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A B S T R A C T 

The four zoeal stages and megalopal phase of the xanthid crab Lophozozymus 

pictor (Fabricius, 1798) are described and fully illustrated. A comparison bet

ween the zoeal stages of L. pictor and Atergatis reticulatus is tabulated. 

Characters selected from larvae representing six subfamilies, which may defi-

ne first stage Xanthidae MacLeay, 1838 (sensu Serène, 1984) zoea, are listed. 

The first stage zoeal appendages of Palapedia valentini Ng, 1993, considered 

to be diagnostic of a new Xanthidae subfamily Kraussiinae Ng, 1993, are 

reappraised and the chaetotaxy of the antennal exopod as a diagnostic charac-

ter of the Xanthidae MacLeay, 1838 (sensu Serène, 1984) is discussed. 

R É S U M É 

Le développement larvaire du crabe vénéneux, Lophozozymus pictor (Fabricius, 

1798) (Crustacea, Decapoda, Brachyura, Xanthidae, Zosiminae), et commen

taires sur les caractères familiaux des premiers stades zoés. Les quatre stades zoés 

et la phase mégalope du crabe Xanthidae Lophozozymus pictor sont décrits et 

illustrés de manière détaillée. Les stades zoés de L. pictor et & Atergatis reticu

latus sont comparés sous forme de tableau. À partir des larves de six sous-

familles, les caractères pouvant définir le premier stade zoé des Xanthidae 

MacLeay, 1838 (au sens de Serène 1984) sont énumérés. Les appendices du 

premier stade zoé de Palapedia valentini Ng, 1993, considérés comme carac

téristiques d'une nouvelle sous-famille de Xanthidae, les Kraussiinae Ng, 

1993, sont réexaminés et l'utilisation de la chétotaxie de l'exopodite anten-

naire comme caractère diagnostique des Xanthidae est discutée. 
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I N T R O D U C T I O N 

T h e p o i s o n o u s I n d o - W e s t Pac i f i c r ee f c r ab 

Lophozozymus pictor ( F a b r i c i u s , 1 7 9 8 ) 

(Xanthidae) has been the subject o f many stu

dies, bu t mos t o f the work has focused on its 

t a x o n o m y a n d b i o l o g y ( G u i n o t 1 9 7 7 , 1 9 7 9 ; 

Y a s u m o t o et al. 1 9 8 6 ; L l ewe l lyn & E n d e a n 

1989) . As part o f the studies on the ecology and 

toxic nature o f this species in Singapore (Chia et 

al. 1993; N g et al. 1990, 1992) , several ovigerous 

f e m a l e s were o b t a i n e d . F r o m o n e o f t h è s e 

females, four zoeal stages and the megalop phase 

were reared in the laboratory and this présent 

paper serves to describe and figure thèse larvae. 

This is the first larval account o f a Lophozozymus 

species and only the second o f the Z o s i m i n a e 

(sensu Serène 1984) ; see the description by Terada 

(1980) of Atergatis reticulatus. T h e opportunity is 

also taken to tedescribe the first s tage zoea o f 

Palapedia valentini N g , 1993 (Krausinae). 

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

T h e ovigerous female o f Lophozozymus pictor was 

collected from a reef on Siloso Beach, Sentosa 

Island, Singapore, and is now deposited, together 

w i t h r e m a i n i n g l a r v a e , in the Z o o l o g i c a l 

Référence C o l l e c t i o n , N a t i o n a l Univers i ty o f 

Singapore ( Z R C 1997 .771 ) . 

T h e ovigerous crab was isolated in a tank with 

strong aération. First stage zoea hatched on the 

twenty-ninth January 1992 and development to 

megalop was completed by the end of February. 

T h e larvae were reared in 10 cm diameter plastic 

bowls in about 1 cm depth o f 1 0 0 % filtered sea 

water. Ail stages were fed with newly hatched 

brine shrimps (cysts filtered off) . T h e water was 

c h a n g e d d a i l y a n d c o n t a i n e d no a d d i t i v e s . 

Ave tage wate t t empéra tu re was a b o u t 2 6 ° C . 

First a n d second zoeas were s tocked at abou t 

twenry per bowl, thitd and fourth zoeas as well as 

the mega lops at abou t ten per bowl. N o crab 

stages were obtained. Ail spécimens were initially 

preserved in buffered formalin and latet transfer-

red to 7 0 % alcohol. 

T h e larvae were d i ssec ted us ing an M 5 Wi ld 

binocular microscope with a supplementary lens 

(x 2 ) . A p p e n d a g e s were not s ta ined and were 

mounted on slides using polyvinyl lactophenol. 

Cover slipes were sealed with cleat Sally Hansen 

nail varnish . Setal observa t ions and drawings 

were made using an Olympus B H 2 microscope 

with Nomarski interférence contrast and caméra 

lucida at tachment. T h e long aesthetascs on the 

antennules, and the long plumose setae on distal 

exopod segments are not fully illustrated but are 

drawn truncated. T h e dotsal carapace spines o f 

the thitd and fourth stages are not i l lustrated 

because they appeared not to survive the préser

va t ion process a n d therefore any se ta t ion on 

thèse could not be recorded. T h e zoeal descrip

tion is based on the malacosttacan somite plan 

and is ordered from anterior to posterior. Setal 

armature on appendages is described from proxi

mal to distal segments and in order o f endopod 

to exopod. 

