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PREFACE

This is a presentation of the results of works conducted by the present
au:thor during his stay as a research associate at the University of Georgia
° Marine Institute for one year from February, 1969 through January, 1970. The
main objective of this work was to examine the possibility of seed prodﬁction
of commercial shrimps for their farming in Georgia. In connection with this
@ purpose the life histories of the commercial shrimp and crab were also studied
with special reference to reproduction and larval development.
The obtained results will be presented in the following three parts.
® Part I. Life histories of the commercial shrimps of Georgia
A'Part II. Spawnimg and rearing of Larvae of the commercial shrimps of Georgia.

Part III. Larvae of decapod Crustacea of Georgia.

.- The author 1s well aware that the informations are still inadequate, and the
| various aspects of the presented results need much more discussions and verifications
by further studies. For the present time, however, all vthat is possible for the
@ author is for want of time to present the obtained informations as in detail and
precisely as possible.
Acknowledgement is gratefully extended to various individuals who aided
® this stuéy. Dr. Vernon J. Henry, Jr ., Birector of the University of Georgia
‘Marine Institute and Dr. A. G. Greene, Jr., Assistant Divector, invited me to the
Institute and thereby gave me an opportunity to work on the present project.
..Mr. .Bobby A. Palmer assisted me in both ‘field and laboratory works throughout
the study period. The field work was conducted with the cooperation of Mr.
Benjamin J. Rouse, Mx., James Gault, Mr, Richard W. Zinker, Mr. Lawrence D.
‘Sawyer, Mr. Tracy Walker, and Mr. Benny Johnson.
Dr. Fenner A. Chace, Jr. and Mr. Henry B. Roberts of the U.S. National
Museum kindly checked my identification of species of shrimps and crabs from

which the described larvae were obtained. Dr. Won Tack Yang of the University




it

@®of Miami provided me useful informations on bthe rearing of commercial shrimps
in the United States.
Mr. Richard W. Heard, III provided at my disposal many of the berried
® females of caridean shrimp and crab, and thereby savéd me much time Iin the
collection of necessary materials. Some of the berried females were also
supplied by Dr. Robert Reimold, Mr. Kenneth L. Smith and Mr. C. Westerfield.
.Dr. Frederic’k C. Marland critically read the manuscript of the firstmt;:;; 1;32;.1;/\7#%9.'
Mrs. Peggy Sessoms and Mrs., Wanda Loper typed the manuscript.

Present project was carried out with the support of the University of

Georgia,Marine Institute and Sapelo Island Research Foundation.

January 15, 1970
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A , INTRODUCTION
S Larvae of decapod Crustacea have not been described in the past years
1£rom éeorgia waters, except Pearson who reporxted in 1939 the larval development
_. . of Penaeus setiferus based on plankton tows along the Gulf of Mexico and
 “ Atlantic coasts of the U. S. including Georgia. A considerable amount of
. ~ informations on decapod larvae has been made available {n North Carolina :

(Hyman, .1920,'.19248, b, 1925; Costlow and Bookhout, 1959, 1960, 196la, b,

1962 a, b, 1966a, b, c, 1967, 1968a, b; Costlow and Fagetti, 1967; Porter,

ez awean s

‘.' " 1960, etc.) and in Florida (Provenzano, 1962 a, b, 1967, 1968a, b; Rice

!

and Provenzano, 1965; Yang, 1968; Robertson, 1968),.where many of the ‘ ; i

crustacean fauna are in common to those in Georgia.

However, the number

. of species the larvae are unknown in still far greater than those known and a8

much remained to be studied.

- On the other hand, a great deal of informations are now available about

'_. . the adult crustacean fauna in the Carolinian Province to which the entire

- Georgla coast Selongs. Almost all the available knowledges including their

ecology were recently summarized by Williams (1965). Commercial shrimps,

. Genus‘Penaeus, were fully revised by Farfante (1969). According to Williams _ : ‘E ;
L (1965) and Williams,McCloskey and Gray (1968), 17 species of penaeid shrimps,

38 species of caridean shrimps, 5 species. of lobsters, 39 species of : :

@®  anomurans and 149 species of crabs are so far known to occur in the Carolinas.

This report presents descriptions of all the decapod larvae that were RS

“hatched in the laboratory of the University of Georgia Marine Institute, - ,
i. - and some of those obtafined from the plankton tows taken in the coastal off - ‘
| shore waters in the vicinity of Sapelo Island, Georgia in 1968 and 1969, | ,
| Certain species of shrimps and crabs captured in Frolida 1ﬁ 1969 were
® also i'ncluded. When it s not otherwise stated, collection of berried

females and subsequent rearing of the larvae were made by myself.




METHODS

Most of the described larvae have been hatched from the eggs. Berried

‘ females were kept until the eggs hatched out in an aquarium tanks containing

filtered sea water which is aerated through an air diffuser stone. Whenever
possible salinity of the water was assimilated to that of the sea water where !
P the females were captured. Newly hatched larvae were pipetted off fnto a

finge.r bowl and fed with rotifer, Brachionus sp., or newly hatched nauplif

or juveniles of Artemia salina accord.ing to the size of the larvae. Megalopa

e .and young were fed with juveniles of Artemia or chopped meats of hard clam
or of anchovy. The range of temperature of the rearing water was from 25-27°C.
/

‘No attempts were made to secure the prezoeae. Color of.the larvae was

@ observed of the first zoea while it is still alive. When the first zoea was

not available a later stage wés substituted, Dréwings were made of the

specimens preserved {m 5% formalin v.l‘ithvan aid of a camera lucidé. Exuviae
‘ were also used for the detailed obse;rvatio'ns of body parts and appendages.

Exuviae were, however, useless for the observation of pleopods in most cases,

In Caridea, Thalassinidea and Anomura, carapace length was taken from

® the tip of rostrum to the posterior mid-dorsal extremity of carapace. 1In

Brachyura, however, the distance from spine to spine was substituted, which

denote the distance ‘from the tip of rostral épine to the tip of dorsal spine,

.1 When the rostral spine 1is absent it is taken from the anterior mid-dorsal

extremity of the éarapace to the tip of dofsal spine. .
Segments of appendages were ﬁumbered from the proximal to the distal,

g and. spines on telson from ocutside ér anterior to .1nside or posterior.
Arrangement of setae on appendages was expressed by addition of number of
setae on each segment or lobe from the- proximal to the distal ones. For ‘

{

example, when. the endopod of maxilla is of 3 segments bearing 2, 3 and &

setae on basal, intermediate and terminal segment or lobe respectively,
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the setation is expressed as 2+3+4. The following abbreviations were
used for the body sizes; C.L., carapace length; C. W., carapace width;

B.L., body length; B.W., body width; B.H., body height; T.L., total length.

- TERMINOLOGY OF THE LARVAL PHASES

There has been much confusion in the terminology of the larval phases of
decapod crustaceans. Many diffefent names were attributed to various
developmental phases or stages in different groups of decapods without
regarding the correépondencé with each other. Since we have now adequate
informations about the equivalence of various decapod larvae, it is highly
preferable to simplify the complicated terminology so that the equivalence of
developmental phases can easily be understood throughout the order Decapoda.
In the present report the following terminology were applied throughout
the decapods.

NAUPLIUS The crustacean larvae in which the only three pairs of
appendages (antennule, antenna and mandible) are functional, Posterior
appendages may develop in later stages as rudiments but never become
functional.

ZOEA The decapod larvae in which exopod of thoracic appendages
are functional as locomotory organs, regardless the nﬁmber of functional
appendages.

MEGALOPA The decapod larvae in which the pleopods are setose and
functional as locomotory organs. In Natantia this phase may not always'
cleariy be recognized and ﬁay merge into the adult without definable
gtages. But the first post-zoeal stage is commonly different from all
the subsequent stages in the fact that it generally retains ;he vestiges

of exopods on legs, or there may be degeneration or retention of zoeal
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characters in certain of the mouth parts. In Reptantia the {mmediate
i post-zoeal phase i{s usually distinct and different both from zoea
and adult and may be regarded as larva rather than a&ult.

YOUNG This.is essentially adult in all respects and there will be
no further change i; morphology except minor modifications of body pro;
‘ por;ions and development of secondary sex‘characters.

It is not uncommon that the cha;acters of previous phase merge into
the early stages of the following phase. Thus, In Peﬁaeidea, it is well
knbwn that the first three s£ages of zoea still retain large antennule
" and antemnna which function asllocomotory organs. In some Penaeidea the
setose exopods on legs may be reéained in megalopa and even in early stages
of-yoﬁng.- Therefore, the terminology defiﬁed above 18 applied to a stage
when the characters of the later phase appeared regardless of the retentioan
of characters of the.previous phase.f Thus, for example, the post-nauplius.
sfage of Penaeidea {is called “zoea“: though the first three stages as a

whole may be referred to as protozoea. The term "mjsis stage' was dropped

and not used in'this repdrt (cf. Gurney, 1942). o s

DESCRIPTION
Suborder NATANTIA |
Section PENAEIDEA
The eggs are not carried on the pleopods of the females but are
‘ depositéd in the water, except in Lucifer in which the eggs are carrtéd
on the lasﬁ two pairs of legs adhering in a mass. The larva usually |
hatches #s nauplius, | |
Family Penaeidae

Subfamily Penaeinae

1. Penaeus duorarum Burkenroad
Dobkin, 1961

@ A single specimen of first nauplius, 5 first and 1l last zoeae and 1 megalopa




were obtained from the plankton. All of thesa are attributed to
P. duorarum.
NAUPLIUS

The nauplius is distinctly larger than corrasponding stage of other

described penaeid larvae, and has no dorsal tubercle. Thesa two charactars

haveralready been pointed out by Cook (1967) as serving to distinguish
nauplii of genus Penaeus. The nauplius closely agrees with that of B.

duorarum described by Dobkin (1961) in all respects, and differs from

that of P. setiferus described by Pearson (1939) in the following respects.

1. Antennule has 2 apical and 1 subapical setae instead of 3
apical setae as in P. setiferus,
2. TFurcal spines are about 1/3 as long as the body, whereas in
P. setiferus they are half as long as the body.
Stage 1. (L. 1) T.L?: 0.37 ma.
There is a pair of furcal spines. Antennal ex&pod has 5 long setae.

Setae and spines are smooth and not plumose.

EARLY ZOEA (or protozoea)

First furcal spine is seated somewhat dorsally. Labrum hés an
anterior spinme. Basal segment of antennule is distinctly subdivided into
5 articles, and has an inner setae at the distal end, middle segment

somewhat longer than the basal segment bearing an inner seta each at

ebout half way up and at distal end, terminal sement bearing 1 long and

1 medium apical set;e beside hairs and aesthetes. Antenmna is subaqual
to anteanule in length, exopod slightly lounger than endopod. There is
an inner seta at distal end of protopod, endopod bearing, 1 + 2 imner

setae and 4 long and 1 short apical setae. Endopod of maxillule is of

3 segments, and that of maxilla is of 4, of which the third is bilobed

on inner edge showing two fused segments. There are no rudiments of
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maxillipad 3 in stage 1.
Stage 1. (Pl. 2) C.L.: 0.50 mm., T.L.: 1.0 =m.

Eyes are sessile. Abdomen is not segmented.

LATTEﬁ ZOEA (or mysis)

Rostrum is slender and somewhat longer than the eyes. Carapace
has a pair of supraorbital, branchiostegal and hepatic spines, but no
antennals. ‘Abdomen has a dorso-median spine on somites 3-6, énd a pair
of lateral spines on somite 5. Abdominal somite 6 %s slender and much
longer than the talson, with a pair of lareral and ventro-lateral spimes,
in addition to a dorso-median spine; at the hind end. Anal épine is lafge.

Antennal scale is slender and widened distally with an apical spine not

‘reaching the tip of lamella,

Stage 726 (Pl. 3; A, C, E) C.L.: 1,34 mm., T.L.: 4.2 mm.

There is a dorsal spine near the base of rostrum. Telson is somewhat

‘narrower behind, with 3 pairs of lateral and 5 pairs of terminal spines,

its width at the hind end is slightly more than 1/4 the length. The

central notch on the hind margin is small but distinet, reaching anteriorly
the_levelmofﬂin5£ntionswofqtheﬂthirdjpgirzof lateral spines. _Antennal:
endopod is a little less than 2/3 as long as the scals with a basal
articulation, Endopods of legs are longer than their exopods,.and those

of legs 1-3 are chelate. Pleopod buds are long and sagmented but has

no setaz nor endopods,

MEGALOPA (P1. 3; B, D, F) C.L.: 1.46 mm., T.L.: 4.8 mm.
Rostrum is somewhat shorter than the eyes. Caravace has a dorsal

spine on rostrum and a pair of hepatic spines, but neither supraorbitals
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nor branchiétegals. Telson has 3 pairs of lateral and 5 pairs of terminal
spines. The central noﬁch on the hind margin is still distinct and ends
about half way up from the hind margin to the level of insertioms of the
third pair of lateral spines. There.is a ventral spine on the-last two
thoraic somité;T—-Labrum has no spine. Antennal scale is slender, widened
"distally and somewhat acutely roundad at apex; with an apical spiné endiﬁg
far behind the tip of lamella. Endopod is about 4/5 as long as the scale
with &-S_dis;al articulations. Endopod and exopod of maxilliped 1 are
regeneratad ﬁo unsegmented stumps which are bare of setae. Terminal 2
segments of maxilliped 2 are more or less bent upon proximal two segments
with sparase setae. There are vestiges of exopods on maxillipeds 2 and

3 and on legs. Pleopods bear long sataes on exopods but have no endopods.

2. Xiphopeuneus kroyeri (Heller)
Renfro and Cook, 1963

All the larval and postlarval stages were obtained from eggs spawned
by fgmales kept in aquarium tanks in the laboratory (ecf. Part II). A few
specimens of later nauplius were obtained also from plankton. ALl the
éescriptions and measurements were made of reared specimen except whén

otherwise stated,

EGG

Diameter of egg membrane is 0.23-0.24 mm. Perivitel line space is
narrow. Egg membrane reflect under a microscope a small amount of bright
green tinge at periphery, gnd no other colors. Embryo reflect blueish
white, Some of the representative stages of embryonic development are

illustrated in plate 4,
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NAUPLIUS
Body is slightly compressed laterally, aund about 1 1/4 times higher

than wide. There is a dorsal tubercle. Antennule is slightly less than

2/3 as long ds the body, with 3 ianer setae on ventro-lateral margin, of
which the first (proximal) oune becomes very long and plumose in later

b

stages. Antenna is slightly longer in early stages, but becomes slightly

shorter in later stages, then the antennule. Endopod is much shorter than

the exopod. The fourth long setae on the inner margin of exopod is bifid
at tip except im stage 1. There are no outer setae on exopod. Méndible
is about half- as long as the antemna.

Stage 1 (Pl. 5% A, ﬁ: Pl. 6; E) B.L.: 0.22 mm., B.W.: 0.13 mm.,

B.H.: 0.16 mm.

- There is bne pair of furcal sﬁines, which are about 1/4 as léng as the

body. Antennule ends in 2 long and 1 short, rudimentaly setae. Thers is
a long subapical outer seta, which is as loﬁg as the long apical setae. The
first inner seta is shorter tham the second and third. Antennal endopod
has .2 short inmer and 2 long apical sétae, exopod béaring 5 long setae,
All fha setae and spines are simple.

Stage 2. (Pl. 5; C: Pl. 6F) B.L.: 0.23 mm., B.W.:0.13 mum.

Number of furcal spine is still 1 + 1, but they are now armed with
fine spinules, and about 1/3 as long as the body.. Antennule ends in 1
long plumose and 1 short simple setae. There are 2 aesﬁhetes but no long
setae on the outer edge. Antennal endopod ends in 2 long plumose and
1 short simple setae, exopod bearing 5 loug and 1 short setae,.

