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ABSTRACT

In this study, the larval development of Libinia rhomboidea Streets, 1870
under laboratory conditions is described and compared with the description
of Libinia spinosa H. Milne Edwards in Guérin, 1832, Libinia dubia H. Milne
Edwards, 1834, and Libinia emarginata Leach, 1815 published by other
authors. The ovigerous females collected released larvae asynchronously.
Two zoeas and one megalopa stage were obtained. Larval development
required 13 to 14 days at 20.5 — 22.0°C and 32 - 35 psu of salinity. The
differences in L. rhomboidea with respect to the other three species are the
following: in the first zoea, the total length and carapace length were greater
and the number of setae on the basial endite of the maxillula was different;
in the second zoea the size of the endopod and the number of setae on
the scaphognathite of the maxilla were greater; in the megalopa, the total
length and carapace length were both greater, while the number of setae
on the scaphognathite of the maxilla was less. A great similarity between
L.rhomboidea and L. dubia was found; however, it is possible to distinguish
the larval morphology of L. rhomboidea from the three species compared.
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INTRODUCTION

The spider crabs of the superfamily Majoidea have
symbiotic relationships throughout their life history.
Larvae and juveniles are associated with scyphozoan
jellyfish (Gongalves et al., 2016) and adults can be
hosts of algae, sponge and cnidarian epibionts, thus
expanding the distribution of these sessile organisms
while obtaining protection (camouflage) (Nogueira
and Haddad, 200S; Hultgren and Stachowicz, 2011).

In particular, majid crabs of the genus Libinia
Leach, 1815 are marine crustaceans that are naturally
distributed throughout the coast of the Gulf of Mexico
(Felder et al., 2009). In addition to the ecological
importance of spider crabs, for many years they have
constituted a very important resource for Yucatin
people due to their use as bait in octopus fishing
(Zaldivar-Rae et al., 2009).

In recent years, since 2000, the collapse of the
African octopus fisheries has led to an opening of
international markets for the Yucatecan octopus,
which has increased exploitation of the crabs as bait;
so the local population of Libinia dubia H. Milne
Edwards, 1834 has diminished (CONABIO, 2010).
This may have allowed Libinia rhomboidea Streets,
1870 to expand the distribution of its populations
along the coasts of Yucatan, where its capture has
increased (Carmona-Osalde et al., 2018).

Species of the genus Libinia go through five phases
of color change in the egg during their development
(Carmona and Rodriguez, 2012). Complete larval
development comprises two zoea stages and a
megalopa stage and requires 9 — 30 days, according to
species (Yang, 1967; Boschi and Scelzo, 1968; Sandifer
and van Engel, 1971).

So, of the four species of the genus Libinia with
distributions in the SW and SE of the Gulf of Mexico
(Felder et al., 2009), the full larval descriptions of L.
dubia (see Sandifer and van Engel, 1971) and Libinia
emarginata Leach, 1815 (Johns and Lang, 1977) are
known. However, the descriptions of Libinia erinacea
(A. Milne-Edwards, 1879) larvae (Yang, 1967) are
still incomplete and that of L. rhomboidea is lacking.

The spider crab L. rhomboidea is currently
distributed in the north of the Yucatan Peninsula,
on the coast of Yucatan and is historically found
from Massachusetts, United States of America, to
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Cuba (Williams et al., 1977). In the present study the
larval stages of L. rhomboidea reared under laboratory
conditions are described and compared with other
larvae from the genus Libinia from the Atlantic.

MATERIALS AND METHODS

Collection of experimental organisms

Crabs were collected from January to May 2018,
using artisanal bottom shrimp traps that were 0.8 m
long, 0.50 m wide and 0.4 m high at 20 m depth, with
fish as bait. The collections were carried out within the
coordinates 21°19’ - 21°10’N and 90°09’ - 90°02'W,
located off the coast of the Port of Sisal, Yucatdn. One
hundred individuals of L. rhomboidea were obtained
and were identified to species level by means of
identification keys and the support of the members
of the National Crustacean Collection of the Institute
of Biology of the Universidad Nacional Autonoma de
Mexico. Later, females were added to this collection
with the number CNCR: 34650. They were sexed and
kept at the Unidad Multidisciplinaria de Docencia
e Investigacién (UMDI) aquatic biotechnology
laboratory. Forty ovigerous females with eggs in stage
V development (Carmona and Rodriguez, 2012) were
separated from the sample and placed individually in
20 L aquariums with filtered natural seawater in the
laboratory under controlled conditions of temperature
(20.5 - 22.0°C), salinity (32 - 35 psu) and constant
aeration. The females were fed with Camaronina®
25% protein; the unconsumed food was eliminated
with a siphon. Hatching occurred after 60 £ 12 h and
immediately some zoea I larvae were collected for
descriptive purposes.

