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ABSTRACT

In this study, the gross morphology of the mouthparts and foregut of the ghost shrimp Lepidophthalmus siriboia were investigated
from larvae and postlarvae reared in the laboratory. The mouthparts (maxillae and maxillipeds) of the zoeae have a reduced number
of setae and spines (or is absent in some individuals), and the foregut, under developed, have few minute setae in the cardiac and
pyloric chambers. In contrast, after the metamorphosis into megalopa stage, all feeding appendages have many setae and, the foregut
shows a well-developed gastric mill with strong lateral teeth. In the juvenile stage occurs an increase of setae and spines in the
mouthparts and the foregut becomes more specialized. These observations strongly suggest that a lecithotrophic development
occurs during all zoeal stages but the megalopa and juvenile stages are feeding animals. The functional morphology of the feeding
structures of L. siriboia and other decapods will be briefly discussed.
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Morfologia funcional dos apéndices bucais e do estomago de larvas e pos-
larvas de Lepidophthalmus siriboia Felder & Rodrigues, 1993 (Decapoda:
Callianassidae)

RESUMO

A morfologia dos apéndices bucais e o estomago de larvas e pds-larvas de Lepidophthalmus siriboia cultivados em laboratério foi investigada.
Os apéndices bucais (maxilas e maxilipedes) durante os estdgios zoeae apresentam miimero reduzido de cerdas e espinbos, ou mesmo, ausentes
em alguns individuos. O estdmago aparece pouco desenvolvido, com poucas cerdas pequenas nas cAmaras cardiaca e pildrica. Contrariamente,
apds a metamorfose para o estdgio megalopa, todas estas estruturas bucais possuem muitas cerdas, e 0 estdmago apresenta um moinho gdstrico
bem desenvolvido com dois fortes dentes laterais. No estdgio juvenil ocorre incremento de cerdas e espinbos em todas estruturas bucais e o
estdmago torna-se mais especializado. Estas observagbes sugerem fortemente que as zoeae de L. siriboia tém desenvolvimento lecitotrdfico, mas
que as megalopae e juvenis passam a ingerir alimentos exdgenos.
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INTRODUCTION

Food is considered critical for the successful culture of
decapod larvae. However, the addition of food in tanks may
sometimes be unnecessary because some larvae are sufficiently
lecithotrophic to complete some stages or even the complete
larval development without external food (Kittaka, 1988;
Nishida er al., 1990; Kittaka, 1994; Anger er al. 1995;
Abrunhosa and Kittaka, 1997a,b; Nates and McKenney Jr,
2000). Some species, however, may present a facultative
lecithotrophy if external food is not available in the environment

(Anger ez al., 1995; Thessalou-Legaki ez a/., 1999).

Unfortunately, feeding behavior in decapod larva is not
frequently reported in the scientific literature, mainly in those
species in which have not economical values. Most studies on
lecithotrophic behavior of decapod larvae concentrate on the
survival rates, larval density, etc.. However, feeding experiments
in crustacean or observations of the external and internal feeding
structures have contributed to clarify feeding or non-feeding
larval behavior (Nishida ez 2/, 1990; Abrunhosa and Kittaka,
1997a,b; Anger ez al., 1995).

Several studies were reported showing non-feeding behavior
in the transitional metamorphic stage in pueruli of spiny lobster
(Kittaka, 1988; Nishida ez 2/., 1990; Kittaka, 1994; Lemmens
and Knott, 1994; Nishida ez 4/., 1995) and megalopa king crab
Paralithodes (Abrunhosa and Kittaka, 1997a, b).

Detailed morphological studies on the digestive system of
decapod larvae have demonstrated that a close relationship occurs
between the morphological characteristic of the digestive system
and larval feeding behavior (Nishida ez 2/., 1990; Abrunhosa
and Kittaka, 1997a). The authors reported that pueruli of spiny
lobster and glaucothoe of king crabs are non-feeding larval stage
because they have shown under developed and uncalcified
feeding appendages and foregut (Wolfe and Felgenhauer, 1991;
Kittaka, 1994; Lemmens and Knott, 1994; Nishida ez a/., 1995;
Abrunhosa and Kittaka, 1997b).

The present study aims to describe the gross morphology of
the external feeding appendages and foregut during the
development from larvae to the postlarvae stages of the
callianassid L. siriboia.

MATERIAL AND METHODS

The morphological features of external mouthparts and
foregut of L. siriboia were examined from samples of larvae and
post larvae obtained from a larval culture for complete larval
description carried out in the State of Pard in 2004 by Abrunhosa
et al. (2005).