Stage 3. (PlL. 6; A, G) B.L.: 0.23 mm., B.W.: 0.12 mm.

Number of furcal spines is 2 + 2. Anteunnal exopod bears 7 setae
including short onme at apex. Rudiments of posterior appendages are seen

under the cuticle.

i
/‘3/

o

Y
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Stage &4, (Pl. 6; B,H ) B.L.: 0.24 mm., B.W.; 0,12 ‘mm.

Number of furcal spines is 3 + 3. The hind end of body 1s councaved
batween the furcal spines, The first innef seta of antennule is much
lonéer than the distal 2 setae. Antennal exopéd bears 8 setaze including
proximal and aéiqal short ones. Endopod eands in 2 long and 1 =medium
setae; Rudiments of posterior appendages are free,

Stage 5. (Pl. 6; C, I) B.L.: 2.9 mm., B.W.: 0.1& mm.

The hind end of body is distinctly divided into 2 lobes by a central notch,
Number of furcal spines {s 5 5. All the spines on each loba are cIo;ely
apposed with each other at the hind margin. The longest (fourth) spine
is a little more than half as long as the body. Antennal 2xopod bears
9 setae including vestigial proximal and apical ones. Endopod has 1 + 2
short inmner setae. Basal swelling appears on mandible.

Stage 6.  (Pl. 6; D, J) B.L.: 0.30-0.32 mm. (wild specimens, 0.35 mm.)

Number of furcal spines is 6 + 6, of which the first is seated oa the

lateral margin, bzsing remote from the others. Rudimeats of labium and 4

~ pairs of posterior appendages are large but bare of setae. Antennal

endopod ends in 3 long and 1 short setae., Setation of exopod is as in
stage 5. There is a small ventral prominence near the posterior end of
body just between the insertions of the first peir of furcal spines, some-
times ending in a small spine, |
Stage 7. (PL, 6; K: P1. 7) B.L.: 0.31-0.33 mm. (wild specimens, 0.40 mm.)
Numbér of furcal spines is 7 + 7. Rami of mandible are more or less
atorophied and empty. Rudiments of posterior appendages bear short satae.

Posterior end of labrum is slightly notched in the center.

EARLY ZCEA

Carapace has a dorsal tubercle, and i{s rather deeply notched behind.
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Tha last 5 thoracic somites are exposaed. All the telson splaes are

marginal. Labrum has an anterior spine, Eye papillae are small but distianct. /”)

hﬁLennule is slightly shorter than carapace (less ;ostrLr) with 1 loag
and 1 medium apical setae in addition to hairs and aesthetes. The first
inner seta is shorter than the secoﬁd and third. The basal segmeﬁt is
subdivided into é articles of which the proximal 3 are more or less fused
’ﬁogether.

Antenna is about 3/4 as loné as the antennule, ‘Exopod is ariittlé
more than 1 1/4 times longer than the endopod and divided into 10 segments.
with 10 setae on inner and apical margims and 2 outer setae on the fourth
and sixth segments. None of these setae are bifid. Endopod is of 2
segments witﬁ 2 pairs of inner setae on proximal segment, and 4 long
plumose setaz and 1 short haif at apex, There are no setae on protopod,

Mandible has no paip. Endopod of maxillule is of 3 segments, of which

)

L5
iz

the proximal 2 are partly fused, Wlth 3 1l + 3 setae. Exopod Egars-4
long plumose setae. Maxilla has 4 well developed endltes. Endopod is of
> segments, of which the third and fourth are fused together buﬁ divided
on inner edge, with 3 { 2+ 1+ 2+ 3 setae, Exopod is small and béars
5 setae,
Maxillipeds 1 and 2 are functional from stage 1 with setose exopods
and segmantea endopods. Maxilliped 3 and legs are rﬁdimencary. There
is no anal spine. 7
Stage 1. (Pl. 8: PL, 9; A: Pl. 11; A-E, H-J) C.L.: 0.30-0.35 ma.,
T.L.; 0.61~0.78 mm.

Eyes are sessile. Cavapace has no rostrum. Abdomen is unsegmentad.
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Talson bears 7 + 7 spines, The fourth telson spine is longer than the
carapace, Exopod of maxillipeds 1 and 2 each has 6 setae. Maxilliped

3 1is very small, biraﬁoua but unsegmented, with 2 setae on exopod. Later
larva is larger than the earlier one.

Stage 2. (Pi. 9; B, G: PL, 11; F) C.L.: 0.5 mm., T.L.: 0.66-1.00 mm.

ﬁyes are stalked, Carapace has a rostrum which is about 1/4 as long as
the rest of carapace. Abdomen is segmwented and is of 5 somites plus telson.
Exopod of maxillipeds 1 aund 2 has 7 and 6 setae respectively. Maxilliped
3 has 3 setae on exopod; Rudiments of legs a?e a§sent in earlier larva,
but are seen 1o the later larva under.the cuticle. In the later larva
abdomen is considerably longer than in the earlier larva.

Stage 3. (P1. 10: P1l. 11; G) C.L.: 0.62 mm., T. L.: 1.78 mm.

Abdominal somite 6 is seémantéd off from the teiéén and is about 1 1/57time3
longer than the latter. There Is addrso-median spine on somites 1-5, a
pair of lateral spines on somite 5, a;d a palr of dérso-lateral and ventro-
latezal spines on somite 6. Telson is somewhat wider than long vi;h 3 +8
spines. Ufopods are free but not ségmented with a few sétae on exopada.

Antennule is cﬁnsisted of a peduncle of 3 segments and an unsegmented
flagellum. The first peduncular segment is not subdivided. Exopod of
maxillipeds 1 and Z has 9 and 7 setae respectively. Maxilliped 3 is large
but endopod is not segmented, both endopod and exopod bearing 4 apical satae,
There are birazmous rudiments of legs.

IATI;ER ZOZA |

Carapace has a palr of suprasorbital, antennal (from stage 5) and

ranchiocstegal spines., Rostrum ié'slightly shorter than ayes. &11 the

thoracic somitas are fused together, Hye paillss aza smsail but distinci.
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Abdomen has a droso-median spine on somites 4-6 and a palr of lateral
'spines on somite 5, Somite.3 has a dorso-median spine in all therstage

4 zoéa-ﬁut does not in most of the stage 6 and later zoea, though 1t may
be retained in some zoeae as late as megalopa ﬁs 1s shown in the following

table, There is an anal spine. Labrum has an anterior spine.

Dorsal spine on

: Zoea ‘
somite 3. v | VI VII VIIT IX Megalops .
Present 48 32 12 9 2 1- 1
Absent 0 30 93 . 65 40 38 36
Total 48 62 105 74 42 39 . 37

Ant?nnular peduncieg are widely separated from 2ach other. Antennal
scale has an gpical spine from stage 5, which is exceeded by the tip of
lamella. Mandible has a palp from stage 5 and become large and diyided
into 2 segments in later stages. Endopod of maxillule is present in stagé 4
but absent in‘stage 5 ;nd later. Mouth parts are, otherwise, as in the -
protozoea, Endopod of maxilliped 1 is of 4 segments, that of maxilliped 2
is of 4 (in stage 4)‘or'$’(frbm‘stage'5)‘segm£nts;ﬁand”that of maxilliped 3
is of 5 segmeuts. Eodopod of maxillipeds is more or less longer than
respéctiva éxopod. Setation on exopod tends to confinerdistally except
in maxilliped 1, in which the exopod has 1 or more setae on the proximal
outexz margin.. Maxiliiped 3 is longer than maxiliipeds 1 and 2. All the -
legs have setose exopod and seémented eﬁdopod. Pleopods develop alil

together, with endopods largexr in posterior tham ir antevior pleopods.



Stage 4. (P1. 12; A, D, G) C.L.: 0.61 mm., T.L.: 2.0 mm.

Carapace does not cover the thoracic somites, _There are no antennal
spines on carapace. Telson is wider behind with a &eep central notch
on the hind ﬁargin, reaching about the level of the_insertion of the
first telson s;;;;.

Antennal scale has dne outer seta instead of apical spine. Endopod
has vestiges of inner and apical setae. Endopods of legs are much shorter
than their exopods, and not segmented, legs 1-3 are not chelate.

Stage 5. (Pl. 12; B, E, H) C.L.: 0.81 mm., T.L.: 2.6 mm.

Carapace covers all the thoracic somites, and has a pair éf antennal
spines and one dorsél spine on rostrum. Telsbn is slightly wider behind.
The central notch is small reaching the level of insértien of the second
telson spine. Antennal scale has #n apical spine, gndopod iz a simple
rod without setae and is about 1/3 as long as the scale. Mandible has a
small unsegmented palp. |

Stage 6. (Pl. 12;.C, F, I) C.L.: 0.93 mm., T.L.: 3.1 mm.

' Cafapace has 2'dorsal spines on rostrum, Telson i3 somewhat narrower
behind with a slighfly indicated central notch on the ﬁind margin., Antennal
endopod is a little less than half as 1oﬁg as the scale, ﬁﬁdopods;of legs
are indistinctly segmented; Chelae are beginning. Them are very small
pleopod buds.

Stage 7. (P1, 13; &, D) C.L.: l.i mm,, T.L.,: 3.7 mm.

Carapace has an epigastric spina. Telson is %cunded behind without
trace of notch. Antennal endopod is about half as long as the scale,
with 2 basal, but no distal, articulations. Chalae are formed. Pleopod

buds are moderataly long, but has no traces of setae, their iengths ara
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distinctly less than the height of respective somite. There are rudiments .

of gills as are shown in;the following table, | | | f%ST
Maxilliped | Lex
12 3 1 2 3 4 5
Pleurobranchﬂﬂtp o o 1 1 1 1 1 o0 -
Arthrobranch o 1 1 1 1 1 1 0
Podosranch 1 1 0 | 0 0 ¢ 0 0

Stage 8., (PL. 13; B, E) C.L.: 1.3 mm., T.L.: 4.0 mm.
Antennal endopod is somewﬁat shorter than or -about as long as tﬁe'r
scale with a few distal articulations. Mandibulér palp is large and
divided into 2 segments. Endopod of 1eé 1 is shorter, but that of leg 5
is longer,rghaﬁ their éxopo@s. Pelopqd buds bear traces of setas on
apical margin of exopod. Length of pleopods are about equal'éo the ﬁeiéht ’
of respective'somite. . . : - QZSQ
Stage 9. (P1. 13;.C, F: Pl. 14, Z) C.L.: 1.4 mﬁ., T.L.: 4.7 mm.
There aré 3 dorsai spines on rostrum, Antennal endopod is longer than
the scale with 6-8 distal articulations, but does not reach to the tip

of antennule. :The'inner'aﬁtehhular'flagéllum-is of 3 segments. Pleopod-

buds are very long and bear many traces of setae, but no long setae,

their lengths are distinctly greater than the height of corresponding
somiz:s. Endopod of leg 1 is longer than exopod.

MEGALOPA (Fl. 143 M; P1, 15; A, E) C.L.: 1.5 mm., T.L.: 5.0 mm.

The larva rathér gradually assumes adult characters and distinction

between the last zoea and megalopa is by no means clear, However, the

characters of megalopa which are diffarent from those of zoea are seen in,
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__,/’&:/the presence of ‘a pair of hepatic spines,
;ifﬁ\ ‘ | 2.:the develﬁpment of numerous setae on coxae and basis of max{lliped 1
and flattening of its exopod, and |

3, the presence of long setae on pleopods,

. —_— .

The megalopa also differs from the following young phase mainly in the
form of mouth parts and in the rigidity of legs. Thus the endopods of
maxillule, maxilla and maxilliped 1 are still segmented as in the zoea, while
in the young endopods of these appendages are no longer segmenteﬁ. Endopod

" of maxilliped 2 is not bent upon its self as.in.the young and adult and not
provided with a thick fringe of setae., Endopods of legs are still more or
less rudimentary and not yet well calcified, while in the young the legs
become by far rigid and firm tham in the magalopa. Another difference of
megalopa from the young is in the retention of a pair of supraorbitai and

- branchiostegal spines on carapace which.are absent in the young.

So far as I am aware, megalopa phase has never been established in the
larval development of any speciles of penaeid shrimps. Immediate post zoaal
stage is always referred to the first postlarva. In X. kroyeri, however,
and probably in many other species of penaeids also, this stage i3 more or
less different both from the zoea and all thé subsequent stages, and may
well be recognized as megalopa which is equivalent with the same stage

- in most Caridea, Anomura and Brachyura. The megalopa 1s in many Tespects
laxval rather than postlarval. |

There was only one stage in the megalopa of X. kroveri. The innex
anteonular flagellum is of 4 segmeuts. An;ennal flagellum is about 1.5

times longer than the scale with about 10 distal articulations, it extends
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.somewhat'beyOnd the tip of antennule, Lateral.spines on somite 5 are
still distinct. Endopod of leg—l is longer than the exopéd by its
fingers. Exopod of leg 5 reaches about middle of carpus of endopod.,
Exopods of pelopods bear long setae distally and short ones proximally.
Endopods of pleopods 1-3 are very small and bare of :setae, while those

cof pleopbds 4 and 5 are of comsiderable length and more or less setose.

YOUNG

This is essentially adult in all but minor respects and is
accordingly considered as postlarval. The differences from the adult are
seen in the short rostrum, small endopod of'pleopods and absencerof
secondary sex characters. The setose exopod of legs, lateral spines
on somite 5 and the full'number of telson spines are still retained in
stage .1, but degenerate in stége-Z and later. Dorso-meaianspiﬁe on
somites 5 and 6 are always distinct, but that on somite & is frequent1y
' ﬁanting. Somites 4-6 have a dorsal carina accompanied with short
spinules and setée. Lags are very rigid, ﬁisﬁal end of dactyli éf legs
4 and 5 are not pointed into spine but rounded with several sensory setae.
leg 5 is longer than any other legs but not.so long as in the adult.
Rpstrum is rather deep and is more or less humped dorsally, eudiné
abruptly in a pointed terminal spine. o

Stage 1 (P1, 14; Y: P1, 15; B, C, F). C.L,: 1.6 mm., T.L;: 5.2 mm,

Rostrum is shorter tham eyes, with 4 dorsal spiﬁes. Hind end of telson
protrudes and bears 4 + 4 spines between the fourth (longest) pair of
spines, thus the number of telson spines being 8 + 8 in alil. The innex
antennular flagellum is of 5 segments. Antemmal f£lagellum is about tﬁice

as long as the scale, and about as long as tha carapace. Exopods of

maxillipeds Z and 3 and of legs are still setose but much shorter tham their

endopods.,

P
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Stage 2. (Pl. 15; D, G¢) C.L.: 1.9 rm,, T.L.: 5.7 mm.

Rostrum has 5 dorasl spines. Telson ends posteriorly in a pointed
central spine accompanied with 3 pairs of small degeneraﬁiﬁg spines, and
flanked with a pair of large termiﬁal spines;

3. Trachypaeneus constrictus (Stimpson)

Pearson, 1939
A considerable number of egg, mauplius, zoea and megalopa were

found in the offshore planktons as are shown in the following table.

. Stage Total number

Egg 28
Nauplius 4
Early Zoea - 462
Latter Zoea . 218.
Megalopa _ 2
Total 714

EGG (Pl. 16; A)

Diameter of egg membrane is 0.38-0.43 mm., and that of embryonic
membrane is 0.21-0,23 mm. All eggs were taken in.late embryonic develop~
ment, and some of them were almost ready to hatch. The egg membrane
reflects under a microscope é bright blue tinge adjacent to and imside

of the peripheral brillant purplish-red color.

NAUPLIUS
There is a dorsal tubercle. The greatest height of body is some=-
what less than 1.5 times the greatest width. Antenuule is slightly

shorter in early stages, but somewhat longer in later stages, than the
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antenna. The -first inner seta is shorter than the third in all stages.