Management, maintenance and description of larvae

Once the larvae were released, they were transferred
to S L plastic aquariums, at a density of 60 larvae L.
The conditions of temperature, salinity, and constant
aeration were similar to that of the females and they
were subject to a natural light-dark regime (12:12
L:D ratio). The zoea I and zoea Il were fed ad libitum
with S ml of each microalgae (Chaetoceros Ehrenberg,
C.G. 1844 and Tetraselmis Stein F, 1878, Spirulina
Gomont, 1892) and fresh Artemia Leach, 1819 nauplii
(10 nauplii mL"). The megalopae were fed on Artemia
sp. metanauplii.
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Each aquarium was checked daily to remove the
exuvia and dead larvae; later, the water was changed,
and food was supplied. The zoeae and megalopae were
preserved in 70% ethanol.

Five zoeae and megalopa were examined, dissected
and illustrated in detail (Clark and Cuesta, 2015)
using a camera lucida, a Motic SMZ-168 and BA-210
microscope. Measurements were made in millimetres
(mm) with a digital camera and the software Omax
14MP USB 3.0. Illustrations were completed using
Corel Drawv. 12.

Descriptions of the morphological characters were
made following Clark ef al. (1998) and Clark and
Cuesta (2015). Measurements of total length (TL),
cephalothorax length (CL), cephalothorax width
(CW), dorsal spine length (DL), rostral spine length
(RL), length from tip of rostral spine to tip of dorsal
spine (RDL) were made. The average + standard
deviation of each measurement was obtained.

REesuLts

Development

Zoea 1 moulted to zoea 2 in 4 + 1 days, zoea 2
moulted to megalopaat 5 + 1 days, the latter moulted
to the first crab at 4 + 1 days.

Larval Description

Two zoeal stages and one megalopa stage were
obtained during the rearing period.

Libinia rhomboidea Streets, 1870
Synonymy. Libinia inflata Streets, 1870

First zoea (Figs. 1,2)

Size. TL=2.71£0.02 mm; CL =0.83 £ 0.02 mm;
CW0.70+0.01 mm; DL=0.50+0.01 mm; RL=0.10
+0.01 mm; RDL = 1.45 + 0.01 mm.

Cephalothorax (Fig. 1A, B). Spherical, dorsal
spine well developed, rostral spine length shorter
than the length of the antenna curved towards the
ventral margin, without lateral spines. One pair of
setae between the dorsal spine and the eyes. A pair
of plumose setae at the antero-ventral margin and
three setae at the postero-ventral margin. Eyes sessile.

Pleon (Fig. 1A, C). Five pleonites; pleonite 2, with
dorsolateral processes; pleonites 3 — S with short lateral
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processes; pleonites 2 — S with a pair of posterodorsal
setae. Telson bifurcated, posterior margin with 3 pairs
of serrulate setae. Furcae only with lateral spines.

Pleopods (Fig. 1C). Absent.

Antennule (Figs. 1A, D). Uniramous. Endopod
absent. Exopod unsegmented with 4 terminal
aesthetascs (2 long and 2 smaller) and 1 short simple
terminal seta.

Antenna (Fig. 1A, E). Biramous. Protopod well
developed, spinous process armed with strong spines
arranged in two lines. Endopod bud medially on
protopod. Exopod bud elongated and tapering to a
point, 2 subterminal spines shorter than protopod.

Mandible (Fig. 1F). Antero-ventral margin with S
teeth; 1 tooth on postero-median margin. Palp absent.

Maxillule (Fig. 2A). Coxal endite with seven (five
terminal and two subterminal) sparsely plumose setae.
Basial endite with S sparsely plumose terminal setae
and 2 plumodenticulate subterminal setae. Endopod
2-segmented, proximal segment with one sparsely
plumose seta, distal segment with S sparsely plumose
terminal setae.

