Zootaxal227: 129 (2006) ISSN 1175-5326 (print edition)

WWW.mapress.cormootaxa ZO OTAXA @

Copyright © 2006 Magnolia Press ISSN1175-53340nline edition)

First stage zoeal descriptions of five Galatheoidea species from
Western Pacific (Crustacea: Decapoda: Anomura)

GUILLERMO GUERAQO, ENRIQUE MACPHERSORN SARAH SAMADF,
BERTRAND RICHER DE FORGES & MARIE-CATHERINE BOISSELIER

'Departament de Biologia Animal (Artropodes), Facultat de Biologia, Universitat de Barcelona, Av. Diagonal
645, 08028 Barcelona, Spain. E-mail: gguerao@xtec.net

*Centre d’Estudis Avancats de Blanes (CSIC), Accés a la Cala St. Francesc 14, 17300 Blanes, Spain.
E-mail: macpherson@ceab.csic.es

¥ Systématique, Adaptation et Evolution, UMR 7138 UPMC-IRD-MNHN-CNRS (UR IRD 148), Service de
systématique moléculaire (CNRS, IFR101), Département Systématique et Evolution, Muséum National d'His-
toire Naturelle, CP 26, 57 Rue Cuvier, F-75231 Paris Cedex 05, France. E-mail: sarah@mnhn.fr;
dubayle@cimrs1.mnhn.fr

‘Systématique, Adaptation et Evolution, UMR 7138 UPMC-IRD-MNHN-CNRS (UR IRD 148), Institut de
Recherche pour le Développement, B.P. A5, 98848 Nouméa Cedex, Nouvelle-Calédonie.

E-mail: Bertrand.Richer-De-Forges@noumea.ird.nc

Table of contents

F Y 013 1 = Lo TP PPTTRRIN

[a 11 g0l 011 o] o PP U T TS PUUPPPPPPRR
Material and MEethOAS ..........ueiiii e
Description of first zoea

Galatheidae Samouelle, 1819 .......ccuuiiii i e [T

Neonida grandifBaba & de Saint Laurent, 1996 ..........cccooeciiiiiiiiiee e e 5

Agononida squamog&enderson, 1885) ...........uiiiiiiii i 7

Munida javieriMacpherson, 1994 ... . ... e e e 11

Chirostylidae Ortmann, 1892 ...t e e e e 14.........

Eumunida annulosde Saint Laurent & Macpherson, 1990 &ndapillatade Saint Laurent &

Y= Vo o] 1= T 6o o TR KL L SO 14....
D11l U 3= [0 o PP 18
ACKNOWIEAGAEMENTS ...t e et e e e e e e e e e e s st e e s emmmmmmmnes 25
REFEIENCES ... ettt e e e e e e e s e be bt e e e e ee e e e e e ammmeeeaaeaaannnes 25

Accepted by S. Ahyong: 2 May 2006; published: 9 Jun. 2006 1



ZOOTAXA

1223

Abstract

The first zoeal stages of the galathei®nida grandis Agononida squamosandMunida javieri

and the chirostylidsEumunida annulosaand E. capillata are described and illustrated from
laboratory-hatched material obtained from ovigerous females collected from south western Pacific.
The morphologies of the first zoeae are compared with the same larval stage of other known
anomuran species. The larval characterdgnonida squamosandNeonida grandisare similar

to those described fokgononida incertaMunida javieri exhibits features not present in other
described species dunidasuch as the setation of the endopod of the maxillule and the antennal
morphology.Eumunida annulosandE. capillatado not show abbreviated development as in other
described chirostylids such ddroptychus and Gastroptychus and its larval morphology is
equivalent to the first stage of galatheid zoeae. However, many morphological charagers of
umunidaspecies are typically pagurid, such as the two terminal plumose setae of the antennal
endopod, the three-segmented endopod of the maxillule, the posterior margin of the carapace
without spines, and the scaphognathite with 5 plumose setae and without a posterior lobe.

Key words: Anomura, Galatheoidea, Galatheidae, Chyrostilitd®enida, Agononida Munida, E
umunida first stage zoea, descriptions