Seven first stage, seven second stage, five third 

stage, five fourth stage zoeas and three megalops 

o f Lophozozymus pictor were dissected for rhis 

study. However, o f the three extant first s tage 

zoea o f Palapedia valentini d e p o s i t e d in the 

Z o o l o g i c a l R é f é r e n c e C o l l e c t i o n , N a t i o n a l 

University o f Singapore ( Z R C 1 9 9 7 . 7 7 0 ) , only 

two spécimens were prepared for the redescrip-

tion o f appendages. 

Lophozozymus pictor (Fabricius, 1798) 

(Figs 1-21) 

LARVAL D E S C R I P T I O N S 

Zoea L 

C a r a p a c e ( F i g . 1 A ) : d o r s a l s p i n e l o n g a n d 

sttaight, spinulation absent; rosttal spine slightly 

shorter than dorsal spine, approximately equal in 

length to the pro topod o f antenna, spinulation 

absent; latéral spines présent, much shorter than 

rostral and cutving ventrally; anterodorsal setae 

absent; one pair o f posterodorsal setae; each ven-

ttal matgin without setae; eyes sessile. 

A n t e n n u l e ( F i g . 2 A ) : u n i r a m o u s , e n d o p o d 

absent; e x o p o d unsegmen ted with two broad , 

long, two shotter, slender tetminal aesthetascs 

and one tetminal seta. 

Antenna (Fig. 8A, B ) : protopodal process devoid 

of spinulation, approximately equal in length to 
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I-arval development of Lophozozymus pictor 

FIG. 1. — Lophozozymus pictor (Fabricius, 1798): anterior view 
of carapace; A , first zoea; B , second zoea. Scale bars: 1 mm. 

FIG. 2. — Lophozozymus pictor (Fabricius, 1798): antennule; A , 
first zoea; B , second zoea; C , third stage; D , fourth stage. Scale 
bars: 0.1 mm. 

rostral spine; endopod absent; exopod rudimen-
tary, unsegmented with thtee unequal setae, two 
smallest setae terminal, largest seta subterminal. 
Mandible: palp absent. 
M a x i l l u l e (F ig . 9 A ) : coxal endi te wi th seven 
setae; basial endite with five setal processes and 
two small teeth; endopod 2-segmented, proximal 
segment with one seta; distal segment with six 
(two subtetminal , four terminal) setae; exopod 
seta absent. 
Maxilla (Fig. 10A): coxal endite bilobed with 4 + 
4 setae; basial endite bi lobed with 5 + 4 setae; 
e n d o p o d bi lobed with 3 + 5 (2 subterminal + 
3 terminal) setae; exopod (scaphognathite) margin 
with four setae and one long distal stout process. 
First maxilliped (Fig. 11A): coxa without setae; 
basis with ten setae arranged 2 , 2 , 3, 3; endopod 
5-segmented with 3, 2, 1 , 2 , 5 (1 subterminal + 
4 terminal) setae respectively; exopod 2-segmen
ted, distal segment with four long terminal plu
mose natatory setae. 
S e c o n d m a x i l l i p e d (F ig . 1 2 A ) : coxa w i t h o u t 
setae; basis with four setae; endopod 3-segmen-
ted, with 1, 1, 6 (3 subterminal + 3 terminal) 
setae respectively; e x o p o d 2 - segmented , distal 
segment with four long terminal p lumose natato
ry setae. 
Thi rd maxilliped: absent. 
Pereiopods: absent. 
Abdomen (Figs 13A, 14A): five somites; somite 2 
with one pair o f dorsolateral processes directed 
anteriorly; somite 3 with one pair of dorsolateral 
processess directed posteriorly; somites 1-2 with 
short rounded and somites 3-5 with posterolate-
ral spinous ptocesses rudimentary; somites 2-5 
with one pair o f pos te rodorsa l setae; p l e o p o d 
buds absent. 
Telson (Figs 13A, 14A, 15A) : each fork long, 
gradually curved, not spinula ted; two pairs o f 
small latéral spines ; one pair o f dorsal medial 
spines larger than laterals; posterior margin with 
three pairs o f stout spinulate setae. 

Zoea II 
Catapace (Figs 1B, 3A): four pairs o f anterodor-
sal setae; each ventral marg in with four setae 
(one p lumose anterior seta and three non-plu-
m o s e poster ior se tae) ; eyes s ta lked; o therwise 
unchanged. 
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FIG. 3. — Lophozozymus pictor (Fabricius, 1798): chaetotaxy of 
ventral carapace margin; A , second zoea; B , third stage zoea; 
C , fourth stage zoea. Scale bar: 0.3 mm. 

