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MORPHOLOGICAL VIEW ON BIG INDIVIDUALS APPEARED IN
THE SAME AGE GROUP OF ZOEA LARVA, MACROBRACHIUM
JAPONICUM (DE HAAN)

Chin Soo KwWON

Adult female prawn, Macrobrachium japonicum, which used for this work were collected at the
river Simanto, Shikoku in Japan, and removed in the laboratory.

Newly hatched larvae from an adult reared in circulation-filtered aquaria, which is controlled under
the conditions of water temperature 26-40.3C, chlorinity 6, 21—6. 45%, Cl, pH 8.0—8.1, Illumination
3000 lux, and fed on Artemia salina nauplius sufficiently.

For a period of rearing of zoea larvae, big individuals—individual varying bodies, comparing with
standard bodies in the same aged individual group, are occasionally appeared from fifth zoea larva
stage, and occurence of it be tempted to relate with the factor of trophic condition.

This paper was dealt with a comparative morphological view on big individuals, comparing with
standard type in the same aged group, to solve the problem on (1). the existence or nonexistence
of stages which it is easier to occurence of big individuals, (2). the rate of development in several
appendages of an individual, and (3). a happening of skipping whether it certainly occur or not,
during newly hatched zoea larvae develop to post larva stage.

The results of the above are as follow: (1). the stages which is easier to occur of big individuals
are fifth and seventh stage in this species, (2). even same individual, development of several
appendages differs more or less on the rate of growth in accordance with its parts, (3). Evidence
which skipping phenomenon is occcred, during development through zoea larvae to post larvae,
couldn’t confirm.
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Table 1. Growth of zoea larva, Macrobrachium japonicum (De Haan) reared in the laboratory

No. of Intermolt Body length (mm) No. of
. standard :
zoea stages period (days) Mean deviation specimen

1 0— 2 3.20 0.01 40

2 2— 4 3.31 0.03 30

3 5— 8 3.45 0.07 30

4 7—10 3.73 0.08 30

5 9—12 4.01 0.20 30

6 11—15 4,37 0,18 30

7 14—18 4,51 0.22 30

8 17—22 4,86 0.15 30

9 21—25 5.14 0.21 30

10 23—28 5.35 0.18 30

11 26—33 5.68 0.21 30

P L 29—38 5.46 0.27 30

* Water temperature 261-0.3C, Chlorinity 6, 21—6.45%,, pH 8.0—8. 1, Illumination 3000 lux and
fed on Artemia saling nauplius; s.d.: standard deviation.

— 127 —



Table 2. Recognized characters of each zoea stage larva, Macrebrachium joponicum

(De Haan) reared in the laboratory

The stage |
number of

zoea

Body length
(mm)

Recognized characters

10

11

3.20

3.31

3.45
3.73

4.01

4.37

4,51

4.86

5. 14

5.35

5.68

Sessile eyed, and cephalothorax in covered with unarmed carapace, and
rostrum projects horizontally.

Stalked eyed, articulation of uropod appears, and carapace armes with a
pair of supra-orbital and branchiostegal spines.

One rostral tooth, and uropod is biramous with rudimental endopod.

Two dorsal rostrum-teeth, oblonged telson in almost recutangular and
biramous uropod with setae. Rudimental fourth and fifth periopods
appear. Antennule with a stout spine in mid-portion.

Oblonged and more rectangular telson and it is concaved apparently on
terminal portion. Fourth pereiopod appears in the rudimentary biramous,

Elongated and rectangular telson with three pair of spines laterally and
five pair posteriorly. Antennal flagellum with 4 segments and almost
same as scale in length. Outer peduncular flagellum of antennule with 4
aesthetes terminally and 2 ones on the folded appendices.

Antennal flagellum with 5 segments and more or less larger than the scale.
Telson is more elongaed, narrower and almost horizontally on distal
portion. Buds of pleopods appear on ventral portion of fifth somite.

5 rudimental plepods appear on ventral portion of somites. Telson is
more elongated, narrower posteriorly and more or less extended back
from the mid-portion than former stage. Posterior outer large spines of
the terminal of telson are pointed more or less outward at the distal
end.