Introduction

The Galatheoidea Samouelle, 1819 includes five families of anomuran decapod
crustaceans: Aeglidae Dana, 1852; Galatheidae Samouelle, 1819; Chirostylidae Ortmann,
1892; Kiwaidae Macphersoet al. 2005 and Porcellanidae Haworth, 1825 (Martin &
Davis 2001, Macphersagt al. 2005). The Galatheidae is one of the most diverse families
of anomuran decapods and many undescribed species have been discovered in the last
decades (Baba 1988, 2005, Macpherson 1994, 2004, Ahyong & Poore 2004b, Macpherson
& Segonzac 2005). The systematics of the family has not been fully resolved and many
groups of galatheids are undergoing revision (Baba & de Saint Laurent 1996, Machordom
& Macpherson 2004). Additionally, knowledge of the larval stages of Galatheoidae is
scarce. The percentage of available larval descriptions in galatheid genera is about 22%,
and the percentage of the species is lower than 4% (Konishi & Saito 2000, Fujita &
Shokita 2005). At present, the first stage zoea morphology of galatheids is known for
AgononidaBaba & de Saint Laurent, 1996 (1 specidd)nida Leach, 1820 (3 species);
Galathea Fabricius, 1793 (4 speciesCervimunida Benedict, 1902 (1 species);
PleuroncodesStimpson, 1860 (2 speciedtunidopsisWhiteaves, 1874 (2 species) and
SadayoshiaBaba, 1969 (1 species) (Huus 1934, Fagetti 1960, Fagetti & Campodonico
1971, Samuelsen 1972, Roberts 1973, Gore 1979, Christiansen & Anger 1990, &tilkens
al. 1990, Konishi & Saito 2000, Fujitet al. 2001, Fujitaet al. 2003, Fujita & Shokita
2005).

Chirostylidae typically occupy outer shelf and slope habitats. From numerous
expeditions across the western Pacific, many unknown species of chirostylids have been
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discovered in the last 20 years (de Saint Laurent & Macpherson 1990, de Saint Laurentz@TAxA
Poupin 1996, Baba 2004, Ahyong & Poore 2004a). Furthermore, the knowledge on tk
larval stages of Chirostylidae is even scarcer than in the Galatheidae. Pike & Wear (1969)
described newly hatched first larval stages @éstroptychusCaullery, 1896 and
UroptychusHenderson, 1888, and Ogawa & Matsuzaki (1992) described the first zoeal
stage ofChirostylus dolichopu®rtmann, 1892. De Saint Laurent and Macpherson (1990)
described the general aspect of the first zoeBumfiunida capillatade Saint Laurent &
Macpherson, 1990 and the megalopeEamunida sternomaculatde Saint Laurent &
Macpherson, 199CE. capillataandE. annulosade Saint Laurent & Macpherson, 1990.

The complete larval development is unknown for any species of the family.

The reason for the limited information on larvae of galatheids and especially
chirostylids may be due to the difficulty in obtaining ovigerous females from the deep-sea.
However, during recent cruises carried out in New Caledonia and Vanuatu islands, some
ovigerous females ofAgononida squamosa (Henderson, 1885),Munida javieri
Macpherson, 1994leonida grandifBaba & de Saint Laurent, 199Bumunida annulosa
de Saint Laurent & Macpherson, 1990 dhdcapillatade Saint Laurent & Macpherson,
1990 were collected and maintained in aquaria in order to obtain newly hatched larvae.
The galatheidNeonida grandiss the only species of the genus, it is closely related to
BathymunidaBalss, 1914 (Baba & de Saint Laurent 1996) and is a rare species reported
from the Vanuatu and Solomon Islands at depths between 135 and 402 m (Baba & de Saint
Laurent 1996, Macpherson & Baba 2008gononida squamosi recorded along the
western Pacific from Japan to New South Wales, Australia, including numerous islands
(e.g., Admiralty, New Caledonia, Loyalty islands, Vanuatu, Wallis, Fiji, Tonga) at depths
of 156-591 m (Macpherson 2004, Baba 2008Wnida javieriis recorded from New
Caledonia, Chesterfield Island, Matthew and Hunter Island, at depths of 280-440 m
(Macpherson 1994).

The chirostyliddEumunida annulosandE. capillataare deep-sea species commonly
found in New Caledonia and the Chesterfield Islands, and other localities of the western
Pacific (de Saint Laurent & Macpherson 1990, Baba 2005). These species occur on the
bottom of Stylasteridae hydrocorallians at depths of around 375-650 1 fomulosa
and 356—650 m fdE. capillata

The present study aims to describe the first zoeal stage morpholaggooida
grandis Agononida squamos#unida javieri Eumunida annulosandE. capillataand
to compare their larval features with those known for other species of Galatheoidea. This
represents the first description of the zoea of the gdrosida the second description for
Agononida the fourth description foMunida and the first complete description of the
first zoea of the genusumunidaSmith, 1883.

Abbreviations used: The Biological Reference Collection, Institut de Ciéncies del Mar
Barcelona = CSIC; Muséum national d'Histoire naturelle, Paris = MNHN.
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Ovigerous females dfleonida grandisAgononida squamosdunida javieri Eumunida
annulosaandE. capillatawere collected during cruises NORFOLK 2 and BOA 1 carried
out in New Caledonia and Vanuatu islands, respectively.

Neonida grandis BOA 1. Stn CP 2479, 16°43.25'S, 167°50.86'E, 350-358 m,
15.09.2005, MNHN reg. no. MNHN-Ga5395.

Agononida squamos&80A 1. Stn CP 2479, 16°43.25'S, 167°50.86'E, 350-358 m,
15.09.2005.

Munida javieri NORFOLK 2. Stn CP 2094, 24°44.19'S, 168°09.76'E, 300 m,
29.10.2003, MNHN reg no. MNHN-Ga5396.