Antennule (Fig. 2 B ) : exopod with one additional 
broad, long aesthetasc; otherwise unchanged. 
Antenna (Fig. 8 C , D ) : endopod présent; exopod 
teduced; otherwise unchanged. 
Mandible: unchanged. 
Maxillule (Fig. 9 B ) : coxal endite with eight dis
t inct setae; basial endi te with eight setal p ro 
c e s s e s , i n n e r m a r g i n w i t h t e e t h n o l o n g e r 
p rominen t ; e n d o p o d unchanged ; e x o p o d seta 
présent. 
M a x i l l a (F ig . 1 0 B ) : e x o p o d ( s caphogna th i t e ) 
margin with thirteen setae, long distal stout pro
cess no longer prominent; otherwise unchanged. 
First maxi l l iped (Fig. 11 B ) : exopod distal seg
ment with six long terminal p lumose natatory 
setae; otherwise unchanged. 
Second maxilliped (Fig. 12B) : exopod distal seg
ment with six (occasionally seven) long terminal 
plumose natatory setae; otherwise unchanged. 

FIG. 4. — Lophozozymus pictor (Fabricius, 1798): anterior view 
of carapace, third zoea. Scale bar: 1 mm. 

FIG. 5. — Lophozozymus pictor (Fabricius, 1798): anterior view 
of carapace, fourth zoea. Scale bar: 1 mm. 
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Larval development of Lophozozymus pictor 

FIG. 6. — Lophozozymus pictor (Fabricius, 1798); A , latéral view 
of megalop carapace; B , dorsal view of megalop carapace; C , 
megalop antennule. Scale bars: A, B, 1 mm; C, 0.1 mm. 

F IG . 7. — Lophozozymus pictor (Fabricius, 1798): maxil la of 
megalop. Scale bar: 0.1 mm. 

Third maxilliped: absent. 
Pereiopods: absent. 
Abdomen (Figs 13B, 14B) : somites 3-5 with pos-
terolateral sp inous processes more deve loped; 
somi te 1 with one media l seta; otherwise un-
changed. 
Telson (Figs 13B , 14B, 1 5 D ) : posterior margin 
with three pairs o f stout spinulate setae plus one 
pair o f medial setae; otherwise unchanged. 

Zoea III 
Carapace (Figs 3 B , 4 ) : six pairs o f anterodorsal 
setae; each ventral margin with nine setae (one 
p l u m o s e anterior seta and eight n o n - p l u m o s e 
posterior setae); otherwise unchanged. 
Antennule (Fig. 2 C ) : b i r amous ; e n d o p o d b u d 
présent; exopod with one additional subterminal 
aesthetasc; otherwise unchanged. 
Antenna (Fig. 8 E , F ) : endopod longer; exopod 
reduced; otherwise unchanged. 
Mandible: unchanged. 

Maxillule (Fig. 9 C ) : coxal endite with nine setae; 
basial endite with eleven setal processes; other
wise unchanged. 
Maxilla (Fig. 1 0 C ) : coxal endite with 5 + 4 setae; 
basial endite bilobed with 5 + 5 setae; endopod 
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FIG. 8. — Lophozozymus pictor (Fabricius, 1798): A , C, E , G, I, antenna; B, D, F, H , antennal exopod; A , B , first zoea; C , D , second 
zoea; E , F , third zoea; G , H , fourth zoea; I, megalop. Scale bars: 0.1 mm. 

ZOOSYSTEMA • 1998 • 20 (2 ) 



Larval development of Lophozozymus pictor 

FIG. 9. — Lophozozymus pictor (Fabricius, 1798): maxillule; A , 
first zoea; B , second zoea; C , third zoea. Scale bars: 0.1 mm. 

u n c h a n g e d ; e x o p o d ( s c a p h o g n a t h i t e ) m a r g i n 
with twenty-three setae. 
First maxilliped (Fig. 18A): endopod distal seg
ment now with six (two subterminal and four 
terminal) setae; exopod distal segment with eight 
long terminal plumose natatory setae; otherwise 
unchanged. 

Second maxilliped (Fig. 19A): exopod distal seg
ment with nine long terminal p lumose natatory 
setae; otherwise unchanged. 
Third maxilliped (Fig. 17A): présent, rudimenta-
ry and biramous; endopod slightly longer than 
exopod. 
Pere iopods (F ig . 1 6 C ) : présent , rud imentary , 
undifferentiated into segments; cheliped bilobed; 
gills présent on pereiopods 1-3. 
A b d o m e n ( F i g s 1 3 C , 1 4 C ) : 6 - s e g m e n t e d ; 
somites 3-5 with posterolateral spinous processes 
m o r e p r o n o u n c e d a n d e x t e n d e d pos te r io r ly ; 
somite 1 with three setae; somite 6 without setae; 

F I G . 10. — Lophozozymus pictor (Fabric ius, 1798): maxi l la; 
A , first zoea; B , second zoea; C , third zoea. Scale bars: 0.1 mm. 

pleopod buds présent on somites 2-6, uniramous 
with endopods absent; otherwise unchanged. 
Telson (Figs 1 3 C , 1 4 C , 1 5 Q : posterior margin 
with three pairs o f stout spinulate setae plus two 
pairs o f medial setae; otherwise unchanged. 

