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System in Teleost Larvae—II.

Characteristics of

the Digestive System in Larvae at the Stage
of First Feeding
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EERAR OFROBEEROBEICITKRD 20 fxH
W7o, (1) 7 = Plecoglossus altivelis Temminck and
Schlegel, (2) v » % Hypomesus olidus (Pallas), (3) =
<A Salmo gairdneri irideus Gibbons, (4) =4
Cyprinus carpio Linné, (5)# v % 5 Carassius auratus
(Linné), (6) -rv < wmr = Gnathopogon caerulescens
(Sauvage), (7) » &£ Oryzias latipes (Temminck and
Schlegel), (8)+ = v Hemiramphus sajori (Temminck
and Schlegel), (9) A X% Lateolabrax japonicus
(Cuvier), (10) ## 7 Tridentiger obscurus(Temminck
and Schlegel), (11) v < -~ Tridentiger trigonccepha-
lus (Gill), (12) = <> s A Y Rhinogobius similis (Gill),
(13)7 = -~ Chasmichthys dolichognathus(Hilgendorf),
(14) = £ 1 Pagrus major (Temminck and Schlegel),
(15) 7 m 8 4 Acanthopagrus schlegeli (Bleeker),
(16) v <7 ~¥ Navodon modestus (Gilinther),
(17) » 5 7 7 Fugu rubripss (Temminck and Schlegel),
(18) 7+ 7 Fugu niphobles (Jordan and Snyder),
(19) » v = Sebastiscus marmoratrus (Cuvier and

Valenciennes), (20) w >/ vz D—f&,
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D55,
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Fig. 1. Diagramatic outlines of the digestive tract in teleost larvae at the first
feeding. A, S. gairdneri; B, H. olidus; C, C. auratus; D, H. sajori; E,
L. japonicus; F, T. obscurus; G, P. major; H, N. modestus; 1, F. rubripes;

J, S. marmoratus; and K, a soleid.

The dotted area shows liver, and

finely dotted area yolk mass having a single large or several small oil
globules remained. See Table 1 for the names of fishes.
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Table 1 (MEAEBHIGFE O FROZIMEBETLchb®

Histomicrograph of larval fishes. A, cross section or posterior oral cavity of G.
caerulescence, a number of taste buds seen in dorsal epithelium (x133); B, cross
section of oesophagus of C. auratus, mucous cells accumulating PAS-positive materials,
PAS-staining (x 311); C, longitudinal section of anterior abdominal cavity of L. japonicus,
distending portion located between oesophagus and intestine identified as stomach (x 90);
D, longitudinal section of stomach of H. olidus, gastric epithelium consisting of cuboidal
cells with flat nucleus lying basally (x264); E, cross section of intestine of C. auratus,
a few goblet cells with PAS-postitive mucous scattered in columnar absorptive cells
(x451); F, cross section of body cavity of A. schlegeli, intestinal canal rotated and its
anterior part inflated ventrally (x131). ab, air bladder; ain, anterior intestine; ca,
columnar absorptive cells; ce, cuboidal epitherial cells; es, oesophagus; gc, goblet cells;
go, gill opening; he, heart; in, intestine; li, liver; mec, mucous cells; min, middle
intestine; og, oil globule; pa, pancreas; pin, posterior intestine; ppm, PAS-positive
material; st, stomach; tb, taste bud. For species of fishes, refer to Table.
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BEATXAELIGOMCE OMEA L EL b B
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Histomicrograph of larval fishes.

A, longitudinal section of pancreas of H. sajori,

central parts enclosed by pancreatic exocrine secreting cells carrying many zymogen
granules (x368); B, longitudinal section of pericardinal cavity of H. sajori showing
general form of heart and its connection to liver (x87); C, longitudinal section of
liver, yolk mass and oil globule of L. japonicus, single large vacuole seen attached with
heart and liver (x82); D, longitudinal section of F. rubripes, a number of small
vacuoles seen sporadically (x80); E, transitional part (from middle to posterior) of
intestine of A. schlegeli, constricted by sphincter and mucosal valvular structure (x 389);
F, openings of bile and pancreatic duct of S. marmoratus, the two ducts opening side
by side in intestinal submucosa (x 325). au, auricle; an, anus; bd, bile duct; bv,
blood vessel; gb, gall bladder; inl, intestinal lumen; pc, pancreatic cells; pcc, pericardial
cavity; pd, pancreatic duct; sp, sphincter; sv, sinus venosus; va, ventral aorta; ve,

ventricle; vs, valvular structure; yo, yolk; zg, zymogen granule.
See Table 1 for the names of fishes.

same as those in Fig. 2.