-

(j)'

Exopod of antenna is much longer than the endopod a2nd has no outer
setae in-all stages. -No sera appears, at the distal end of protopod.
Length of mandible is somewhat less than the greatest width of body, its
endopod-is only slightly longer than the exopod.

‘Staggn;. (Pi. l6; B, G, E) B,L.: 0.25 mm.

There are 1 -+ 1 furéﬁiwééiﬁéé which are somewhat less.thgn 1/3 as
long as the body. Sétae and spines are smooth and unarmed.

Stage 3. B.L.: 0.25-0.26 mn.

There are 2 + 2 furcal spines. Antennal exopod has 6 long and 1 short
setae. Antennal endopod has 2 long and i shorﬁ apical, and é short inner
setae.

EARLY ZOEA

The protozoea obtained from the plankton and attributad to T. constrictus ~

, /
is closely similar in every detail to- that oi Xiphopeneus kroveri. It is (:)
so faxr impossible to distinguish with certainty protozoea of these two
. species obtained from plankton.

Although both Pearson (1939) and Cook (1966) did not observe the shart

apical hair on antennal endopod in Trachypeneus protozoea, all the protozoea
attributed to T. constrictus in this report had this hair, It seems

very unlikely that no specimen of T. constrictus early zoea are represented

in these samples because its eggs, nauplius and especially latter z;eé
re quite abundant. On fhe other hand only a few nauplii and no latcer
zoea of Xiphopeneus were found in the plankton.

Stage 1. (Pl, 17; A, D) C.L.: 0.30-0.38 mm., T.L.: 0.64~0.94 mﬁ.

Eyes are sessile., There is no rostrum. iAbdomen {3 not segmented.
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There are 7 + 7 furcal spines. A considerable variation was observed
among the zoeaz of stage 1 in the length of abdomen.
Staée 2, (Pl. 17; B) C.L.: 0.46-~0.51 mﬁ;, T.L.: 1.1-1.3 mm,
Eyes are stalked, Rostrum is about 1/5 as long as the rest of
carapace., Abdomen is segmented and is of 5 somites plus talsom. Again
a counsiderable vériation was observed in the length of abdomen.
| étﬁé&ié;"(éi.HIY; C) G.L.: 0.69 mm., T.L.: 2.1 mm.
Abdomen is of 6 somites plus telsom, with a dorso-median spine on
somite 1-5, and a pair of lateral spines on somite 5. Telson is somewhat

less than 1.5 times wider than long and bears 8 + 8 spines, There are

large rudiments of maxilliped 3 and legs.-

LATTER ZOEA
Latter zoea of T. counstrictus can be distinguished from Penaeus and

Xiphopenaeus by the absence of distinct lateral spines on abdominal somite

5, and from Sicyonia and Parapenzeus by the absence of ventral spines on

abdomen, '

Rostrum reaches at or slightly beyond the distal end of eyes, There is
a pair of supraorbital spines on carapace. Carapace may also have a paixr
of antennal aﬁd branchiostegal spines, the former appearing in stagé 5
and the latﬁer disappearing from stage 6. Labrum has an anterior spine.
Mouth parts are as in the early phase, but a palp develops om mandihlg and
exopod of maxillule disappears., Abdominal somites 4-6 has a do?so—median
spine. Somite 5 maf have a pair of vestigial lateral spines in early
stages. Somite & has a pair of ventro-lateral spines at the hind end.
There is a large anal spine. Telson is rather broad, more or less
notched behind. All the thoracic appendages have setose aﬁopods; Endopod

of maxilliped 1 {s of 4 segments, those of maxillipads 2 and 3 are of 5

segments, while those of legs are not segmented or indistinctly segmented.
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Stage .4. (Pl. 18; A, C, E) C.L.: 0.67-0.89 mm, T.L.: 2.06-2.5 wmn.
_ | e
There is a pair of supraorbital and branchiostegal spines on ﬁj)’
cgrapace,;buth6~dorsal nor antennal spines. Telson is-widenad behind,
about twice as long as wide and is about 3/4 as long as the somite 6,
with 8 + 8 spines. The central notch behind is'deep, almost reaching
the level of insértions of the first pair of spines, Exopod of antenna
is not segmented and has no apical spine but has 2 outer setae instéad.
Endopod is of siﬁple rod and is about half as long és the éxgpod. Mandible
has no palp. Maxillule has an exopod. Endopods of legs are not segementéd
and much shorter than their exopods. There are no pleopod buds. Of the

total of 84 fourth zoeae obtained from the plankton, 49 (58%) have

vestigial lateral spines on somite 5, while the reamining 35 (42%) have

" mot, in which the posterior margin of somite 5 is either angled or rounded.

Stage 5. (Pl. 18; B, D, ¥) d.L.: 0.83 mm., f.L.: 2.6-3.5 mm. *)
~Carapace has a émall dorsal spine near the base of fostrum, and a '::)
pair of antennal spines. Telson is almost pérallel sided, and a little
less than 2.5 times as long as wide. The central notch behind ig small
and ends at about the level of insertions of the second pair of spines.
Antennal exopod has an apical spine, ending somewhat behind the tip-df
the lamella. Endopod is:about 1/3 as long as the exopod. Mandible ha$
a small palp.‘ There is no exopod on maxillule., Chelae are beginniné.
Of the total of 49 fifth zoeae obtained from the plankton, 7 (147%)
still retained vestigial lateral spines on somite. 5.
Stage 6; (PL. 19; A, E) C.L.: 0.96-1.12 mm., T.L.: 3.1-3.6 mm,
Carapace has no branchiostegal spines and the angles are rounded.

Telsow is a little more thanm 2.5 times as long as wide. Tha central

notch ends behind the level of insertions of the second pair of spines. \;)
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Antennal endeopod is a little more than half as loag as the - exopod.

There are small pelopod buds. 1In all the sixth zoeae obtained from

the plankton the posterior lateral margin of somite S5 are rounded.
Stage 7. (Pl. 19; B, F¥) C.L.: 1.3 mm,, T. L.: 4.1 mm.

Carapace has 3 dorsal spines of which the anterior 2 are on the

rostrum. Telson is narrower behind, its length is slightly more than
3.5 times the width at the hind end. The ceantral notch is"only slightly
indicated,.énding far behind the level of insertions of the second pair
of spineé. Endopod of legs are more or léss segmented and about és
long as or slightly longer than their exopods. Antennal endopod is
about as long as theé exoéod with 2 basal and 3 distal articulations.
Pleopod buds are moderately long_and segmented, but has not setae.

. Stage 8. (Pl. 19; C, G).C.L.: 1.3 mm., T.L.: 4,3 mm,

Hind margin of telson is almost straight withoﬁt central notch.
Anténnal eandopod is longer than the scale with 4-6 distal articulations.
The- length of pieopods are about equal'to the height of respective somite.
There ave vestigial-se;ae éround tip af pleopods.

.MEGALOPA (Pl. 19; b, H, I) C.L.: 1.3 mm., T.L.: 4.2 mm.

Rostrum is.somewhat shorter than the eyes, and is moderately decurved.
There is an epigastric spine, and 4 dorsal spines on rostrum., Carapace has
a pair of antennal and hepatic spines but_no suprgdrbitals. Anterior lateral
angles are rounded, Abdomen has a dorso-median spine on somite 6 only.
Telson has a median spine on somewhat protruded hind end, beside tha 2
pairs of lateral and 6 pairs of terminal spines., Antennal scale is rather

broad, and {s about a little more than 2/5 as wide as long. The apical
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spine hardly reaches the distal end of the lamella. Antemnal flagellum
is somewhat longer than the carapace. Mouth parts are madif;ed as in tﬁe
adult but not provided with thick fringes of setae as in the latrter.
Legs are fully segmented and figid} Legs 1-3 are chelate. There are
vestigeﬁ of exopods'on maxillipeds 2 and 3 and on legs. Plecpods are
setose an& funct£onal, but has no endopods.

Subfamily Sicyoninae

4. Sicyonia brevirostris Stimpson

Eggs, nauplii and zoeae of a sicyonine shrimp were fairly common in
the offshore planktons (cf., Part I). These are attributed to S.

brevirostris largely because it is only one species of the genus which

was commonly taken within the range of study area.

EGG (P1. 20; A)

Diameter of egg membrane 1is 6.29-0.32 mm., and that of embryo is
0.24-0.25 mm. The egg membrane reflects under a microscope brignt green
color, in addition to ; peripheral brilliant purplish-red. The former

occurs inside to the latter as a separate band. All the eggs were late

in embryonic development.

NAUPLIUS

Very like I. constrictus. But in later stages antennal protopod has
an inner seta ét the distal end and endopod has 21pairs of inmer setae.
Exopod has an outer seta but no bifid setae. Early stages may be
distinguished from T. constrictus by a combination of number of setae

on antennal exépod and number of furcal spines (Pearson 1939; Fig. 39).
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.St;ge 2, (1. 20;-B-D) T.L.: 0.24 ma.

There are 2 + 2 fufcal spines, Antennal exopod has 5 long setae.
Long setaé and spines are plqmose.

Stage 76 (P1. 20; E) T.L.: 0.47 mm.

There are 7.+ 7 furcal spines. Anténnél exopod is indistinctly

segmented with 9 setae around the innmer and apical margins. There are

large rudiments of posterior appendages,

EARLY ZOEA

Cafapace has a very short rostrum froﬁ stage 2, but no other spines.
Free thoracic terga and abdomen are slender and very long, when combined
they are about tgice (stgge 1) or three times (stage 3) as long as the
carapace. The first telson spine is located dorsally rather than laterally,
Labrum has no spine., There is a small anterior papilla on each side between
the base of antennule and the outer edge of the epistome. Mandible has no
palp. Maxillule and maxilla have éxOpods. Endopod of maxillule is of 3
~segments, and that of gaxilla is of 4 segments of which the third is bilobed
on the inner edge showing the two fused segments.

Antennule is much longer than antemna, and is about 1.5 times longer
than the carapace. The temminal segment has 3 long apical setae.: Antenna
has an inner setae at distal enq of protopod, and 2 + 3 inner setae on
endopod, which ends.in 4 long and 1 short setae, Endopod and exopod are
subequal in‘length.

Stége 1. (Pl. 21; A, D) €, L.: 0.32 mm., T.L.: 0.95 mm.

Eyes are sessile, There is no rostrum, Abdomen is not segmented.
Basal segment of antennule is subdivided,

Stage 2. (Pl. 21; B) C.L.: 0.40 mm., T.L.: 1.26 mm.

Eyes are stalked. There is a very small, blunt rostrum. Abdomen

is segmented and is of 5 scmites plus telson,
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Stage 3 (PlL. 21; C) .C.L.: 0.50 mﬁ., T.L.: 2.0 mm,

Abdominal somite 6 is segmented off from the telson and is about 1.3
times longer than the latter, with a pair of lateral and vantro-lateral
spines. Telson is about as long as wide. There is a dorso-median.épine
on somites 1-5, and a ﬁair of lateral spiﬁes on somite 5, Antennule is
consisted of a p;duncle of 3 segments and an outer- flagellum, basal
segﬁent of peduncle no 10nge; ;ubdivided.

 LATTER ZOEA

There is a short rostrum hardly reaching the cornea of eyes, Carépace
has a pair of sﬁpraorbital, antennal and branchiéstegal spines. As many
as 2 dorsal spines appear on carapace of which the anterior ome is on the
rostrum. Abdomen has a dorso-median spine on somite 6 only, and a ventro-
median spine on somites 1-5. Telson is slender and iong;'aboﬁtraswiéngﬁaé
or longer than somite 6, with 7 + 7‘§§ines in all:spages. Exopod 6f
maxiliiped 2 is distinctly reduced in size,

Stage 4 (Pl. 223 4, C, F) C.L.: 0.72 mm., T.L.: 2.6 mm.

There are no dorsal spines on carapaée.. Telsonris someyhat narrower
behind, its length is a little more than 3 .times width of.tﬁe hind end,
and is-about as long as the somite 6, Hind margin is divided into twa
lobes by a deep central notch, which reaches anteriorly well beyond the
level of the insertioms of second pair of furcal spines, There is no
anal spine,

Antennal exopod has no apical spine, and has an outer setae instead.
Endopod is somewhat more than 2/3 as long as the exopod and not segmented.
Yandible has no palp. Maxillule has an exopod, Endopods of legs are wuch
shorter than their exopods and are not segment2d, There are no pleopod buds.

Stage 5 (Pl; 22; B, D, F) C.L.: 0,80 mm., T.L.: 2.7 ca.

There are 2 dorsal spines on carapace. The central notch on the hind
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margin of telsou ends anteriorly at or somewhat behind :hé level of

insertions of the second pair of furcal spines. There is a small anal spine.

Antennal exopod has an apical spine which is by far exceedeé by the distal

end of lamella. Mandible has a small palp. There is no exopod on maxillule,
e

Legs 1-3 has developing chelae. There are small pleopod buds.

Staée 6 (P1. 23; 4, C, E) C.L,: 0.% mm., T.L.: 3.2 ma.

The width of hind end of ﬁelson is about 1/5 the-length, cemtral notch
on the hind margin ending far behind the level of insertions of the second'
pair of spines. Antennal endopod is about as long as the exoped and has a
basal articulation. Mandible has a laxge palp of 2 segments, Enaopods of
legs are as long as or longer than their exopods. Pleopod buds are moderately

long and segmented,

MEGALOPA No specimens were obtained,

d

YOUNG

Carapace has a pair of antennal spines but no supraorbital nﬁ;
branchiostegals. Hepatic spineé are present. Abdominal somites 1-6 have
dorsal carina, that of somite 6 is rounded behind., Telson has 2 paixs
of dorsal and 5 paixs of lateral spines, all very small, and is fripged
posteriorly with long setae; Exopod of uropod is soaewhat‘truncated at
aﬁex without apical spine, Protopod has no ventral spine. Antennal scale
is truncated triangular with a small apicai spine,

Stage 71 (Pl. 23; B, F, G) C.L.: 1.2 mm., T.L.: 3.4 mm.

There are no traces of exopod on légs. Carapacé has an epigéstric

spine and two dorsal spines. There are no endopods om pleopods.
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5. Acetes smericanus carolinae Hansen Tgﬁf

A considerable number of zoea and young were obtained from the

plankton but no eggs nor nauplii were found (cf, Part I.

EARLY ZOEA

Carapace has a pair of anterior (supraorbital) and posterior lateral -

‘spines, and a posterior dorsal spine, these 5pinés are all subeéua} iﬁ
length. Rostrum appears in stage 2 and scmewhat longer than the éther'
carapacial spimes. Last 6 thoracic somites aré free from the carapace.
Telson is not much wider than the rest of the abdomen, an& biiobed by a
deep U—shaped notch behind, with 6 + 6 splnes in all stage The smxth
(1nner most) Splne is seated ventgally ratﬁer than marclnally Labrum
%%; has a long, pointed anterior spine. Antennule is a little longer than
antenna.‘ Antenna has 1 + 2 + 3 inner setae at distal end of protopod

and on endopod.. Endopod ends in 4 long and 1 short setae, Exopod is

scmewhat longer than the endepod, divided into 9-10 segments with 2 outer

and 11 inner .and.apical.setae. Endopod of-maxillule is of 3 segments,

and that of maxilla is indistinctly divided inte 5 segments. Maxillipeds

— 1 and 2 are ifunctional with setose exopods, which are much smaller than
their endopods, Maxillipeds 3 and legs are rudimentary.
Stage 1 (PL. 24; A, D) C.L.: 0.30-mm., T.L.: 0.48 mm.
Cdmpound eyes are not developed, All the carapacial spines are
armed with minute spinules. There is no rostrum. The basal segment of
antennule is subdivided in to 5 articles. All the thoracic scmites are

segmented, though somewhat obscure, Abdomen is not segmented,



of development betwean the normal second and third zoeae (PL. 243 Cy. It
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Stage 2 (®L. 24; B) C.L. (less rostrum): 0.45 mra.; B.L.: 0,86 ma.