The larvae were preserved in glycerol + ethylic alcohol 70%
solution after each molting. At least 10 individuals for each
stage were dissected and they were used in the illustrations. The
foreguts were examined from individuals of the zoeae, megalopa
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and juvenile I fixed in 10% formalin solution buffered with
sodium phosphate. The foreguts were observed from 10
individuals of each stage immersed in 20 mL of 5% aqueous
solution of KOH heated to 80°C for about 1 hour. Then, the
samples were washed and preserved in ethylic alcohol
70%-+glycerin solution (1:1). The foreguts were dissected and
stained with methylene blue 1% solution. The terminology used
for the description of the foregut follows Meiss and Norman
(1977), Nishida ez 2l. (1990), Abrunhosa and Kittaka (1997a)
and Abrunhosa ez /. (2003).

RESULTS

MORPHOLOGY OF THE MOUTHPARTS
Zoea ]

Maxillule (Fig.1a) — Coxal and basal endites lacking setae,
bearing small marginal spines; endopod unsegmented, lacking
setae.

Maxilla (Fig.1b) —Basal and coxal endites bilobed, lacking
setae; endopod unsegmented, lacking setae; scaphognathite with
3-4 setae marginal on anterior and 2 setae on posterior margins.

First maxilliped (Fig.2a) - Basipod lacking setae or showing
a row of minute marginal setae; endopod incompletely 2-
segmented with 2-3 distal setae; exopod with 4 plumose setae.

Second maxilliped (Fig.2b) — Basipod lacking setae; endopod
4-segmented with 1+1 setae on the distal segment; exopod with
4 plumose setae.

Third maxilliped (Fig.2c) — Basipod lacking setae; endopod

4-segmented with 2+1 setae on distal segment; exopod with 5

/

plumose setae.

(s

Figure 1 - Mouthparts of Lepidophtalmus siriboia, Felder & Rodrigues,
1993. Zoea |, a-b; c-d, zoea lll. a-maxillule, b-maxilla;. c-maxillule, d-maxilla.
Scale bar: a, b = 0.07mm; ¢, d = 0.1mm.
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Figure 2 - Mouthparts of Lepidophtalmus siriboia, Felder & Rodrigues,
1993. a-c, Zoea I; d-f, Zoea Ill. a — Maxilliped I, b — Maxilliped II, ¢ —
Maxilliped Ill; d — Maxilliped |, e — Maxilliped II, f — Maxilliped Ill. Scale bar:
0.3mm.

ZOEATI - Without noteworthy changes.
ZOEATII (Last zoeal stage)

Maxillule (Fig.1c)— Similar to the previous stages.

Maxilla (Fig.1d) —~Endopod similar to the previous stages;
scaphognathite with (12-13)+2 plumose setae.

First maxilliped (Fig.2d) — Basipod with row of simple setae;
endopod 3-segmented with 2 distal setae; exopod with 5
plumose setae.

Second maxilliped (Fig.2e) — Endopod similar to zoea I in
seta number but 5-segmented; exopod with 5 plumose setae.

Third maxilliped (Fig.2f) — Similar to the previous stages.

MEGALOPA

Maxillule (Fig.3a) — Coxal endite with 9-14 marginal setae;
basal endite with 11 marginal spines and 6 setae; endopod
lacking setae.

Maxilla (Fig.3b) — Coxal endite trilobed, distal lobe with
12+7 setae; proximal lobe with 5 setae; distal and proximal
lobes of basal endite bearing 10 and 6 setae, respectively;
endopod with 1+3 simple setae; scaphognathite well developed
with 27 plumose marginal setae.

First maxilliped (Fig.4a) — Coxa and basal endites fused,
showing 5 simple setae; endopod unsegmented with
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approximately 22 simple setae; exopod 2-segmented with 7
plumose setae on distal segment.

Second maxilliped (Fig.4b) — Basipod with 1 simple seta;
exopod without segmentation and lacking setae; endopod 5-
segmented with 1,7,0,6,4 setae, respectively.

Third maxilliped (Fig.4c) — Basipod with 1 seta; exopod
atrophied, lacking setae; endopod 5-segmented, with 10,9,7,9,5

setae, respectively.

JUVENILE |

Maxillule (Fig.3c) — Coxal endite with 19 marginal setae;
basal endite with 11 marginal spines, 5+1 plumose setae
subterminal; endopod with 1 simple seta subterminal; propodite
with 1 simple seta.

Maxilla (Fig.3d) — Coxal endite trilobed, with 20+10 setae;
proximal lobe with 6 setae; basal endite bilobed, with 11 setae
in distal lobe and 5 in the proximal lobe; endopod with 1+3
simple setae; scaphognathite well developed with 28 marginal
plumose setae.

