but with 2 s setae and 6 aesthetascs.

Antenna (Fig. 3B). Two-segmented, endopod more developed; otherwise
as in Zoea .

Mandible (Fig. 4B). Larger than in Zoea I, with more, stronger teeth.

Maxillule (Fig. 5B). Endopod 2-segmented; S: 1 (pl), 5 (4 terminal pld, 1
subterminal pl). Basal endite with 9 setae (8 pid, 1 small smooth s seta) and 3
small spines. Coxal endite with 7 pld setae. Inner margin of protopod with 1 pl
seta.

Maxilla (Fig. 6B). Endopod bilobed, S: 3, 2 (terminal pld); minute s setae as
in Zoea |. Basal endite with 8-9 setae (4 pld, 3 smooth s, 1-2 pld): ca. 5 minute
s setae on margin. Coxal endite bilobed; S: 4-5, 4 (pld); ca. 10 minute s setae
on margin. Scaphognathite with 8 pl setae on distal margin and 3 pl setae on
apical tip, all with supracuticular socket; ca. 80 minute s setae along lower
margin.

Maxilliped 1 (Fig. 7B). Basis with 10 smooth s setae. Exopod with 6 natatory
pl setae. Endopod 5-segmented; S: 2 (1 smooth s, 1 pl), 2 (1 smooth s, 1 pl),
1(pl), 2 (pl), 5 (3 pl, 2 se).

Maxilliped 2 (Fig. 8B). Basis with 4 smooth s setae. Exopod with 6 natatory
pl setae. Endopod S: 0, 1 (se), 6 (4 smooth s, 2 se).

130



NAUPLIUS, Rio Grande, 3: 127-154, 1985,

Maxilliped 3. Endopod indistinctly 4-segmented; exopod indistinctly
2-segmented; epipod as in Zoea |.

Pereiopods (Fig. 10B). More developed than in Zoea |, with clear
segmentation, but not functional.

Gills (Fig. 10B). Two pairs of buds; more developed than in Zoea |, incipient
formation of lamellae visible.

Pleopods (Fig. 1B). Buds longer, more developed.

Abdomen (Fig. 12B). Six-segmented, otherwise as in Zoea .

Telson (Figs. 1B, 12B). As in Zoea |, but furca longer.

Megalopa

Carapace (Figs. 1C, 1D). CL 1.04£0.07 mm; CW 0.65*0.04 mm. DS
reduced (protuberance). Rostrum deflected downwards, approximately same
length as antennule. Frontal region with small depressions between rostrum
and DS. Lower and posterior margins fringed with numerous small s setae.

Antennule (Fig. 2C). Basis well developed, with 1 s seta. Peduncle
3-segmented (1st segment partly fused with basis), with 0, 1, 1 s setae. No
endopod present. Exopod 3-segmented; S: 0, 3 (1 smalls seta, 3 aesthetascs),
5 (2 s setae, 3 aesthetascs).

Antenna (Fig. 3C). Nine-segmented; S: 0, 1, 1, G, 2,1,5,0,2(s). Long
spinous process and shorter exopod on basal segment, as in Zoea | and II.

Mandible (Fig. 4C). Symmetrical, semicircular, teeth reduced; palp
3-segmented; S: 0, 0, 4 (pl; 1 terminal, 3 slightly subterminal).

Maxillule (Fig. 5C). Endopod 2-segmented; S: 2 (pl), 4 (terminal pld). Basal
endite with 11 terminal setae (6 pld, 5 se) and 2 subterminal s setae. Coxal
endite with 9 setae (3 pl, 6 se). Protopod with 2 pl setae on margin.

Maxilla (Fig. 6C). Endopod bilobed; S: 6 (4 pld, 2s), 7 (4 pld, 3 s). Basal
endite bilobed: S: 6 (4 pld, 2 s), 7 (4 pld, 3 s). Coxal endite bilobed; S: 4 (pl), 7
(4 pl, 3 s). Scaphognathite with 22-24 marginal pl setae with supracuticular
socket, 3 lateral s setae.

Maxilliped 1 (Fig. 7C). Exopod 2-segmented; S: 2-3 (pl, with supracuticular
socket), 5 (pl). Endopod 4-segmented; S: 2 (1pl,1s), 1N, 4@pl,1s),5(4
pld, 1 s). Basal endite with 3- 4 s and 2-3 pld setae. Epipod with 4 sparsely pl
setae.