A pair of ;cmpound eyes are developing, but not stalked. Rostrum is
about 1/3 as long as the rest of the carapace, direct;ng horizontaily or
slightly upward, All the carapacial spines are smooth without armatures.

e

A single zoea separated from the plankton showed an intermediate starte

was similar to stage 2 in size and general characters, but abdomen is

more or less segmented dorsally and had swmall rudiments of legs. The most

striking feature of this zoea is in the stalking of compound eyes. Thus the
left eye is already stalked, while.the right eye is still eﬁbedded under
the:carapace.
Stage 3 (PL. 25; A, D) é.L. {iess rostrum)ﬁ 0.56 mm., B.L,: 1.1 ma.
Eyes are stalked, Rostrum is bent down. Abdomen is segmented and is
of 5 somites plus telson, with a pair of ventro-lateral spines on scmites
1-5, but no dorsal mor lateral spines. Somite 6 is not segmented off
from the teison'with a pair of long ventro-lateral spines at the posterior
which is defined by the presence of uropods. The uropods are not

segmented and bare of setae. The basal segment of antennule is no longer

subdivided. There are rudiments of maxilliped 3 and of legs,

LATTER ZOEA

Rostrum is bent down with a large dorsal spine at its base. The
doréal'Spine extend forward almost horizontally; A pair of long, pointed
branchiostegal spines present onm carapace. Supraorbital spines present
in stage 4, but absent in stage 5. Abdowen is of 6 somites.plus telsen,
with a dorso-median spine on somites 4-6? and a pair of ventro-lateral

spines on scmites 1-5, Telson is small, about half as long as the semite

T

6, with concaved lateral margins, it is divided behind into two lobes by

a narrow but deep central notch, each

1

obe eénding in a large spine
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closély approximated with each other. Uropods are much longer than the

telson. There are no anal spirne. ' h ' /i),
Antennular peduncles are straight and parallel aﬁd are apposed

widely apart from each other, leaving a wide space between the inner

o :
edges of their bases, Antemmnal €x0pod is slender and short with several

- simple setae around the tip, and is wuch shorter than the endopod. Mandible

has no palp. Maxillule has no end0pod while exopod is retained beariﬁg 4
setae as-in the early phase. EndoPOd and coxal lobes of maxllla are
Leatly reduced and are rudimentary or lost while ;he.ex0pod becomes
large with a few long setae on the distal and ﬁroximal margins. Endopod
of maxilliped 1 is rudimentary or lost, while the exopod is retalned though
much reduced Coxa and basis are bare of setae. There are setoée exopods
on maxillipeds 2 and 3, and on legs 1-4, AEndOPst of maxillipeds 2 and,3;.
and of legs 1-3 are longer than their exopods, and more or less distinectly R
segmented., There is no endopod on leg 4, Leg 5 is absent. There-are 3
pairs of pieoﬁod buds on somites 1-3;-these are uniramous.
S;age.4 (P1, 25;.3, E, G) C.L. (less rostrum): 0.60 mm., B,L.: 1.45 wm,
There is a pair of large supraorbital spines. .Telson has 2 spines
outside the terminal spine. Antennal flagellum is shorter than the
antennule. Legs 1-3 are not chelaté. There are vestiges of endopod on
maxilla, and on maxilliped 1.
Stage 5 (P1l. 25; €, F, H-L) C.L. (less rostrum): 0,61 mm., B.L.: 1.63 um.
There are no supraorbital Spineé. Telson has one spine outside of
the terminal spine. Antennal flagellum is as long as or somewhat longer
than the antennule, and has basal and distal articulations. There are no

endopod on maxilla and maxilliped 1, Legs 1-3 are chelate.
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MEGALOPA

No megalopa phase was recognized. It seems to be due to the earlier
mgdification of wouth parts,

YOUNG (or Mastigopus)

Rostrum is not bent, but extends forward almost ho£i20ntally, with a

'

small dorsal spime in early stages, it is shorter than the eyes and tends

e

to be still shorter in later stages in proportiom to the carapace. There
is a pair of supraorﬁital, branchiostegal and hepatic sPines”on carapace.
The branchio-stegal spines are lost in the fully grown adult.

Abdomen is as in the latter zoea, but pleopods are now satose and
postexior pairs and endopods develop gradually. Ventro-lateral spires on
somites 1~5 become smaller and eventually disappear in later stages. Telson
has a pair of terminal spines only without a notch behind. The terminal
splues gradually become smaller and eventually disappear. Antennal scale
is slender, almost parallél sided, with an épical spine. Mouth parts are
muchAthe same in principal structures as im thé latcer zoea. Therxe are no
exopod om maxillipeds 2 and 3, and on legs. Leg 4 is lost. |

Stage 1. (Pl. 26; A, I, J) C.L.: 0.83 m., T.L.: 2,0 mm.

There are minute vestiges of exopod om legs 1-3, and of leg 4.. In
this characters this steée might well be comsidered as corresponding to
megalopa in other decépods. There axe 3 pairs of pleopods, without
endopods. Antennal flagellum is about 2/3 the total length.

Stage 2 (P1. 26; B) C.L.: 0.93 ma. , T.L.: 2.4 om,

There are no veﬁtiges of exopods on legs, and of leg 4. A pair of
snort pleopod buds are present on somite 4, Antennal flagellum is somes

weat loanger thanm the body.
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zge 3 (Pl, 28; C) C.L.: 0.8 wm., T.L.: 2.5 mm.

Pleoped 4 is long but not segmented nor setose., Thers are szall

)

buds of pleopod 5.

Stage & (PL. 26; D, X) C.L.: 1.2 mm., T.L.: 3.2 mm.

e

Pleoped 4 is s;gmented and setosé with a small endopod, Plecpod 5
is long, segmented, but not setose, or may bear a few setae on exopod.
Pleopod 2 may or may not have endopod. Ventro-lateral spines om somite 5
are small or vestigial.

Stage 5 (¥L, 26; E, F) C. L.: 1.4 wm,, T.L.: 3.9 wm,

Pleopod 5 is setose om exbpod; but not on endopod. -Endopod Of‘pIEOpédS 3
and 4 are usually more or less setose, Pleopod 2 has a small eadopod.
Carapace ﬁas no dorsal spine, or way have a vestigial-one.

Stage 6 (PL. 26;:G, H, L) C.L.: 1.4 mm., T. L.: 4.0 ma,

: Rostrum.is much:reduced in length., Ventro-lateral spines onVSOmiteé 1-5 ,f:)
are vestigial or lost. All the endopod, as well as exopod, of pleopods are \“)

more Or less setose.

SUBADULT (PL. 26; M, N) T.L.: 11.8 mm.
Carapace has a dorsal spine. Telson tapers to a blunt distal aamd
tipped with 4 setae. Specimens were obtained on August 27, 1969 by

plankton tows at Boat House.

SECTION CARIDEA

The eggs are carried by females on the pleopods. The larvae

1

hatches as zoea, except when the development is direct, Rostrum is

cylindrical or laterally compressed. Three pairs of maxillipeds

!

functional on hatchines

o3

maxilliped 1 with coxa and basis large,

flattened, the endopod small, of -four segments or unsegmented, k,)
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than that of maxilliped L,

r{

nd 3 with endopods large
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Legs appearing in succession, except when development is abbreviatad,

sCma

[N

but leg 5 may develop before leg & in Alpheidae, Palasmonidze an
of Hippolytidae. ﬁndoPOds of legs .usually segmentced and setose (Gurney,
1942} .
Family Pasiphaeidae

Carapace has a short, po;nted rostrum, ventral margin of carapace
is serréted both anteriozly and postariorly, Abdomen has a pair of lateral
spines'on somite 5. Telson is somewhat oval in early stages. There is no
anal spine. Antennal scaie has a large apical spine from stage 1, innex
distal spine on pedu§cle is.lono. EndoPOd of maxilliped 1 is of 4 segments.
There are exopods om legs 1 and 2 in later stages. Legs 3-5 are rudimentary

in the last stage. The development of pleopod on scomite 1 is delayed.

6. Leptochela serratorbita Bate

Larvae of a species of pasiphaeid shrimp were obtained from the
plankton taken in the offshore waters around Sapelo ILsland. They were

fairly common in May and July and attributed to L. serraztorbita, Decause

this is the only one species of the family so far knowm from this district

(Williams, 1965).

ZOEA

Rostrum is broad at base, ending into a pointed spine which is shorter
than antennule and antemna, There are no dorsal spines. Spines on ventral
marzin of carapace are all smzll, Abdomen is a little less than twice as
long as the carapace, with 1 and 2 pairs of lateral spines on somite 4 and
S, and, in later stages, ventral spines on somites 3-5. Second telson spine

is much smaller than the others and disappears in later stages.
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suntennular paduncles on  each side approximated at base leaving a very
. . N
narrow space between the inner edges. Eandopod of maxillule is of 2 segments

with a seta on each segment. Maxilla has & endites, its endopod is unsegmented‘
but divided into 3 indistinct lobes with 3 + 1 + 2 setae. Endopod of
maxilliped 1 i;—;; 4 segments, exopod has no outer setae.

Stege 1 (21, 27; A, H, ) C.L.: 0.67 man., T.L.: 1.9 mm.

Eyes are sessile. Abdomen is of 5 somites plus telson. _Teléon has
7+ 7'5pines. The combined length of somite 6 and telson is about 2.5 times
thé width of telson. Antenmal endopod is about 1/3 as léng as the scale,
ending in a long apical seta and a short outer seta. . lLegs are noﬁ free,

Stage 2 (Pi. 27; B, I) C.L.: 0.77mm., T.L.: 2.2 mnm,

Eyes are stalked. Telson has 8 + 8 spimes. There is a biramous

rudiment of leg 1,

Stage 3 (P1. 27; C, D, J) C.L.: ¢.90 mm., T.L.: 2.5 mm. 7 iES)
Abdominal somite 6 is segmented off from telsom, and is about as long .
as the latter. Uropods are free but not segmented. Antennal endopod tapers
to a pointed tip without setze, it is zbout 3/4 as long as the. scale. -Leg 1
has setose exopod, its endepod is not segmented. There are no legs 2-5.
Stage & (P1. 27; E, X) C.L.: 0.94 mm., T.L.: 3.0 mm.
éubocular angles of carapace on each side ends in a small sPine. Telson
is slightly lomger than the somite 6, with 7 + 7 spines. Hind margin is
still notched behind, though very élightly. Uropods axe SEgmented.‘
Antennal endopod is nearly as long as the scale._ There ére rudicents of
legs 2-5, those of leg 2 have small exopods,
Stage 5 (Pl. 27; F, L, 0). C.L.: 1.2 rm., T.L.: 3.4 mm.

Telson is rounded behind without notch, it is slightly wider posteriorly
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znd is somewhati more than 2.5 times as long as wide, There are ventrzl
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spinas on somites 3-3., Antennal endopod is somewhat lonzer than the scale
s
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with 2 basal articulation. Eadopods o
chelate. Exopod of leg 2 is rudimentary and not setoss, Legs 3-5 are
rudimentdry and uniramous. Thexe are large pleopods on somites 2-3, but

*

ot on somite 1.

8]

MEGALOPA (P1. 27; G, M; P) C.L.: 1.3 mm., T.L.: 3.8 =a.

Anterior ventral angles of cérapa;e iserunded, its vént:al margin
is smooth éxcept a few minute spinules on postaxior cormer. Telson is
parallel sided ;ith 7 + 7 spines. There are setose exopod on maxilliped 3,
and on legs 1 2nd 2. Legs 1 and 2 are chelata. Chela are.slender with

pointed fingers, Legs 3-5 are fully segsented. There is a large spine

on ischium of leg &,

Family Palaemonidae

Subfamily Pontoniinaze

7. Pericligenes americanus (Xingsley)

Berried rfemales were captured by Mr. Heard on March 21-23, 1969 at
Pigeon Xey, Florida and were at mwy disposal. None of the resulting larvae

could be reared beyond stage 2,

ZOEA

Rostrum is moderately long, slightly upturned, reaching somewhat
beyond the tip o eyes. Ventral margin of carapace is smooth and ends
anteriorly in a spime., There is a pair of supraorbi;al spines from stage

2, but no.antennals,

2
'

3

Abdomen is about 2.5 times as long as the carapace, with a paix of

larterzl spiznes on somite 5 from stage 2,
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and telson is about 1.5 times width of the telson. Telson has 7 + 7 spines,
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Antennular peduncles on each side are apéroximated at base leaving - —~
: 4 B
4 Very narrow space between their imner edges. Antennal scale is segmented (ﬁ)
and has 2 outer setae in early stages. Antennal endopod ends in 2 spine
and 2 long plumose seta in stage 1. Endgpod 6f maxillule i§ unsegmented
with 2 short apical setae. Maxilla has 3 endites, its endopod is divided
into 2 lobeé, each with an apicai seta. Exopods of maxillipeds Sear L
apical setae in stage 1.
Dark brown éhromatOPhores occur om carapace at rear of the eyes, om
£ront oflthe eyestalks, and on abdczinalvscmite 3. There is a'pairlof
large brown chromatophores at the base of antemnae. Telson and thoracic
appendages are colorless,

Stage 1 (PLl. 28; A, C, E-I) C.L.: 0.54 mm.; T.L.: 1.7 tm.

Eyes are sessile. Abdomen is of 5 somites plus telson. Somite 5 has

-,

3

2 fringe of fine spinules on the hind margin. The combined length of scmite

There are 3 pairs of setose exopod on maxillipeds 1-3, and biramous
rudiments of legs 1 and 2, but no other legs,

Stage 2 (PL. 28; B, D) C.L.: 0.5 am., T.L.: 1.8 m.

Eyes are stalked.' The hind margin of scmite 5 is smooth. Telsonrhés
8 + 8 spines. There are 5 pairs of setose exopeds. Endopod of legs 1 and

2 are segmented., Legs 3-5 are absent.

Subfamily Palaemoninzae
Carapace has supraorbital and ome or more deorsal spines, except in
stage 1. Abdominal somite 5 has a pair of lateral spines. Antennular
peduncles are approximated closely leaving s narrew space bziween the inmer

ir bases. Ventral spine Sm antennular peduncle is swmail and <u>=
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seated about middle of &

-

ne first segment. Antennal scale is sezmented

in early stages. - Endopod of maxillule is szall, unsegmented with an

lobes with 2 + 1 setae. Endopod of maxilliped 1 is of Z seguents,

s

apical seta. Maxilla has 3 endites only, the endopod is divided into 2

though

e . . . >
the articulation is somewhat obscure. Leg & is smaller than, and develops

after, leg 5, usually with exopod. Ieg 5 is uniramous.

8. Palaemon floridanus Chzce

A berried female was caﬁtured by Mr. Heard on March 21-23, 1969 at

Pigeon Rey, Florida and was at my distpesal., The first zoeae were

-from this female and have been reared as far as stage &, No later

were obtained.

ZOEA
Carapace has a long rostrum, slightly longer than the rest of

carapace, with minute barbs at the terminzi ventral edge, As many
= -] (= -

corsal spines appear on carapace and the base of rostrum. Supraorbd

(fxom stage 2), branchiostegal (from stage 3) and pterigostomian (f

stage -4) spines are present on carapace.,

hatched

stages
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Abdomen has no dorsal spines, Telson is triangular with an almost

straight hind margin in early stages. The terminal spines of the telscn

are rather short and there are no great variations in their length.