Zoea IV 
C a r a p a c e (Figs 3 C , 5 ) : seven pairs o f an tero-
dorsal setae; each ventral margin with thifteen 
setae (one plumose anterior seta and twelve non-
plumose posterior setae); otherwise unchanged. 
Antennule (Fig. 2 D ) : endopod unchanged; exo
pod now with 2 + 7 thin subterminal aesthetascs, 
terminal aesthetascs unchanged. 
Antenna (Fig. 8 G , H ) : endopod longer; exopod 
reduced; otherwise unchanged. 
Mandible (Fig. 16A): palp présent. 
Maxil lule (Fig. 1 7 D ) : coxal endite with twelve 
setae; basial endite with thirteen setal ptocesses; 
otherwise unchanged. 
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FIG. 1 1 . — Lophozozymus pictor (Fabricius, 1798): first maxilli
ped; A , first zoea; B , second zoea. Scale bars: 0.1 mm. 

M a x i l l a (F ig . 1 7 F ) : coxal end i t e u n c h a n g e d ; 
basial endite bilobed with 5 + 7 setae; endopod 
u n c h a n g e d ; e x o p o d ( s c a p h o g n a t h i t e ) m a r g i n 
with thirty-two setae. 
First maxi l l iped (Fig. 1 8 B ) : exopod distal seg
ment with ten long terminal p lumose natatory 
setae; otherwise unchanged. 
Second maxilliped (Fig. 19B) : exopod distal seg
ment with eleven long terminal p lumose nata
tory setae; otherwise unchanged. 
Third maxilliped (Fig. 17B) : developing; other
wise unchanged. 

Pereiopods (Fig. 1 6 D - H ) : developing with diffe-
rentiation o f segments, segments without setae; 
gill appendages not discernible. 
Abdomen (Figs 17G, 20A, C , E , G , I, K ) : poste
rolateral spinous processes more pronounced and 
extended posteriorly; p l eopods b i r amous with 
e n d o p o d s présent except on p l eopod 5 ( somi 
te 6) ; otherwise unchanged. 

F I G . 12. — Lophozozymus pictor (Fabr ic ius, 1798): second 
maxilliped; A , first zoea; B , second zoea. Scale bar: 0.1 mm. 

Telson (Figs 1 7 G , 2 0 A , M ) : poster ior marg in 
with three pairs o f stout spinulate setae plus four 
pairs o f medial setae; one pair o f medial setae 
présent on dotsal surface; otherwise unchanged. 

Megalop 

Carapace (Fig. 6A, B ) : short rostrum deflected 
posteriorly; setation as figured. 
Antennule (Fig. 6 C ) : peduncle 3-segmented with 
1, 1, 4 (2 shor t + 2 l ong ) se tae respect ively; 
endopod 1-segmented with five terminal setae; 
exopod 4-segmented, segments 2 , 3, 4 , with 9, 8 
and 4 (subterminal) aesthetascs respectively, seg
ments 3, 4 with 2 , 2 (1 subtetminal, 1 terminal) 
setae respectively. 

Antenna (Fig. 81): 3-segmented peduncle with 4, 
1, 2 setae respectively; 7-segmented flagellum with 
0, 2, 0, 4, 0, 4, 4 (terminal) setae respectively. 
Mand ib l e (Fig. 16B:) palp 3-segmented, distal 
segment with eleven marginal setae. 
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Larval development of Lophozozymus pictor 

A B C 

FIG. 13. — Lophozozymus pictor (Fabricius, 1798): dorsal view 
of abdomen; A , first zoea; B , second zoea; C , third zoea. Scale 
bars: 0.5 mm. 

Maxillule (Fig. 17E) : coxal endite with seventeen 
setae; basial endite with twenty-two setal pro
cesses; endopod 2-segmented, proximal segment 
with three setae, distal segment with four (two 
subterminal and two shorter terminal) setae. 
Maxilla (Fig. 7 ) : coxal endite bilobed with 10 + 7 
s e t a e ; b a s i a l e n d i t e b i l o b e d w i t h 7 l o n g , 
1 minute + 1 0 long, 1 minute setae; e n d o p o d 
simple with 1 subterminal seta + 4 setae on the 
lower external margin; exopod (scaphognathite) 
marg in with fifty-three setae a n d four latéral 
setae. 

First maxilliped (Fig. 21A) : epipod with thirteen 
l ong se tae ; coxal end i t e wi th four teen se tae ; 
basial endite with twenty-four setae; e n d o p o d 
unsegmented with four setae and a small termi
nal spine; e x o p o d 2 -segmented , p roximal seg-

FIG. 14. — Lophozozymus pictor (Fabricius, 1798): latéral view 
of abdomen; A , first zoea; B , second zoea; C , third zoea. Scale 
bars: 0.5 mm. 

ment with one proximal and one distal seta; dis
tal segment with one small subterminal seta and 
seven long terminal p lumose feeding setae. 
Second maxill iped (Fig. 2 1 B ) : epipod with ele
ven long setae; p rodob tanch gill présent; coxa 
a n d bas is not d i f ferent ia ted , wi th two se tae ; 
endopod 5-segmented, ischium with two setae, 
merus with three setae, carpus with one seta, 
p t o p o d u s wi th six se tae , dac ty lus wi th seven 
setae; e x o p o d 2 - segmented , proximal segment 
with two marginal medial setae; distal segment 
with five long terminal p lumose feeding setae. 
Third maxilliped (Fig. 17C) : epipod with twenty-
three long setae and arthrobranch gill; coxa and 
basis not differentiated, with twenty-four setae; 
ischium inner margin with six teeth and twenty-
two setae; merus with sixteen setae; catpus with 

ZOOSYSTEMA • 1998 • 20 (2 ) 209 I 



Clark P. F. & Ng P. K. L. 