E X BoME R XESCH#HN LE s (Fig. 2,
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XN, 7a2RI07 » ¥ FOBEAMEER X, FHEk
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Other symbols are

37, BISTH 5.

JEE Dbl ~= + 2 ) izt T AR, FE—
7 ERioF M (Fig. 3, A), 5 v L ~v AREDHR
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EEENEE) L I, ERNHLEEE TS = v
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LEVERNDHLDLHEINS,
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{, #FvFasafehveErafgTeITEDS
EEAT L, PEEBE HIRENROEMZIEE L,
24 BB nERTOMErRBLI B (Fig.
3, F). 2ok 5 7AC X A%EDRKERE OHLEILE
HIMF AT O R hix 5 Y HICE R cBi 7
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DX L, IR TR ORI S L b ML L
REC X 2B BTk E, EREROLEMEHIE
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fFiao o « HIER « RECITRANE & X ZER %
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i BEECHA LT 5, & CIBRAEBIARICIHY
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EROBEIE K L, T ORI ES L
BETOIA TIXRBHROMELXE L T\ 5, Iwai (1964)
72D LFRTREDHKEALEEL, Thiv s
W BRI R E DR Lo L e LT
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5. MEOTIHIMEEZL L & 3Ry, (EENHte
Bl& LTuwisn&Ex bh T3, Sarbahi (1951),
Fish (1960), Nagase (1964) & 35812 RIS ks
FRIANLL FREBER DI EARTRE LT 5. IR, b
HEXOINE (RER) Fa10RBZT I7—E <
NZ—EER IO VT VRO Y, HEER
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BHRLTh 5, EEATTIRBE L X5, BHEOK
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WE OMBFIFEC L b, NS« AR « Al - 5 -
MR « i » EIBC A B Tv B, T RToBENC
NEDOMEHTEM LT BEIIRLT, 24 BHEED &
SN EA R L S\, AL LT
Greene (1912), Dawes (1929), Blake (1930; 1936), Al-
Hussaini (1946), Weinreb and Bilstad (1955) # o fthi=
I HIROHENFE LSBZEIRTUL 240, —ickhc
EHFLE OISR D X 5 e LMD RIS A Ly,
Lo L, BISHRIC 2 5 0 TIE~~< b+ o) Vi@
HEIBOMIETH I NI BIRHECE & vbh T
\+ % (Bilstad and Odense, 1966). {EARBALAR: D F i
B ITEFERTET, BT oo LAl Eik L
wdbhiews,  Lichio TIFEIIC R WL TLB 2RI ©
A3, Bk TLPUNRERRE-TL 0L E
zbhb,

BB DT A DILE I REE L&Y £ 2 5
FIRERIEA S BB Y Lic BRI & hac i < s S LR
Jig o PR o HHERE X b 72 B EBIXVCThL X
THL WANBEIEMOEZ 255 UTRiF LES
R 5. Greene (1912) @ I ~A /7 A4 Onco-
rhynchus tschawytscha DJGHEL ERIE « FERE « b
W, BRIEAL SN, FROMECIILERCHER
EI € Y>F (R RS

D IE BB DX AT H 5 P #as Lot
MRANIEAED Zh b LB TIIE D D ER NGRS
Bhah, EAMEX X CEEILTE D, microvilli <
AN ESEEDL IS RE LT EANEEEFHEMEE
NCiEIEX T (B, 1965; Yamamoto, 1966;
Odense and Bishop, 1966). Iwai (1967 a; 1967 b) (B
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BZiICR\W T, TXTOBECEMABAIICAEMED
BLZ & &BUEDIEE I RD B, FOMINED HEE T
THLIVBREIh O A HMFMBEEREE X%
LTw%. L7chio T, (BB O PR LR AR S
SREREORE Vi & LRIUEEY+5E LTw 5 &
Ezibhas,

