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Studies on the Structure and Function of the Digestive
System in Teleost Larvae—III.

Development of the Digestive System during Postlarval Stage

Masaru Tanaka

The digestive organs of postlarvae in 13 teleost species chiefly reared in laboratory were
compared with one another to make clear their developmental processes. Characters differen-
tiated during postlarval stage are teeth on jaws, pharyngeal teeth, taste buds, hepatopancreas,
goblet cells in intestinal epithelium, gastric gland, pyloric caeca, and others. The time when
teeth on jaws and pharyngeal teeth are formed varies from species to species. In general the
jaw teeth in the species with stomach differentiate and develop at about the time when the
gastric gland differentiates, and the pharyngeal teeth appear earlier than the former except
for the puffer. The development of the lower pharyngeal teeth in cyprinoids is followed by the
enlargement of upper cornified portion, or the cornified pad. Taste buds, which have
already differentiated during prelarval stage in many species with demersal eggs, are formed
within a week after feeding in every species. Pancreatic tissues which have already dispersed
at prelarval stage partly invade into the liver along the hepatic portal vein to form hepato-
pancreas during the middle period of the postlarval stage.

After the start of feeding two conspicuous features appear in the epithelium of the intestine.
One is the appearance of many vacuoles in the antero-median part of intestine, and the other
is acidophilic granules in the posterior part of intestine. The posterior constriction with valvular
structure forms the border between the two parts of the intestine. Their histological features
and relationships with feeding conditions carry conviction that they are both absorptive
features, and the vacuoles are fat, and granules are protein absorbed. These points will be
explained in detail in reports which will be published in the future.

Many larvae change their body forms, and their fins except the pectoral differentiate
during the final period of postlarval stage, when the gastric gland appears in the mucosa of
the stomach. At the first stage of the formation of the gland, cuboidal cells well stained with
hematoxylin constitute glandular acinuses without ducts to lumen in the anterior part of stomach,
and afterward vesicles with secretory granules increase to construct a few layers in the whole
part of the stomach. This remarkable event is attended with appearance of teeth on jaws
and goblet cells with PAS positive materials in the epithelium of the intestine.

The age when gastric gland differentiates varies from species to species, for example, 90
to 120 days after hatching in Plecoglossus altivelis, 25 days in Acanthopagrus schlegeli and 20
days in Pagrus major. But the time corresponds with length of larval stage, and the relative
differentiation time, which is nearly three fourths of larval period, hardly varies from species to
species.  This fact indicates that the differentiation of the gastric gland is strongly related to
the transition from larvae to juveniles, which require more developing digestive mechanisms
preparing for new foods in a new habitat.

Pyloric caeca appear following the completion of gastric gland. They are formed through
projection of the intestinal wall at the most anterior part, so that their epithelium is identical
with that of intestine. At the period when pyloric caeca differentiate, fishes are at the
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transitional stage from larvae to juveniles. At this time body forms are regulated to approach
basic forms of their adults, and all fins are completed.

The digestive system of postlarvae is stomachless in structure, and may be at the undif-
ferentiated state in function. Therefore it may be speculated that larvae have characteristic
digestive mechanisms different from those of adults.