Eumunida annulosa: NORFOLK 2. Stn CP 2089, 24°44.30’S, 168°08.83'E, 230 m,
29.10.2003, MNHN reg no. MNHN-Ga5397, CSIC reg. no. ICMD 4/2006 (first zoea).

Eumunida capillata: NORFOLK 2. Stn CP 2089, 24°44.30'S, 168°08.83'E, 230 m,
29.10.2003, MNHN reg. no. MNHN-Ga5398, CSIC reg. no. ICMD 5/2006 (first zoea).

The females were maintained in aguaria containing natural, cooled, sea water until the
eggs hatched. Newly hatched larvae were preserved in 70% alcohohgddionida
squamosazoeae and some ®eonida grandisdid not completely extrude setae and
spines, and most material showed intermediate characters between prezoea and zoea
stages. However, was been possible to study the more important setation features.

A binocular microscope equipped with an ocular micrometer was used for the
measurements of individuals (2—4 individuals were measured). A microscope was used for
the determination of the setal formula. The zoeas were dissected on glass slides in
polyvinyl alcohol using a Wild M8 binocular microscope and the appendages allowed to
clear for 24 hours before examination. Cover-slips were sealed with clear nail varnish.
Appendages were drawn using an Olympus BH-2 microscope equipped with differential
interference contrast (DIC) and a camera lucida.

The following measurements were taken fonida grandisAgononida squamosa
andMunida javiert Carapace length (CL) from the anterior margin of the eyes to the mid-
dorsal posterior margin of the carapace; carapace length including rostral spine (CLR)
from the tip of the rostral spine to the mid-dorsal posterior margin of the carapace; total
length (TL) from the tip of the rostral spine to the posterior margin of the telson, excluding
telsonal processes; eye length (EL) length to the longest axis of the eye. The following
measurements were taken fBumunidaspecies: carapace length (CL) from the anterior
margin of the eyes to the posterior margin of the carapace; carapace length including
rostral spine (CLR) from the tip of the rostral spine to the posterior margin of the carapace;
total length (TL) from the tip of the rostral spine to the posterior margin of the telson; eye
length (EL) length to the longest axis of the eye.

The sequence of zoeal descriptions is based on the malacostracan somite plan and
described from anterior to posterior. Setal armature of appendages was described from
proximal to distal segments and in order of endopod to exopod (see Clark et al. 1998). The
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long antennular aesthetascs and the long plumose natatory setae of the first and secemdAxA
maxillipeds were drawn truncated. Setal terminology follows Ingle (1991).

Description of first zoea
Galatheidae Samouelle, 1819

Neonida grandisBaba & de Saint Laurent, 1996
(Figs 1-4)

Size CL=0.76 mm; CLR=1.62 mm; TL= 2.92 mm; EL= 0.67 mm.

Carapace (Figs. 1A,B). Typical galatheid larval form; without setae; rostrum
elongated, extending beyond antennule, surface with spinules; acute spines posteriorly,
posterodorsal margin with 17 or 18 teeth and posteroventral margin with 14 or 15 teeth;
eyes sessile and long, EL more than 3/4 of CL.

Antennule(Fig. 1C). Uniramous, endopod absent, with 3 aesthetascs and 3 setae
terminally, 1 long subterminal plumose setae.

Antenna (Fig. 1D). Biramous; protopod with 1 spinose process with 2 rows of
spinules, shorter than endopod (about 32% length of exopod); endopod unsegmented,
without setae and with sparsely spines (about 52% length of exopod); exopod
(scaphocerite) ending in long and robust process covered with spinules, inner margin with
8 plumose setae and 1 simple seta.

Mandible (Fig. 2A). Left and right mandibles asymmetric well developed molar
processes strongly spinose; palp absent.

Maxillule (Fig. 2B). Coxal endite with 7 sparsely plumose setae; basial endite with 5
setae (2 strong prominent cuspidate setae with 3—7 denticles and 3 plumodenticulate
setae); endopod 2-segmented with 5 setae on distal segment (1 subterminal simple seta + 3
plumodenticulate and 1 simple terminal setae).

Maxilla (Fig. 2C). Coxal endite bilobed with 8+4 sparsely plumose setae; basial endite
bilobed with 5+4 plumodenticulate setae; endopod unsegmented, bilobed, with 3 (1
minute simple and 2 long plumodenticulate) + 4 setae and mat of microtrichia in inner and
outer margin; exopod (scaphognathite) with 4 marginal plumose setae and 1 long posterior
plumose process.

First maxilliped (Fig. 3A). Coxa with 2 simple setae; basis with 11 sparsely plumose
setae (2,3,3,3) on ventral margin; endopod 5-segmented with 3,2,1,2,5 (1 subterminal + 4
terminal) setae; exopod 2-segmented with 4 long terminal plumose setae.

Second maxillipedFig. 3B). Coxa without setae; basis with 3 sparsely plumose setae
(1,2) on anteroventral margin; endopod 4-segmented with 2,2,2,5 (1 subterminal + 4
terminal) setae; exopod 2-segmented with 4 long terminal plumose setae.