FIG. 15. — Lophozozymus pictor (Fabricius, 1798): dorsal view 
of telson; A , first zoea; B , second zoea; C , third zoea. Scale 
bars: 0.1 mm. 

eight setae; p r o p o d u s with ten setae; dactylus 
with eight setae; exopod 2-segmented, proximal 
segment with four marginal setae, distal segment 
with two minu te sub te rmina l sp ines and five 
long terminal p lumose raptatory setae. 
Pereiopods (Fig. 2 1 C - G ) : ail segments well diffe
rentiated and with setae; ischium o f chela with 
p rominen t hook; i schium o f walk ing legs 1-3 
with a single spine; propodus o f fifth pereiopod 
with three long subterminal setae. 
S te rna l p la tes : p la tes 1-3 fused wi th m i n u t e 
media l spine f lanked with four pairs o f setae; 
s ternal p la te 4 wi th a pai r o f m i n u t e media l 
spines and an outer pair o f minute spines and 
with four pairs o f setae; sternal plates 5 and 6 
with one seta on each s ide; remain ing sternal 
plates setae not observed but may be présent. 
A b d o m e n (Figs 1 7 H , 2 0 B , D , F, H , J , L ) : six 
somites présent; somite 1 with three pairs o f late-

FIG. 16. — Lophozozymus pictor (Fabricius, 1798): mandibular 
palp; A , fourth zoea; B , megalop, pereiopods; C , third zoea; 
D - H , fourth zoea. Scale bars: A, B, 0.1 mm; C-H, 0.5 mm. 

ral setae, three medial setae and three pairs o f 
posterior marginal setae; somites 2 and 3 with 
one pair o f medial setae and five pairs o f poste
rior marg ina l setae; somi t e 4 and 5 with two 
pairs o f medial setae and five posterior marginal 
setae; somi te 6 with two pairs o f latéral setae; 
somites 2-5 each with one pait o f biramous pleo-
pods , e n d o p o d unsegmented with subterminal 
hooks on the internai marg in ; e x o p o d unseg
mented, pleopods 1-4 with 19, 20 , 17, 15 long 
marg ina l p l u m o s e na ta tory setae tespectively; 
uropod présent on somite 6, b i ramous with an 

FIG. 17. — Lophozozymus pictor (Fabricius, 1798): A - C , third 
m a x i l l i p e d ; A , t h i r d z o e a ; B , f ou r t h z o e a ; C , m e g a l o p ; 
D , E , maxillule; D , fourth zoea; E , megalop; F , maxilla of fourth 
zoea; G , H , dorsal view of abdomen; G , fourth zoea; H , mega
lop. Scale bars: A, B, 0.5 mm; C-H, 0.1 mm. 
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FIG. 18. — Lophozozymus pictor (Fabricius, 1798): first maxilli
ped; A , third zoea; B , fourth zoea. Scale bars: 0.1 mm. 

endopod seta, exopod with nine long marginal 
p lumose natatory setae. 
Telson (Figs 1 7 H , 2 0 B , N ) : with two pairs o f 
media l dorsal and ventral setae, one o f latéral 
setae, three posterior marginal setae (variable in 
number) . 

Palapedia valentini N g, 1993 
(Figs 22 -25 ) 

Palapedia valentini Ng, 1993: 145-147 , fig. 5A-E. 

R E D E S C R I P T I O N 

Zoea I 
Carapace (Fig. 22A, E , F ) : dorsal spine long and 
cu rved d is ta l ly wi th sma l l tubercu les , near ly 
twice as long as rostral spine; rosttal spine much 
shorter than dorsal spine, approximately equal in 

F I G . 19. — Lophozozymus pictor (Fabr ic ius, 1798): second 
maxill iped; A , third zoea; B , fourth zoea. Scale bar: 0.1 mm. 

length to the p ro topod o f antenna, with a few 
small tubercules; latetal spines présent and distal
ly curved posteriorly; one pair o f posterodorsal 
setae; ventral margin without setae; eyes sessile. 
A n t e n n u l e ( F i g . 2 2 B ) : u n i r a m o u s , e n d o p o d 
absent; e x o p o d unsegmen ted with two broad , 
long, two shorter, s lendet terminal aesthetascs 
and one tetminal setae. 

Antenna (Fig. 2 2 C , D ) : protopodal process distal
ly spinulate, approximately equal in length to ros
tral spine; endopod absent; exopod rudimentary, 
unsegmented with two unequal terminal setae. 
Mandible: palp absent. 