Segments of antennal flagellum are increased in their base part, held 6
segments and more longer than scale. Pleopods are biramons and bare.
Propodi of first and second pereiopods are more or less protuberant at
inner distal portion. Telson Uropod is more extended posteriorly from
mid-portion on the distal. Uropod is more or less larger than telson.

Antennal flagellum longer than the scale with 7 to 8 segments. Inner
flagellum of antennule is two segmented and outer flagellum with 3
folded appendices. Pleopods are more developed with setae on outer
ramus. Propodi of first and second pereiopods are protuberant at inner
distal portion, forming chelae with dactylus. Rudimetal statocyst apeared.
Mid-portion at the distal of telson is more protuberent pesterioly and
a pair of small spines of inner distal portion of it are disappeared
occasionally.

Pleopods developed fully, bearing with internal appendices. Antennal

flagellum is longer than former stage with 12 to 14 segments, and inner
flagellum of antennule is 4 or 5 segmented and outer flagellum bears with
3 to 4 folded appendices. Propodi of first and second pereiopods are fully
developed to chelae. Mid-portion at the distal of telson is more advanced
posteriorly, more elongated and narrower than the former and its lateral
spines disappeared. 3 to 4 rostrum toothed appear on iis dorsal mai‘gin,
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Macrobrachium japonicum (De Haan)8) Zoea jjz:2§

p. L 5.46 | Length of antennal scale is larger than width of it in 3 or 4 times.
Antennal flagellum is over half of total length, Mandible is strong and
incisor process is stouter than that of zoea larval mandible. First
pereiopod is chelated and shorter than second pereiopod, chela. Expods
of perejopods are reduced or occasionally remained rudimentary. Rostrum
is more or less shorter than antennal scale. Carapace is armed with a
pair of antennal spines and two pair of branchiostegal spines. Posterior
margin of fifth abdominal pleurae is rounded and anal spine absent.
Distal portion of telson is armed with a pair of large spines, a pair of
small spines and another pair of spines with plumose setae. Behaviors
of swimming and locomotion are as adult,

|
t
|
]
.
.

* Water temperature 264+0.3C, Chlorinity 6.21~6.45%, Cl, pH 8.0—8. 1, Illumination 3000 lux
and fed on Artemia saling nauplius; s.d.: standard deviation
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Table 3. Morphological comparison between big individual and common individual which
are appeared in the same age group of zoea larva, Macrobrachium japonicum
(De Haan) reared in the laboratory

Body length

IN mm
o

[9)}
1}

S

BODY LENGTH

E\?rfxgg? goef _ (mm) No. of Characters
zoea Mean ' s. d. specimens
‘ Carapace with 2 dorsal rostrum teeth. Telson (Fig. N) more
elongated and almost rectangular, with 5 pair posteriorly
and 3 pair spines laterally. Uropod(Fig.N) biramous; outer
5th stage | 4.01 0. 20 30 ramus with about 14 plumosed setae and a tiny spine; inner

| ramus with about 10 setae. Antennal scale (Fig. A) not
’ | segmented; disto-lateral tip pointed spine, somewhat conca-
ved at distal edge; blade with 16 plumosed and a single
small setae. Antennule (Fig. B) with 2 segmented peduncle;
terminal peduncle with 4 large plumosed setae; 2 flagella,
inner small one with a stout seta at the distal and outer
l l large one with 4 aesthetes and a slander seta at the distal;
terminally near the prominance with & minute and 4 short
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setae on opposite side; proximal peduncle with about 5
plumosed setae and a stout spine on inner side; protuberance
stylocelite with about 7 small setae; on articulation of both
segments with a stout and 6 short setae; proximal peduncle
with 8 small setae sub-terminally, Mandbile(Fig. C) without
palp; incisor process with 3 teeth at tip; molar process with
fine toothed cutting edge, 3 movable teeth in angle between
molar and incisor processes. First maxilla (Fig. D) uniram-
ous, consisting of 3 lobes; coxa with 5 inwardly directed
spines, basis with 3 spines and 4 teeth; exopod simple, palp-
liked, with 2 terminal small setae. Second maxilla(Fig. E)
biramous, plate-liked; propod three-lobed, armed with 4,3,
and 3 plumosed setae; endopod unsegmented, with 2 setae
on a lobe near the proximal portion and a seta terminally;
exopod flattend gill bailer with 4 anteriorly, 4 laterally and
1 plumosed setae posteriorly. First maxilliped (Fig. F) bira-
mous and with a rudimental epipod; protopod rudimentary
segmented, coxa 2 minute and basis with 6 medially direct-
ed setae oninner margin; endopod unsegmented, with 3
plumosed setae on terminal extremity, with1 small seta sub-
terminally in outer side and with 2 small setae in mid-portion
inner side;exopod with 4 apical and 2 sub-apical setae, longer
endopod. Second maxilliped(Fig. G) biramous; coxa reduced;
than protopod with 1 seta on inner margin;endopod 4 segme
nted, on the jointment of ultimate and penultimate segments
with 2 setae and 1 stout small seta; ultimate segment with 2
slender setae and 1 stout claw terminally, with 1 stout small
seta sub~terminally inner side; exopod longer than endopod,
with 4 apical and 2 sub-apical setae. Third maxilliped(Fig.
H) biramous, coxa reduced, basis with 2 setae, larger than
second maxilliped, and almost similar to second maxilliped
in shape, but the followings are only different: endopod
with four-segmented, merus with 2 setae on inner side,