Third maxilliped(Fig. 3C). Small unsegmented bud.

GALATHEOIDEA © 2006 Magnolia Press 5
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PereiopodsAbsent.
Abdomen(Figs. 4A, B). Five somites plus telson; somites 4 and 5 with posterolateral

processes; somites 2-5 with pair of posterodorsal setae and without denticles or teeth on
posterodorsal margin; pleopods absent.

Telson(Figs. 4A, C). Forked with median cleft; with 7+7 processes, first (lateralmost)
non-movable long spine covered with spinules (longer than plumose setae), second short
plumose seta (anomuran hair), third to seventh bearing long, stout plumose setae and

minute spinules.
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FIGURE 1. Neonida grandifBaba and de Saint Laurent, 1996, first zoea. A, lateral view; B, dorsal
view; C, antennule; D, antenna. Scale bar of A and B = 0.5 mm; scale bar of C and D= 0.1 mm.

GUERAOET AL.
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FIGURE 2. Neonida grandisBaba and de Saint Laurent, 1996, first zoea. A, mandibles; B
maxillule; C, maxilla. Scale bar = 0.1 mm.

Agononida squamosg@Henderson, 1885)
(Figs 5-6)

Size CL=0.75 mm; EL= 0.60 mm.

Carapace (Figs. 5A,B). Typical galatheid larval form; without setae; rostrum
elongated, surface with spinules; acute spines posteriorly, posterodorsal margin with 15 or
16 teeth and posteroventral margin with 17 or 18 teeth; eyes sessile and long, the EL more
than 1/2 of CL.

Antennule (Fig. 5C). Uniramous, endopod absent, with 6 setae terminally (not
completely extruded) and 1 long subterminal plumose setae.

GALATHEOIDEA © 2006 Magnolia Press 7
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FIGURE 3. Neonida grandiBaba and de Saint Laurent, 1996, first zoea. A, 1st maxilliped; B, 2nd
maxilliped; C, 3rd maxilliped . Scale bar = 0.1 mm.

Antenna (Fig. 5D). Biramous; protopod with 1 spinose process with 2 rows of
spinules, probably shorter than endopod; endopod unsegmented, without setae and with
sparse spines; exopod (scaphocerite) ending in process not completely extruded in any
examined individuals, inner margin with 8 plumose setae and 1 simple seta.

Mandible Similar to Neonida grandisleft and right mandibles developed molar
processes strongly spinose; palp absent.

Maxillule (Fig. 5E). Setae not completely extruded, but clearly observable. Coxal
endite with 7 sparsely plumose setae; basial endite with 5 setae (2 strong prominent
cuspidate setae); endopod 2-segmented with 5 setae on distal segment (1 subterminal
simple seta + 4 terminal setae).

Maxilla (Fig. 6A). Setae not completely extruded, but clearly observable. Coxal endite
bilobed with 8+4 setae; basial endite bilobed with 5+4 setae; endopod unsegmented,

8 © 2006Magnolia Press GUERAOET AL.



bilobed, with 3 +4 setae and mat of microtrichia in outer margin; exopod (scaphognathit@poTAxa
lobe developed anteriorly only and with 4 marginal plumose seta and 1 long posteri
plumose process.

) N
Aq%

FIGURE 4. Neonida grandisBaba and de Saint Laurent, 1996, first zoea. A, abdomen, dorsal
view; B, abdomen, lateral view; C, telson. Scale bar = 0.5 mm.

First maxilliped (Fig. 6B). Setae not completely extruded, but clearly observable.
Coxa with 2 setae; basis with 11 (2,3,3,3) sparsely plumose setae on ventral margin;
endopod 5-segmented with 3,2,1,2,5 (1 subterminal + 4 terminal) setae; exopod 2-
segmented with 4 terminal setae.

Second maxillipedFig. 6C). Setae not completely extruded, but clearly observable.
Coxa without setae; basis with 3 sparsely plumose setae (1, 2) on anteroventral margin;
endopod 4-segmented with 2,2,2,5 (1 subterminal + 4 terminal) setae; exopod 2-
segmented with 4 terminal setae.

Third maxilliped Small unsegmented bud .

PereiopodsAbsent.

GALATHEOIDEA © 2006 Magnolia Press 9
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FIGURE 5. Agononida squamog#&lenderson, 1885), first zoea. A, lateral view; B, dorsal view; C,
antennule; D, antenna; E, maxillule. Scale bar of A and B = 0.5 mm; Scale bar of C-E = 0.1mm.

Abdomen Five somites plus telson; somites 4 and 5 with posterolateral processes;
somites 2-5 each with pair of posterodorsal setae and without denticles or teeth on

posterior margin; pleopods absent.
Telson Forked with median cleft; with 7+7 processes not completely extruded, first
(lateralmost) immovable spine, second short plumose seta (anomuran hair), third to

seventh bearing long, stout plumose setae and minute spinules.