First maxilliped (Fig.4d) — Endopod unsegmented, with
28 simple setae; exopod unsegmented, bearing 15 distal plumose
setae.

Second maxilliped (Fig.4e) — Exopod 2-segmented, with 2
terminal setae; endopod 5-segmented, with 3, 12, 0, 9, 6 setae,
respectively.

Third maxilliped (Fig.4f) — Exopod 2-segmented, with 2
simple terminal setae; endopod 6-segmented, with 3,
11,7,7,12,7 setae, respectively.

Figure 3 - Mouthparts of Lepidophtalmus siriboia, Felder & Rodrigues,
1993. a-b Megalopa; ¢c-d, juvenile I. a — maxillule; b — maxilla; ¢ — maxillule;
d — maxilla. Scale bar: a, b = 0.08mm; candd = 0.11 mm.
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Figure 4 - Mouthparts of Lepidophtalmus siriboia, Felder & Rodrigues, 1993: a-c, Megalopa; d-f, Juvenile 1. a — Maxilliped I; b — Maxilliped II; ¢ — Maxilliped

lll; d — Maxilliped I; e — Maxilliped II; f - Maxilliped Ill. Scale bar: 0.3mm.

MORPHOLOGY OF THE FOREGUTS
Zoea I (Fig.5a)

Foregut with total length of 0.30 mm, chitinous and lacking
ossicles, showing a reduced number of scattered setae in the
chambers. The cardiopyloric valve is present, unarmed and
semicircular in shape.

Cardiac chamber — Shorter than pyloric chamber; cardiac
floor lacking setae; cardiac wall bearing few minute setae.

Pyloric chamber — Pyloric roof with few scattered fine setae;
filter press enlarged, filling all inferior portion of the pyloric
chamber, structurally rudimentary and lacking setae,
interampullary crista ridge and ampullary net poorly developed.

ZOEAII - Without noteworthy changes.

Zoea I1I (Fig. 5b)

Foregut with total length of 0.35 mm, apparently more
developed than zoea I, lacking ossicles or hard structures. The
cardiopyloric valve is similar to the zoea I and zoea II foreguts.

Cardiac chamber — Little shorter than pyloric chamber,
bearing several minute setae dorsally; cardiac floor lacking setae;
main brush is present but little developed.

Pyloric chamber — Rectangularly shaped and enlarged than
the cardiac chamber; rows of minute setae are present in the roof
and in the posterior portion; filter press smaller but structurally
more developed compared to the zoeal and II bearing aampullary
net completely formed but lacking interampullary setae.

Megalopa (Fig.6a)
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Foregut with total length of 0.4 mm. Drastically changed
compared to that of previous stage, bearing gastric mill with
several ossicles. Pair of screw-shaped lateral tooth and a medial
tooth is present; the cardiopyloric valve is shorter to that of zoeal
stages, bearing numerous small setae on the dorsal edge.

Cardiac chamber — Enlarged dorsolaterally by the ossicles of
the gastric mill; main and ventral brushes fully developed; the
ossicles of the gastric mill are present i.e, zygocardiac (a pair, each
bearing the lateral tooth), urocardiac (one, bearing the medial
tooth), mesocardiac (a pair), pterocardiac (a pair), propyloric
(one), exopyloric (a pair) and pyloric (one). The ossicles of the
lateral ossicles are present as prepectinal (a pair), pectinal (a pair)
and subdentate (a pair).

Pyloric chamber — Narrow laterally; with many setae on the
roof and on the anterior and posterior portions of the pyloric
chamber; some important ossicles are present, i.e., anterior and
median pleuropyloric ossicles (a pair), uropyloric (one), posterior
pleuropyloric (a pair); the lateral ossicles of the cardiopyloric
valve and anterior supra ampullary are presents; the filter press

shows a row of elongate setae on the interampullary ridge.

Juvenile I (Fig.7b)

Figure 5 - Lepidophthalmus siriboia: a — foregut of zoea |, b — foregut of zoea
Ill. Scale bar: 0.05mm. Abbreviations used are: cpv = cardiopyloric valve, fp
= filter press, ir = interampullary ridge, mb = main brush, oes = oesophagus.
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Foregut with total length of 0.65 mm. The juvenile foregut
is complex compared to the megalopa stage. The gastric mill has
ossicles heavily calcified, mainly on the cardiac chamber.

Cardiac chamber — Similar in shape to the megalopa stage;
gastric mill is completely developed with ossicles articulated with
the zygocardiac (bearing lateral teeth), urocardiac (bearing the
medial tooth), mesocardiac, pterocardiac, propyloric, exopyloric
and pyloric ossicle; other supporting lateral ossicles (prepectinal,
pectinal and others) are present; cardiopyloric valve more
specialized having specific setae on the superior portion.