3 stout spines at junction of propodus and ductylus, and
ductylus with 1 stout claw at the terminal and 3 slender
setae near the proximal part; exopod with 4 apical and 2
sub-apical setae. First perciopod (Fig.I) biramous, coxa
reduced; basis with 2 setae; endopod with four-segmented,
merus with 2 setae on inner side, 3 stout spines at junction
of propodus and ductylus, 1 seta at junction of propodus
and carpus in outer side, and 1 strong claw at the terminal
and slender seta near the terminal of ductylus; exopod with
4 apical and 2 sub-apical setae. Second pereiopod (Fig.])
biramous, coxa reduced; shape is almost similar to first
pereiopod but only somewhat smaller than it in size. Third
pereiopod (Fig.K) biramous, incomplete, similar to second
pereiopod in shape, but smaller than it; exopod with 4 apical
and 2 sub-apical setae, but smaller than endopod in length.
Fourth pereiopod (Fig.L) rudimentary biramous as bud.
Fifth pereiopod(Fig. M) uniramous and incomplete in shape,
and five-segmented; dactylus with 1 seta near the distal and
terminal claw, propodus with 2 setae near the proximal part,
a seta at junction between propodus and carpus in outer side,
merus with 2 setae on inner side, and at junction between
merus and ischium bears a seta.
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Macrobrachium japonicum (De Haan)9] Zoea Yji:H8

Big indi- | 4.22 | 0.12 6
vidual of
5th stage
7th stage | 4.51 0.22 30

Antenna, antennule, mandible, first maxilla, and uropod
and telson (Fig. A-D, N) are almost similar to common
individuals in the same age in shape and size (5). Differe-
nces from common fifth zoea larva are in the followings:
Second maxilla(Fig. E) flattend gill bailer with 6 anteriorly,
4 laterally and 3 setae posteriorly (6). First maxilliped(Fig.
F) biramous epipod; protopod two-segmented, coxa with 2
minute and basis with 7 medially directed setae on inner
margin; exopod with 4 apical and 2 sub-apical setae, base
with 1 seta, and longer than endopod (6). Second and Third
maxilliped (Fig. G-H), First, Second and Third pereiopod
(Fig. I-K) are almost similar to common individuals in the
same age in shape, excepting of size (5). Fourth pereiopod
(Fig. L) biramous and incomplete in the shape and size, coxa
reduced: basis with 2 setae; endopod with four-segmented,
merus with 2 setae on inner side, 2 to 3 stout spines at
junction of propodus and ductylus, and 1 strong claw at the
terminal and a slender seta near the terminal of ductylus,
occasionally absent; exopod with with 4 apical and 2 sub-
apical setae (6). Fifth pereiopod (Fig. M) uniramous and
five-segmented; ductylus with 1 seta near the distal in outer
side, a strong terminal claw, and with 1 stout spine-near
the base on inner side; propodus with 3 setae near the
proximal portion, and 2 setae bears at the junction between
carpus and propodus (6).