Maxilliped 2 (Fig. 8C). Exopod 2-segmented, with 0, 6 pl setae. Endopod
4-segmented; S: 1,1, 4 (pld), 8 (3 pld, 2 se, 3 8). Basis with 4 s setae.

Maxilliped 3 (Fig. 9A). Exopod 2-segmented, with 0, 5 pl setae. Endopod
5-segmented; S: 8 (6 pl, 2 s), 9 (5 pl, 4s),3(1pl, 2s),4(3pl1s), 6 (pld).
Protopod with 6 pl setae. Epipod with 14 setae (5 pappose, 9 sparsely pl).

Pereiopods (Fig. 10C). Spines on P1 (cheliped), from ischiumto dactylus:
3-5 3-5, 3-5, 8-13, 7-12; distal half of chela fingers with 2 pairs of teeth on
incisive parts. Spines on P2: 4-6,7-12, 4-6, 10-15, 10-15; P3: 3-5, 10-15, 5-10,
10-15, 10-15; P4; 3-5, 8-16, 6-8, 15-20, 10- 15; P5; 1-4, 5-10, 3-6, 5-7, 1-3;
distal segment with 3 pl setae, their distal portion curved inward, serrated.
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Gills. Four pairs with well-developed lamellae.

Pleopods (Figs. 1C, 11A,B,C,D,E). Five pairs on abdominal segments 2-6;
exopod S: 12, 12, 12, 9, 6 (pl). Endopod of PL1-PL4 with 2 minute hooks;
endopod of PLS with 1 small pl seta.

Abdomen (Figs. 1C, 1D, 12C). Six-segmented; segments 1-4 with
postero-lateral spines rounded, segment 5 with long postero-lateral spine;
segments 2-6 with 2 pairs of minute setae on dorso-lateral knobs. Segments 1
and 6 with 3 pairs of short plumose setae on dorsal, somite 2 with 1 pair,
segment 3 with 3 pairs, segments 4 and 5 with 4 pairs.

Telson (Figs. 1D, 12C). S on posterior margin: 3 inner pairs of pl (interior
pair sparsely pl) setae; 7 small spines on daorsal surface.

Crab |

Carapace (Fig. 1E). CL 1.15%0.04 mm; CW 0.96%10.04 mm. Quadrangular;
surface and margins covered with numerous small spines. Rostrum
quadrangular, with small depression in centre; bent downwards.

Antennules (Fig. 2D). Four-segmented; S: 1 (s), 1 (small s), 0,5 (2 s, 3
aesthetascs). Basis enlarged with 4 pl setae.

Antenna (Fig. 3D). Ten-segmented; S: 2 (1 s, 1 pappose), 0, 1,1, 0,0, 2
(s), 1 (se), 5(4s, 1long sparsely pl), 3 (s).

Mandible (Fig. 4D). Palp 2-segmented, with 0, 5 pl setae.

Maxillule (Fig. 5D). Endopod 2-segmented, with 2-3 s, 2-4 pl setae.
Protopod with 0 or 1 s seta. Basal endite with 15 setae (4 pl, 5 s, 6 forked).
Coxal endite with 10 setae (5 pld, 2 pl, 1 s, 1 forked, 1 se).

Maxilla (Fig. 6D). Endopod short and conical, with 1 subterminal pl, 0-1
terminal pl setae. Basal endite with 5 (4 s, 1 pl), 8-7 (3-4 s, 3 pld) setae. Coxal
endite, S: 3 (pl), 7-8 (2 pld, 5-6 pl). Scaphognathite with 28-31 marginal pl setae
(with supracuticular socket) and 5-7 lateral spines.

Maxilliped 1 (Fig. 7D). Exopod 2-segmented, with 2, 4 pl setae. Endopod
unsegmented, with 3 s and 4 pl setae. Basal endite with 14-17 se and pld setae.
Coxal endite with 8-9 pappose setae. Epipod with 5-6 long s setae.

Maxilliped 2 (Fig. 8D). Exopod 2-segmented, with 3-4, 4 pl setae. Endopod
4-segmented; S: 1, 1, 5-6 (pld), 8-9 (se). Basis with 3 pl setae.