(Department of Fisheries, Faculty of Agriculture, Kyoto University, Nagahama, Maizuru,
Kyoto, Japan)
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Fig. 1. Photomicrographs of digestive organs in teleostean larvae. A, longitudinal section
through the posterior part of the stomach (st) of a 20-day larva of Hypomesus olidus,
showing differentiation of air bladder (ab). x387. B, cross section through the
posterior part of the pharynx of a 2-day goldfish larva (Carassius auratus), showing upper
cornified pad (cp) and lower pharyngeal tooth (pt). x144. C, longitudinal section
through the mid part of the intestine of a 20-day halfbeak larva (Hemiramphus sajori),
showing slender pharyngeal tooth (pt) and numerous mucous cells (mc). x41.
D, longitudinal section through the mid part of the intestine of a 8-day halfbeak larva
(H. sajori), showing large vacuoles (va) in epithelium. x387. E, londitudinal section
through the posterior part of the intestine of a 15-day halfbeak larva (H. sajori), showing
acidophilic granules (ag) in epithelium and capillary vessel (cv) in axis of mucosal fold.
x387. F, londitudinal section through the posterior part of the stomach of a 18-day red
sea bream larva (Pagrus) major, showing differentiation of gastric glandular acinuses (gg)
under epithelium. x387. fm, food materials; il, intestinal lumen; li, liver; pa,
pancreas; sl, stomach Jumen.
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Hemiramphus sajori (Temminck and Schlegel), (5) =
A #F Lateolabrax japonicus (Cuvier), (6) Fr 2
Chasmichthys gulosus (Guichenot), (7) = &' 1 Pagrus
major (Temminck and Schlegel), 8) 7 v #'1 Acan-
thopagrus schlegeli (Bleeker), (9) +35 7 7 Fugu
rubripes (Temminck and schlegel), (10) 7+~ 7 Fugu
niphobles (Jordan and Snyder), (11) # 4 = Sebastiscus
marmoratus (Cuvier), (12) 7 o> x Agrammus agrammus
(Temminck and schlegel), (13) £ v » v 4 Kareius
bicoloratus (Basilewsky).

722413 1968 F 11 A 29 HISSEEST, 1 >
A3 1969 £ 2 A 13 fuCfiJFEGIITETRFAIREL
FORRBR B A AV CALZ /R T W EH x5,
ORMEORIMERR, ISR E L O FIBF R
(19692) Tili~7=4 5 h TH 5, HBIWFFLDOMLE LTIk
< #% Crassostrea gigas 6 F4%4 #4 Mytilus
edulis D rm a7 4 S, o4 I XY AV A Bra-
chionus plicatilis, 754 v .V v7 Artemia salina
DI/Y TV R, 2= 32 van | f Moina sp.
BLORRD 2 <F— gFx A, {rfaof@iie iR
FECIS U TS K& SOEEY IS Lic, ke
TRV IC A LA (19694, b) LREETH 5.
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TR R D g D FEab i B A& 18 <. BEC 1358
D5H, BEAIZF Vv Faea) e V377« 747
7DABTH Y, EEBGIFCIET SRS B\ i
WLTWAAII~ES « Jni e bTT7 5 0 747
TehHTe 7o ADFO6ETHD. U, FHIEE
DABIIARF e x4 e 20 & e L YHULAT, &
+ o (OARGE) ZbeZE, ikl th s, ch bk
WEEELT, CITXIHFFexvFaevay.
&4 o + 7770 S Hx b LCEINMTFRTTIC ST 51
L RBEOABRL AT 5.

I hYF W EEO%RE LS (EE 4 B TRERZE
B & A CEEBRET 5. il b s ookl <o R Ml &
& & GITHEINT 54, TTEIHEERS, 5% EXHIE
FMEENAR L A, mTHKE SRR 30 AaTEc
WEFEOIRTETHBLL, Zh & Mtk LT 2-3 Ao Mk
ATIEERBCR IS, SEES N AMBEE
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DB, Thbbly OEROBECEY A IFEEE
ASEAHBL L, TOBKETIEARLT, SH1ki% 15 H
THCER A S, S 20 A BOfFRTRSE
SR LA & 2, N B IHUATE D » T bk Bk
AR - TR SELTIT 5. ORI E oM &
TR D, BOFKEARENTERT B (Fig. 1, A).
HEEEIME L 40 A F CERHTH S5, MR
LW F O EXHEMMCEL LB, BRI AEREA]
TRHHNRETHHOCOLEER L, To EEEEE
ELTHXE 20-28 1, g7 3.0-3.5p. ofIR\-FIEEM
Jachik s, EERBERMCERES 5 MRAMNL L &E
My & b I BBIC A REENE L, MEESLE
25-30 QLA T 2oL, BHEIKEE & LK
B A, UL fe A D BT Lebigod FIEE
LA G el g e LTk b, kK
[Bethe LTl LicZefom e LTBlEIn D, M5
TR X » TR S IR TR 5 S h o Ig i
ix e lag iz o BRI EEE T, B s iFEstE
FRLOTFEN SN TH B, I BER - BT L D E
B ORI EIRDA MG o IR B A FE A L CHET 5 (Fig. 2).

