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Abstract: Larval zoeae of Brachyura were collected from five coastal systems located in the State of Veracruz,
southwestern Gulf of Mexico. Some morphological differences among the zoecae families have been determined.
Morphological analysis consisted of the following determinations: presence of rostral spines, dorsal and lateral, on the
carapace; number of setae of the exopod, endopod, and protopod of the antenna; number of processes; shape and size of the
somites of the abdomen; and the presence and number of spines on the furcae and inner margin of thetelson. A total of
92839 zoeae of Brachyura were obtained, and 14 families were identified: Aethridae, Calappidae, Portunidae, Menippidae,
Panopeidae, Gecarcinidae, Grapsidae, Sesarmidae, Varunidae, Inachidae, Epialtidae, Pinnotheridae, Ocypodidae, and
Ucididae. Morphological differences between these families include: Epialtidae and Inachidae lack lateral spines;
Pinnotheridae lacks spines on one side of the carapace,and there may be a wing shape on the fifth abdominal somite; the
exopod of the antenna is short in Grapsidae and well-developed in Ucididae; the fourth abdominal somite is significantly
expanded in Ocypodidae; the family Gecarcinidae lacks spines on the furcae; Portunidae, Calappidae, and Aethridae have
two or three spines on the furcae, but differ in the size of the exopod of the antenna relative to the size of the rostrum; and
Sesarmidae and Varunidae differ in the lateral spines on the carapace. A key for identification of the zoeae to the family
level is presented.This is the first key for Brachyura zoeae from the southwestern Gulf of Mexico.
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1. Introduction

Reference [6]. More recently, there have been descriptions
by Reference [7, 8, 9, 10, 11, 12, 3] and Reference [13].

Only one study has described the megalopae of the
Panopeidae family in the southwestern Gulf of Mexico [14].
The goals of the present study were to contribute to the
knowledge of the morphology of brachyuran zoeae found
in Veracruz and develop a key for the identification of those
zoeae.

The order Decapoda Latreille, 1802 is represented by
374 species in Veracruz, southwestern Gulf of Mexico. Of
these, 77.8% are marine species; 8.5%, estuarine; 10.4%,
freshwater; and 3.2%, semiterrestrial. About 160 of these
Decapoda species belong to the infraorder Brachyura [1, 2].
During larval development, some species of the infraorder
may have a protozoea stage, two or more stages of zoea,
and a megalopa stage [3]. Decapod larvae are typically
present in coastal zones, estuaries, and rivers as a result of
their migratory behavior [1]. 2. Materials and Methods

For many years, brachyuran zoeae have been identified

using the descriptions provided by Reference [4], [5], and Zoecae were collected from five coastal systems in

Veracruz, southwestern Gulf of Mexico, 18°52' to 20°08'N
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and 95°42' to 97°18'W (Fig. 1).We considered the species
list developed by Reference [1] and collections created as
parts of different projects deposited in the Laboratory of
Crustaceans of FES Iztacala, UNAM (LCFESI) between
1995 and 2012. Ovigerous females of some species were
collected directly and transported to LCFESI in order to
follow the development of the larvae. Biological material
was collected with a conical net (1.0 m length, 0.75 m
width, and 243 pm mesh aperture). The material was fixed
in 70% ethanol solution, inserted in plastic containers, and
transferred to LCFESI.

Figure 1.Veracruz Coastal System sampled in the southwestern Gulf of
Mexico

Morphological analysis consisted of the following
determinations: presence of rostral spines, dorsal and lateral,
on the carapace; number of setae of the exopod, endopod,
and protopod of the antenna; number of processes; shape
and size of the somites of the abdomen; and the presence
and number of spines on the furcae and inner margin of the
telson. Pre-identification of zoeae was conducted using the
original descriptions by Reference [15], [16], [17], [18],
[19], [20], [21], [22], [11], [23], [24], [25] and Reference
[26]. Diagrams were prepared using a Leica DM750
microscope equipped with a digital camera with 1.3
Moticam ISPMP and Corel Draw X6 version 16.0.0
program 707.

3. Results

A total of 92,839 zoeae of Brachyura were obtained, and
14 families were identified: Aethridae Dana, 1851;
Calappidae De Haan, 1833; Portunidae Rafinesque, 1815;
Menippidae Ortmann, 1893; Panopeidae Ortmann, 1833;
Gecarcinidae MacLeay, 1838; Grapsidae MacLeay, 1838;
Sesarmidae Dana, 1851; Varunidae, H. Milne Edwards,
1853; Inachidae MacLeay, 1838; Epialtidae MacLeay, 1838;
Pinnotheridae De Haan, 1833; Ocypodidae Rafinesque,
1815 and Ucididae Stev¢ié, 2005.