Antennal endopod ends in a short spine and a long plimose seta

stage 1, There is anm inner distal spine on peduncle from stage 1,

tends to be reduced in later stages, Exopeds of maxillipeds has &
setae in stage 1. Legs 1-4 are biramous while leg 5 is umizamous.
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There is a good deal of dark brown color at the anterior end of

-

bution of red chromatophores

e

carapace. In addition, rather dense distr

occur on antennal peduncles, along the bases of thoracic appendages and

ventrally along the abdeminal scmites 1-5. Telson and thoracic appendages
re colorless.

Stage 1 (Pl. 29; A, E, I) C.L.: 1.15 mm., T.L.: 3.3 .

Eyes are seésile. Abdcemen is of 5 scmite plus telson. Combined
length of somite 6 and telson is about 1.5 times the width of the telson.
Telson bears 7 + 7 termimal spines. There are 3 pairs of sétose'ex0pods
on maxillipedsAl-S, and rudiments of legs 1 and 2.

Sﬁage‘2 (PL. 29; B, F, J) C.L.: 1.28 mm., T.L.: 3.6 mm.

‘Eyes are stalked. There is a pair of suprazorbital spines, and ome -
dorsal spine on carapace, Telson has § + 8 terminal spines. The

terminal.segment of antennular peduncle is segmented off from the rest

N
of the peduncle. There are 5 pairs of setose exopods. Endepods of legs i:)l
L and~2 are segmented, There are smzll rudiments of legs 3-35. |

Stage 3 (P1. 29; C, G, X) C.L.: 1.44 mm., T.L.: &.1 wm.

There are 2 dorsal spines on carapace. Abdominal soﬁiée-& is segmented
off from the telson and somewhat longer tﬁanAthe latter. Telson is slightly
longer than wide with 7 + 7 terminal spines cr slightly concaved hind margin.
Uropods are free but not segmented, with endopod bgre of setae. Antennal
endopod has 2 basallarticulations. Legs 3-5 are still rudimentary.

tage 4 (PL, 29; D, H, L) C.L.: 1.7 wm., T.L.: 4.4 mm.

There are 3 dorsal spines om carapace and the base of.rostrum.
Pterigostemian angles of carapace ends in a swall spine. Telson is about
twice as iong as wide with 5 + 5 terminzl spines, There is an anal spime.
Lrepods are segmented with setcse endopeds. Anteonal scale has an apical !:>/



scmewhat exceeding the tip of lzmella, and no traces of

segmentation., There are 6 pairs of setose exopods. Endopod of lez 3

is segmented. Legs 4 and 5 are rudimentary. The rudiment of leg 5 is
uniramous and longer than that of leg & which is biramous.
9. Pzlaemonetes vulgaris (Say)
road, 1957a
' P. vulgaris is quite abundant around Sapelo Island in tidal creeks

‘and rivers. Berried females were cpatured on April 13, 1969 at the Marsh
Landing Dock, and were kept in the laborateory uatil the eggs hatched into
the first zoea which has been reared as far as the megalopa.

The following table shows the chromological data of development.

Stage Date Izys after hatching
1 4/25 - 0
2 4/28 ' _ 3
3 5/1-3 . 6-8 ’
& 5/4-5 _ g-10
5 5/7-8 12-13
6 5/10-11 - 15-18%
7 X 5/13-15 18-20
8 5/16-18 21-22
Megalopa 5/20-23 25-28
ZOEA
The larva very like Palaemon floridenus, but distinguished fxrca

the latter by the follewing characters. Rostrum strongly cuzves at extrenity
except inm stage 1 and 8§ (the last). Pterigostomian angles are rFounded in
later stages. Antennal endopod ends in only a plumose seta in stage 1.

cale has 2 poorly developed lameila distally, aund gradually tapers

Antennal s

toward a blunt apical spine in later stages. Legs 1 and 2 beccme funetional
in different stages, the one zfter the other. As many as 2 dorsal spines
appear on cazapace. Anteanal peduncle nas ne inner distel gpine.



coloration, Chromatophores are black
N

Tus

Body is transparent and poor inm
eyes, on antennular and antemmal

and occur on carapace at the rear o
base of maxilliped

O; A, E: P1. 32; A, K-N) C.L.: 1.04 mm., T.L.: 2.6 wm.

3, on abdominal somite 3 and around =2
T.

pecuncles, at the

tage 1 (P1. 3
Combined length of scmite 6 and telson is about 1 2/3 times the
Antennal scale is segment

m
=P

of telson. Telson has 7 + 7 terminal spines,
with 2 outer setae. There are 3 pairs of setose exopods and biramous
rudiments of legs 1 and 2. o ' )

1.07 mm., T.L.: 2.9 ma.

Stage 2 (P1l. 30; B,
There is a dorsal spine on carapace, 2nd 4 pairs of setose exopods,
2 is -

4

of leg 2

Endopod of leg 1 is segmented, while the whole structure
There ar¢ no rudiments of legs 3-5. Telson has § + § spines.
2 3.3 mm., .

rudimentary.
Stage 3 (PL. 30; C, G: PL. 32; C) C.L.: 1.23 mm., T.L.

Abdominal somite 6 is segmented off from telsou, 2nd urcpeds aze free
Telson is slightly longer

of setae.

but not segmented with endopod bare

than wide with 7 + 7 spines. Antennal endopod has 2 éasal articula;ions,

' simple shoxt seéae, Thefe are 5 '
Legs 3-5 arxe

the apical plurcse seta is replaced by
-The endopod of leg 2 is segmented.

pairs of setose exopods,
" 4.0 mm.

rudimentary.
Stage & (P1. 30; D, H: P1. 32; D) C.L.: 1.42 gm.,
still wider posteriozly

There are 2 dorsal spines om carzpace. Telsom is
r = - -1 -

+ 5 spines. Antennal scale has no

There arz 6 pairs of setose exopods,

and 2 or 3 times
apical spine but

Legs & z2nd 5 are
Stage 5 (P1. Z; ) C.L.
igntly tapers teward t

Telson is
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what longer than other legs, while the legz &4 is still rudimentary.

are small plecpod buds.

Stage 6 (P1. 31; B, C: Pl. 32; F) C.L.: 1.76 om.

Telson istinctly tapers toward the posterior end with 5 + 5 spines.
y P I 2

Antennal scale ends in a2 blunt apical spine, eundopod shorter thanm the scale

-t

with 2 distal articulatioms, peduncle with an outer distal spime. ihere are
7 pairs of setose exopods. Chelze zre beginming. Pleopod buds are mederatel
long but not segmented,

Stage 7 (P1. 31; C, F: Pl. 325 G) C.L.: 1,90 mm., T.L.: 5.5 m=m.

The outer flagellum of antennule has 2 groups of aésthetes. Aatennal
endoped is about 2s long as the scale. Exocpods of ple0pcds-aré segmented
0ff frcm the protopods, with a2 few short setae. There are no appendices

inte

A1

nae.
Stage 8 (Pl. 323 H: P1. 33 A4, B) C.L.: 2.35 mm., T.L.: 6.2 ca.
WO . Antennmal endopod ha§ & distal articulations and is longer than the
sacle. Both endopod and expod of pleopods are seoa;rted off from the
protopod.. There are-rudiments of appedices internae.
Megalopa (Pl. 33; C, D) C.L.: 2.5 mm., T.L.: 6.3 =m.
Rostrum has 7 dorsal spines, of which the posterior one is on the
carapace benind the orbital angles, and 2 ventral spines, Antennal and

- pterigostomian spines presemt on carapace, but me supraorbitals. There

are vestiges of exopods om legs 1-4., Abdomen has nmo spimes. Telsern ends

1o

posteriorly in a small median tooth, with 2 pairs of lateral an

A
[RS)
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of terminal spines. Antennal scale has a well developed lamella distally.

Family Alpheidase -
Carapace has no supraorbiial ner dorsal ssinos. The rostrum is short

e e - e
widened z£ its hase. Abdcorins
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The £ifth telson spine is shorter than the sixth. Antennular penduncles oo
P j2 . 5,

. 73,

s straight in dorsal view, and closely approximated with each STw

)
i
8]
[
[6)]
o
9
[\]
H.

-

cther at base without leaving space between their inmer ed
gcale is segmented in early stages. Mouth parts are as in Plaemoninae.
Endopod of maxilliped 1 is unsegmented with a2 basal immer lobe eadiag in

a seta. Endoéod of maxilliped 3 has a very long apical spine. Leg .5
develops before leg 4, and is much longer than the latter with a very long
gpical spine. | N

10. Alpheus normanni Xingsley

i

A berried female was captured by ¥Mr. Heard on March 22-23, 1959 at
Pigeon Key, Florida and was at my disposal. The resulting larvae were

reared as far as staze &,

ZOZA
Rostrum is about half as long as the rest of carapace, and does not
reach the distal end of eve. Ventral margin of carapace is smooth and ends i:)

antexiorly in & spine. Abdomen is about 2.5 times as long as the carapace,

. .

without spines., Telson is rather slender inm stage 1 with 2 slightly concaved
P g ¥y

o
[a ¥
H
]
H
aq
[ed
jal

Antennal endopod ends in stage 1 im a2 swmall spine and 2 long
plumose seta. Maxilliped 'l has & spines on the basis. Endopeds of legs

1-4 are unsegmented, rudimentary stumps in the early phase of their develop-
ment;

The zoea is almoast colorless and transparent when alive, with a small

13y

mount of dark brewn coler in the cardiac regionm and around anus,
Stage 1. The specimens of this stage were missed,

Stage 2 (Pl. 34; A, C, E,-G) C.L.: O
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8 + 3 spines, Antennal scale has 4 apical segments and 2 outer setze,
There are 3 pairs of setose exopeds on maxillipeds 1-3. Legs 1-5 are
rudimentary, leg 5 much longer than the others,

Stage 3. The specimens of this stage wzre missed.

Stage &4 (PL1. 34; B, D, F) C.L.: 0.69 mm., T.L.: 2.5 mm.

The somite 6 is segmented off frcm the telscnm, and is a little wore’
than 1.5 times longer tham the lLatter. Telson is somewhat less than twice
as long as wide, with 7 + 7 spines of which the first and second are reduced,
Uropods are segmented with segose endopeods,

Antennal scale has. 2 minute apical spine, which is by far exceeded by
the tip of lzmella, EndOpéd is of a simple rod and scmewhat less thean half
as long as the scale. There ére-é pairs of setose exopods. Endopods of
legs 1-3 and the whole structure of leg 4 are rudimemtazry. Leg 3 is segmented

aad very long with a long apical spine. There zre mo plecpoed buds.

11. Alpheus sp.

-

A berrired female was captured by Mr. Heard om March 21-23, 1959 =t
=

Pigeon Key, Florida and was at my disposal. The zdult female resexbies

A. hetercchaelis Say, but different from it in the zelative lengtk of

the stylocertie and movable finger of the major chela. Dr. F. A, Chace
attributed it to a new sgpecies,

ZOEA

-

The zoea is closely similazr in structure to A. normanni, but distinectliy

larger in size and richer in coleration., Red chrematophores occur at éistal

, on front 0f eyestalks, on carapace, in the
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Stage 2 (Pl. 35; A, D, G) C.L.: C.75 :ﬁ., T.L.: 3.2 o

Eyes are stalked. Abdomen is of 5 somites plus telson.. Toe cozbined ;i)
length of somite 6 and telson is scmewhat wore than twice as great azs the
width of telson. Telson has 8 + 8 spines. Antennal scale has 3 anical
segments and 2 outer setae. Eadopod ends in a short spime and a plumose sefa.

There aré 3 pairs of setose exopods on maxillipeds 1-3. Iegs 1-5
are rudimentary. ILeg 5 is much longer than the others.

Stage 3 (Pl. 35; B, E, H) C.L.: 0.82 mm., T.L.: 3.1 mm.

Somite 6 is segmented off from the telson and is az little less than

twice as long as the latter, with =z

s

air of small dorso-lateral spinas at
the hind end. Telson is somewhat longer than wide with 8 + 8 spines.
Uropods are free but nof segmented, with sandopod bare of setae. Antannal

endopod ends in a simple spine. There are 4 hairs of exopods. Endeopod

of leg 1 and the whole structure of legs 2-4 are rudimeutary. leg 5 - =
' | )
is segmented and very long with 2 long apical spime, almost reaching the \

tip of antennules. .

Stage 4 (P1. 35; €, F, I) C.L.: 0.85 mm., T.L.: 3.2 TR

Uropods are segmented with setose endopods. . Telsom still hésrs + 8
spines, but the first 3 spines ére'greatly reduced in sizé. The antennal
scale has a very small apical spine, being by far exceeded by the tip of

lamelia. There are 5 pairs of setose exopods., ILegs 3 and & are still

rudimentary. There are no

)

leopod bués,

[ e
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A Dbexrried female was captured by Mr. Heard and was at zy disposal.

[ 3 - £ ) .
were reared as far as tioe mezaiopa.,
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6/1-3 26-26

/8-12 31-36
6/21-26 44-49
6/29-30 52-53
7/4-6 57-59
7/8-10 51-63
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Carapace has a slender, pointed rostrum which is as long as the

[}

of the carapace in stage 1, but is about half or somewhat less than hal

as long as the latter in later stages. As many as & dorsal spines dewalop

on carapace, of wnich the anterior 3 are on the rostrum. There is

™
s
o
I.-l
r

ostomian spines on carapace. Ventral

a9

of supraorbital, antennal and pieri

margin of carapace is serrated anterio

H

ly ia early stages. ZIZyestalks ars

elongated in later stages but return normal in the me a.

ie
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Abdomen is a little mers than twice as loag as the carapace, with a

pair of lateral spimes om s--if2 5. These spines disappear in later stages.

Thare is ac anal spime. Hint m-r3in of telson is distinctly indented in the
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of antennule become very long and wmultiarticulated in later stages,

L]

o the last two J
-0

ule is unsegmented with 5 setze of 2 or uDs.

wh

=
b

le that of antepna remains short and simple except

-

st
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gses. Endopod of maxil
Maxilla has & endites, endopod divided into 3 lobes with 3 + 2 + 3 or

el

4 setae. Endoped of maxil
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22s 3 apical setae in stage 1. Maxilliped 3 and legs, when they becoxze

functional, are very slender and long. Lee 3 cevelops eariier than lees
)| (=] Py

0%

2-4 and has a greatly expanded paddle shaped propodus, which in later stages

is much longer than the carzpace.

1 =

Body is transparent with crange-red carcmatophores on front cf the

~

tes 3 and 5, -around

=

eyestalks, in the cradiac region, on abdcminal sem

r

the anus, on the telson (ome pair) and endopods of maxilliipeds. In late

stages a good deal of orange-red occur ventraily along the cephalo-theorax.

Fh

Antennaules and both endopod ‘and exoped of thoracic appendages also share

N
cuiations, Paddle- . (:)/

-

1

2ar the art

rs

Tange-red chreomatophores mainly at or
shaped propodus of leg 5 and tips of uropods are also orange-red 2ccompanied
with a éonsiderable amount of yellew., A green tinge occurs on the evestalks -
in addition to the orange-red,

Stage 1. (PL. 36; -A: P1, 37; A, 1-0: PL. &1; A) C.L.: 0.87 rm,

T.L.: 2.7 =.

Eyes are sessile. Abdomen is 0f 5 somites plus telson. Scmite 5 has

2 fringe of fine spinules on postericr dorsal margin. 7Telison tears 7 + 7
processes, its width is about 3/5 as great as the length of scmite 6 and

cr
)
l._l
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2d. Endopod of zntenna is scmewhat iess than half as long 2s

-1 k] Eass - - x - g -1 112 = b a
LR sczie,  fnere are 3 pairs cof setose sxopods on maxillipeds 1-3.
TV g ol N 1 1 -

Zudiment of la2g 1 is present,



with setose endopods,
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- Stage 2 (Pl. 36; B: Pl. 37; B: PL. &41; D) C.L.: 0.9 wa., T.L.* 3.0 ==.
Eyes a2re stalked. The posterior mazgin of scmite 5 is smocth. Telson
has 8§ =+ 8 processes. Endopod of antenna is-about 1/3 as long a2z the scale.
I I (=]
e - 1 a-"ﬁ‘{.—. £ ey 14 = 1 Tupyte
There are biramous rudiment of leg 1 and unirzmous rudiment of leg 5, but

-

Stage 3 (PL. 36; C: P1. 37; C: Pi. &41; € C.L.: 0.96 mm., T.L.: 3.2 mm.