Maxilla (Fig. 2B). Coxal endite bilobed with 4
+ 3 plumose setae. Basial endite bilobed with 5 + 4
sparsely plumose setae. Endopod unsegmented, with
4 sparsely plumose terminal setae and microtrichia
on external margins. Scaphognathite with 9 plumose
marginal setae and a plumose apical tip.

First maxilliped (Fig. 2C). Coxa without setae.
Basis with 9 mesial sparsely plumose setae arranged
2+2+3+3 (proximal to distal). Endopod S-segmented
with 3,2, 1, 2, § sparsely plumose setae. Exopod
2-segmented, distal segment 4 long plumose, natatory,
terminal setae.

Second maxilliped (Fig. 2D). Coxa without setae.
Basis 3 long sparsely plumose setae arranged 1+1+1.
Endopod 3-segmented, 0, 1,4 sparsely plumose setae.
Exopod 2-segmented, 4 long plumose, natatory,
terminal setae.

Third maxilliped (Fig. 1A). Rudimentary.

Pereiopods (Fig. 1A). Rudimentary.

Second zoea (Figs. 3, 4)

Size: TL=2.92£0.09 mm; CL=1.07 £ 0.05S mm;
CW =0.93 £ 0.05 mm; DL = 0.53 £ 0.02 mm; RL
0.27 £0.02 mm; RDL = 1.61 £ 0.05 mm.
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0.5 mm A-C 0.1 mm D-F

Figure 1. Libinia rhomboidea first zoea. (A) Dorsal view; (B) cephalothorax front view; (C) pleon; (D) antennule; (E) antenna;
(F) mandible.

Nauplius, 28: €2020032 4
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Cephalothorax (Fig. 3A, B). Size similar to that of
former stage; 3 plumose setae at the antero-ventral
margin and 3 plumose setae at the postero-ventral
margin. Eyes stalked.

Pleon (Fig. 3A, C). Six somites. Somite 2 with
pair of dorsolateral processes. Somites 2 — 5 with 2

0.1 mmA-D

pleopod buds ventrally. Abdominal somite 6 separated
from telson and without postero-lateral spines. Telson

bifurcated, posterior margin with 3 pairs of spinulate

setae. Furcae with only lateral spines.

Pleopods (Fig. 3C). Rudimentary (buds).

Figure 2. Libinia rhomboidea first zoea. (A) Maxillule; (B) maxilla; (C) first maxilliped; (D) second maxilliped.

Nauplius, 28: €2020032
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Antennule (Fig. 3D). Similar to that of former
stage. Exopod unsegmented with 6 aesthetascs and
1 simple terminal seta.

Antenna (Fig. 3 E). Similar to that of former stage.
Endopod bud 0.75x length of protopod.

Mandible (Fig. 3F). Palp-bud apparent on antero-
dorsal surface.

Maxillule (Fig. 4 A). Coxal endite with 4 sparsely
plumose terminal setae and 3 sparsely plumose
subterminal setae. Basial endite with 7 terminal
plumodenticulate and 2 sparsely plumose subterminal
setae. Endopod 2-segmented, proximal segment with
1 sparsely plumose seta, distal segment with 4 sparsely
plumose distal terminal setae and 1 sparsely plumose
subterminal seta.

Maxilla (Fig. 4B). Similar to that of former
stage. Endopod unlobulated, S sparsely plumose
terminal setae, microtrichia on external margins.
Scaphognathite with 25 plumose setae and a plumose
apical tip.

First maxilliped (Fig. 4C). Similar to that of former
stage. Endopod S-segmented with 3,2, 1,2, S sparsely
plumose setae. Exopod 2-segmented, distal segment
with 6 long plumose, natatory, terminals setae.

Second maxilliped (Fig. 4D). Similar to that of
former stage. Endopod 3-segmented, with 0, 1, 4
sparsely plumose setae. Exopod 2-segmented, with
6 long plumose, natatory, setae.

Third maxilliped (Fig. 4A). Rudimentary.

Pereiopods (Fig. 4A). Rudimentary.

Megalopa (Figs. 5 - 7)

Size. TL=2.41 £0.06 mm; CL =1.24 £ 0.07 mm;
RL=0.37£0.02 mm; CW 0.80 £ 0.03 mm.