FIG. 20. — Lophozozymus pictor (Fabricius, 1798): A , B , latéral 
view of abdomen; A , fourth zoea; B , megalop; C - F , first pleo-
pod, somite 2; C , fourth zoea; D , megalop, second pleopod, 
somi te 3; E , four th zoea ; F , mega lop ; G - L , th i rd p leopod , 
somite 4; G , fourth zoea; H , megalop, fifth pleopod, somite 5; 
I, fourth zoea; J , megalop, sixth pleopod (uropod), somite 6; 
K, fourth zoea; L , megalop; M , N , dorsal view of telson; M , fourth 
zoea; N , megalop. Scale bars: A, B, 0.5 mm; C-M, 0.1 mm. 
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Fia. 2 1 . — Lophozozymus pictor (Fabricius, 1798): A , first maxil
l iped of mega lop; B , second maxi l l iped of mega lopa; C , D , 
megalop; C , first pereiopod (chela); D , second pereiopod (first 
walking leg); E - G , megalop; E , third pereiopod (second walking 
leg); F , fourth pereiopod (third walking leg); G , fifth pereiopod 
(fourth walking leg). Scale bars: A, B, 0.1 mm; C-G, 0.5 mm. 
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FIG. 22. — Palapedia valentini Ng, 1993: zoea I; A , latéral view 
of carapace; B , antennule; C, antenna; D , antennal exopod; 
E, dorsal spine; F, rostral spine. Scale bars: A - C , E, F, 0.1 mm; 
D, 0.05 mm. 

Maxi l lu le (Fig . 2 3 A ) : coxal endi te with seven 
setae; basial endite with five setal processes and 
two small teeth; endopod 2-segmented, proximal 
segment with one seta; distal segment with six 
(two subtetminal , four terminal) setae; exopod 
seta absent. 
Maxilla (Fig. 2 3 B ) : coxal endite bilobed with 4 + 
4 setae; basial endite bi lobed with 5 + 4 setae; 
endopod bilobed, with 3 + 5 (2 subterminal + 
3 terminal) setae; exopod (scaphognathite) margin 
with four setae and one long distal stout process. 
First maxill iped: (Fig. 24A) coxa without setae; 
basis with ten setae atranged 2 , 2 , 3, 3; endopod 
5-segmented with 3, 2 , 1, 2, 5 (1 subterminal + 
4 terminal) setae respectively; exopod 2-segmen
ted, distal segment with four long terminal plu
mose natatory setae. 
S e c o n d m a x i l l i p e d ( F i g . 2 4 B ) : c o x a w i t h o u t 
setae; basis with four setae; endopod 3-segmen-

FIG. 23. — Palapedia valentini Ng, 1993: zoea I; A , maxillule; B , 
maxilla; C, telson. Scale bars: 0.1 mm. 

ted, with 1 , 1 , 6 (three subterminal and three ter
minal) setae respectively; exopod 2-segmented, 
distal segment with four long terminal p lumose 
natatory setae. 
Thi rd maxilliped: absent. 
Pereiopods: absent. 
A b d o m e n (Fig. 25A, B ) : five somites; somite 2 
with one pair o f dorsolateral processes directed 
anteriorly; somite 3 with one pait o f dorsolateral 
processes directed ventrally; somi tes 1-2 with 
rounded postetolateral processes and somites 3-5 
with short posterolateral spinous processes; somi
te 1 without setae; somites 2-5 with one pair of 
posterodorsal setae; p leopod buds absent. 
Telson (Figs 2 3 C ; 25A, B ) : each fork long, gra-
dually curved distally; two minute latéral spines; 
large dorsal medial spine distally curved anterior
ly, posterior margin with three pairs o f stout spi
nulate setae. 
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FIG. 24. — Palapedia valentini Ng, 1993: zoea I; A , first maxilli
ped; B , second maxilliped. Scale bar: 0.1 mm. 

D I S C U S S I O N 

Serène (1984 ) listed seven gênera, Atergatopsis, 

Atergatis, Paratergatis, Zozymodes, Platypodia, 

Zosimus a n d Lophozozymus a s s i g n e d to the 

Z o s i m i n a e , but until now the only genus for 

which the zoeal development is known for this 

xanthid subfamily is Atergatis from the descrip

tion by Terada (1980) o f A reticulatus. From his 

figures (1-3, D 1 - D 4 ) , Terada (1980) overlooked 

a number o f characters described in this présent 

study including dorsal carapace setation, setation 

of the venttal carapace margin, the mandibular 

pa lp and the third maxi l l iped. Nevertheless , a 

c o m p a t i s o n be tween the four zoeal s t ages o f 

A. reticulatus and L. pictor is useful (see Table 1). 

However, speculating on zoeal subfamilial cha

racters f rom on ly thèse two a c c o u n t s o f this 

taxon would be misleading. 

FIG. 25. — Palapedia valentini Ng, 1993: zoea I, abdomen; A , 
dorsal view; B , latéral view. Scale bar: 0.5 mm. 