-~ - +

Abdominal somite 6 is segmented off fr
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times longer than the latter, with a psir of dorso-lateral spines at the

v

hind end. Uropods are free but not segmented with endopeds bhare of setze,

Telson is somewhat wider than lomg with & + 8 processes, of which the Ffirst

Vlj

air axe reduc2d in size, The terminal segment of antemmular peduncle is

ointed off from the rest of the peduncle, There is a small conical base

S

of the inmer flagelium. Antennal eadopod has ne apical seta and is grestly
reduced to a shoxt spinous process at the distal end of the peduncie. Leg 1

has setose exopod and its endopod is segmented. Leg 5 is still rudimentary,

M

Stage & (Pl, 36; D: P1, 41; D) C.L.: 0.%% wm., T.L.: 3.4 om,

Telson is a little less than 1.5 times as long as wide, with first
three pairs of spines much reduced in length. Uropods are segmented’

hich are shorter thanm the telsom. Antennal sczl

<t
H

3 - -1 - = ~=7 - Ea kel T, ™ b Lo, . oo ~ o~
Stage 3 (PL. 36; E: P1, 37; Z: P1. &1; E) C.L.: 1.03 mm., T.L.: 7.8 o=.
T - b - -t k] 2 2 pa PR} = £ . D =z
12135070 is acoul Ewice as leong as wice, Rudiment of leg 2 is long
dut not segmenied, There is ¢ hivemeous rudiment of leg 3, but ne lea 4,
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endopod. Legs 3 and & are rudimentary.
Stage 7 (?1. 37; G: Pl. 38; A: P1. 41; G) C.L.: 1.13 ==., T.L.: 3.9 =.
Telson is distinetly narrower behind, hind margin still indented.
Spine 2 seated slightly up on the lateral mrgin. Leg 3 is functiomal with
setose exopod and segmented endeped. Leg & is still rudizentary.
Stage 8 (Pl. 37; H: P1. 38; 3: Pl, 41; ¥) C.i.:.l.&4 ==., T.L.: 5.3 om,

Telson strongly tapers posteriorly with straight hind mergin. Number

of spines is 7 + 7, but sometimes vestigial 8th pair may be reteinsd.
Antennular flagella are shorter thazn the pencduncle. Antennzl endopeod is

still a rudimentary stuwmp. Leg & is functicmal. i:)
Stage 9 (Pl. 37; I: P1. 39; A: Pi. 41; I) C.L.: 1.3-1.7 =m., T.L.: zbout

5.8 mm,

There zre 1-3 dorsal spines om the rostrim in 2ddition to the ore on
2]

“the carapace, Carapace is divided by 'shallow grooves. " Hind margin of telsom

is slightly convexed. Antennular flagella axze. longer than the pecduncle.

articulation. Chelae are beginning in scme larvae. There are swall
pleopod buds with or without shert setae on exosods,
Stzge 10 (PL., 37; J: Pi. 39; D: P21, &£1: 3) C.L.: 1.8 e=., T.L.: 6.0 w=m.

~ T - < s - -3 = * T e —— - 3 L8 Lfa. [

Loesze 2re ceginmning., Excpods of plcopeds sre sagrented 0fF frenm the

- . 3 L 3 3 . T T . — — P P g e

7ToI2pcds. Lui endopeds are Tot, and thare ore nmo appendiges IntaThac, :
.



Stage 11 (P1. 37; X: PL, 40: Pl. 41; X) C.L.: 1.9-2.2 mm., T.%L.: about
£ 6 .
: (”\ . o . L ‘ . . .
e ite inner flagellum of antennule is longer than the cuter, and is

oth the exoped and endeped of
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pleopod are segmented cff from the protopod bearing short setas. Appendices

internae are present.

MEGALOPA (PL. 42) C.L.: 3.3 om., T.L.: 8. 5 ==.
There axre 3 dorsal spines om carapace, of which the anterior two ars on
the rostrum. Restrum is about half as long as the rest of the carapace,
‘ almost reaching the distal end of the eyes. Carapzce has a pair of antemnal
spines but no supraorbitais nor pterygestcaians. Telsom ends posteriorly
in a small medizn toeth, with 2 pairs of dorso-lateral and 3 pairs of
f’}m - terminal spines. Antenral scale is about 3.5 times as long as wide, with
i
a2 short apical spine. Carpus of leg 2 is as long as the ischivm and merus

cczbined, and divided into azbout 20 articulations. There are vestices of

exopods on maxilliped 3 and legs 1-4, Leg 5 like legs 3 and & in strucrture,

atters,

=

but somewhat shortexr and stouter, especizlly in propodus, than the

13. Thor floxidanus Xingsley
- road, 1957b

A berried female was captured by Mx. Feard on March 21-23. 19469 at

>
=g - - - - 3 b T . - -
Pigeon Key, Florida and was 2t oy disposal. The resulting larvas were
-

reared as far 2s stage &,

—rhT

ZTZA

zoea 1o closely t0 Ioxidicenrcs sogvicsmus o oetructuore
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chTomaiophores occur in fairly large amcunt aroudd znus, in small a=mount

and on atdcminal scmite 3.
Stage I (PL. 43; 4, E, 1) C.L.: 0.56 zm., T.L.: 1.7 m=.

Eyes are sessile. Abdomen is of 5 scnmites and telson., There are 3

-pairs of setose exopods,

1.9 =m.

Stage 2 (PL. 43; B, F) C.L.: 0.55 m=m., T.L.

Eyes are stalked. There is a pair of supraorbital spines. Abdominal

*

scomite 5 has a pair of lateral spimes. There zre
Zndopods of legs 1 and 2 are segmented. Leg 5 is rudimentary.

Stage 3 (Pl. 43; C, G} C.L.: 0.55 =m., T.L.: 2.2 mn.

-

Scemite 6 is segmented off frcm the telson, and is a little less than

1.5 times longer than the latter, with a pair of dorso-lateral spines at

‘the hind end. Uropods are free but not segmented, with endopod bare of

setze, Antennal scale is still segrmented distally, with one outer satae.
Endopod is a simple rod without apical setae, and is about 4/5 as long as

the scale. There are 5 pairs of sztose exopods, and uniramous rudiments

5 is much longer than legs 3 and &,

of legs 3-5, Leg 2
Stage & (P1. 43; D, 3, J). C.L.: 0.56 am., T.L.: 2.2 .mm,

_Telson is slightly wider 2ehind, with 6 + € spines. Uropeds are

egmented with setose endopeds. Aniennmal scale has anm apical spine,

]

reaching the distal end of the lamells. Leg 5 i3 segmented and long with
a2 lcng apleal spine, bubt not sc long as in Al-heus. Legs 3 znd & are sti
rudimentary. Thezre are no pleoovod buds.
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specimens In the U. S, Naticmal Museum, the female could not he Jdistinz

cdescribed below. Dr. F. A, Chace kindly called my attention t¢ Dotkin

(1968) paper. This species probably idenmtical with Thor sp. ©f which zh

escrived by Dobkin

4
n
H
<
13
m
N
m
]
(1]
.,

o later
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All the resulting larvae died before the first moliz, aand

stages were obtazined, The high mortalify was seemed £o be due to umsuvitabie

The zoea is robust 1 development om hatching,
Carapace has no rostrum in staze L., Ventral max géﬂ of carapace ends
anteriorly in a spine with additional twe spines clesely behind. )

Abdomen is5 a lititle more than ﬁwice 23 lomg as the carapace?, and
has no spines in stage 1. The f£ifth telsom spime is much shorter than
the sixth, and as lonz a2s the seventh,

Anteznulax peduncle strongly cruves cutward, leaving a moderatediy
wide space betwean the iuner edges of its basec on each side. Antemnal
scale is not segmented with two outer setae in stage 1. Zndopod cf
maxillule is unsegmented but divided into two lobes with 1 + 3 se-aa,
Maxilia has & endites, its R
gzteae.  Hawlilliiped 1 has o




&

outer setz near the proximal end in stage 1. Endepod of m: ipeds
2 and 3 each is of 5 segments. There are large.rudiments of iegs and -~

The zoea is very zich in coloration, with dark brewnm chromatoshores ¢

densely covering over the whole bhedy.
Stage 1 (Pl. &4, A=C) C.L.: 0.9 mm., T.L.: 2.8 ==.

Zyes are sessile, Abdcomen is of 5 scmites plus telsen, The cczbined

base of the inner, flagella. Antennal endopod is longer than the scale,
with a basal articulation. Peduacle is ¢f 2 segzents with bhoth the inner

and the cuter distal spines. Exopods of maxililipeds have 3 apical serze,
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Suborder REPTANTIA
Section MACRURA
Superfamily THALASSINIDEA -

The known larvae of this group show a fundamental cieavage between
the Callianassinae and Upogebiinae, which are regarded as members ofbone
family. The genera of this group may be arranged in two groups (Gurney,
1942). ' |

Homarine group: Axiidae and Callianassidae

Amomuran group: Laomediidae and Upogebiidae

Family Callianassidae
15. Callianassa sp.

Larvae of a species of Callianassa were quite abundant in offshore
plankton taken in May amd July. Williams (1965) describes two species of
Callianassa from the Carolinas; C. major Say and C. atlantica Rathbun. But
on Sapelo Island C. atlantica is very rare (Mr. K. L. Smith, personai
commuﬁication). C. major and Callianassa sp. (not yet identified) are qui;e
common on sandy beach. .Ihe planktonic larvae were attributed to the
unidentified species of Callianassa based on the similarity of form of
telson between the former and the embr?onic prezoe# of the latter (Pl. 45;
A). The specimens of female carrying eggs of late developmental stages
were provided by Mr. K. L. Smith.

When cheéked against the identified specimens in the U. S. National
Museum, the adulﬁ of this species was found to be quite different from
tﬁat of C. atlantica 1in size, shape of eyes, relative leng'h and form

of fingers of major chela, presence of a spine on merus of small chela, etc.

s

A - e




ZOZA
Rostrum is large, cylindrical in stage 1, but depressed and fringed
laterally with spinules from stage 2. It is somewhat shorter thaa the

rest of the carapace. Ventral margin of carapace ends anteriorly in a

spine and armed with several minute spinules behind the anterior spine.

3

Posterior

-

rargin is smooth and rounded.

Abdomen {s about 1.5 times longer than the carapace, with é huge
dorsal spine on somite 2. Somites 3-6 has a dorsal carina, each ending
‘posterioriy in a small spine. There are no lateral spines. Somite 6 has
a pair of ventro~laterql spines from stage 3. The anal spine is large in
stages.1 and 2 but disappears from stage 3. Telson is more or less wider
behind ia all stages. Hind margin is convexed with a large median spine.
Second celson séine is reduced to a hair,

Antennular peduncle is divided into 2 segments in later stages.
Anteanal scale has a large apical spine, endopod ending in 1 long and 1
medium setae in early stages. Peduncle has a large outer distal spine,
The ianer distal spine develops in later stages and small.

Mandible has a well developed molar process. Endopod of maxillule is
of 3 segwents with 2 + 2 + 4 setae, and that of maxilla is of 4 segments,
of which zhe proximal 3 are partly fused together, with 3 +2 + 2 + 3
setae. Maxillipeds 1-3 are fuactional from stage 1, with setose exopods,
and cndopodrof 4 scgments. Maxilliped 1 has coxa and Basis large,
flacvtened with a thick friange of setae on the inner edge. Endopod of
maxilliped 3 1s seated somewhat low on the basis, its first segmenc becomes
greatly enlargea in the later stages. Legs 1-4 have exopods, though that
of leg & never become sctose {n zoea stages. There are only 3 pairs ol

niecpods on somites 3-5.
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Stage 1 (Pl. 45; B, G, X) C.L,: 1.1 wm,, T.L.: 2.7 mm.
‘ .

R At
Eycs are gsessilae.

‘ .

Abdomen {s of 5 somites plus telson. The width of

.
R

Telson has 7 + 7 spines besides the medfan spine which {s somewhat shorter’

!
; . 1

. . than the fourth (lor{gest) apine,

Antennule 1{s not segmented. Antennal

endopod is about 2/3 as long as the exopod., 1legs are not ft:lu.i

Stage 2 (Pl, 45; €, F, H) C.L.t 1.25 mm,, T.L.: 3.1 mm.

Eyes are stalked. Telson has 8 + 8 spines besides the median spine

. . which {s longer than any other telson spines. There are biramous rudiments

. {
\-"

.. of legs 1 and 2, but mo legs 3-5. ' .

Stage 3 (Plo 45; D. I) C.L.2 1.4 mm, , T.L.3 3.6 o,

: ‘behind with 7 + 7 spines on each side near the corner,

The telson of the f£iret :ou,ivhiﬁh can be seen through the prexoeal .

. Vo Y
- : L T
L4 ) Y

oL
.

telson 1s about 3/4 as great as the combined length of somite 6 and telson, ;..

Abdominal somite & 18 segmented off from the telson, and {s slightly " ;»_'

_ shorter than the latter. Telson is slightly longer than wide. Uropods :-;It-'.”"’;ﬂ.’_'_.'
. are free but not segmented, with endopod bare of setae, Antennal endopod :““
. ia about 2/3_ as long as the exopod 1.nd has no apical setae. Llegs 1 sad 2 ;{"?.’
. . have setosa exopods, their endopods are not segmented. Legs 3-5 are = .""’

: : - . ol
rudimerntary. legs 3 and & are biramous while leg 5 fe uaniramous. Thete t&i*,
. are small pleopod duds. | e i,';‘
t 16, Callianassa major Sa* i!,
Q No free living larvae were obtained, Embryonic prezoeae were dhuctu‘t‘fﬁii
out from late stage eggs carried by a femlo which vas captured va ;' . a“ 1
August. 4, 1969 on sandy beach of Snpelo Island, ‘T:}.i‘l-f; '
. , L

' PREZOEA (Pl. 46; A-D). C.L.t 1,0 mm., T.L.t about 3.8 mm, '3‘;"{,‘;

The larvae i{s covered by embryomic skin, and much la;ger in size thaa : ;‘

; the first zoea of Callianassa sp. described above. Telson {s:concaved " ﬂ :
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' ca
_skin, has a large gpine at posterior angle on each side, end about 18 + 18 Q;f%i ’
paired spines anda small median gpine on the hind naig(n.

17. 'Upogcbia affinis (Say) 'ttz; f

A berrte§ femala was captured by Dr. Reimold on October 1, 1969 iﬁ
_Dupiin River; and wvas at my disposal. The eggs hatched f{uto the first zoea '.:;"
. on October 3, bu:‘none of them gurvived beyond stage 2, Many later stages ,%
':?f wére‘obcaiped from the plankton taken {n offshore waters. lTh‘y are cupccttllyxfw'
iabundant in May within a few mtl;s from shore. T . o - » : ‘f;'EfLQ'

ZQEA

’

‘Cephalo-thorax ia distinctly narrowed anterforly. Rostrum {e short,

pointed and smooth, {t {s about 1/3 as long as the rest of the carapics. ??2;
A pair of needle~like mpines are present from stage 2 at posterfor-dorsal L;ﬁi%”}:
J}, angle of orbit. Otheruise the carap;cé'ha- no spines nor ridges, | 2§:i?f;
| Abdomen 18 about twice as long!a‘ the carapace, with a pair of latersl ‘;l;ii'
S spines on somite 5 and: from stage 3, f-pair of dorso ~lateral spines on - §3£;3u

- - gomite 6., A large anal spine {s present from stage 2. Telson has a smsall SR
':f wedian spine from stage 2, the second pair of terminal‘'spines are reduced ':{{»:

to hairs and the fourth become enlarged and fused to the -telson froam stage 3.,1§,

a.'>‘
Antennular peduncle is not segmented i{n all stages. The antennal ocalo..;',
: 1i not segmented, the endopod ending in 3 equally long setas in stages 1 é -

and 2. Mandible has a small palp in thQ last stage. Maxillule has no outer. ..