SEE 1 B 7 = FATIRBE EBUCUE LicMok
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ELTw5 (Iwai, 1967a). v v 2 v+ ¥olg LKICE
OFRMIBIGFTE Licb s, BB E Licx oHBED
e R AIEPC PAS BiEOERE EHBR, &
O HINUTRIR & K F WO BEREx 1R Ttz b L&
SR T\ % (Yamamoto, 1965). Table 1 R L2 X 5
VB F BB A o £F B 0 I B U LicHRRA X
so=AHa Vg lEEoBRBETHME LTV BT E
e\, MRRANEOBEREIZE LTI S0y, |
R PBEARIL Z DM IHE LR OB RE
D—3MEL LTHA LB 50T L #EEIh 5.,
RS RIBE O EIEY & L THMMEOFEN
Robh T b, HMEONTIESENIBEOTHh 2L

Table 1. Degree of differentiation in 26 characters (6 organs) of larval digestive system at
the stage of the first feeding examined in 20 species of fishes. + indicates the
character already differentiated, — the character under differentiation, and =+ the
character lacked in the species.
w
z
S " @
5 s 2 2 5 N
2 e o C K] = = -
[ Q «— — o = = Qo o
o ©3 « v & _«o _=73 o 9 ® <380 .2
< T8 = V) S = © o S O «'C =3 HTE &5
£ 1l gTe88s,3 £E8 £°=2 32 S8 og N3T
5 | §5g2°8E28 59 Sowy s8E E8 g2X Ty
£ S 0gups8o® 352 38,8 .9 2. 8x. &8
s | 5220858 £2 £3¢2°% E£E3°,52 85 353
S 8355023 %F ®g ®RIP S5545%52% EZ3 2=o
~ Lo L2 g=== o= Iol= =] © Q9 o £ 0 = >a S <=
PEOZFO0A A2 200@ VOA<0A NaZ >0a
Species Buccopha. cav. Eso. Stomach Intestine Panc. Liver
Hypomesus olidus +-4++—-++—- ++ F++—— F++++-—— +++ +++
Plecoglossus altivelis Do+ — 4+ 4+ -+ + +4+ +4+—— +4+++—— +++ +++
Salmo gairdneri ++++++++ ++ A +E A+ A+ + A+
Carassius auratus ++xt++++++ ++ xxx*+x ++++-x +++ +++
Cyprinus carpio ++x++++++ +4+ rExEx ++++-—-* +4+4+ +++
Gnathopogon caerulescence +x++++++ ++ xxx+x +—++-—* +++ +++
Olyzias latipes +—++F++++ ++ TEF+ A+ ++—x +++ +++
Hemiramphus sajori ++++++++ ++ TEE+ ++++Ex +++ +++
Lateolabrax japonicus +—4++—++- ++ ++-— +—4+++—- +++ +++
Tridentiger obscurus +—F+——++—- ++ ++-F +-—++-—% +4++ +++
T. trigonocephalus \ +—+-——++— 4+ ++—- +—++-* +++ +++
Rhinogobius similis L+ =4+ ——++— ++ ++-—* +—++—% +++ +++
Chasmichthys dolichognathus -+ 4+ 4+ 4+ ++ - -+ -+ +++ +++
Pagrus major | +-+-—++- ++ ++-— +-t++ 4 +++ +++
Acanthopagrus schlegeli +—+—-——++—- ++ ++—— F+—F+++-—- +++ +++
Navodon modestus I +—+——++— ++ ++++ +—+++x +++ +++
Fugu rubripzs I +—+++++— ++ +++E +—+++Ex +++ F++
F. niphobles ; +—++—++—- ++ +4++ +—+++= +++ +++
Sebastiscus marmoratus +—-——4+—-++- +4+ ++-= +—-—4+++- +++ +++
A soleid species t—+++H++— ++ - tA A A+ A+
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Fig. 4. Comparison of the differentiation in the
26 characters of digestive system examined
on the larvae of 20 species of teleosts at
the time of their first feeding. Each dot
and circle, plotted from the data in Table
1, represents the species as named below.
The diagonal line implies the full differentia-
tion of the characters, and vertical distance
from the line will indicate its degree; the
longer the departure from the line, it is
speculated, the lower the viability of the
larvae. As, A. schlegeli; Ca, C. auratus;
Cc, C. carpio; Cd, C. dolichognathus; Fn, F.
niphobles; Fr, F. rubripes; Gc, G. caerules-
cence; Ho, H.olidus; Hs, H. sajori; Lj, L.
Japonicus; Nm, N. modestus; Ol, O. latipes;
Pa, P. altivelis; Pm, P. major; Rs, R. similis;
Sg, S. gairdnerii; Sm, S. marmoratus; To,
T. obscurus; Tt, T. trigonocephalus. See
Table 1 for the names of fishes.