Rudimentary buds of pleopod appear on the ventral portions
of third and fourth abdominal somite. Telson is more
elongated, narrower posteriorly than base, with 3 pairs
spines laterally and with 5 pairs spines posteriorly; It is
narrower in the posterior part than the former stage, distal
portion is almost horizontally. Uropod (Fig.N) is also
elongated; cuter ramus is more or less longer than the
terminal of telson, outer ramus with about 21 setae and 1
tiny spine at margin, inner ramus with about 17 setae.
Disto-lateral tip of antennal scale (Fig. A) pointed with
spine, somewhat concaved at distal edge; blade with 22
plumosed with three-segmented and with 2 segments on
base. Antennule (Fig. B) with 2 segmented peduncle;
terminal peduncle with 5 large plumosed setae; 2 flagella,
inner small one with 2 stout setae at the distal, and outer
large one with 4 aeschetes, and terminally near the promin-
ance with a minute and 4 short setae on the opposite side;
proximal peduncle with about 8 plumosed setae and a stout
spine on inner side, on articulation of segments with a
stout and about 10 short setae around, and with about 13
small setae aruond sub-terminally; protuberance stylocerite
with about 9 small setae. Mandible (Fig. C) with 5 movable
teeth in angle between molar and incisor processes. First
maxilla (Fig. D) with consisting of 3 lobes; coxa with 6
inwardly directed spine, basis with 3 spines and 5 teeth;
endopod with 2 terminal small setae. protopod of second
maxilla (Fig E) three-lobed, armed with 4,3 and 3 plumosed
setae; exopod flattend gill bailer with 17 plumosed setae
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at margin, First maxilliped(Fig. F) biramous, with a rudim-
entary biramous epipod; coxa with 2 minute and basis with
7 medially directed setae on inner margin; exopod with 4
apical and 2 sub-apical setae, and base with 2 setae. Secon-
d maxilliped (Fig.G) biramous; coxa reduced, protopod with
1 seta; endopod 4 segmented, 2 stout and 1 tiny seta at the
jointment of ductylus and propodus, ductylus with 2 slender
and 1 stout seta near the terminal, and 1 terminal claw;
exopod longer than endopod, with 4 apical and 2 sub-apical
setae. Third maxilliped (Fig. H) reduced coxa; basis with 2
setae, larger than second maxilliped, and almost similar to
second maxilliped in shape; endopod with four-segmented,
merus with 2 setae, 3stout spines at the juncition of propo
dus and ductylus, and ductylus with 3 slender setae near
the terminal and 1 stout terminal claw, and merus with 2
setae on inner side, 1 seta at junction of carpus and propodus
in outer side; Exopod with 4 apical and 4sub-apicel setae.
First pereiopod(Fig. [). biramous, coxa reduced; basis with
2 setae; endopod with four-segmented, the shape is almost
similar to third maxilliped, excepting of ductyus with 3 stout
spines at the junction of ductylus and propodus, 2 slender
setae near the terminal, and 1 stout claw; 2 setae at junction
of carpus and propodus on both side; Exopod with 4 apical
and 6 sub-apical setae. Second pereiopod (Fig. J) is similar
to first pereiopod in shape. Third and fcurth pereiopod
(Fig. K-L) is almost similar to first pereiopod in shape,
excepting of size and axopod with ¢ apical and 4 subapical
setae. Fifth pereiopod (Fig. M) uniramous, fivesegmented;
ductylus with 1 tiny seta near the distal and 1 stout terminal
claw, and with a stout spine near the base on inner side;
Propodus with about 6 spines inner side and 1 tiny seta near
the terminal in outer side; 2 setae at junction of carpus and
propodus, setae near junction of merus and carpus in outer
side, merus with 2 setae inner side, and 1 seta at junction
of merus and ischium.

Big indi-
vidual of
7th stage

4.82

0.16

Pleopod (Fig. P) rudimentary biramous and bare (9). Distal
portion of telson (Fig.Q) is almost horizontally (7). Uropod
(Fig.N) more elongated, outer ramus with about 21 plumosed
setae at margin and 1 tiny spine at the disto-lateral corner,
inner ramus with about 17 setae at margin (7). Blade of
antennal scale(Fig. A) with about 22 plumosed setae and a
single small setae; antennal flagellum with three segmented
and with 2 segments on base (7). Antennule (Fig. B) with
2 segmented peduncle, on articulation of segments with a
stout and about 9 to 10 setae around, Proximal peduncle with
about 14 small setae around sub-terminally, portuberance
stylocerite with about 10 small setae (7). Mandible (Fig.C)
with 5 morable teeth (7). First maxilla (Fig. D) with cons~
isting of 3 lobes; coxa with 7 inwardly directed spine, basis
with 3 spines and 5 teeth (9). Exopode of second maxilla
(Fig. E) flattend gill bailer with 20 to 21 setae in margin
(8). Epipod of first maxilliped (fig. F) biramous; coxa with
2 minute and basis with 8 medially directed setae inner ma-
rgin; exopod with 4 apical and 2 sub-apical setae, and hase
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Macrobrachium japonicum (De Haan)e] Zoea g3