bd ab iv

Fig. 2. Schematic illustration of larvae of Hypomesus
olidus, showing developmental process of
digestive system. A, outline of newly hatched
larva (5.4mm). B, digestive system of
newly hatched larva. C, outline of 30-day
larva (14.0mm). D, digestive system of
30-day larva. ab, air bladder; ar, auricle;
bd, bile duct; gb, gall bladder; hv, hepatic
vein; li, liver; in, intestine; iv, intestinal
vein; oe, oesophagus; og, oil globule; pa,
pancreas; pd, pancreatic duct; st, stomach;
sv, sinus venosus; va, ventral aorta; ve,
ventricle.
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TRAEDRAA RIFIE PN R Z2 A fFfE B L 7o 5. R
Stk 40 H ¥ THREETH 5.

Fo¥3: hoBBCHKL T CiiBECHMR
THREIREE E LT ETETHINT S, HLEISA
D TIREEE [l o b BB B DM THIR S h,
F O T BTSRRI E A BV E TR S h
TWb, = OO EFEEIHT 2 R THD L
R, 5 30y R TRENSML, AEHTEIERL
T\ %, MRS Mo cornified pad (1 FIHEEN & & Hi
LEWEREL, =+ v iciFRd 5B E(L LIcSATE
DOilfan % e (Fig. 1, B). {REIMARKR 1 Ho2k
6.3 mm OEFTIRIBEE ORI 2.7 mm T, il
5 1.8 mm DAL B AGHITITAET 5. IHEE
GUE MY 4 R AN §5 11 (LRl we < (e ey A Ay =
&5 20 OFREMIET, HFEOLITIFREMEERIA &
FWAHRERREOR XM 122 ORI THRE
w5, BEROWRMERE 2.6-3.5 ¢ BEOIHIE
MR R E & QMO H B0, F v
R & DR REME O BEE LIz REECHMm LT
W5,

I sEs 10 B B USBIT Lio, & b
i LTy 20-25 EEA~THL (&% 9.1mm o
kT 0.85 mm), f}b _EHEF D - 7z (0.65 mm) £
JLPI~EE (1.86 mm) 35, IHAFRITHRE T OBEKRE
ChERT5E LB, HEHE 15 BofrfaTiigd 2 ofh
FECHEIEBEEMRM A EA~MITL, Z OBIFKET
F, BOEH ~ L HAER L T ERN BRI
(Fig. 3).

B L iR EEME R 12 ©
LN FH LT 525, LD THckildbh
¥, TBERo EEERIC GRS b, RO
BRI =4 v v LIFER R T2, %< DMlIaT
= v VIR B RL (1-2 1) S EA
ALTWS, Zhboefaeiiik Fikio HBi s bk
1 38 LA DEFIRED REFICAF IS L,

$3 = ) FREERYC T TREECSL
LAilbBa B L, WS rmsat « WATAM « FaugHl
o BRENFGET S L & DB E BB L MR
Jani e L T %, SRR MR REIL &
MOBERTH Y, HEXSEE 20 QofFETit 50 2
120 WHREL, OB TABREEL T3
(Fig. 1, C). = o450 ERIZIEFEIER THRAL, %
KoM alia Tl oy & b fls. okimHdo b
BRI EN SR G HATH, Rl ERIEE L b
AR T ~ERCHRA L, BTN TR o %

/ /o

he ab li in pa

Fig. 3. Schematic illustration of goldfish larva
(Carassius auratus), showing developmental
process of digestive system. A, 2-day larvae
(6.3 mm). B, 5-day larva (7.0 mm). C, 10-
day larva (8.5mm). D, 20-day larva (11.5
mm). ab, air bladder; he, heart; in, in-
testine; li, liver; pa, pancreas.