Cephalothorax (Fig. SA, B). Rostral spine present,
rounded at tip and deflected downward, rostral
spine length shorter than the length of the antennae.
Anterodorsal region, posterior and ventral margins
without setae. Eyes sessile. Gastric region with ridges
on each side and divided by shallow transverse groove;
posterior carination higher than anterior. Cardiac
region with small ridge on each lateral side and
with a median protuberance, the highest point on
carapace. Hepatic lobes somewhat hemispherical in
shape. Carapace setation (simple setae): 2 on antero-
lateral margins of orbital region, 3 on lateral margins
of mid-orbital region, 8 — 10 on posterior part of front,
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4 between anterior gastric carination, 2 between
posterior gastric carination, 1 on each posterior gastric
carination, 2 anterior to and 2 posterior to cardiac
median protuberance, 1 on each lateral cardiac ridge,
1 on lateral margin of each hepatic lobe, numerous
setae on posterior margin of carapace.

Pleon (Fig. SA, B). 6 pleonites plus telson.
Abdominal setation (simple setae): somite 1, two
setae on postero-dorsal margin; somites 2 and 3, two
setae on mid-dorsal surface and four on postero-dorsal
margin; somites 4 and 5, six setae on postero-dorsal
margin; somite 6, two setae on postero-dorsal margin;
telson, two setae on mid-dorsal surface.

Antennule (Fig. SA, C). Peduncle 3-segmented;
from proximal to distal with 0, 2, 1 simple setae. Inner
flagellum unsegmented, 3 simple terminal setae.
Dorsal flagellum 3-segmented; proximal segment
bare, penultimate segment with 6 aesthetascs and
1 small dorsal simple seta, distal segment with 6
aesthetascs and 1 large simple subterminal seta.

Antenna (Fig. SA, D). Peduncle 3-segmented; basal
articlewith 1 dorsal seta, the following 2 distal segments
with 2 and 3 simple setae, respectively. Flagellum
4-segmented; proximal and antepenultimate segments
bare, penultimate segment with 4 simple subterminal
setae, distal segment with 3 long simple terminal setae.

Mandible (Fig. SE). Palp 3-segmented; distal
segment with S plumose setae. Masticatory process
rounded.

Maxillule (Fig. 6A). Coxal endite with
10 plumodenticulate setae (7 terminal + 3
subterminal). Basial endite with 16 setae (7
terminal plumodenticulate, 6 sparsely plumose
and 3 subterminal plumodenticulate). Endopod
unsegmented, 3 large sparsely plumose setae.

Maxilla (Fig. 6B). Coxal endite bilobed, 3 + S
plumodenticulate setae. Basial endite bilobed, S — 6
+ 6 — 7 plumodenticulate setae. Endopod simple, with
1 simple terminal seta. Scaphognathite with 28 — 30
plumose marginal setae and 3 inner simple setae.

First maxilliped (Fig. 6C). Coxal endite with 6 - 7
plumodenticulate setae. Basial endite with 10 - 11
plumodenticulate setae. Endopod unsegmented, with
3 sparsely plumose terminal setae. Epipod with 3 - 5
long plumose setae. Exopod 2-segmented; proximal
segment with 1 sparsely plumose terminal seta, distal
segment with 4 long sparsely plumose terminal setae.

6
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0.5 mm A-C 0.1 mm D-F

Figure 3. Libinia rhomboidea second zoea. (A) Dorsal view; (B) cephalothorax front view; (C) pleon; (D) antennule; (E) antenna;
(F) mandible.
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http://www.editoraletra1.com.br

Chévaro-Olvera et al. Larval development of Libinia rhomboidea

0.1 mmA-D

Figure 4. Libinia rhomboidea second zoea. (A) Maxillule; (B) maxilla; (C) first maxilliped; (D) second maxilliped.

Nauplius, 28: €2020032 8
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Second maxilliped (Fig. 6D). Endopod
4-segmented, with 0, 1, 3, 6 sparsely plumose setae
(proximal to distal segment). Exopod 2-segmented;
distal segment with 4 long plumose terminal setae.
No epipod present.