with 4 setae (9). Second maxilliped (Fig. G) is similar to
common 7 zoea stage in shape, excepting of size (9). Third
maxilliped (Fig. H) is almost similar to common 7 zoea stage
in shape; excepting of size; endopod with four segmented,
merus with 2 setae, 3 stout spines at the junction of propodus
and dacyltus with 3 slender setae near the terminal and 1
stout terminal claw; and 2 to 3 setae at junction of carpus
and propodus; exopod with 4 apical and 4 sub-apical setae
(9). First and second pereiopod (Fig. I—]) biramous; and
more advance in shape and size; indopod with 3 setae

at junction of carpus and propodus, proximal portion of
propodus, with 4 stout spines, inner distal portion of
propodus is protuberent, forming rudimentary chelae with
ductylus; exopod with 4 apical and 6 sub-apical setae (10).
Third and fourth pereiopod (Fig. K—L) is more advanced
than common 7 zoea stage in shape and size, endopod with
4 stout setae at junction of propodus and ductylus, 2 setae

at junction of carpus and propodus; exopod third with 4 apical
and 6 sub-apical setae and fourth pereiopod with 4 apical
and 4 sub-apical setae(8). Fifth pereiopod (Fig. M) is more
advanced in shape and size; propodus with about 7 spines
inner side and 1 tiny seta near the terminal in outer side;
merus with 2 setae inner side and also with 2 setae outer

side (9),

* Water temperature 26-+0.3C, Chlorinity 6.21—6.45%, pH 8.0—8.1, Illumination 3000 lux, Fed
on Artemia salina nauplius; s.d.: standard deviation and arabic number in parenthesis are shown

comparative stage, excepting of (Fig.).

B, o] FSHIRE Sl 4 WES: MEEREEG )Y EEia FEMY & MEBRY B 2R
ulag #52 plate T o plate J, plate V 2 plate ValA ¥ ojnzlo]} HAmwel WEKE F#EM H
—5H9Y Yt AY o E I~4HHE Brctn HbE B BEE JeAw E J2 93 WERS
A e M—4He pEHel BHEE 2HE Yz Yrh(Table 3), =244, big individuals& =z] &K
HETLR g = & HeSH b ol @ HHE AHRETY HMbd AFY Holu Ax WEREY
SLEE JEZ & ol HmHby AL obdA ek

Table 3¢ 5 9 79 F—4l A WBsH: 44 o] (big individuals)el FE#tES] AWDEY MM
HEELE AR HEE Aol

S54RSS S0 gk MBS 4, 4k BEEZ 29 antenna, antennule, mandible, %51
maxilla, uropod, telson, %52 maxilliped, %53 maxilliped, &1, 2 0 &3 pereipod fE¥ETQl $BE54 K9]
s o2 st n Qe 452 maxilla, 51 maxilliped, #54 ¥ %55 pereiopod= 14815 REEKD A
A HEOHHIY H5ug el ck(plate ).

o, AR o % MEEe H74MY HMBESE <4019 WBKY BeSbE A48 EwEel (§
E HEehE 28k el $54#Y AR} ¥4 2.3, antenna, telson, uropod ¥ antennuled)] e
BRI 749 1Me Atz 1, 2 4 BERES 8.9 2 10489 #-e fstez (plate 1), 4k
Wik B B MHRSEA SHE 2 £ dod, U FBEY wiliges BEREdA on St
ArgE o] vhed SR REESLE o A o] MR BREE Fa + dex a4

SA0l9 BRIl SEE & BEshd A—ytd k7 s AR MMEEE —fpen @ &
Hell weh S, BAEHE Aol oz A2 ow MEITFAA Mzl HMEEHES Jebie A 2o