LSy 2 LT 5, BIEACALET S
FPig IR BAE S 2 lar BT 5. BERIBITER
HHRERE TEOWECKRELOMREVHE &L LTH
T 52, Stk 20 AFIE X D 2o EREFFIREC
F o THFERA~A D A%, FEBE RT3, BERK
IEEOF - VERAREIR T 5.

IR oIS O ML FRR o Tl o BT T
CRARCRGEL TS, BRIEOOTSLHE 15 BLL
BLEVWEIEEL, HAWSERET 20E2HT 5.
SHE# 20 0 oFATRBEPROOALE I 10 £
WoOFIT I D FEL 130 £ 10ET D, 0RO
MENSEHH L, BB~ > CEMME,» T LT
W, DEOREE L LK EERE BRI R
JanAEBL L, MRRANER kS sy 80
T 5. EEBATICIIEERBO MRS ORR T ERET
B RILELS by, REBAIC & AT TEE
ML LWBEER, BN, [ERICEEL T
B OB Tk b A ST 0% & i BRI
e DT anvd g h, TEHE 2 ¢ fiifkoB—
Dzl BT B, EmIIEHERE ERBEL, b
IR KR 14 12 B RERrFe s 13 5 (Fig.
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1, D) 7o, % EREMIRNOBIBNIATHECRIEC 5 5.
NG ERBOKBED O FEDEMII ~= b &+ &V iTfFg
T 5 EEMTHER IR, OROTERE MR T 2R
FAlaoEk L= v v+ v vy G ZiFR3 55
RLCHG7- X h T\ 5 (Fig. 1, E). FifiokEx X3 1L
ThbS5-6p ¥TIELETHSA, 1 fllaPI BRI
ERE SJTIXHHEOMFANED RS, T hboZE)
BRI SR 15 DR E CTEETH B, <«
DEREKBTEHEYE L, fTEL LB, HET=
VKT AR EET oA EDHRD,

R4 BRI E b e biiE R B R ANE (51E
# 10 B) L (e 15 0) 2351, LWHSEE
(1t 12 ) I OTHIEN (b8 15 A) »RE
LT 5. Bl EEEA~sT 3R, Rt
T LT 2008 BEINRS, BT Lkl
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B & 70 5 BEE I T ED b s, B (&
TR o F R N2 B Am Li-AliaT, BBmo
AT EE R N LR Rl el S h
5. BEIRRE L LCHBIC D, A LLAEKTIT
I B KR E Ll % &5 B EH S

SHEtR 18 A DfFATIREEERG OSIHRMIEE T
~ b E ) VPG B U TR X Ao iR N
g LicHlfasia thBi4 5 (Fig. 1, F). Zhbofif
B, FTichbBIRBIXKECHENL, St 21 Aoff
BT 23 iR+ 5 (Fig. 4, A).  FEEAEL T3
INTNEE & WS 5 25 Al e e (b Tk R A
JZEEIL T 50y, WEF 2 — 4 VRO X 5 7 LR
T WERLGR S B o, WIROFEE L AT L CiESE
IR EAIER X R (Fig. 4, B), 15 BT MRS
HMET 5. BIRCRBOFREL L LICHERBONEIZIL