GUERAOET AL.
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FIGURE 6. Agononida squamosg@lenderson, 1885), first zoea. A, maxilla; B, 1st maxilliped; C,
2nd maxilliped. Scale bar = 0.1 mm.

Munida javieri Macpherson, 1994
(Figs. 7-11)

Size CL=0.97-1.00 mm; CLR= 2.44-2.47 mm; TL=3.97 mm; EL= 0.65 mm.

Carapace (Figs. 7A-C). Typical galatheid larval form; without setae; rostrum
elongated, extending beyond what of antennule, with spines on distal half of surface; acute
spines posteriorly, posterodorsal margin with 15-17 teeth and posteroventral margin with
16-19 teeth; eyes sessile, EL approximately 1/2 of CL.

Antennule(Fig. 8A). Uniramous, endopod absent, with 3 aesthetascs and 3 setae
terminally, 1 long subterminal plumose setae.

Antenna (Fig. 8B). Biramous; protopod with 1 spinose process with 2 rows of
spinules, shorter than endopod (20% length of exopod), spinose process bifurcated
observed only in one case (see Fig. 8B); endopod unsegmented, without setae and with
sparse spines (43% length of exopod); exopod (scaphocerite) long ending in inflated and

GALATHEOIDEA © 2006 Magnolia Press 11
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robust process covered with spines, inner margin with 8 plumose setae and 1 simple seta.

Mandible (Fig. 8C). Left and right mandibles with well developed strongly spinose
molar processes; palp absent.

Maxillule (Fig. 9A). Coxal endite with 7 sparsely setose setae; basial endite with 5
setae (2 strong prominent cuspidate setae with 3—7 denticles and 3 plumodenticulate
setae); endopod unsegmented with 1 short simple seta on inner proximal margin and 5
setae on distal margin (1 subterminal simple seta + 3 long plumodenticulate and 1 simple
terminal setae).

Maxilla (Fig. 9B). Coxal endite bilobed with 8+4 sparsely plumose setae; basial endite
bilobed with 5+4 plumodenticulate setae; endopod unsegmented, bilobed, with 3 + 4 setae;
exopod (scaphognathite) with 4 marginal plumose setae and 1 long posterior plumose
process.

First maxilliped (Fig. 10A). Coxa with 2 setae; basis with 12 (3,3,3,3) sparsely
plumose setae on ventral margin; endopod 5-segmented with 3,2,1,2,5 (1 subterminal + 4
terminal) setae; exopod 2-segmented with 4 long terminal plumose setae.

FIGURE 7. Munida javieri Macpherson, 1994, first zoea. A, carapace, lateral view; B, carapace,
dorsal view; C, tip of rostral spine. Scale bar of A and B = 0.5 mm; scale bar of C = 0.1 mm.

12 © 2006Magnolia Press GUERAOET AL.
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FIGURE 8. Munida javieri Macpherson, 1994, first zoea. A, antennule; B, antenna; C, left
mandible; D, right mandible. Scale bar of A-D = 0.1 mm.

Second maxillipe@Fig. 10B). Coxa without setae; basis with 3 sparsely plumose setae
(1,2) on anteroventral margin; endopod 4-segmented with 2,2,2,5 (1 subterminal + 4
terminal) setae; exopod 2-segmented with 4 long terminal plumose setae.

Third maxilliped(Fig. 10C). Small unsegmented bud.

PereiopodsAbsent.

Abdomen(Figs 11A, B). Five somites plus telson; somite 3 with blunt posterolateral
processes; somites 4 and 5 with posterolateral spiniform processes; somites 2-5 each with
pair of posterodorsal setae (sparsely plumose on somites 4 and 5) and without denticles or
teeth on posterodorsal margin; pleopods absent.

Telson(Figs 11B, C). Forked with median cleft; with 7+7 processes, first (lateralmost)
non-movable long and inflated process covered with spines (longer than plumose setae),

GALATHEOIDEA © 2006 Magnolia Press 13



ZOOTAXA second short plumose seta (anomuran hair), third to seventh bearing long, stout plumose
@ setae with minute spinules in distal half of setae.

FIGURE 9. Munida javieriMacpherson, 1994, first zoea. A, maxillule; B, maxilla. Scale bar = 0.1
mm.
Chirostylidae Ortmann, 1892

Eumunida annulosade Saint Laurent & Macpherson, 1990 ancE. capillatade Saint
Laurent & Macpherson, 1990
(Figs. 12-17)

The morphology of the first zoeae Bimunida annulosandE. capillataare similar and

14 © 2006Magnolia Press GUERAOET AL.



display few variations between species. The following description is badgedaonulosa ZOOTAXA
but also applies t&. capillataexcept where noted.
Size TL 2.9-3.1 mm, CL 1.1-1.2 mm, CLR 1.7-1.8 mm.

B

i

FIGURE 10. Munida javieriMacpherson, 1994, first zoea. A, 1st maxilliped; B, 2nd maxilliped;
C, 3rd maxilliped. Scale bar = 0.1 mm.