Maxilliped 3 (Fig. 9B). Exopod 2-segmented, with 4-5, 5 pl setae. Endopod
4-segmented; S: 8- 11 (4 pl, 4-7 small s), 4 (3 s, 1 pl), 3-4 (pld), 5-6 (pld). Coxa
and basis not differentiated, with 12-14 setae (7-8 s, 5-6 pl). Epipod with 12-14
long s setae. Protopod with 20-25 pl setae.

Pereiopods (Fig. 10D). S (s and pl spines), from ischium to dactylus: P1
(cheliped): 3-5, 14-17, 9-12, 11-14, 4-6; 7-8 irregular teeth on incisive parts of
dactylus and propodus; segments 2 and 3 with small pl setae. P2: 4-5, 12-15,
9-12, 15-20, 9-12; all segments with small pl setae. P3: as in P2. P4: as in P2,
but no pl setae. P5: 4-5,9-12, 4-5, 8-12, 6-8; only segments 1, 2, and 3 with pl
setae.

Gills. Four pairs, as in megalopa.
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Abdomen (Fig. 12D). Bent under thorax, 6-segmented, with 5 pairs of
reduced pleopods. Short spines on all segments: 8-10, 7-11, 7-11, 9-12, 3-5,
3-5.

DISCUSSION

With its only two zoeal stages, Sesarma curacaoense clearly shows an
abbreviated or, in Gore’s (1985) terminology, an "advanced" development,
compared with most other Grapsidae (Rabalais & Gore, 1985; Pereyra Lago,
1987). Since an abbreviation of the pelagic larval phase is in general considered
a phylogenetically advanced type of development (Knowlton, 1974; Williamson,
1982: Rabalais & Gore, 1985), this status should be reflected also by a derived
larval morphology. Rice (1980) listed a number of phylogenetically advanced
morphological features, in particular reductions or losses: (1) of carapace
spines, (2) in the number of abdominal somites carrying dorso-lateral knobs,
(3) in the segmentation or setation of the antennule, (4) in the armature of the
antennal exapod, (5) in the endopods of the maxillule and of the maxilla, and
(6) in maxillipeds 1 and 2.

Most of those losses or reductions are conspicuous in the Zoea | of the
terrestrial and limnic species Geosesarma perracae, Metopaulias depressus,
and Sesarma bidentatum (Table 1). S. curacaoense, in contrast, is in all these
characters rather conservative, closely resembling the semiterrestrial coastal
congenors S. rectum and S. reticulatum. The zoea | bears rostral and dorsal
carapace spines, has unstalked eyes, and does not show reductions in cephalic
or thoracic appendages. The most striking differences between the zoeae of
fully terrestrial or freshwater species and those of coastal species can be
observed in morphological reduction or maintenance, respectively, of (1) the
antennule, (2) the antenna, (3) the maxillule, (4) the endopod, and basal and
coxal endites of the maxilla, (5) in the endopod and basis of maxillipeds 1 and
2. All these differences persist from hatching throughout zoeal development
(Tables 1 and 2).

Thus, the advanced nature of the larval development of S. curacaoense is
not reflected by reductions in carapace spines or appendages. Instead, it is
visible in an exceptionally early development (from hatching) of morphological
features that normally appear only in later developmental stages: maxilliped 3
and all pereiopods are almost fully developed, showing already an incipient
segmentation, and pleopod buds are present. In all these advanced features,
the two zoeal stages of S. curacaoense are similar to those of G. perracae, M.
depressus, and S. bidentatum, resembling the final zoeal stage (zoea Ill) in S.
rectum (Fransozo & Hebling, 1986) and S. reticulatum (Costlow & Bookhout,
1962). The latter two species are semiterrestrial, living in brackish water
habitats. Compared with coastal marine Grapsidae, which normally have 4 or
5 zoeal stages (Rabalais & Gore, 1985), they also show an abbreviated
(advanced) type of larval development. A further reduction of the larval phase
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in S. curacaoense indicates that the phylogenetic position of this species is still
closer to the limnic-terrestrial end of the scale.