Fig. 4. Photomicrographs of digestive organs in teleostean postlarvae. A, cross section
through the mid part of the stomach of 21-day red sea bream (Pagrus major),
showing a few layers of gastric glandulaa acinuses (gg). x88. B, longitudinal section
through the axis of the mouth of 18-day larva of P. major, showing a canine tooth
(tj) on lower jaw (1j). x272. C, cross section through the mid part of the stomach
of 21-day larva of P. major, showing inflation of the stomach (st) with food materials
(fm), which are muscle and gut of other fish larva. x68. D, longitudinal section
through the axis of the abdominal cavity of 30-day larva of P. major, showing differ-
entiation of pyloric caeca (pc) from the most anterior part of the intestine (in). x68.
E. longitudinal section through the axis of the mouth of 21-day larva of Fugu rubripes,
showing characteristic beak-like teeth (tj) on both jaws. x72. F. longitudinal
section through the liver of 18-day larva of F. rubripes, showing invasion of pancreatic
tissues (pa) into liver (li) along blood vessel (bv). x271. ab, air bladder; oc, oral
cavity; ov, oral valve; no, notochord; sl, stomach lumen; sp, spleen; uj, upper jaw.
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D7 DFFRIE R 21T A M E DO RIET LiE LiER
Wwihxsh s (Fig. 4, O). HE["TExs1EH 30 [Tk
Life (Fig. 4, D; Fig. 5), %{ktt 40 A o{FAa Tk
1-1.5mm DMEx 3 AZzlex, MADITEGIR
FBTEL TS, BEROFBERRLL 2 h s oltR
DFE, EICHROREL & LICARABIC B,
775 WTHERM TICSER 12 BHTHRICIRX
RS EFARF IS EE 15 B 5 34k, T
EZ2ARORECHEET S, 1Lk 18 Qi hbok
BN RIEALE Lided, HEH 21 Atz 7 78S
BDOL bIE LR MR 5K T 5 (Fig. 4, E). Be &
O AL U BRI s 1% 15-18 B & Tkl
BB & AR FIRERIS TR S R cie b Bvie O R & 7
LTw%2% Siefh 18-21 B &l e d brid U
%, RO IIXEHE L, AR D O R L
120, TRBDREMS TP Uiz X 5 iy

Fig. 5. Schematic illustration ot larvae of Pagrus
major, showing developmental process of
digestive system. A, 10-day larva (3.8 mm).
B, 18-day larva (5.8 mm). C, 24-day larva
(9.1 mm). D, 30-day larva (10.5mm). ab,
air bladder; in, intestine; li, liver; pa, pan-
creas; pc, pyloric caeca; st, stomach.

WEDH, ZOXS OO LR B A
Hp e Mg ot R TR k3%, chbo
AL U 2N I ISR fos biia 3 0 2133 —3%
LT3,

TREHBHIATS 1-2 A ofFfa ol LR OB X b 3
W Bhs, R TEE LcAlaExY Tis z
B WA 7 PR BT, itk S i 2 la s
B L-FR ERET, L BBt
Wik A7 LcAfE EEfila e s s, che 35
DB FULTRIRE B 0 & BRI Th 5. kR
Es1E 15 B LASFRIRATIaA R X, R & 130
FECIR S vk B (Fig. 4, F). GrRifoiaei
IROWRLT LB 21-24 B DB L EWICAREVIC e %

- E

B A FROIERO S EILE « DA L DlEE
DRED <2 — N LIH - TiTlebh s 40 & Bbh
B, cME—EDBREIGHET CRIEIhicb D THY,
4T O X SIS KA LI R - CBREET TR
BOTERMAETLS & & bif3EXh 5, Hayes, etal
(1953) iz X % & Salmo salar DFWFEAIT I\ THE 4
DA LT BRI X » TERBE TS &
5. fo & 2 EERIUE TIXRARET D IF T~ DB DX II
L) ELLMESMOTET PRI BT 5 ME O
K174 BH5 EIIKTREEOIRFILSC S, 26
W, MM ER Ao RaRios b (11.4°0)
TIMEHEIC, EIRIK (6.6°C) TkkEOH(LI T
BUIHALETT S, —BC, EWIFoHhzk T
RO BB DA, B 0ERVE LT
WEvibh T % (FEH, 1957, 1963). BEEIC 2R TTIZAL
% BB A IR « HARE « 6 - BFEER - K
B e KL O EEY OB L e i hdie bt
VL E KO EEBIREVEEZ bR, BB
fE R D X 5 o (RE RS I A I DK IR X b B
5FHZ ENSHLOBBETHEZ hT\w5  (Hubbs,
1922, 1940; Gabriel, 1944; #1)Il, 1948; #&iR, 1957;
Taning, 1952; Lindsey and Ali, 1965).
ARIBEEFC L AMUEBRTONLEBEOLERY
MBI Ex HINT LTI, BELEOE 2 58
BIFRMETHY, o THLhICEADEOHILEE
DL H N ERNC E B2 BT LIXTE LW, oL,
Table 1 % 08 Fig. 6 whiFrcaEcl L Ui NRR
LIZEFE KRB TRE L, BIFCEREREXELO
EREELTHGWRLDTHY, chbofafEiconT
HINFRINC 3 13 LR LD —BO R % T
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Table 1.