T, WU WHShe $409 & HBRY S{LEES 29, uropod, telson, antenna, antennule 2
mandible ¥ mandible-e [F—&HIREY MR MRS RASZ gt #2 mandible, 43 2 %54 pereiopod
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L 843, 1 maxilla, #1, £2 2 #3 maxilliped, #55 pereiopod I pleopod: 940 %S #£1 P &
2 pereiopods= 104819 4-¢ etz o) & WERE ==t HLEE —#Hvd HREE == Aol o
Y BuEEEe @ A Bl doekke] M Ak oo KAlA BMEERNS B HI} 8RS RzE
o] ALY Wirl glemE £ WERY AbEkd Bk e A 2o

T, ERETANA £ HEEEE 24 & 9 AF B deivtn o9 2L BHETNA A—M
BB Abolo] ESBEIEC] Yeldw weld RKERA doAE £54H DURYHY RERe] AF A7 BE
2 5 9=k

% =

oY Rt A—48 EEEA A el fhRel & 54 (BHRESRM7 23 WHT-L Macr-
obrachium rosenbergiol A = iEslor 53] $4017F MBS 4 St H64st 10 S G,
1974) ol A = @545 HI0) ETSHIAL Bel IEATAE] 2 SHIEA zoeaghkd] BLHE B3k 4R B
BATEEY iEe] = ATt BRAo] e & F U o FL Bl doivtk TERL AHERKY REHERA
B ZREE 2 BHEEEAET BEe] 2 A gov] of Bl AR KRBl Wdsiel oZ-L RHE
& Broad(1957 b)X. Palaemonctes pugio®] EERolA zoeagh#ol fH{E, K& g WEIT HE64HYE A7
W, o] EEL KiE, B, HBEHERM AR HHEHS o B I WEERC A & KEL et RES
2 gl

5k Broad(1957 a, b)i Palacmonetes pugiot P. vulgariss]l A £ ol & Fo FHHET AR EEREY
A 9% skipping F&o) rtn WEFA) AERANA S HEEES AT EFHNA &5 HRRAK
o] dejube #54H HEYE @A HErE old $40]9 HFel stz A 2

=, AES -4 gAY BRI S4ole £ HEREY Sk ZRE BREY @E i
%3 A7 SHMeRE nvl Hbikpos HED 49 B Jeid o e E e & B9 W
sEe FAREY BRA FA el don Aoz 2 4olgn f4 aKd D 48 FEe =
T a2z gL AL s =g B WBEEY Sk, EERER Rl skpping Ffe] dod A Zo)
Rolxlut dU% W MoR Rolde 43 & 45 ME, Ewsd 2 o ¥R BT e
Broads] #45: Wed 4+ 9 A 2k '

Broad(1957 a)7} Palaemonctes pugio®t P.vulgaris®] BHEN A “2& 279 $hEe 2 481 9 T2RE
o] [EHC) HA Yol BV B e Ao BT ek 2ol WA WEHREY #Ede B Ao &
SEe REREE Table 344 vebd upol ol F—4HREY BERs S409 Aol Hhed azld=
BAgel FEHSHY FRe Bowel dot Filo Bt e A& FHERT 4 43 7H(Uno and Kwon,
1969).

= AGERGKS & HBRT 4Mb 4 BR $AE% &8 R—580Y AkdAts WBREY ot
BEZ —Amos o S8 wel [l abEE Aol oYz ojd ke BETAAE B HEM
d StiERe gx §lt 4 Z 2 BEhe A4 A BB EEELY WBRETY SRS &
##lal Wggshd uropod, telson antenna ¥ antennule X% ZFEERO ko] H A4 B LK A=z
QA& #Ee] & KEel pleopod, pereiopod ¥ maxilliped 2 % F4:53b7t REEFRY Bfbo] A RRHel
o s8] U Warel dlelA 5?—"12;1 REERS #Eel ==l B4 EsEdA=lE & 859 SLEE
ERE R BAERE gl £ BEv 298 ok B HEM SMUEE—RRKE— 7H
2 9+t A 2ok weA F9) FRES wEishEY S8 Hudd o A—4Ed dd4 & WERE
e, BAEREE —FhoR 486 2=t #Mbd e FReRA R & WERE A3 EE
ol k3l BAstaod dushA Yshd & WEHETY b, BERE BaHE ERE R 2o dEhte
2 4% & HHE HEdd J94% & WBREY HMLE4 23T Aol obvzl ahlkdt whel 2ol REER
S BElE 2o} KEES 9= BBRE S B od REHRY 488 Sess Rl #3e A 2+
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Macrobrachium japonicum (De Haan)9] Zoea g3