Third maxilliped (Fig. 6E). Coxal-epipod with
9 — 10 sparsely plumose setae. Epipod with 4 large
plumose setae. Exopod 2-segmented; distal segment
with 4 long plumose setae and 2 smaller simple
terminal setae. Endopod S-segmented with 9 - 10,

8-9,6-7,6,4 (proximal to distal) sparsely plumose
setae, crista dentata with 4 teeth.

Pereopod 1 to S (Fig. 7A — E). Moderately setose,
cheliped similar to adult form (Fig. 4A).

Pleopod 2 - S and uropods (Fig. 7F - J). Exopod
2-segmented; plumose swimming setae on distal
segments as follows: 8 (terminal) + 1 (subterminal),
10+ 1,10+ 1, 8 + 1, and uropods with 5. Endopod of
pleopod 2 to 5 small, with 2 small subterminal hooks;
uropods without endopod.

Figure 5. Libinia rhomboidea megalopa. (A) Dorsal view; (B) lateral view; (C) antennule; (D) antenna; (E) mandible.

Nauplius, 28: €2020032
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Figure 6. Libinia rhomboidea megalopa. (A) Maxillule; (B) maxilla; (C) first maxilliped; (D) second maxilliped; (E) third maxilliped.

Nauplius, 28: €2020032 10
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Figure 7. Libinia rhomboidea megalopa. (A) Cheliped; (B) pereiopod 2; (C) pereiopod 3;, (D) pereiopod 4; (E) pereiopod 5; (F)
pleopod 1; (G) pleopod 2; (H) pleopod 3; (I) pleopod 4; (J) uropod and telson

Nauplius, 28: €2020032 1)
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Discussion

In the present study larvae developed optimally
because the ovigerous female L. rhomboidea were
collected from January to May 2018 at temperatures
that represent the mean temperature during the larval
season, as is mentioned by Johns and Lang (1977).

Planktoniclarvae of Libinia spp. have been found in
samples taken from the mouth of Chesapeake Bay to
lower York River in waters of 15.74 — 32.34 psu salinity
and 20 - 28.1°C temperature (Sandifer, 1973). On the
other hand, Shanks (1998) reported the presence of
megalopae of Libinia spp.in water temperatures of 15 -
20°C and salinity of 24 — 35 psu at the Army Corps of
Engineers’ Field Research Facility pierin Duck, North
Carolina. Bursey (1982) described L. emarginata and
L. dubia as moderately euryhaline, they survive 21 —
49 psu sea water. In natural environments, adults of
L. emarginta have been found in a salinity range of 15
— 32 psu (Winget et al., 1974) and they are common
to temperatures between 10 and 20°C (O’Brien et
al., 1999). The above is consistent with the salinity
and temperature data recorded in this work (20.5 —
22.0°C and 32 and 35 psu) for L. rhomboidea. These
are also close to the values reported by Sandifer and
van Engel (1971) for the cultivation of L. dubia, who
maintained values 0f25.5 - 28.5°C and 22 psu salinity,
as well as those reported by Johns and Lang (1977)
for the cultivation L. emarginata, with values of 25°C
and 30 psu salinity in South Carolina and values of
20°C and 30 psu salinity in Rhode Island.

The duration of development within the genus
Libinia is related to temperature, at 20°C the
development of Libinia spinosa H. Milne Edwards
in Guérin, 1832 required from 20 - 30 days (Boschi
and Scelzo, 1968), while L. erinacea and L. emarginata
required 14 days (Yang, 1967; Johns and Lang,
1977). Temperatures above 25°C decrease the time
oflarval development: at 25.5 - 28.5°C L. dubia and
L. erinacea only needed 9 days (Yang, 1967; Sandifer
and Van Engel, 1971). In this study we found that
the time required to complete the development of L.
rhomboidealarvae was 13 to 14 days at a temperature
of20 - 22°C.

Majoid larval development includes only two zoeae
stages and one megalopa stage (Luppi and Spivak,
2016). Rice (1980) mentioned that the majoid zoeae

Nauplius, 28: €2020032

could be distinguished from most other brachyurans
in having no lateral carapace spine, no lateral process
on the third abdominal somite, and a telson fork with
a single lateral spine. Consistent with the above, L.
rhomboidea is a species-typical for the superfamily
Majoidea (Gurney, 1942; Hart, 1960). It is important
to mention here that the zoeal morphology of alarge
number of species supports the conclusions from
phylogenetic relationships, even more accurately than
adult morphology, since the zoeae live in a uniform
planktonic environment (Clark, 2009). Particularly,
the intrapopulation variability in zoeae morphological
characteristics of L. rhomboidea is low. In this regard,
other brachyuran species present greater variation
(Guerao et al., 2006) and this is related to ecological
and genetic factors, which largely determine the
variability during the ontogenetic process (Guerao
etal., 2008).