Key to the families of Brachyura in the zoea stage in the
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southwestern Gulf of Mexico

1 a. Carapace with rostral, dorsal, and lateral spines .... 6

1 b. Carapace with no rostral, dorsal, or lateral spines ...2

2 a. Carapace with no rostral, dorsal, and lateral spines..
............ Pinnotheridae (in part —Zaopsostreum, Fig. 2 C)

2 b. Carapace with rostral and dorsal spines, but without
lateral spines, antenna usually developed, elongated telson
FUTCAC . ovveeie e 3

3 a. Carapace with a projection, rostral spine reduced,
dorsolateral processes in the second and third abdominal
SOMUILE ..ttt et eeeeeeeeaaees Inachidae (Fig. 2 A)

3 b. Carapace without projections .......................... 4

4 a. Rostral spine shorter than the antennae; dorsolateral
processes only in the second abdominal somite...............
................................................ Epialtidae (Fig. 2 B)

4 b. Rostral spine longer than antennae ................... 5

5 a. Exopod of the antenna short, endopod rudimentary

............................................. Grapsidae (Fig. 2 E)

5 b. Exopod of the antenna well-developed and longer
than half of the protopod length. Lateral spine of the
carapace absent ...................oeenen Ucididae (Fig. 2 H, I)

6 a. Abdomen laterally and/or caudally expanded on
SOIME SOMIILES ... euenetetinente ettt et et eie e reeeeneieena 7

6 b. Abdomen with more or less parallel sides and short
posterolateral spines on SOMItes ............c.oovvvvneeninnnnn. 8

7 a. Exopod of the antenna reduced like setae or absent;
abdominal somite 5 laterally expanded in a wing-like shape
............................... Pinnotheridae (4ustinixa reduced)

7 b. Antennal exopod setae not reduced, but less than
one-half the length of the spinous process; abdominal
somite 5 without wing shape; abdominal somite 4
significantly expanded ...............ccooiiiiiiiii
.................. Ocypodidae (Ocypode quadrata, Fig. 2 F, G)

8 a. No spines present on the furca of the Telson ........ 9

8 b. Spines present on the furca of the Telson .......... 10

9 a. Antenna exopod well-developed, about three-
quarters of the length of the spinous process; protopod

well-developed ..................... Gecarcinidae (Fig. 3 A, B)
9 b. Antenna with short exopod, endopod length one-half
of protopod length ... 13

10 a. Telson usually with 2 or 3 spines on each furca;
antennal exopod one-half the length of the protopod or
SHOTERT. ..ttt 11

10 b. Telson usually with a single spine on each furca;
spinous process of the antenna of the same length from the
rostral spine; exopod length one-quarter of the length of the
spinous process; endopod length one-quarter of the length
of the exopod; abdomen with dorsolateral spinous process
on the second and third somites ................c..coeoeunn 12

11 a. Carapace with lateral spines short, one-third of the
carapace width; exopod of the antenna very short, with
spinous process one-quarter of the length of the rostral
SPING .t Portunidae (Figs. 3 D, E)

11 b. Carapace with lateral spines long, one-half the
width of the carapace; antenna exopod one-quarter of the
length of the spinous Process ............oevvvvivrivreniennnnnnn.
......................... Acthridae and Calappidae (Figs. 3 F, G)



240

Sergio Chazaro-Olvera et al.: Morphology of the Zoeae Larvae of Brachyura (Crustacea, Decapoda) in Veracruz,

Southwestern Gulf of Mexico

12 a. Antennal exopod approximately one-half to three-
quarters of the protopod length ........................
........................................... Menippidae (Fig. 3 H, I)

12 b. Antennal exopod absent, reduced, or less than one-
quarter of the protopod length..........Panopeidae (Fig. 3 C)

13a. Lateral spines absent from carapace ....................
.......................................... Sesarmidae (Fig. 4 A, C)

13 a. Lateral spines present from carapace..................

............................................. Vanuridae (Fig. 4 D)

Figure 2. Brachyura zoeas. A, family Inachidae, Stenorhynchus seticornis
(Herbst, 1788) zoea 1; B, family Epialtidae, Libiniadubia H. Milne-
Edwards, 1878, zoea 1; C, family Pinnotheridae, Zaopsostreum Say, 1817,
zoea 1; D, family Grapsidae, Grapsus grapsus(Linnaeus,1758), antenna,
E, zoea 1; F family Ocypodidae, Ocypode quadrata (Fabricius, 1787)
antenna, G, zoea 1; H, family Ucididae, Uca burgersi Holthuis, 1967, zoea,
1, antenna. Scales: A = 0.2 mm; B, D, F = 0.1 mm; C, E, G = 0.5 mm. 4,
modified of Reference [20]; B, modified of Reference [18]; C, modified of
Reference [11]; D-E, modified of Reference [26]; F-G modified of
Reference [19]; H-1, modified of Reference [24].