Carapace(Figs. 12A, B). Rostrum well developed, extending beyond of scaphocerite
spine and shorter than CL; posterolateral margins rounded, without spines and denticles or
teeth; without setae; eyes sessile, EL less than 1/2 of CL.

Antennule(Fig. 13A). Unirramous, endopod absent, with 6 terminal aesthetascs and 1
long subterminal plumose seta.

Antenna(Fig. 13B). Biramous; protopod with 1 spinose process covered with spines,
slightly longer than endopod; endopod unsegmented, ftsgutotopod, with 2 long
terminal plumose setae unequal in length; exopod (scaphocerite) ending in robust process
at distal margin, inner margin with 9-10 plumose setae and 1 simple seta.

Mandible (Fig. 14A-C). Left and right mandibles developed and asymmetrically
dentate, with 1 and 2 strong incisor processes respectively, and few small procdsses; in
capillata inner processes shorter than E1 annulosa(see Fig. 14B and C); molar

GALATHEOIDEA © 2006 Magnolia Press 15
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processes strongly spinose; palp absent.
Maxillule (Fig. 15A). Coxal endite with 7 setae (5 plumose and 2 simple setae); basal

endite with 4 setae (2 strong prominent cuspidate setae with 3-7 denticles and 2
plumodenticulate setae); endopod 3-segmented with 2 small simple setae on proximal

segment, 1 seta on second segment and 3 setae on distal segment.
Maxilla (Fig. 15B). Coxal endite bilobed with 8+4 plumose setae; basial endite

bilobed with 5+4 plumodenticulate setae; endopod unsegmented, bilobed, with 3 (1
minute and 2 long)+6 (2+4) setae; exopod (scaphognathite) lobe developed anteriorly and

with 5 marginal plumose setae, without long posterior process.

N B

A

\r

'«'\(i"(«(«<«««

FIGURE 11. Munida javieri Macpherson, 1994, first zoea. A, . A, abdomen, lateral view; B,
abdomen, dorsal view; C, telson. Scale bar = 0.5 mm.

First maxilliped (Fig. 16A). Coxa without setae; basis with 11 (2,3,3,3) sparsely
plumose setae on ventral margin; endopod 5-segmented with 3,2,1,2,5 (1 subterminal + 4

GUERAOET AL.
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terminal) setae, mat of long microtrichiae on segments 2 and 3; exopod 2-segmented WAHPTAXA
4 long terminal plumose setae.

Second maxillipe@Fig. 16B). Coxa without setae; basis with 3 sparsely plumose setae
(1,2) on ventral margin; endopod 4-segmented with 2,2,2 (1 strong spine with spinules +
1) setae, 5 (1 subterminal + 4 terminal) setae, mat of long microtrichiae on segment 2-3;
exopod 2-segmented with 4 long terminal plumose setae.

Third maxilliped(Fig. 17A). Small unsegmented bud.
PereiopodsAbsent

FIGURE 12. Eumunida annulosde Saint Laurent and Macpherson, 1990, first zoea. A, lateral
view; B, dorsal view. Scale bar = 0.5 mm.
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FIGURE 13. Eumunida annulosde Saint Laurent and Macpherson, 1990, first zoea. A, antennule;
B, antenna. Scale bar = 0.1 mm.

Abdomen(Figs 12A, B). Five somites plus telson; segments 3-5 with posterolateral
processes; segments 2-5 each with pair of posterodorsal setae; without denticles or teeth
on posterior margin; pleopods absent.

Telson(Figs 12B, 17B). Trigonal in dorsal view, posterior margin slightly convex,
median gap slightly notched, and with non-articulated spine (shorter than plumose setae),
1 short plumose seta (anomuran hair), shorter than spine, and 5 long plumose setae with
spinules on each side.

Discussion

The first zoeae ofNeonida grandis Agononida squamosand Munida javieri bear
recognized diagnostic features of galatheid species: presence of spines and teeth on the
posterolateral margin of the carapace, and presence of a long plumose process on the
posterior margin of the scaphognathite (Gurney 1942, Van Daivedr 1982, Konishi &
Saito 2000). The morphology of the first larvaAfononida squamosia similar to the
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previously described specids incerta (Henderson, 1888) (Table 1). Both species of ZOOTAXA
Agononida have a two-segmented endopod on the maxillule, with 0 and 5 seta
respectively; the basal segment of the endopod of the first maxilliped bears 3 setae, and the
antennal endopod is long, without long plumose setae (Konishi & Saito 2000). Konishi

and Saito (2000) reported a minute simple seta at the tip of the antennal endopod, but this
seta is not observed M squamosathese authors indicated that the posterodorsal margin

of the abdominal somites bore teeth, but no teeth appear in a figure of the dorsal view of

the abdomen (Konishi & Saito 2000; Fig. Agononida squamosagrees with the figure

provided by Konishi and Saito, in lacking spines or teeth on the posterior margin of the
abdomen, with the exception of the posterolateral processes of somites 4 and 5.