O f the twelve subfamilies now attributed to the 

Xanthidae MacLeay, 1838 s.str. (Serène 1984; N g 

1 9 9 3 ; N g & C h i a 1 9 9 4 ) , the zoea o f six are 

known and thèse include Chlorodi inae Alcock, 

1 8 9 8 ; X a n t h i n a e M a c L e a y , 1 8 3 8 ; Z o s i m i n a e 

A l c o c k , 1 8 9 8 ; A c t a e i n a e A l c o c k , 1 8 9 8 ; 

Euxanthinae Alcock, 1898 and Kraussinae N g , 

1993 . O n e first s tage zoea that meets m o d e m 

day descriptions was selected to represent each o f 

thèse subfamilies, Pilodius nigrocrinitus by Terada 

( 1 9 8 2 ) ; Xantho incisus by I n g l e ( 1 9 9 1 ) ; 

Lophozozymus pictor f rom this présent s tudy; 

Gaillardiellus orientalis by N g & Clark ( 1 9 9 4 ) ; 

Monodaeus couchi by Ingle (1991) and Palapedia 

valentini by N g (1993) . 

From the selected first zoea, only the endopod o f 

the second maxilliped o f Monodaeus couchi was 

re-examined because Ingle ( 1 9 9 1 : 235 ) described 

the dis ta l s e g m e n t o f the e n d o p o d as "4 + 1 
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TABLE 1. — A list of characters that may separate the zoea of Atergatis reticulatus (from Terada 1980) and Lophozozymus pictor 
(from this présent study). 

A. reticulatus L. pictor 

Antennule 

appearence of endopod 

Anlenna 

spinulation of protopod 

Maxillule 

setation of coxal endite 

setation of basial endite 

Maxilla 
setation of coxal endite 
setation of basial endite 
Abdomen 
setation of somite 1 
Telson 
dorsal medial setation 
posterior medial setation 
of posterior margin 

ZIV (fig. 2D4) 

présent (fig. 2D'1-D'4) 

ZII7;ZIII8 
(fig. 2D"2, D"3) 
ZI II 9 (fig. 2D"3) 

ZIV 6 + 4 (fig. D'"4) 
ZIV 6 + 7 (fig. D'"4) 

Zll 0; Zlll 0; ZIV 0 
(fig. 3, D2-D4) 

ZIV 0 (fig. 3,D4) 
Zll 0; Zlll 3; ZIV 4 

(fig. 3, D2-D4) 

Zlll (Fig. 2C) 

absent (Fig. 8A, C, E, G) 

Zll 8; Zlll 9 (Fig. 9B, C) 

Zlll 11 (Fig. 9C) 

ZIV5 + 4(Fig. 21) 
ZIV 5 + 7 (Fig. 21) 

Zll 1; Zlll 3; ZIV 3 
(Figs 13A, C;22A) 

ZIV 1 pair (Figs 22A; 26A) 
Zll 2; Zlll 6; ZIV 8 

(Figs 13B, C; 15B, C; 22A; 26A) 

(sometimes 5 + 1 ) setae". T h e distal segment was 

confirmed as 5 + 1 setae or, as recorded in this 

study for Lophozozymus pictor, 3 subterminal + 

3 terminal setae. T h e above first stage zoeas share 

the same chaetotaxy for the fol lowing appen

dages: maxillule, maxilla, first maxilliped, second 

m a x i l l i p e d a n d the s o m i t e s o f the a b d o m e n . 

Table 2 lists thèse appendages with a description 

o f their chaetotaxy and segmenta t ion. Used in 

combina t i on , thèse characters may define the 

Xan th idae MacLeay , 1838 s.str. Zoea l features 

not shared by thèse species are the antennal mor-

phology, conf igurat ion o f carapace spines and 

setation and armature o f the telson forks. It is 

thèse featutes that may provide characters for the 

Xanthidae at subfamilial level. 

Recently N g (1993) established a new Xanthidae 

subfamily, Krauss i inae . H e descr ibed the first 

stage zoea for one o f the species assigned to this 

new taxon, Palapedia valentini and sugges t ed 

( N g 1993 : 149) that several peculiar zoeal fea

tures supported the establishment o f a new sub

fami ly . T h è s e c h a r a c t e r s i n c l u d e d the se ta l 

formula o f the first maxilliped basis and the first 

e n d o p o d segment o f the first maxi l l iped. Two 

extant first s tage zoea from the original s tudy 

were dissected, the appendage characters reap-

praised, redescribed and figured in this présent 

study. A number o f zoeal characters were over-

looked or misinterpreted by N g (1993 , fig. 5A) 

including absent dotsal carapace setation which 

are présent (this study, Fig . 2 2 A ) ; absent ( N g 

1993, fig. 5C) small terminal seta on the anten

nule which is présent (this study, Fig. 2 2 B ) ; coxal 

seta t ion o f the maxi l la with 5 + 2 ( N g 1 9 9 3 , 

fig. 5 F) instead o f 4 + 4 (this study, Fig. 2 3 B ) ; 