N
. ¢ - ‘\‘ *

setae, the endopod {8 of 2 segments with 2 + 6 setae, Maxilla has well ;| - « -

~*" developed & endites, unsegmented endopod with 5 setae, and a small exopod 51 M

’i»of which the proximal lobe bears a few satae in later stages. f”b"‘;dif\A % ]

Mnxllllpedu.I and 2 are functtonn}ltrom stage 1, with bases much '{r'?‘

. ,1oﬂgcr than coxcc,‘and the endopods 01'5 and 4 segments respectively, ﬁf;?f‘ﬁ R
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There are many stiff, coarsely plumose sctae along the 1nner'edg“s of both
;hc maxillipeds. Maxilliped 3 is rudimentary in stage 1, its exopod becomes
setose rrom stage 2, while endopod remzins rudimentary in all stages,
springing from low down on the basis. Legs 1-3 have setose exopocds in the
last stage, and the.endopods seated as in maxilliped 3. There are no

pleopods on abdominal somite 1,

Stage 1 (P1. 47; A, D: Pl. 48; B, F, G). C.L.: 0.75 om., T.L.: 1.9 mm.
Eyes are sessile. Abdomen is of 5 somites plus telson. Telson has
7.+ 7 spiﬁes, its width is about 3/4 the length of somite 6 and telison
combined. Antennal peduncle has an inner distal spinelwhich is seated at
the base of exopod rather than of endopod. Maxilla has no proximal lobe
on exopod. Exopod of maxillipeds 1 and 2 each has 4 setae. Maxillipea 3
and legs are rudimentary.
Stage 2 (Pl. 47; B, E: Pl. 48; C) C.L.: 0.91-0.96 mm., T.L.: 2.4~2.8 c=m.
Eyes are stalked., Telson has 8 + 8 paired spines and a small median
spine. Antennal peduncle has a small outer distal spine., leg 1 has a
setose exopod. legs 2-5 are rudimentary.
Stage 3 (?1. 47; C, F: Pl. 48; D) C.L.: 1.06~1,15 mm,, T.L.: 2.8-3.4 ma,
Abdomen is of 6 somites plus relson. Telson is8 somewhat longer than
wide, Ihe fourth spine is enlarged and fused to the telson. Uropods ar
f£rxee but not segﬁented, without setae on endopods. Antennal endopod ends
in a small spine and a short hair, and is nearly as long as the exopod.
There are 6 pairs of setose exopods on maxillipad 1 - leg 3, and 4 pairs
of small pleopods on somites 2-5.
Stage & (Pl. 47; G: Pl, 48; A, E). C.L.: 1.4 mn., T.L.: 4.2 wa,

Telson is still somewhat wider behind, it {s slightly less than twice

ag long as wide, with 8 + 8 paired and a median spine. The second palr of
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telson spines, unlike in the preceding stages, and now assume e

oy

the form of spine. Uropods are segmented with sctose endopods.

L . . . :
Antennal endopod is longer than the exopod. Endopods of legs and I
[
i
pleopod buds are large but not segmented. 1
Py Section ANOMURA . ;s

Carapace has a pair of posterior lateral spines except in Diogenidae, b

in which the posterior margin is rounded, these spines are either marginal

@® oF submarginal. Posterior margin is serrated {n Galatheidae but smooth

in other groups. Second telson process is atrophied. Antennular peduncle

is never segmented. .Antennal scale is more or less foliacious with a

R e R

@® fringe of setae except in Porcellanidae, lepidopa and Emerita where it 1is

reduced to a spine. Amtennal peduncle has a large spine at the distal ecd,
Proximal lobe of exopaod of maxilla is bare of setae partly at least,

o Maxillipeds 1 and 2 with bases much longer than coxae and cylindrical. y
In all stajges endopod of maxilliped 1 is of 5 segments, and fhat of i

maxilliped 2 is of & segments. There are stiff, coarsely plumose setae

on these appendages in Galatheidae, Paguridae and Hippidea, but not in

Porcellanidae and Diogenidae. Maxilliped 3 is rudimentary in stage 1,

becomes setose from stage 2, with rudimentary endopod seated low down

P R TT S L TR

on the basis, but in Emerita and lepidopa it {s absent in stage 1 and

the whole structure remains rudimentary and uniramous in later stages

(?ike and Williamson, 1960).

Superfamily PAGURIDEA

A 3
Family. Paguridae ;|

o Subfamily Diogeninae

18. Clibanarius vittatus (Bosc)

e

.

The striped hermit crab is very common on the besches an

.
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offshore arecas around Sapelo Island. EBerried females were trawled about
one mile off the Big Hole, Sapelo Island on May 23, 1969. Eggs hatched
into first zocae which were rcared as far as megalopa in the labcratory.

~ The following table shows the chronological data of development.

Stage Date Days after hatching
®
1 6/3 0
2 6/10-12 7-9
3 6/15 12
4 6/23-25 20-22
5 6/28-30 25-27
o Megalopa 7/1-5 28-32
ZOEA
® Rostrum is large, cylindrical and tapers rather abruptly into a short

terminal spine, it is about as long as the rest of the carapace and well
exceeds antennule and amtenna. Carapace has round posterior, and smooth
® ventral, margins,
Abdomen has no spimes. Telson is divided into two lobes by a deep
notch in stage 1. Second telson process is reduced to a hair, which is by
@ <far longer than the first which is short and spinous,
Antennal scale. is well developed, foliacious and fringed with plumose
setae on the outer as well as the inner and apical margin, but proximal
@® about 3/4 of the outer margin {is bare of setae, aﬁd there is no apical spine,.
Antennal endopod ends in carly stages in 2 long and 1 medium plumose setae.
Peduncle has a large imner distal spine. Mandible has an unsegmented palp
® in the last stage.
Endopod of maxillule {s indistinctly divided into 2 segments with 1 + 2
setae, and that of maxilla is divided into two lobes with 2 + 2 setae.
® The proximal lobe of the maxilla has a well developed fringe of setae in

later stazes. There are no stiff setae on maxillipeds. Leg rudiments are

et
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uniramous. Abdominal somite 1 has no pleopods. Uropods are large, with
both exopod and cndépod articulated from the protopod in the last stage.

There are red or orange-red chromatophores ventrally aiong the rostrum,
at bases of antennulze and antenna, in the mouth parts and abdominal somites 3~6.

Stage 1 (Pl. 49; A, B:.Pl. 50; A) C.L.: 0.94 wm., T.L.: 1.82 mm,

Eyes are sessile. Abdomen is of 5 somites plus telson. Exopod of
maxillipeds 1 and 2 each has 4 setae. Maxilliped 3 18 rudimentary. Telson
has 7 + 7 spines including hairlike second, its width is slightly less than

the length of somite 6 and telson combined.

Stage 2 (Pl. 49; D: Pl., 50; B) C.L.: 1,15 mm., T.L.: 2.3 mm.

Eyes are stalked. Exopod of maxilliped 3 {8 functional with 5 setse,.
Exopod of maxillipeds 1 and 2 each has 6 setae. Telson has 8 + 8 spines.

Stage 3 (Pl. 50; C) C.L.: 1.5 mm., T.L.: 2:8 mm,

Abdominal somite 6 is segmented off from the telson and {s about half
as long as the latter. Telson is as long as wide and i{s deeply notched on
the hind margin between the fuurth processzes, which are now spinous, fused
to the telson and shorter than the fifth pair. Uropods are free but not
segmented, with exopod large and setose and endopod small and bare of setae,
Antennal eﬁdopod is shorter than the exopod ending in & short spine and a
seta. Exopods of maxillipeds 1-3 each'has 6 setasae,

-Stage & (Pl. 495 C, F: P1. 50; D-G) C.L.: 2.08 ma., T.L.: 4.0 um.

Antennal éndopod 1s much longer than the exopod. There are pleopod
buds on somites 2-5. Uropods are segmented with setose endopod. Exopod

of maxillipeds 1-3 has 6, 8 and 6 setae respectively.

MEGALOPA (Pl. 51) C.L.: 1.2 mn.
Rogtrum {8 short, blunt and bifid at tip. Eyes are a little less than

twice as long a3 wide, cornea not wider than stalk, and there is uo ocular

o LU oyttt 7 3
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Abdomen is about 1.7 times longer than the carapace, without spines.
Telson 1is abégt as long as the gomite 6 and as long as wide, bearing 9
.10ng setae on tge rounded hind margin, :UtOpOda are gymmetrical,

Antenna has a small exopod, which is about as long as the fourth
pedunculaf segment, ending in a blunt spine. Antennal flagellum almost
* xeaches the distal end of leg 2 stretched forﬁard.

Chelipeds are aénmetrical and much shorter than leg 2 reaching about
distal 1/3 of prOpodJs of the latter. Chela is rather slender and sﬁall,
somewhat more than 1{3 as high as long, fingers slightly shorter than the
!A palm. ADactyli ofvlgés 2 and 3 are a little less than 4/5 the lgngth of
their propodi, with;i and 2 ventral spines respectively, leg &fio sub-

chelate and leg S 1é}§he1ate; | | | i
i . =
i | Superfamily HIPPIDEA - !
: Family Albuneidae |

19. Albunea paretti Guérin

A berried female was captured by Mr. Westerfield on Auguatv6, 1969,
"on sandy beach of Sapelo Island and was at my disposal. The female was
- kept in aerated seauatei but discarded its eggs before hatchingf The.egg;
were then placed in a glasa bottle containing filtered sea water which is .
'stronglj aerated, A few first sﬁage zoea hatched from these eggs on‘Aug-
ust 16, but ﬁone of them had survived beyond the firsat molt, Many larvae
including later stages were obtained from the plankton taken in the-coa;tgl

offshore waters around Sapelo Island.

ZOEA
Bodyﬁil heavily built. Rostrum and a pair of posterior lateral spines.

are present on carapace, These are comparatively short in stage 1, but
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become very loag in later stages. The posterlor lateral spiﬁes are sub-
marginal. There is a larpe dorsal proﬁinence at posterior end of carapace.
Anterior ventral angles of carapace end in a small spine on each side.

Abdomiral somites .are parallel sided, somitcs 4 and 5 each has & pair
of small lateral spines. Telson is roughly semicircular Qith a convexed
hind margin fringed with many spines and spinules. The first spine is much
larger than the others and fused to the telson. The second sp@ne ie reduced
to a hair and is hardly seen in later stages. The fourth spine never becoue
enlarged nor fused to the telson.

Antennule has.a long flagellum. Antennal exopod 1s foliacious and very
broad, without apical spine, it is ffinged with plumose setae on apical and
inner margins but not on the outer margin. Protopod has a very long inner
distal spine. Endopod is absent in stage 1. Mandible hﬁs a small molar
process. Endopod of maxillule is small, unsegmented with 1 long and 1 short
apical setae. Maxilla has 3 vestigial endites, endopod unsegmented, bearing
4 or 5 apical setae, and exopod very lgrge with well expanded proximal
lobe which i{s partly bare of setae,

Maxillipe@s 1 and 2 are functional from stage 1, with stiff, coarsely
plurnose setae. Maxilliped 3 is rudimentary in stage 1, {ts exopod becowes
setose from stage 2, endopod uppears from stage 3 and i{s seated low on the
basis. There are no exopod on legs, ieg 5 1s hidden. Abdominal somite 1
has no pleopods. Uropod has terminal spines, endopod is present in.the
last stage but not segmented off froﬁ the protopod.

Stage 1 (Pl. 52; A, B: Pl. 53; A,;G-I)'C.L.: 1.1 mm.

Eyes are sessile. Abdomen is of 5 somites plus telson. The width of

R oy
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the telson Is slightly less than twice the length of somite 6 and telson

® combined. The number of spines on the hind margin 18 12 + 12 including
the vestigial second. Anteanule is unsegmented. Antenna has no endopod nor
outer distal spine oan peduncle. Exopod of maxillipeds 1 and 2 ezch has

® 4 setae. There are-rudiments of gills but no legs.

| Stage 2 (Pl. 52; D: Pl. 53; Bj C.L.: 1.8 mm.
- Eyes are stalked. A pair of spines are added to the telson at the
@ .center of the hind margin but the second disappeared, so that the number

of spines remain 12 + 12 as in stage 1. There is a small endopod on snteana.

Maxilliped 3 has setose exopod but no endopod, it does not reach the distel

e end of basis of maxilliped 2. Exopod of maxillipeds 1-3 has 6, 6§ and 3

setae respectively.

Stage 3 (Pl, 52; £, E: Pl. 53; C) C.L.: 2.7 um.

Abdomen is of 6 somites plus telson. Uropods are free but not segmented,

without endopod. And another pair of spines are added to the telson and their

number becomes 13 + 13 in all. There are also several intercalated spines,

which are shorter than usual spines but distinctly longer than the spinules

TR .

fringing the hind margin. Antennule 1s segmented, flagellum about as long &s

sy

¢
N

the peduncle. Antennal endopod is as long as the inner distal spine of the

peduncle., The outer distal spine is present on peduncle. Exopod of mexillipeds
1-3 has 8, 8 and 5 setae respectively. Maxilliped 3 has a small endopod tipped

with a seta. There ere small rudiments of legs and moderately large gills.

g et

Stage 4 (1. 52; ®: Pl. 53; D) C.L.: 3.9 mm.

Antennal endopod is longer than the {nner distal spine on peduncle.

-

Exopod of maxillipeds 1-3 has 10, 10 and 7 setae respectively. Uropod is

A TR A

segmented with 3 spines and 11 setae on exopod, but has no endopod. The

fiZzh spine on the hind margin of telson on ezch side {s somewhat enlarzed
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Stage 5. (P1. 52; G: Pl, 53; E) C.L. (less rostrum, which 1s broken): 2.6 ma.
Antennular flagellum is longer than the peduncle with 2 groups of
asesthetes. Exopod of maxillipeds 1-3 has 12, 12 and 8 or 9 setae
respactively. Uropod has 4 spines and 14 or 15 setée on exopod. There are
no pleopod: buds. |
Stage 6 (Pl. 52; H, I: Pl, 53; F) C.L. (less rostrum): 3.9 mm.
There are’ large pleopod buds. Uropod has a small endopod, and exopod
with 6§ spines and 17 setae, Telson is about as long as wide. Lag

rudiments are large and more or less segmented.

20. Albunez gibbesii Stimpson

A single specimen of fourth zoea was obtained from the plankton taken

on July 8, 1969 about 25 miles off Sapelo Island. The larva {s closely
similar to A. paretii im all but minor characters, and differs from lLepidcpa
and Emerita in the armature of telsbn, in the form of antennal scale and

maxilla, and in the development of maxilliped 3. It {s, therefore, attributed

to A. gibbesii, the only one species of the genus other than A. psretti which

is xnown to occur im this district (Williams, 1965).

ZOEA

Rostrum is shorter than the rest of the carapace in stage 4. Carapace
has no dorsal prominences. Abdomen is.of 6 somites plus telson in later
stages, with small. lateral spines on somites 4 and 5. Telson is like in

A. paretii. Antennal scale has a smsall apical spine. Mouth parts and

thoracic appendages axe like A. paretii, but maxilliped 2 has no stiff cetae.