differentiation, =+

+: the character lacked in the species.

December 25, 1971

Age at differentiation of 8 digestive characters during the postlarval stage.
+: characters differentiated during the prelarval stage, —:

characters under
Ho, Hypomesus olidus;

Pa, Plecoglossus altivelis; Ca, Carassius auratus; Hs, Hemiramphus sajori; Lj,

Lateolabrax japonicus;

Pm, Pagrus major;

As, Acanthopagrus schlegeli; Fr,

Fugu rubripes; Fn, Fugu niphobles; Sm, Sebastiscus marmoratus.

Species

Ho Pa Ca Hs Lj Pm As Fr Fn Sm
Age at first feeding (day) 2 2 1 1 6 5 5 3 2 0
teeth on jaws 30 - i———— + 1518 2 12 10 20
pharyngeal teeth 30 90 + + 13 10 10 15 13 10
taste buds 2-3 23 + + 8 12 10 + 2-3 10
goblet cells + + + + 18 18 20 15 14 18
convolution of gut — 90 10 + - + + + + +
hepatopancreas * + + 20 + 15 23 18 15 +
gastric gland - 90 + + - 21 25 + + 22
pyloric caeca - 135 + + - 30 35 + + 35
Age at last observation 40 180 20 40 30 40 40 40 40 40
Age at first juvenile stage ? 135 20 30 > 30 35 30 25 35
2. F ST 01 R0 fER AR B Py 0D BB C AT IR & BB & 7Sy
Bl B0 2 EBEEIRE 0oL, WRIK « 7 WAL THAEL T2 ([Hep, 1969 a, b). T OR
FHROGLLFE L ETHS, 2 RAHTIIhLD WL~ #4277 7 TiRsEk 15 Al =) .

flv REEY (U3 A B (b L7z cornified pad o 43 bhid
Fohs, RELFRITIMCR b B8 T RS
BE L, EL LD ILAIBAE 1 M EPRC X INEERTER
EROCHIBORIFEBC O T 5 X 5 . WHIEE
L WFAROMRIERF LB X » TR 52, bl
S LRRDOEIRE Z7e 2 5 7 78X R E, MENEE
ZRAFLTERIh A HEENED bh b (Fig. 6). A
B IR T 5 % v & o R 2 ) TR
BRFEOFKEILIIHITE L., F v ¥ 1 DIHEE
L@z sm i n cornified pad 1= 4 Bfp% { Dk
DA THREZI AT 5 (Rogick, 1931; Curry, 1939;
Al-Hussaini, 1949; Girgis, 1952) 2%, ZoJgiihizous
TIEBBLMC IR T 5T
Linnaeus & v xw a2 Gnathopogon caerulescens
(Sauvage) T & JRFETLIL AT MEIEE (Il o> b B B bas
A U5 (A, £FEE). coEX a1 BEENEER
< W S THIEROEERMICIE L, WHIEEDOZ Lo <8
RAEDLEEFRTZ LT IV HERECHEE LA D
CHEIND, BT, ZOMENRREOTIICIZRE
hBEVWIBEEIZD /N — 7TOFRITREGEM S
SRR ERT R E, ZD /L — FOER
DHTL h BTN T DREEDEEININEI NI
EERELTS,

24 Cyprinus carpio

Zmgq e 57 7 ETIRS{EE 20 ARTRICIED S
5 (Table 1). Smallwood and Derrickson (1933) (X
9-11mm o =21 Cyprinus carpio {ffaTHEMKED 1 &
PGB E » TIFIEPICA DAL TWHORBEZEL T
Wh, Lichi- T BERE T EiFaiofh
ED HEBFICTFPREAS R I D L B, RO &
HUERCOWLTL I bbb o Tuhis\ s, IR
HBDO—ITAA > THLAMMCIIE THEL TR Y,
BRic A BRESRER BT 5 2 L3E L bhicw. REOFE
N AL R oD 2t & B U OB S 7o B 04k
e T E\WTHAH 5.