AR TH 5 2 & THABFENCTELE IR TV 55, F0F
EERCOVTRIEZIR T L, L L, EFM
CHAPIEEVRINT 2 &\ 5 BRI E OIURIAR & RE
LTkh, HORTRAIEHEIGIIOFRICHPIE SR
T DXBRTH A5, BHoRESLHMEOHMEITHE
HTHR~RBZ LiZT 5,

A OHLE ERBICL > IR & ah 2458k e
/NIRaAs (Al-Hussaini, 1949; Vickers, 1962; 23,
1968), b fEEE BICILBRIAINED 5\ X F D EAK
Th 5 EhifE» (Greene, 1912; Weinreb and Bilstad,
1955) ##E+ 5. EHERABTOFRICIIZ b ofilae
B2l Robhicws, 72kX07 24+ FOE K
ik Twai (1964; 1967 a; 1967 b) ASZEHNCHRE LT
5L 51 4~5p DT MR T 7 2 oA

BHEIN D,

B FE T — AR ERTH D, Al h %<
DT D BIF AR LT\ 5, REORF IR
IFRAERNCITIEHERET O & D L IXRic D, AR A
VIR & MR X f S S B LICRIBIC S B, fERTl
ND X 5B DT L BT RO HE & b FdG
%. Smallwood and Derrickson (1933) (3= 1 & T
EREE LRI E AT BIBAEEICR & & 2 RAEFIT
B3k LT %, fiif5, McVay and Kaan (1940) (3% v
¥ 3 WA IBIHBETER CHE & MRE 78 LTH
WEAH 2 ExRR LT3, FROEECIHIRE L
EHDTHL, 5-Tp OPIRFTIXBRERREBIE Lic
CWBAES, HH TFRTIXRE 2 BEE LIoRET
EEBEAE L BEEDLR, DA ETXTORRE
BT BB LI ACICE LICRETHE DAL
DS ORI A DO FEE S e (Fig. 3, F). Licps
> T, BEHETIERNE & HREEE BB o
A —DO X5 CBbh s, LI LA
LERYIERTHLEND B,

LR A BE ROV TEMBA T O RIES &
ORFEICHE L7e i BiReE LT E s, =2 <ADARIT
W6z B DT ISEWE{EREE LT\ % (Table
1 &), ZhITEEE, R L EISOBEESRM: (D
ELFBREMFTHOTL) CHTHHEEE LTEHED
OREg & iR A Z iz B KB R EIT 5 - LTilEBE T %
LEZ bR, EHBAFCEIBIER L TR
BRICE LTS, Lenia T, =< AL fhoEE
BECRDLR ABINFRINCEM T 2 EEATFE L
WEEZBR, iofBEEEINICERDFES & LIXTEK
U,

DA BB~ T & e X 5 RAEPRIGER DF RO LRI
O EREY R BIML LB TH 525 BT « PR «
& T & BRI A e b FE L, Ea O E A LR
W BHENEELT2EELBRE, &L DFRDOE
FHBHMAMRC BT HIEERIEE R, BB AL OIERL
LTk b, HEmIUEIo\ T 4 AR B LUE S HE
BINh5,

RARBAIARE DT R DO LR D FEEIRIED & D ik
WEROBESLRMEHET - LxEETHY, Zhik
T LARRERONGEREEoMic & o il b
VLo, IR L7c X S ICEREORE LicRETIE, JE
Bk DR 2 {EAE LB BFTREM 2R <, FiinH AT
FHC R TE DAL E 2L bR 5.

Fig. 4 i3 Table 1 o¥pkted i, Btz O
wHTiEE AIERY, S BENGE oMb L
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RIFAEY ThEh &b, ZHOIHLROMLBELR
AL DTH A, LichioT, Hilihic 45° ofar et
PRI TR TOBENE LT BBAETH D, s
BeDEEFEIMEBEONEYEDL L, FoMEs
Huo gt LcREYRT. R0 S LRE
IR E 7 AIEREOBAAYRET 2T EAERTSH
D, ThXEOBOIFEWIR B OARE & & AR 3o G%
CHHERELESD. &b HA, FROEMGIIIRE
F o BEHIR « TBBRR « HWR « iPRRTL LD BRI
B OFRR OREL LEBCHGR L T 5 L
H, HERORERE DR TEDOMGAHENTT5 2 212
TERG, Ll =20<R, 2 VBB kA kA
o X 5 HEMAE LeT WA TIE LA ETXT
DIFERHME LT B DK L, B CHEEY 375
FEHIFRATIRSLIEY S RE T 5 EE L Lk
FEEZBEMT T35,