The larval morphology of species of Majoidea
in the families Epialtidae, Inachidae, Inachoididae,
Majidae and Oregoniidae has been previously used to
propose relationships among families and subfamilies
and to construct phylogenies (Luppi and Sivak, 2016).
Marques and Pohle (1998) considered the possible
phylogenetic relationships among species of the genus
Libinia and used characters of the larvae of the genus
Pisa Leach, 1814 and Libinia, as representatives of
the subfamily Pisinae, in a study of phylogenetic
hypotheses. They found that the subfamily was
significantly separated, suggesting that they might
be paraphyletic.

A morphological comparison between the three
Libinia species present in the SWand SE of the Gulf of
Mexico and the species L. spinosa, which is distributed
in the south Atlantic, was made. The morphological
differences of the first zoea of L. rhomboidea with the
species in the genus Libinia are that: in the first zoea,
the total length and carapace length are greater and
the number of setae on basial endite of the maxillula
is different; in the second zoea the size of the endopod
and the number of setae in the scaphognathite of the
maxilla are greater (Tabs. 1, 2).

The megalopae of L. dubia, L. emarginata, and L.
rhomboidea all lack a dorsal spine, while L. spinosa
has a distinct dorsal spine, which curves posteriorly
(Boschi and Scelzo, 1968). The median cardiac
protuberance of L. dubia megalopa is single (Sandifer

12
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Table 1.First zoea of Libinia spp. Character comparison of four species. ND, not described; Nm, not mentioned; (*) obtained from

the figure. Bold type indicates observed differences.

L. spinosa L. dubia L. emarginata L. rhomboidea
Structure Character (see Boschi and (see Sandifer and (see Johns and (Current study)
Scelzo, 1968) Van Engel, 1971) Lang, 1977)
Cephalothorax
Total length (mm) 2.3 2.28+0.26 2.15+0.15 2.75 £ 0.05
Carapace length 0.8 0.81£0.05 0.78 £0.02 0.85+0.05
Lateral spines absent absent absent absent
Length of dorsal spine 0.59 (*) 0.5(*) 0.44 (%) 0.50 £0.01
Length of rostral spine 0.32 (%) 0.16 (*) 0.11 (*) 0.10£0.01
Tip of dorsal to tip of rostral spine 1.46 (*) 1.25 (%) 1.11 (%) 1.45+0.01
Antennule
Endopod absent absent absent absent
e sl o) 40,2 222 221 221
Antenna
Protopod (raw spines) ND 2 2 2
Exopod (raw spines, subterminal spines) 2,2 2,2 2,2 2,2
Endopod bud bud bud bud
Mandible (teeth) 9(*) 6 Nm S
Palp ND absent absent absent
Maxillule
il vty ooy s 520) 52 52
Basal endite (spines, sparsely plumose
setae, sparsely plumose terminal setae, 4,2,0,0 0,6,0,1 0,2,2,3 0,5,0,2
plumodenticulate subterminal setae)
I;lr:;:g;dsistsz;sely plumose setae, sparsely 6 1S 15 LS
Maxilla
Coxal endite (sparsely plumose setae) 8 8 7-8 4+3
Basial endite (sparsely plumose setae) 8 9 10 S+4
Endopod (terminal setae, microtrichia) 4-5, Nm S, present S, Nm S, present
Scaphognathite (plumose setae, simple seta) 9,1 9 9 9
First maxilliped
Coxa (sparsely plumose seta) 1 0 0 0
Basis (sparsely plumose setae) 2,2,3,3(*%) 2,2,3,3 2,2,3,3 2,2,3,3
Endopod (sparsely plumose setae) 3,2,1,2,5(%) 3,2,1,2,5 3,2,1,2,5 3,2,1,2,5
Exopod (terminal plumose setae) 4 4 4 4
Second maxilliped
Coxa (setae) 0 0 0 0
Basis (sparsely plumose setae) 1,1,1 1,1,1 1,1,1 1,1,1
Endopod (sparsely plumose setae) 0,1,4 0,1,4 0,1,4 0,1,4
Exopod (terminal plumose setae) 4 4 4 4
;In}:)l;ilipe q Rudimentary rudimentary Nm rudimentary
Pereiopods Rudimentary rudimentary Nm rudimentary
Pleopods Absent absent Nm absent
Pleon
Pleonites S S S N
Pleonite 2 (dorsal process) 2 2 2 2
Telson
Furca (lateral spines) 1 1 1 1
Nauplius, 28: €2020032 13
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Table 2. Second zoea of Libinia spp. Character comparison of four species. Nm, not mentioned; (*) obtained from the figure. Bold
type indicates observed differences.