C
3

FIGURE 14. Eumunida annulosale Saint Laurent and Macpherson, 1990, first zoea. A, rigth
mandible; B left mandibleeumunida capillatale Saint Laurent and Macpherson, 1990, first zoea.
C, incisor process of the left mandible. Scale bar = 0.1 mm.

The morphology of the first zoea of tiNeonida grandigesembles the first larval
stage ofAgononidaspecies, showing a similar setation (TableN§onida grandizoeae
have larger eyes (longest axis longer than 3/4 of CL) than other described galatheid zoeas.
The similarity in larval morphology betwedkgononidaandNeonida both differing
from species oMunida, agrees with the phylogenetic structure of the group. The former
two genera are clearly separated fromhenidaclade, and they are characterized by the
presence of only one pair of gonopods in adult males instead of two (Baba & de Saint
Laurent 1996, Machordom & Macpherson 2004). The morphological differentiation of the
adult Agononidaand Neonidais not reflected in the first larval stages, as it has been
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observed in other decapods, for example, Brachyura (Rice 1980). It will be interesting to
compare the morphological characteristics of the first stages of the other genera of the
AgononidaNeonidaclade (e.g.BathymunidaAnoplonidaBaba & Saint Laurent, 1996,
Heteronida Baba & Saint Laurent, 1996Dnconida Baba & Saint Laurent, 1996,
Plesionida Baba & Saint Laurent, 199&aramunida Baba, 1988 andCrosnierita
Macpherson, 1998) to confirm the lack or presence of early differentiation.

FIGURE 15. Eumunida annulosde Saint Laurent and Macpherson, 1990, first zoea. A, maxillule;
B, maxilla. Scale bar = 0.1 mm.

Munida javieripossesses characters not previously described for any lavianada
the morphology of the distal process of the antennular exopod, the presence of a robust
posterolateral processes on abdominal somite 3 and the setation of the endopod of the
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maxillule (Table 1). The presence of 1+1+4 setae on endopod of the maxillule has begppTAXA
previously described i€ervimunida johniand Sadayoshia edwars{isee Fagetti 1960,

Fujita & Shokita 2005). These significant differences support the genetic and
morphological differentiation ofl. javieri that, together with other closely allied species

(M. callistaMacpherson 1994\. hystrixMacpherson & de Saint Laurent 1991), seem to

belong to another genus (Machordom & Macpherson 2004).

FIGURE 16. Eumunida annulosae Saint Laurent and Macpherson, 1990, first zoea. A, 1st
maxilliped; B, 2nd maxilliped. Scale bar = 0.1 mm.

The morphology of the first zoeae Bfimunida annulosandE. capillatais similar in
structure, size and setation. Therefore, they are difficult to differentiate from one another.
Only the mandible presents a slightly different morphology between the two species (see
Fig. 14). The first zoeal stage Biimunida annulosandE. capillatadiffers clearly from
the first larval stages oGastroptychussp., Uroptychus cf. politus and Chirostylus
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dolichopus (Pike & Wear 1969, de Saint Laurent & Macpherson 1990, Ogawa &
Matsuzaki 1992). The larvae @ astroptychusand Uroptychushatch at an advanced
developmental stage and are morphologically equivalent to fourth or fifth stage zoeae of
the galatheids: the antennular protopod and the antennal endopod are segmented, the
mandibular palp is present, the pereiopods are developed (first chelate), the abdomen has
six somites, the pleopod buds are present on somites 2-5, and the posterior margin of the
telson has more than 7+7 processes or setae (Pike & Wear 1969).

)
V,

FIGURE 17. Eumunida annulosale Saint Laurent and Macpherson, 1990, first zoea. A, 3rd
maxilliped; B, telson. Scale bar = 0.1 mm.