basial formula o f the first maxilliped with 7 (2, 

1, 2 , 2) setae ( N g 1993, fig. 5 H ) instead o f 10 

(2, 2 , 3, 3) (this study, Fig. 24A) ; first endopod 

segment setation o f the first maxilliped with two 

setae ( N g 1 9 9 3 , fig. 5 H ) instead o f three (this 

study, Fig. 2 4 B ) ; distal endopod segment setation 

o f the second maxi l l iped with five ( N g 1 9 9 3 , 

fig. 51) setae instead o f six (this study, Fig. 2 4 B ) 

and the latéral processes on abdominal somites 1, 

2 ( N g 1993, fig. 5K) instead o f somites 2, 3 (this 
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TABLE 2. — A list of first stage zoeal characters that, used in combination, may define the Xanthidae MacLeay, 1838. 

Carapace 1 pair of posterodorsal setae 

ventral carapace margin devoid of spines 

Antennule uniramous, endopod absent 

Mandible palp absent 

Maxillule coxal endite with 7 setae 
basial endite with 5 setal processes and 2 small teeth 
endopod 2-segmented, proximal segment with 1 seta 
distal segment with 5 (2 subterminal, 4 terminal) setae 
exopod seta absent 

Maxilla coxal endite bilobed with 4 + 4 setae 
basial endite bilobed with 5 + 4 setae 
endopod bilobed, with 3 + 5 (2 subterminal and 3 terminal) setae 
exopod (scaphognathite) margin with four setae and one long distal stout process 

First basis with 10 setae arranged 2, 2, 3, 3 
maxilliped endopod 5-segmented with 3,2,1,2,5 (1 subterminal and 4 terminal) setae respectively 

exopod 2-segmented, distal segment with four long terminal plumose natatory setae 

Second basis with 4 setae 
maxilliped endopod 3-segmented, with 1, 1, 6 (3 subterminal and 3 terminal) setae respectively 

exopod 2-segmented, distal segment with 4 long terminal plumose natatory setae 

Third maxilliped absent 

Pereiopods absent 

Abdomen 5 somites 
somite 2 with 1 pair of latéral processes directed anteriorly 
somite 3 with 1 pair of latéral processes directed posteriorly 
somites 2-5 with 1 pair of posterodorsal setae 
pleopod buds absent 

Telson posterior margin with 3 pairs of stout spinulate setae 

srudy Fig. 25A, B ) . In fact the setal armature o f 
Palapedia valentini, especially with respect to the 
chaetotaxy of the first maxilliped, does not differ 
from other Xanthidae as listed in table 2 . 
M a r t i n ( 1 9 8 4 , fig. 1) figured features for six 
groups o f xanthid zoeas and the first stage zoeal 
appendages o f Palapedia valentini agrée with ail 
eight characters defining his group I which inclu-
de (Mart in 1984 : 2 2 1 ) : (1) dorsal , rostral and 
carapace spines ail well-developed; (2) the rostral 
spine and the antennal protopod are approxima
tely equal in length; (3) a reduced exopod with 
two short terminal setae; (4) two subterminal 
and four tetminal setae on the distal segment o f 

the maxi l lu le e n d o p o d ; (5) eight setae on the 
endopod o f the maxilla; (6) basai endopod seg
m e n t o f f i r s t m a x i l l i p e d w i t h t h t e e s e t a e ; 
(7) basai endopod segment o f second maxilliped 
with a s ingle seta; and (8) dorsolateral knobs 
(spines) on abdominal segments (somites) 1 and 
2. Lophozozymus pictor first stage zoea conform 
to seven o f Mart in 's eight g roup I characters . 
However, the définition by Martin (1984) o f the 
a n t e n n a l e x o p o d c h a r a c t e r for h is x a n t h i d 
g roup I, "Antennal exopod reduced [...] never 
armed with more than two short terminal setae", 
is ambiguous . Lophozozymus pictor possesses one 
long sub t e tmina l seta in add i t i on to the two 
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short terminal setae and therefore it is unclear 

whether this species would be placed by Martin 

in his xanthid group I. 

Rice (1980: 325) recognized three types o f xan

thid antennal exopod: (1) a rudimentary exopod 

wi th o n e or two te rmina l se tae or u n a r m e d ; 

(2) an exopod subequal to or longer than spinous 

process a n d with a seta m o r e or less m i d w a y 

along its length and (3) an exopod one third-one 

quarter the length o f the spinous process with 

two or three tetminal setae. T h e antennal exopod 

of Palapedia valentini conforms to définition (1) , 

however, that o f Lophozozymus pictor cannot be 

assigned to any o f the xanthid critetia defined by 

Rice. 

Current évidence suggests that the antennal exo

p o d is n o t a z o e a l c h a t a c t e t to d e f i n e the 

Xanth idae MacLeay, 1838 (sensu Serène 1984) 

and its significance at subfamilial level remains 

unclear. T h e présence o f two terminal setae on 

the antennal exopod is o f interest, but the impor-

t a n c e o f t h i s z o e a l c h a r a c t e r w i t h i n the 

Kraussiinae N g , 1993, has yet to be established. 
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