Figure 3. Brachyura zoeas. A, family Gecarcinidae, Gecarcinus lateralis
(Freminville, 1835), antena B, zoea 1; C, family Panopeidae, Panopeus
bermudensis Benedict and Rathbun, 1891 zoea 1; D, family Portunidae,
Arenaeus cribrarius (Lamarck, 1818), zoea 1, E, antenna; F family
Aethridae, Hepatus epheliticus (Linnaeus, 1763), zoea 1, G antena; H,
family Menippidae, Menippe mercenaria (Say, 1818), zoea 1, I, antenna.
Scales: A, D = 0.1 mm; B, [ =1mm; C=0.5;E=04mm;F 0.2 mm; G
H, J = 0.1 mm. A-B modified of Reference [21]; C, modified of Reference
[22]; D-E, modified of Reference [23]; F-G, modified of Reference [15];
H-I modified of Reference [11].

Figure 4. Brachyura zoeas.A, family Sesarmidae, Aratus pisonii (H.
Milne-Edwards 1837), zoea 1, lateral view, B, antenna, C, abdomen and
telson. D, family Vanuridae, Cyclograpsus integer H. Milne Edwards,
1837, zoea 1, lateral view. Scales: A — C = 0.1 mm, D = 0.5 mm. A-C
modified of Reference [17]; D, modified of Reference [11].

4. Discussion

Reference [1] reported 12 families of brachyuran
crustaceans from the coast of the state of Veracruz; however,
in the present study, the species list was arranged according
to the classification proposed by Reference [27], which
included 14 families belonging to the infraorder Brachyura.

In particular, species of the family Portunidaec and
Calappidae are distinguished primarily by the length and
ornamentation of the rostral spine. According to Reference
[23], the zoea of species in the family Portunidae have
distinctive features, such as length of the antennal exopod
relative to protopod length, number of aesthetascs on the
antennula, and the number of setae on the scaphognathite of
the maxilla, as presented in the detailed key.

The Panopeidac and Menippidae families have been
described mainly by similarities between member species.
Panopeus lacustris Desbonne, 1867; Panopeus herbstii H.
Milne Edwards, 1834; Panopeus americanum Saussure,
1857; Panopeus austrobesus Williams, 1983; Panopeus
africanus A. Milne-Edwards, 1867; Panopeus occidentalis
Saussure, 1857; and Panopeus meridionalis Williams, 1983;
are similar to species in the present study that have well-
developed dorsal and rostral spines, antennal protopods that
are as long as the rostral spine, exopods reduced to one seta,
spines on the posterodorsales of the third to fifth abdominal
somites, and telson with a spine on the outer surface of the
furca [28]. Reference [29] argue that the zoeae of P. herbstii
are differentiated from those of Eurypanopeus depressus
Smith, 1869 by the presence of chromatophores on the
antennae of E. depressus. Reference [30] also indicated that
the zoea of Eurytium limosum Say, 1818 is characterized by
a long antenna with a reduced exopod.

Classical authors, such as Reference [16], observed that
the larvae of Cardisoma guanhumi Latreille, 1825 in the
family Gecarcinidae have lateral spines on the second and
third abdominal segments, which are similar to those of
Gecarcinus lateralis, Fréminville, 1835. In this study, we
found that these species are differentiated by the presence of
two terminal and subterminal setac on the endopod of the
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maxilla and 12 setae on the protopod in G lateralis, while C.
guanhumi has three terminal and two subterminal setaec on
the endopod of the maxilla and 18 setae on the protopod.

The families Grapsidae, Sesarmidae, Vanuridae, differ in
the length of the exopod of the antenna [31]. In this study,
we found that these species are differentiated also by the
presence or absence of lateral spines on carapace.

The majid families Epialtidae and Inachidae differ in the
length of the spine and the processes of the second and
third abdominal somite. Reference [18] documented the
presence of long plumose setae on the ventral margin of the
carapace that is characteristic of the zoeae of majids. We
observed these plumose setae in the zoeae collected as part
of the present study.

The species of the family Pinnotheridae are separated, in
part, by the absence of spines on the carapace of some
species, such as Zaopsostreum Say, 1817, and by the
development and ornamentation of the antenna, carapace,
and abdominal somites in other species, such as Austinixa
cristata Rathbun, 1900 or Tumidotheres maculatus Say,
1818.

In the Ucididae and Ocypodidae families, we found that O.
quadrata can be identified by the presence of lateral spines
on the carapace that are not found in Uca and Ucides.

Finally, it is important to mention that this key represents
the first such key prepared for the identification zoeae
larvae in Mexico.
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