Stage 4 (Pl. 54; A-F). C.L.: 3.3 mn.
Eyes are stalked. Abdomen {s of 6 somites plus telson. Telsoa bears

15 4+ 15 apines, in addition to minute spinules &nd small intercalated spinves
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on the hind margin. The fourteenth spine on each side is.soﬁcwhat longer
than the others excépc the fi;st. Uropod 1s segmented with 2 spines and

11 setae on exopod, but has no endopod. Antennal endopod is longer than

the inner distal spinme of peduncle. Exopod of maxillipeds 1-3 has 10,

10 and 7 setae respectively; There are small rudiments of legas and of

large gills, but mo pleopod buds.

21. lepidopa websteri Benedict

A berried female Qas captured on July 6, 1969 on the beach of Sapelo
Island at low tide. The eggs hatched on July 16, but none of the larvae
survived beyond the first molt. Several larvae including the later stages
were abtained from plankton taken in the coastal offshore waters of Sapelo .
Island. One megalopa was obtained by reafing the last zoea separated from

the plankton.

ZOEA

There {8 a rostrum and & pair of posterior lateral spines on carapace,
these spines are enormously long. Rostrum is smooth, cylindrical and al@oat;
3 times as long as the rest of the carapace in stage 1, but tends to be
~shorter in proportion to the latter in later stages. The.posterior lateral
spines are about 2/3 as long as the rostrum in stage 1, but tends to be
longer in proportion to the latter in later stages and {8 about 1.5 times
longer than the rostrum in the last stége. The anterior ventral angles
of carapace on each sid; end in a small spine from stage 2.

Abdomen is about twice as long as:the carapace (less rostrum), with
a pair of lateral spines on somites 3-5, those on somite 5 are very long

and curved. Telson is robust, more or less wider than long, with many

spines on the hind maxgin, of which the first and the fourth are very large
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" and fused to the telson and the second {s more or less reduced. The hind

margin is convexed with a central emargination. There {8 no median spine,

Antennule has a long flagellum in later stages. Antennal exopod is
splnous and has no setae. Peduncle hals a large ianner distal spine, which
is 3/4 oxr 2/3 as long as the exopod and armed with spinules. There {s no
endoéod in stage 1. Endopod of maxillule i{s unsegmented with 1 long and 1
short ap?cgl setae. Maxilla has 4 endites, small endopod tipped with 4 or
5 simple setse, and a large exopod with well expanded proximal lob; which
ié partly bare of setae. Endopod of maxilliped 1 is of 5 segments and that
of mxil]‘.iped 2 i{s of 4 segments, both with a few stiff setae, Max{illiped
° 3 and legs are rudimentaxy in all stages. There are no exopods .on' iegc;

Leg 5 is hidden.

- Stage 1 (Pl. 55; A-F: Pi. 56; A, B) C.L.: 3.8 mm.

® " Eyes are sessile. Abdomen is of 5 somites plus telson. The number of
telson spines between the fourth is 15 or 16 on each"stde, of these the 10th
is somewhat longef than others. Antennules are not segmented. Antenna has .

@no endopod. Exopod of maxillipeds l‘and 2 each has 4 setae. There are no

- xudiments of maxilliped 3 and legs.

Stage 2 (Pl. 55; G) C.L.: 6.0 mm.-

) ‘Eyes are stalked, There {8 a small antennal endopod. Rudiments of
maxilliped 3 and legs are present. Exopod of maxillipedsl and 2 each has
10 setaes .
® Stage 4 (Pl. 55; H: Pl. 56; C) C.iL.: 5.8 mm.

Abdomen 18 of 6 somites plus telson. Uropods are free and segmented
but have no endopod. The number of telson spines between the fourth are

® + 15, of these the 9th L8 somewhat longar than the otheras, Antennal
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endopod is about half as long as the spinous process. Exopod of maxillipeds

1 and 2 has 12 and 13 setae respectively.

Stage 76 (Pl. 55; I: Pl. 56; D) C.L.: 5.2 mm.
Uropod has small endopod, which {s segmented off from the protopod but ‘ }f

has no setae., Antennal endopod is longer than the spinous process. Exopod

of maxillipeds 1 and 2 has 13 and 15 setae reapectively,

_ MEGALOPA (Pl. 565 E) C.L.: 2.9 mm. o
-'éarapace hés a.fairly long rostrum and a pair of about equally long B
posterior lateral spines. The rostrum is about 2/5 as long as thevrest of
the carapace. Abdomen is flattened dorso~ventrally and somewhat shorter
than the carapace, with expanded pleunyon somites 2-5. Telson is transversely

oval with a small motch on each side at the posterior lateral margins, and

is fringed with 7 long setae on each side anterior to the notch and about
30 medium setae on the hind margin between the notches. Uropod is large
with elongated oval exopod and endopod fringed with many setae,

Eyes are cylindrical., Antennular outer flagellum is thick, long and

- multiarticulated with 4 aesthetes’of Zégroups near the tip, while the {nner
flagellum is represented by a small st?mp at the distal end'of peduncle,
- Antenna is much shorter than the antenéule and about as loung as the rostruﬁ,
peduncle is of 5 segments, stout, flagéllum is of 7 segments and aboutias
long as ﬁhé peduncle, exopod is reduced to a small stump'and much smaller
than the terminal segmepnt of peduncle.§

Maxilliped 3 has a small setose e?opod, its carpus is produced distally

at the distal outer end reaching the distal end of propodus. legs 1-4 are

more or less flattemed. leg 1 {s subchelate, Legs 2~4 have bifurcated

dactyli, their carpus are more or less produced distally as in maxilliped 3.
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Leg 5 is very small, folded and chelate,
There are well developed pleopods on somites 2-5, with long peduncles,

comparatively short setose exopod and rudimentary endopods.

Family Hippidae

22, Emerita talpoida. (Say)

Rees, 1959
'A single specimen of fourth zoea was obtained from plankton taken
on July 8, 1969 about 5 miles off Sapelo Island, and attributed to this

species according to Rees (1959).

ZOEA

Carapace has a large rostrum and, except in stage 1, a pair of péstericr
lateral spines, but mo dorsal prominences. Abdomen is of 5 somites plus
telson in all stages, without spines. Somites 4 and 5 are widened behind.
Telson 1s roughly owal, with short spines and minute spinuies on’the roundly
convexed hind margim. Urbpod has a small endopod and a few setae on exopod,
and are #eated-near the base of the telson.

Antenna is greatly reduced in siie and structure, and is shortef than
the antennule, it is cbmposed of a cur&ed peduncle with a large outer
and a minute inner distal spines, and ; short spiﬁous exopod. Eundopod develops
in later stages. Molar procéss of mandible is composed of sharp spines.
Endopod of maxillule is very small, uqsegmented with an apical seta.
Maxilla is a simple, undivided plate ;ith only 3 simple apical setae,
endopod absent, exopod very large with a well expanded proximal lobe which
is partly bare of setae, Maxillipeds. 1 and 2 bear a few stiff setae, their
endopod each is of 4 segments. Maxilliped 3 remains rudimentary in laterx

stages. There are no exopods on legs. Leg 5 is hiddem. Gills are smaller

and fewer in number than in Albunea and lepidopa.
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Stage 4‘(Pi. S57; A-G) C.L. (less rostrum): 1.5 mm.,

Eyes are stalked. Abdomen is of 5 somites plus telson. Telson is
slightly longer than wide, with 14 or 15 spines including the fused first
on each side of the hind margin. The 9th spine is somewhat lounger than
the others except the first. Uropod has 4 setae on exopod, endopod is very
small and bare of setaa. Antennal endopod is shorter than the exopqq.

Max1illipeds 1 and 2 each bears 10 setae on exopod. Maxillipéd 3 and legs

are rudimentary.

Section BRACHYURA

Wiﬂh the exception of Dromifacea, the great majority of Brachyura
have a typicai zoea,ia;va provided with well developed rostral, dof§a1 and
a pair of lateral spines on the cafapace, slender, flap-like, curved abdomen,
and forked telson, Some or all of the carapacial spines may be wanting.
Abdomen has a pair of lateral hooks §n somite 2, PFurther pairs of'hooks
may also occur on somite 3, 4 and 5. Telson is of triangular plate in
Leucosiidae, thrée lobed in some of Pinnotheridse, and produced into a
pair of extremely long, prickly forks in Dorippidae.

Antennule is simple and unsegmented in all but tbe last zoea stages.

Antennal exopod is reduced to & spine, small rod or hairs, except in

- Raninidae in which it {s well developed and foliaceous. Distal spine on

peduncle develops into a iargé spinous process. The whole structure of °
antenna i{s rudimentary in Leucosiidae and many of Pinnotheridae.

Max1llipeds 1 and 2 are principally 1like those {n Anomura, but
endopod of maxilliped 2 {s more reduced than in Anomura and isru&er of
more than 3 segments, Maxilliped 3 i{s biramous but never becomes functional
during zoea stages, Legs have no exopods and are rudimentary {an the last

zoea stage. There are noplcopods ‘on somite 1. Uropod is very small and
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has no endopod, it is sstosge only in the megalopa.

Subsection GYMNOPLEURA

Family Raninlidae

23. 3Xsnilia muricata H. Milne Edwards

The early stage =zceae of a species of raninid crab were obtained
from the plankton takea in July and October, 15-45 miles off Sapelo Island.
They were attr;buted to R. muricata, since this 1s the only species of the
family so far known from thié district (Williams, 1965).

ZOEA

Carapace, eyesgalks, and abdomen are covered by many short, stiff
setae. There is a long rostral, dorsal and a pair of very short lateral
spines on carapace. Rostral and dérsal séines are grmed both dorsally and
ventrally with many spines and stiff setae. Anterior anq posterior dorsal
tubercles are distinect and préminent. There is a fringe of a moderately

-

large spine and small spines on each side of the posterior dorso-lateral
marg;n of carapace. |

Abdoﬁen is spiny, and about half as long as the distance from spine
to spine. Somite 2 has a pair of lateral hooks, which curves forward
and sharply pointed. = There is a pair of lateral spines on somites 2-5,
1, 2 and 3 pairs of dorso-lateral spines on somite 1, 2 and 3-5 respectively,
and a dorso-median spine on somites 1 and 5. In addition, there is a ventro=
median spine on.somites 2-5. The numbér and arrangement of dors;l spines
are somewhat irregular. '

Telson is widely divided into two lobes. Lateral margin on each side
is armed with 5 pointed, }mmovablelteeth. The fourth telson spine is much
larger than the others and fused to the telson, thus resembling the telson

fork in typical brachyuran zoea. Second spine is reduced to a hair. The

number of internal spines between the fourth pair is 3 + 3 in stage 1, but
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greatly increases im later stages,

Antennal exopod is foliaceous and fringed with long setae along the

outer as well as the épicnl and inner margins. Endopod ends in 2 long

‘plumose setae in stage 1. There 1s no long spine on distal end of peduncle,

Endopod of maxillule is of 2 segments with 1 + § getae, and that of maxilla
{s unsegmented with 5 apical, and 1 outer setae. Endopod of maxilliped 2
is of 3 segments with 2 + 2 + 6 setae.

Stage 1 (Pl. 58; A, B, D, F-H) From spine to sﬁine:'3.0'mﬁ.

Eyes are sessile. Abdomen is of 5 somites plus telson. Exopod of
maxillipeds 1 and 2 each has 4 setae, Antennal endopod is about 1/4 as
long .as the exopod. The exopod is fringed with 6 setae around #he apical
margin. There are minute rudiments ofllegs.

Stage 2 (Pl. 58; C, E) From spine to spine: 4.1 mm,

Telson has 8 + 8 internal processés between the fourth pair of spines.
Antennal endopod ends in a short spineéand a seta. Exopod is fringed with

many setae on the outer as well as the apical and inner margins. Peduncle

has a small outer-distal spine. Rudiments of gills are as large as those

of legs. Exopod of maxillipeds 1 and 2 has 11 and 13 setae respectively,
P ;e N . !.

" Subsection. DROMIACEA
So far as concern the larval formé, Dromiacea is totally different
from the rest of Bréchyura,‘and the writeragrees with Gurney (1942) that
it should be excluded altogether from ghe latter, The most striking and

fundamental differences are seen in'thé'form and axrmature of telson and

' ~

antenna. It also differs from the typical Anomura in the presence of setae

on the outer margin of antennal exopod, 'and of exopods on legs.

Family Dromiidae

24, Dromidia antillensi{s Stimpson

A berried femile was captured by Mr. Heard on September 2, 1969 at the
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‘ Sponge Reef off Sapelo Island, and was at my disposal. The first zoea

obtained from this female were reared as far as megalopa. The following

P table shows the chronological data of development of the larvae.

Stage Date Days after hatching

9/17 0

9/9-10 2-3
9/12-15 5-8

9/16-18, 9-11
9/20-23 13-16
9/24-26 17-19
.Megalopa 9/26-29 : 19-22

NN WN

® - No young were obtaimed, though the megalopa had survived for about 2 weeks.

ZOEA

Rostrum is broad at base and ends in the center into a short rostral

spine which isabout L/4 as long as the rest of the carapace, angles of rostrum
on each side énding’from stage 2, in a supraocular spine just in front of
eyes. There is a shoxt longitudinal doxrsal ridge extending from the base
of rostral spine to the dorsal tubercle behind eyes. Cervical, hepatic

and branchial grooves present on carapace, though somewhat obscure in early

stages. The branchial groove reaches ventral margin of carapace. Posterfor
margin of carapace is rounded and fringed with small spinules. Carapace and
eyestalks are covered with numerous fiﬁe longitudinal ridges. There are
large eye papillae.

Abdomen 1is somewhat longer thaﬁ carapace, with a pair of dorso-lateral

prominences on somites 2-5. Somite 6 has a pair of longitudinal dorso-lateral

°® ridées. In stage 1 telson is triangular wi’th almost straight hind margin
which 1{s indented in the center. Telson spines are in the form of setae
except the first, which is short, spinous and fused to the telson. The

Py second process 1s hairlike and about half as long as the third.
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Antennulaf peduncle is segmented in the last stage. Antenna has
a weli developed foliaceous exopod fringed with many plumose setae on both
inner and outer margins. Endopod ends in 3 long setae in stage 1 and 2,
with an accessory seta on the inner edge at about distal 1/4. Protopod has
an inner distal spine from stage 1, while the outer distal sﬁine appears
in later stage. In addition to the distal spines, there appear 2-3 ventral
spines on protopod in later stages. Mandible has a palp in later stages.
Endopod of maxillule is of 2 segments with 2 + 6 setae. There are no setae
on the outer margim of maxillule. Maxilla has well developed 4 endites,
a large exopoa (scaphognethite) with well expanded proximal lobe fringed
Qith setae, and endopod of 2 segments with 3 + 6 sctae.

Endopod of maxilliped 1 is of 5 segments and that of maxilliped 2 of
4 segments., There are no stiff setae on these maxillipeds. Basis of
maxilliped 2 is produced proximally into a blunt tooth tipped with a seta.

Maxilliped 3 is rudimentary in stage 1, its ex0pod becomes setose from

stage 2 while endopod remains rudxmentary in all stages, sprlnglng from

low down on the basis. Ieg 1 has a setose exopod from stage 2 ,- endopod

seated low on the basxs like in maxxlliped 3. Legs 2~5 are uniramous and

rudlmentary in a11 stages. Leg 5 is exposed The numbers of swimming
setae on exopods of maxillxpeds and leg 1 at each larval stage are

LR [}

summarized in the follow1ng table.

Stage ' oMxp. 1 Mep. 2 't Mxpo 3 . Leg l
1 ST 4 - 0 L 0
2 6 6 5 4 .
3 o070t 8 SR A
4 9 10 8 6
5 11 v 120 + 10 SR -
6 12 14 12-13 8
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There is a dense distribution of orange-red chromatophores ventrally
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