While the zoeal stages of S. curacaoense are morphologically more
advanced than those of S. rectum and S. reticulatum, these differences
disappear in the megalopa stage. Hence, the abbreviation of larval
development in S. curacaoense is restricted to the zoeal phase. The megalopa
has in these semiterrestrial Sesarma species, as in all marine grapsids, fully
developed pleopods, indicating that it retains its swimming capability and
hence, its semibenthic (or semipelagic) nature. In the terrestrial species G.
perracae and M. depressus, in contrast, some morphological reductions persist
through the megalopa stage (Table 3), namely in the segmentation and setation
of the pleopods. This shows that the megalopa is, in these species, an entirely
benthic stage, with a similar behaviour as the juvenile. Pleopod reduction has
been observed only exceptionally in brachyuran megalopae (Williamson, 1982;
Felder et al., 1985; Martin, 1988). It represents a juvenile rather than a larval
character and thus, may be considered another step towards complete
reduction of the pelagic larval phase.

The megalopa of S. curacacense differs maorphologically, in the presence
of a dorsal spine, from that of all the other species compared here (Table 3).
However, the general significance of this character for the evaluation of
taxonomic relationships, or that of the status of a species (primitive vs.
advanced) remains doubtfull, at least until more detailed descriptions have
become available (Martin, 1988).

The morphology of the larval stages of S. curacaoense is intermediate
between that of fully terrestrial or limnic and coastal marine Sesarminae. This
corroborates Hartnoll's (1964, 1971) conclusion from adult morphological
characters, in particular of male pleopod structure, that S. curacaoense is
closely related to the ancestral Sesarma species, fram which, through adaptive
radiation, endemic terrestrial and freshwater crabs have evolved in Jamaica .
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Fig. 1. Sesarma curacaoense. Lateral and dorsal view of the different developmental stages. A:
Zoea |, B: Zoea Il; C and D: Megalopa; E: Crab |.
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S O:2mm A B CD

Fig. 2. Sesarma curacaoense. Antennule. A: Zoea |; B: Zoea Il C: Megalopa; D: Crab 1.
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| 0.2mm

0.2 mm A,B,D

Fig. 3. Sesarma curacaoense. Antenna. A: Zoea I; B: Zoea II: C: Megalopa; D: Crab 1.
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C

0.2 mm

. + A,B,C,D

Fig. 4. Sesarma curacaoense. Mandible. A: Zoea |; B: Zoea ll; C: Megalopa; D: Crab I.
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0.2 mm
—_—_

AB.C.D

Fig. 5. Sesarma curacaoense. Maxillule. A: Zoea I; B: Zoea II; C: Megalopa: D: Crab |.
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Fig. 6. Sesarma curacaoense. Maxilla. A: Zoea [;

B:Zoea ll: C: Megalopa; D: Crab I.
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b

0.2mm A,B,C,D

Fig. 7. Sesarma curacacense. Maxilliped 1. A: Zoea |; B: Zoea II; C: Megalopa; D: Crab |.
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Fig. 8. Sesarma curacaoense. Maxilliped 2. A: Zoea |: B: Zoea Il; C: Megalopa; D: Crab 1.
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Fig. 9. Sesarma curacaoense. Maxilliped 3. A: Megalopa; B: Crab .
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1O mm /—\,B,C,D

Fig. 10. Sesarma curacaoense. Pereiopods (1-5) in A B, C, D;gillsin A, B.A:Zoea |; B Zoea ll;

C: Megalopa; D: Crab 1.
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Fig. 11. Sesarma curacaoense. Pleopods of Megalopa. A: P1: B: P2: C: P3: D: P4: E: P5.
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ww G o

1.Omm : A,B,D

Fig. 12. Sesarma curacacense. Abdomen and telson, dorsal view in A, B, C; ventral view in D. A
Zoea |; B: Zoea Il; C: Megalopa; D: Crab |.
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Table 1. Morphological differences between the Zoea | of*Geosesarma perracae (Nobili) (Soh,
1969), Metopaulias depressus Rathbun (Hartnoll, 1964), Sesarma bidentatum Benedict (Hartnoll,
1964), S. curacaoense de Man (present study), S. rectum Randall (Fransozo & Hebling, 1986),
and S. reticulatum Say (Costlow & Bookhout, 1962). Abbreviations: a=aesthetascs; CL=carapace
length; S=setation; s=number of setae; seg.=segments; (?)=not clear from original description;
(*}=indistinct segmentation.