L EEKENA TR, ML RRESE RBhE e BERR SEKEAY A kil 2610. 3T, Chioricity
6.21~6.45 %Cl., pH 8. ~8.1, WBEE 3,000 luxe] {K{-TFol4] Artemia saling naupluisZ =]o]2 #BHlsle
Hel ok

2. F—4&#8Rd A MEss EESREKG A D EEREE o] MY £ KK 4009 HEA
S Bl Y BSWEIE EOSH £ WEKS BARRe JTY A, A A= ERRE
o Rl A% sAol7 MBS A& SBEESSHG TSI/ st o ol devA H& RS
HEHERT fxo] & Ao Rold,

3. H—4EEY $4°18 sBie BB Hon BEY Stz EEY @4 kiR REd 29
M—&HR A MRS $409 £ WBRES $Awess 480 BED Ak HEs AfshT = =
2 HoRE 2 49 BN SmE Afetn 9k 2A4, & S8 S MK 2vd fANe R
—&HY BT BAWSE e BiHEs) ST gtk € AHe QoA EAERMEE © 4ME E
3 REEMSIA 2 ohe HHE ol stk Ao] ohin MEHES MURE BowLE BRKS ey =2E
oj=E 52 skippingHH-& FLY F Y9t

4. i) WEERS BAesbE —BNHoR HEEERIl a3 BEERY #Hd o ek AR E B
3 ol o} HE BRS KFHC) T F BHoE U¥ £ god @4 T ERRY £ WBEY St e
Wheol ==t REHS sz 9 A 2

5. & &9 sEe T ol REHY VAEKS 2k RERS B B Al g =g Ao
o=l dfld RELERY BHO dAA ] Kelke =t WERTS BER g Zds Ao =H3g A
2.
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Plate [.

Plate .

Plate .

Plate [y.

Plate V.

Plate V.

Plate V[.

Plate VI.

W% %
Explanation of Plates

Fourth zoea

A, antenna; B, antennule; C,mandible; D—E, first and second maxillae; F—H, first,
second and third maxillipeds; I—M, first, second, third, fourth and fifth pereiopod; N,

telson and uropod
Fifth zoea

A, antenna; B, antennule; C, mandible; D—E, first and second maxillae; F—H, first,
second and third maxilliped; I—M, first, second, third, fourth and fifth pereiopods; N,
telson an uropod

Big individual of fifth zoea

A, antenna; B, antennule; C, mandible; D—E, first and second maxillae; F—H, first,
second and maxillipeds; I—M, first, second, third, fourth and fifth pereiopods; N, telson
and uropod.

Sixth zoea

A, antenna; B, antennule; C, mandible; D—E, first and second maxillae; F—H, first,
second and third maxillipeds; I—M, first, second, third, fourth and fifth pereiopods; N,
telson and uropod; O, telson.

Seventh zoea

A, antenna; B, antennule; C, mandible; D—E, first and second maxillae; F—H, first,
second and third ' maxillipeds; I—M, first, second, third, fourth and fifth pereiopods;
N, telson and uropod; O, telson.

Big individual of seventh zoea

A, antenna; B, antennule; C, mandible; D—F, first and second maxillae; F—H, first,
second and third maxillipeds; I-—-M, first, second, third, fourth and fifth pereiopods; N,
telson and uropod; O, telson; P(1—5), first, second, third, fourth and fifth pleopods;
O, abdominal view.

Eighth zoea

A, antenna; B, antennule; D—E, first and second maxillae; F—H, first, second and

third maxillipeds; I—M, first, second, third, fourth and fifth pereiopods; N, telson and
uropod; O, abdominal view.

Ninth zoea

A, antenna; B, antennule; C, mandible; D—E, first and second maxillae; F—H,
first, second and third maxillipeds; I—M, second, third, fourth and fifth pereiopods;
N—O; telson; P(1—5), first, second, third, fourth and fifth pleopods; Q, adbominal
view,
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