L. spinosa L. dubia L. emarginata L. rhomboidea
Structure Character (see Boschi and (see Sandifer and (see Johns and (Current study)
Scelzo, 1968) Van Engel, 1971) Lang, 1977)
Cephalothorax
Total length (mm) 2.8 2.81+0.19 2.69+0.13 2.92+0.09
Carapace length 0.96 0.97 £0.03 0.94 £0.05 1.07 £0.05
Lateral spines absent absent absent absent
Length of dorsal spine 0.68 (*) 0.57 (*) 0.38 (*) 0.53 £0.02
Length of rostral spine 0.32 (%) 0.21 (%) 0.16 (*) 0.27 £0.02
Tip of dorsal to tip of rostral spine 1.76 (*) 1.43 (%) 1.67 (*) 1.61 £0.05
Antennule
Endopod absent absent absent absent
i:;zc: e(:;rjrz;:l :::)thetascs, small aesthetascs, 80,35 42,2 24,2 42,1
Antenna
Protopod (raw spines) Nm 2 2 2
Exopod (raw spines, subterminal spines) 2 2 2 2
Endopod (extending X of protopod) bud (0.5 X) bud (0.5X) bud (0.5 X) bud (0.75 X)
Mandible (teeth) 9 6 Nm 6
Palp Nm bud Nm bud
Maxillule
Contrde (oo sy .
e i 52 52 § 52
Endopod (sparsely plumose setae) L5 1,5 1,4 1,5
Maxilla
Coxal endite (sparsely plumose setae) 8 8 7-8 7
Basial endite (sparsely plumose setae) 9 9 10 9
Endopod (terminal setae, microtrichia) S, Nm S, present 5, Nm S, present
Scaphognathite (plumose setae) 20 20 16-20 22-24
First maxilliped
Coxa (sparsely plumose setae) 1 0 0 0
Basis (sparsely plumose setae) 2,2,3,3 2,2,3,3 2,2,3,3 2,2,3,3
Endopod (sparsely plumose setae) 3,2,1,2,5 3,2,1,2,5 3,2,1,2,5 3,2,1,2,5
Exopod (plumose terminal setae) 6 6 6 6
Second
maxilliped
Coxa (setae) 0s 0s 0s 0s
Basis (sparsely plumose setae) 1,1,1 1,1,1 1,1,1 1,1,1
Endopod (sparsely plumose setae) Nm 0,1,4 0,1,4 0,1,4
Exopod (plumose terminal setae) 6 6 6 6
Third maxilliped  Rudimentary rudimentary Nm rudimentary
Pereiopods Rudimentary rudimentary Nm rudimentary
Pleopods buds ventrally buds ventrally buds ventrally buds ventrally
Pleon
Pleonites 6 6 6 6
Pleonite 2 (dorsal process) 2 2 2 2
Telson
Furca (lateral spines) 1 1 1 1
Nauplius, 28: €2020032 14



http://www.editoraletra1.com.br

Chavaro-Olvera et al.

Larval development of Libinia rhomboidea

and van Engel, 1971) but it is paired in L. emarginata
(see Johns and Lang, 1977) and L. rhomboidea. This
difference between the megalopae of L. dubia, L.
emarginata, and L. rhomboidea is relatively clear to
observe, however, the difference between zoeae is
more subtle and complicated. The characters that

make it possible to differentiate L. rhomboidea zoeae
from the other three species are: the greater total
length and the length of the carapace, as well as the
lesser number of setae on the scaphognathite of the
maxilla (Tab. 3).