The first larvae oEumunida annulosandE. capillatado not show characters of the
typical abbreviated development observed in other Anomura, including the morphology
and setation of the mouthparts (Samuelsen 1972, Wilkersd 1990, Cormie 1993,
Konishi & Taishaku 1994). The stage of development is equivalent to a first zoea of a
galatheid larva (Lebour 1931, Huus 1934, Fagetti & Campodonico 1971, Roberts 1973,
Gore 1979, Christiansen & Anger 1990, Fujhal. 2001, Fujita & Shokita 2005).
However, the first zoeae dumunida annulosandE. capillatado not agree with the
diagnostic features of the galatheids proposed by Gurney (1942) and Konishi & Saito
(2000). In particular, first larval stage Biimunidadiffers clearly from the galatheids and
other Galatheoidea zoeae by the absence of spines and teeth on the posterolateral margin
of the carapace and the absence of the posterior lobe and a long plumose process or setae
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on the posterior margin of the scaphognathite (Gurney 1942, Wear 1965, Knight 197820TAxA
Gonzalez-Gordilloet al. 1996, Fujitaet al. 2002, Konishi & Saito 2000, dos Santos &
Gonzéalez-Gordillo 2004, Fujita & Shokita 2005). The maxillary scaphognathité of
umunidaagrees with the type 1 classification of Van Doeeral. 1982: posterior lobe
absent and, usually, with 5 marginal plumose setae. This scaphognathite is found in
pagurids, diogenids, coenobitids and lithodids (Van Devet. 1982, Konishi & Taishaku
1994, Hebling & Mansur 1995, Brodie & Harvey 2001, McLaugbtiml 2003). In these
anomurans, the posterior lobe first appears in the last zoeal stage or in the first postlarval
stage (Van Doveet al 1982). Moreover, thEumunidaannulosaandE. capillatazoeae
possess other features frequently present in many pagurid larvae, which are not found in
galatheids: (1) the endopod of the antenna has two terminal long plumose setae (1 in
galatheids), (2) the basial endite of the maxillule ends in 2 stout cuspidate setae, with 2
additional setae (3 in galatheids) which are present (or not) in pagurid and hippid species
(Gurney 1942, Knight 1970, Gore & Scotto 1983, Ingle 1990, Bidle & McLaughlin 1992,
McLaughlin & Gore 1992, Shenoy & Sankolli 1993), (3) the endopod of the maxillule is
3-segmented (1- or 2-segmented in galatheids); the same setation of the maxillular
endopod irEumunida annulosandE. capillata(2,1,3) is also observed in some pagurids
asPhimochirus holthuisfProvenzano, 1961) (Gore & Scotto 1983) Badurus constans
(Stimpson, 1858) (Hong & Kim 2002, &arapagurodes constang4) the coxa of the
first maxilliped is devoid of setae (usually 2 setae in galatheids). An interesting feature is
the presence of the strong spine on the third segment of the endopod of the second
maxilliped in Eumunidazoeae (see Fig. 16 B). Many pagurids show a similar spine on
segments 1-3 of the endopod and on the basis of the same appendage (e.g., Mataughlin
al. 1991, Bidle & McLaughlin 1992). De Saint Laurent & Macpherson (1990) indicated
the possibility for confusion of the first larval stageeofcapillatacollected from plankton
with pagurid larvae. The morphology of the endopod of the second maxilliped is a useful
character for differentiation.

Different phylogenetic hypotheses have been proposed to explain the relationship
between galatheoid families (Martin & Abele 1986, Morrisbal 2001, Pérez-Losadsd
al. 2002, Ahyong & O’Meally 2004). The morphology of the first zoea&wihunida
annulosaandE. capillataagrees with the spermatological phylogeny suggested by Tudge
(1997). Tudge, considered chirostylids more closely related to a variety of paguroids than
to other galatheoids. However, later (or subsequent) molecular and morphological studies
do not support Tudge’s (1997) view. These studies suggest that the chirostylids are closely
related to porcellanids (Pérez-Losadal 2002, Ahyong & O’Meally 2004) or galatheids
(Morrison et al. 2001) and form the monophyletic galatheoid clade. Therefore, it will be
necessary to have more morphological, larval and molecular studies to improve our
knowledge of the phylogenetic relationships among chirostylid genera and between
chirostylids and the other galatheoid families.
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ZOOTAXA TABLE 1. Morphological differences among first zoeal stagesAgbnonida Neonida and

@ Munida. Agononida incerta(see Konishi & Saito 2000Agononida squamosgpresent study);
Neonida grandigpresent study)Munida subrugosdsee Roberts 1973Munida tenuimangsee
Huus 1934);Munida striola (see Konishi & Saito 2000)Munida javieri (present study).
Abbreviations: s, setae; a, aesthetascs; ps, plumose seta; PLP, posterolateral process; -, without; +,
with; nd, no data.

feature Agononida incerta Agononida squamosa  Neonida grandis
CL (mm) 0.90-1.05 0.75 0.76
CLR (mm) 1.68-2.07 nd 1.60-1.64
Antennula (a/s+ps) 6+1 6+1 6+1
Antenna

s on endopod 0 0 0

s on exopod 9 9 9
Maxillule

s on coxal end. 7 7 7

enpodod segments 2 2 2

s on endopod 0,1+4 0,1+4 0,1+4
Maxilla

s on coxal end. 8+4 8+4 8+4

s on basial end. 5+4 5+4 5+4
First maxilliped

s on basis 2+3+3+3 2+3+3+3 2+3+3+3
Abdomen (PLP)

somite 3 - - -
Munida subrugosa Munida tenuimana  Munida striola Munida javieri
nd nd 0.73-0.91 0.9#41.00
1.25-1.78 nd 1.43-1.73 2.442.47
5+1 4+1 6+1 6+1
0 0 1 0
8 8 9 9
6 5 7 7
1 1 1 1
1+4 1+4 1+4 1+1+4
6+4 5+3 8+4 8+4
4+4 3+4 5+4 5+4
3+3+3+3 2+3+3+3 2+3+3+3 3+3+3+3
- - - +
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