Zoea l Geosesarma  Metopaulias  Sesarma Sesama Sesarma Sesarma
perracae depressus bidentatum curacacense  rectum reficulatuim

Carapace:

CL {mm) 2.0 1.7 1.8 0.8 0.7 05

dorsal spine  absent absent absent present present present

eyes stalked stalked stalked sessile sessile sessile

Antennule: 5 2s 2s 2s 2s, 3a 2s, 3a 2s, 3a

Antenna: absent reduced reduced present present present

protoped,

exopod

Maxiliule

endopod: seg. 1

endopod: S 3(?) 0 0 6 6

basal, coxal 2,4 (?) 0,0 0,0 8.6 55 3,5
endite: S

Maxilla

endopod: S 0 0 0 5 5

basal,coxal 0,0 0,0 0,2 8-9,8 8 8 9,7
endite: S

scaphognathite 29 7 26 3-4 5 5

:8 '
Maxilliped 1

exopod: seg. 1 1 2 1 2 2
exopod: S 4 4 4 4 4 4
endopod: seg. 1 3 (3% 5 7] )
endopod: § 0 0,02 0,02 2,2,1,2,5 2,2,1,2,5 2,2,1,2,5
hasis: S 0 0 0 10 10 10
epipod absent present present absent absent - absent
Maxilliped 2

exopod: seg. 1 1 2 1 2 1
exopod: S 4 4 4 4 4 4
endopod: seg. 1 1 1 3 5 3
endopod: S 0 0 0 0,15 0,1,5 0,1,5
basis: S 0 0 0 4 5 3
Maxilliped 3  buds buds buds buds absent absent
endopod: seg. 1 (3)* (4) 3) 0 0
Pereiopods  segmented segmented (*) segmented (*) segmented (*) buds (?) buds (?)
Pleopods buds buds buds buds absent absent

Abdomen: 6 6 6 5 5 5
seq. '
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Table 2. Morphological differences between the Zoea |l of Geosesarma perracae (Nobili) (Soh,
1988), Mefopaulias depressus Rathbun (Hartnoll, 1964), Sesarma curacaoense de Man (present
study), S. rectum Randall (Fransozo & Hebling, 1986), and S. reticulatum Say (Costlow &

Bookhout, 1862). References and abbreviations as in Table 1.

Zoea ll

Carapace: CL
(mm)

dorsal spine
Antennule: S

Antenna:
prodopod,
exopod

Maxiilule
endopod: seg.
endopod: S

basal, coxal
endite; S

protopod S
Maxilla
endopod: S

basal, coxal
endite: S

Scaphognathite:

S

Maxilliped 1
exopod: seg.
exopod: S
endopod: seg.
endopod: S
basis: &
epipod
Maxilliped 2
exopod: seq.
exopod: S
endopod: seq.
endopod: S
basis: S
Maxitliped 3
exopod: seq.
endopod: seg.
Pereiopods
Pleopods

Geocsesama
perracae

?

absent
3s

absent

abhsent

2

3

segmenled
differentiated

Melopaulias
depressus

1.8

absent
2s

reduced

13-14
3
0,0,0
0

present

12-13

1
4
segmented

differentiated

Sesama
clracaoense

0.9

present
2s, Ba

present

8-9, 8-9

11

1
6

5
2,2,1,2,5
10

absent

O wo =

(%)

(4%)
segmented
differentiated

Sesama
rectum

0.8

present
1s, 4a

present

0,6

2,2,1,2,5
10

absent

O WO N

buds (?)
buds (?)
buds (?)

small buds

Sesama
reficulatum

0.6

present
2s, 4a

present

1
6

5
2,2,1,2,5
11

absent

W o wo =

buds (?)
buds (?)
buds (?)
small buds
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Table 3. Morphological differences between the Megalopa of Geosesama perracae (Nobili) (Soh,
1969), Metopaulias depressus Rathbun (Hartnoll, 1964), Sesarma curacacense de Man (present
study), S. rectum Randall (Fransozo & Hebling, 1986), and S. reficulatum Say (Costlow &
Bookhout, 1962). References and abbreviations as in Table 1 + CW=carapace width.

Megalopa Geosesama Melopaulias Sesama Sesamma Sesarma
perracae depressus curacaoense rectum reticufatum

Carapace

CL (mm) 2.1 1.9 1.0 1.0 1.0

CW (mm} 1.9 1.9 0.6 0.8 0.6

dorsal spine absent absent present absent absent

Antennule

segments 3 3 5] 4 4

protopod 0,04 0,0,0 0,1,1,0,4,5 1,157 0,1,55

+exopod S;

basis: S 1(?) 0 1 3 3

Antenna

segments 8 5 g 9 7

S 0,3,1,000,10 00,000 011021502 01,1,020404 11,1,0,1,44 (?)