Pyloric chamber — Narrow laterally with several setae in the
roof and the anterior and posterior portions of the chamber; the
anterior pleuropyloric, posterior mesopyloric, medial
pleuropyloric, uropyloric, pleuropyloric, preampullary, anterior
supraampullary ossicles are present; interampullary brush bearing
arow of setae, ampullary net distinctly complex.

DISCUSSION

Examination of the zoea, megalopa and first juvenile
mouthparts of L. siriboia indicates substantial morphological
alteration during metamorphosis of the zoea to the megalopa
stage. The absence of setae in the inner parts of the maxillule
and maxilla and a reduced number of setae in the endopods of
the first, second and third maxilliped indicates that these
structures do not have feeding function.

In addition, few numbers of setae and absence of bristles in
the cardiopyloric valve are observed in the zoeal foregut
chambers. However, despite of a visible specialization of the
filter press, few morphological changes occur during the
development of the zoeal stomachs (Fig. 5a,b) compared to those
zoeal stages previously reported (Abrunhosa ez al., 2003; Melo
et al. 2006; Lima ez al., 2005). These observations strongly
suggest that no functionality also occurs in the foregut during
all zoeal development.

Anger ez al. (1995) reported that larvae of Sesarma curacacense
are able to reach to the megalopa stage with entire absence of
food. However, they have a facultative lecithotrophic
development because they are feeding animals if foods are
available in the environment. This observation was supported
by Melo ez al. (2006) who reported presence of numerous setae
in the cardiopyloric valve and a complex and specialized filter
press in the foreguts of S. curacaoense larvae.

A significant change occurs in the internal and external
feeding structures of L. siriboia after the metamorphosis to the
megalopa stage. The mouthpart appendages became
substantially specialized with the presence of setae and spines in
the endopods. Morphological modification also occurs in the
internal structures of the stomach that show a calcified gastric
mill with presence of lateral teeth and a medial tooth well
developed suggesting that food is necessary for L. siriboia
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Figure 6 - Lepidophthalmus siriboia, Felder & Rodrigues, 1993. a, foregut of megalopa; b, foregut of juvenile. Scale bar: 0.05mm. Abbreviations: aip =
anterior inferior pyloric ossicle, app = anterior pleuropyloric ossicle, asa = anterior supra-ampullary ossicle, cf = cardiac floor, cpv = cardiopyloric valve,
exp = exopyloric ossicle, fp = filter press, ilc = inferior lateral cardiac ossicle, ia = inferior ampullary ossicle, ir = interampullary ridge, Icp = lateral
cardiopyloric ossicle, It = lateral teeth, mb = main brush, mp = median pleuropyloric ossicle, msc = mesocardiac ossicle, 0oes = oesophagus, ov =
oesophageal valve, pam = preampullary ossicle, pec = pectinal ossicle, pip = posterior inferior pyloric ossicle, pmp = posterior mesopyloric ossicle, pop
= postpectinal ossicle, pp = posterior pleuropyloric ossicle, ppc = prepectinal ossicle, prp = propyloric ossicle, ptc = pterocardiac ossicle, py = pyloric

ossicle, sd = subdentate ossicle, up = uropyloric ossicle, urc = urocardiac ossicle and zyc = zygocardiac ossicle.
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megalopa and they are adapted to ingesting great amounts of

food.

Nishida ez al. (1990) reported puerulus of lobster Jasus
edwardsii with atrophied or entire absence of bristles and spines
in the maxillae and an uncalcified and poorly developed foregut.
Abrunhosa and Kittaka (1997a) verified a similar fact in these
structures for glaucothoe (megalopa) of king crab species
Paralithodes camtschaticus, P brevipes and P, platypus. On the
other hand, feeding behavior is observed in the megalopae of
brachyuran in a recent study with Ucides cordatus (Abrunhosa ex
al., 2003) in which the megalopae presented high alimentary
activity.

The morphology of the feeding structures showed the
juvenile more developed compared to the megalopa. The
mouthparts of the juvenile I present increasing setae numbers in
the endopods. The juvenile stomach became more calcified and
visibly complex, with similar characteristics to those found in
the foregut of adult decapods described in the scientific literature
(Meiss and Norman, 1977; Kunze and Anderson, 1979: Suthers
and Anderson, 1981; Mikami and Takashima, 1993; Brosing ez
al. 2002). This indicates that juvenile of L. siriboia became
more agile in food capture and they are capable to process solid
food available in their bentonic ambient.
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