7 2 TS EHEI0-120 B fikiz, =21 p 4 =Tk
S 20 AR, 7 r &4 TRINAL I HDPREL S
b8 25 BATRIC BRI S vk 5 (Table 1). BiR
RO TADERETIE~= b F v ) VICEET HAllaT
BRI hicX bbb TORDOBRENMEL T i+ &
WS, ZOBEGEIEIRR S, 3-4R HICE BERME Tiz2-3
BoRE ST 5. BROTRICE FEILRTIE
& DEALAE L BAS, e TLWAOMME LG EEE
ORRAIAD LN S - & HBEHE TH S, FiETHRRK
RoFEL, BEIHLEBEORELMELTRY, §
JRosERIZ X D MEBIEHEIHT U W RERECET
5. BIgniFeE LicFRao BRIkl B0 et
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TR TORMEIIN LELEBEI RS, MBS
TORARHELE STV, BRRCKL TR
BHEOEREY GUEENELE~D LD LHEREIRD

fel 2, 7 v X4 xSLE—EHMRRR P E~%
JBCEEEER % - T 52, £& 10-12mm (\ER
BETTHHEEN 1 5 A) OBRECIREREN OISR
BB L T 5, o OB BHEMZILIED S
b, HEoWAl EEUAZECELT S, Chboff
HixE D— i DT LILIEIK 7 & DEERED BN & b % (%
FEL, TG U TH LVWREXERTH40LE2H
N5, MEROETIEE OFL & LT HBE Lic—ifio
W& DAL I ED L LG L TR D, BMEOIR

B L7 S B LOEERA~OBTAEBRIND LD
LHEIND.,

BIROBRIZ0&E23%, BhbE~OBITHMOEEE
A S OB BT B, MM E ORI
B TBE I h T\ 5 (Green, 1912; Blake, 1930,
1936; Weinreb and Bilstad, 1955; Bishop and Odense,
1966) X 5 iFEDrh ERABETH b HEir G LD
bBhigus, BIPHFEOEILFROSLILEMIEOTIR TH
T L (Fig. 6), BADMIER & EARINTILF UBFICE
T5. BlROSLIFELEE S, MMEDSE
L EIEDSERL & RIBEI A T 2 E 0oL LT L
T, Licht - TR EMIC B E O b HER

Transitional age * 30 35 35

136 30 25 30 20

i
pyloric caeca pc pc pc prc
convolution of gut | | cg
gastric gland gg—99
)] Tee—9e hp
teeth on jaws U~ pt h
goblet cells 9C=-~gé t hp_———gg
| - C—
hepatopancreas hp 9C =5 . plt ""_plt cg
' <
‘taste buds tb | \\\tj-———-tj
pharyngeal teeth p.t ~~ tb——tb
——pt—-0pt
x %
| L S .
Species Pm As Sm Pa Fr Fn Hs Ca

Fig. 6. The relative time and theorder of the appearance of 8 characters in the digestive tract.
The larval period of each species is expressed in the same length for comparison. Pm.
Pagrus major; As, Acanthopagrus schlegeli; Sm, Sebastiscus marmoratus; Pa, Plecoglossus
altivelis; Fn, Fugu niphobles; Fr, Fugu rubripes; Hs, Hemiramphus sajori; Ca, Carassius

auratus.

* Indicating the number of days between hatching and juvenile stage.

** Transitional time from prelarvae to postlarvae.
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