Table 3. Megalopa of Libinia spp. Character comparison of four species. ND, not described; Nm, not mentioned; (*) obtained from

the figure. Bold type indicates observed differences.

L. spinosa L. dubia L. emarginata L. rhomboidea
Structure Character (see Boschi and (see Sandifer and Van  (see Johns and Lang (Current study)
Scelzo, 1968) Engel, 1971) (1977)
Cephalothorax
Total length (mm) 2.1 2.12+0.17 2.12+0.05 2.41+0.06
Carapace length 1.3 1.14 £0.09 1.22 £0.06 1.24+0.07
Lateral spines absent absent absent absent
Length of dorsal spine present absent absent absent
Length of rostral spine (mm) 0.48 (*) 0.17 (*) 0.2 (%) 0.21
Carinations (lateral gastric region,
o g
border)
Antennule
Peduncle (simple setae) Nm 3seg(0,2,1) 3seg(0,1,1) 3seg(0,2,1)
Inner flagellum (terminal setae) 3 3 3 3
Dorsal flagellum: proximal (setae);
penultimate (aesthetascs, setae); 0; 5,0; 6,2 0;6,1;6,1 0;5,0;3,1 0;6,1; 6,1
distal (aesthetascs, subterminal setae)
Antenna
Peduncle (segments: simple setae) 3:2,2,3 3:1,2,3 3:0,1,1 3:1,2,3
Flagellum (segments: simple setae) 3:0,3,3 4:0,0,4,3 4:0,0,4,3 4:0,0,3,3
poemctson TS b otdoggo b ol bl crodngos
Mandible
Palp (segments: setae) 3:0,0,5 3:0,0,5 3:0,0,5 3:0,0,5
Maxillule
Coxal endite (plumodenticulate setae) 10 10-11 10 10
Basal endite (plumodenticulate setae) 16 16-17 16-17 16
ir;i(:g:lds Etlaze):gment: sparsely plumose 5 5 23 3
Maxilla
Coxal endite (plumodenticulate setae) 6+6 3+5S 3,4+1 3+5
Basal endite (plumodenticulate setae) 6+6 5-6+6-7 12-14 5-6+6-7
Endopod (simple terminal setae) 0 1 1 1
Scaphognathite (plumose setae) 30 31-32 31-35 28-30
First maxilliped
Coxal endite (plumodenticulate setae) 6 5-7 7 6-7
Basal endite (plumodenticulate setae) 10-12 10-11 8-10 10-11
Endopod (sparsely terminal setae) Nm 3 1-3 3
it(;iijl(ss:tg;;ents: sparsely plumose 21,4 2:0,4 21,5 21,4
Epipod (plumose setae) 4 3-5 4 3-5

Nauplius, 28: €2020032
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Table 3. Cont.
L. spinosa L. dubia L. emarginata L. rhomboidea
Structure Character (see Boschi and (see Sandifer and Van  (see Johns and Lang ( C.urrent study)
Scelzo, 1968) Engel, 1971) (1977) Y.

Second maxilliped

Endopod (segments: sparsely setae) 5:0,0,1,3,7 4:0,1,3,6 4:0,1,3,6 4:0,1,3,6

Exopod (segments: terminal plumose 2:0,4 2:0,4 2:0,5:6 2:0,4

setae)
Third maxilliped

Endopod (segments: setae) 5:10,5,5,4,4 5:11-12,8-9,5,6,4 5:9-10,7-8,4,6,4 5:9-10, 8-9,6-7,6,4

Exopod (segments: setae, terminal 2:0,4+2 2:0,4+2 2:0,3-4+2 2:0,4+2)

plumose setae + simple setae)

Crista dentata (teeth) ND 4 4 4

Epipod (subterminal setae + terminal 143 4s 143 242

setae)
Pereiopods 1-5 - sparsely setose sparsely setose sparsely setose

_ 1042,10+1,10+ 1, pleopod 2: 11s; 8+1,10+1,10+1,

Pleopods2-6  (terminal plumose setae) 10+1,11+1,10,10,5 §41,5 pleopod : 85 8+41,5
Pleon 6 pleonites 6 pleonites 6 pleonites 6 pleonites
Telson (medial setae) Nm 2 Nm 2
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