Maxillule

endopod: seq. 1 1 2 2 2

endopod: S 11 2(?) 2,4 1.5 1,5

basal, coxal 13,2 10,5 (7 13,9 13-15,7 15,10

endile: S

protopod: S ? ? 2 2 2(?)

Maxilla

endopod: S 1 0 5 0 4

basal, coxal 12,10 10,5 (?) 13, 1 12,12 15,12

endite: S

scaphognathite: 53 (?) 44 (7?) 22-24 33-36 32(?)

s

Maxilliped 1

exopod: seg. 2 1 2 2 2

exopod: S 0,2 0 2-3,5 2,4 1,8

endopod: seg. 1 1 4 1 4

endopod: S %) 4(?) 2,1,4,5 2 3,2,2,5

basal, coxal 7,6 6,6(7) 13-14, 5-7 10,6 14,5

endile: S

epipod: S 4 9(?) 4 5 4
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Table 3. Continued.

Megalopa

Maxilliped 2
exopod: seg.

exopod: S

endopod: seg.

endopod: S
basis: S
Maxilliped 3
exopod: seq.
exopod: s

endopod: seq.

endopod: S
protopod: S
epipod: S
Pleopods
exopod: S

Geosesama
pemracae

2,7
0,0,0,4,7
2

4,4
5

14,8,4,2,4(?)

21 (2)
20 (?)
reduced
0

Metopatilias
depressus

2
0
4

0,0,2,7(?)
?

1
4(?)
4

14,3,3,5 (?)

5(7)

15 (7)
reduced
0

Sesarma
curacaoense

0,6

1,.1.4,8

2

0,5

5

8,9 3,46
6

14
developed

12,12,12,9,6

Sesarma
reclum

2,4

0,1,3.6

2

0,5

5

89, 6,3, 4,56
7

15

developed

13,13,13,11,6

Sesamma
reticulatum

1.3,9

N

2
0,5
5
8,6,2,4,6
5

10

developed

14,13,12,11,6
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Table 4. Morphological differences between the Crab | of Geosesarma perracae (Nobili) (Soh,
1969), Metopaulias depressus Rathbun (Hartnoll, 1964), and Sesarma curacaeoense de Man

(present study). References and abbreviations as in Table 3.

Crabl Geosesarma perracae Metopaulias depressus Sesammna curacaoense
Carapace: CL (mm) 22 2.3 1.2

CW (mm) 2.0 2.0 1.0
Antennule: seg 3 2 4

s 1,1,2 3(?) 1,1,0,5
basis: S 12 (7) 0 4

Antenna: seg. 8 5 10

S 0,2,3,0,0021 0,0,0,0,4(? 2,0,1,1,0,0,2,1,5,3
Mandible: palp: S 0,1,9 0,5 0.5
Maxillule

endopod: seg. 1 1 2

endopod: S 3 1 2-3,2-4
basal, coxal endite: S 13,3 (?) 13,9(7) 15,10
protopod: S ? ? 0-1

Maxilla: endopod: S 0 0 1

basal, coxal endile: S 12,6 10,10 (?) 11-12, 10-11
scaphognathite: S 64 60 (7) 28-31
Maxilliped 1

exoped: seg. 2 2 2

exopod; S 2,3 0,4(?) 2,4
endopod: seg. 2 1 1

endopod: S 0,8 5(7) 7

basal, coxal endite: S 16, 11 (?) 8,8(7 14-17, 8-9
epipod: S 9(?) 16 (?) 5-6
Maxilliped 2

exopod: seg. 2 2 2

exopod: S 11,3 5,3(7) 3-4, 45
endopod: seg. ) 4 4

endopod: S 0,1.1,7.9(® 2,1,4,8() 1,1,.5-6,89
basis: 8§ ? ? 3
Maxilliped 3

exopod: seg. 2 2 2

exopod: S 11,3 4,.4(?7) 4-55
endopod: seg 5 5 4

endopod: S 32,18,8,6,5(?) 8.3,5,1,6(?) 8-11, 4, 3-4, 5-6, 12-14
protopod: S 37 (?) 13 (7) 20-25
epipod: S 19 (%) 18 (7) 12-14
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