= L)

1. gl 11 & ®KE9 EOEMEMLHOFRD
MIERABE L, BEDHELR & Ol 2 ez ok
e HER Iz 7z,

2. {EfEBALAR O 7 B O M LB LT & = EEIz K
Eh, BIZEEE LTy vl pERNCET S
B, REIAXFANCE T ABOBNTHS.

3. WREORBIMCHEEFATEL ®KEFHE
& AREBRARTICIATAR A oL LI PR TR RE L
Tuw3b,

4. REOWETIEREBARIZ PAS B EA 5
WLTw5,

5. BBATRAELBLOMICEHOMRELELS
ROWMAINEET D FO RSB AY R S IHR
METHER SR, BIR PHBEWERL KD LoRECH
D, BRERC - DB OFRITEN V2B,

6. RADOMILEIZLDLND BERMPHERIELFac
TRDHRIL,

7. —HoEXRE, EHERAKOFROE LR
MDA THER I, T OMMHRITIIEE X

FHELTNS,
8. —RcHFIEEEIFROTICII L LT
U,

9. EFEBBIICHERC s Y 2 -y v oBEREE
AERDBRI,

10, R & BRI 7o 28\ i 0 Uy IWFIEIRG L R TR ©
b5,

1. {EfEBAR O RO LR OERIEE LS B0

September 15, 1969

HIERONE L 3558 LTl b, M LRI B LI A5
HEIh5.

12, B O FROHIERDOSERERXEOED
B LB Mol RET 2 TELERTHY, £&H
NELEEIARIZIDD LD EHEIR S,

51 B X ®&

Al-Hussaini, A. H. 1946. The anatomy and his-
tology of the alimentary tract of the bottom
feeder, Mulloides auriflamma (Forsh). J. Morph.,
78: 121-154.

Al-Hussaini, A. H. 1949. On the functional mor-
phology of the alimentary tract of some fish in
relation to differences in their feeding habits:
Cytology and physiology. Quart. J. Microscop.
Sci., 90: 323-354.

Bishop, C. and P. H. Odense. 1966. Morphology of
the digestive tract of the cod, Gadus morhua. J.
Fish. Res. Bd. Canada, 23: 1607-1613.

Blake, I. H. 1930. Studies of the comparative his-
tology of the digestive tube of certain teleost
fishes. I. A predaceous fish, the sea bass (Cen-
tropristes striatus). J. Morph., 50: 39-70.

Blake, I. H. 1936. Studies of the comparative his-
tology of the digestive tube of certain teleost

. fishes. 111. A bottom-feeder fish, the sea robin
(Prionotus carolinus). J. Morph., 60: 77-102.

Dawes, B. 1929. The histology of the alimentary
tract of the plaice (Pleuronectes platessa). Quart.
J. Microscop. Sci., 73: 243-274.

Fish, G.R. 1960. The comparative activity of some
digestive enzymes in the alimentary canal of
Tilapia and Perch. Hydrobiologica, 15: 161-178.

Greene, C. W. 1912. Anatomy and histology of the
alimentary tract of the king salmon. Bull. U.S.
Bur. Fish., 32: 73-100.

Twai, T. 1964. Feeding and ciliary conveying me-
chanisms in larvae of salmonoid fish, Plecoglossus
altivelis Temminck and Schlegel. Physiol. and
Ecol., 12: 38-44.

Iwai, T. 1967a. The comparative study of the
digestive tracts of teleost larvae-1. Fine structure
of the gut epithlium in larvae of Ayu. Bull.
Jap. Soc. Sci. Fish., 33: 489-496.

Iwai, T. 1967b. The comparative study of the
digestive tracts of teleost larvae-Il. Ciliated
cells of the gut epithelium in pond smelt larvae.
Bull. Jap. Soc. Sci. Fish., 33: 44-48.

s fR, 1968, ABUN{L Ef o Pear-shaped cell
(Rodlet Cell) ic>vT, HAk&EE, 34: 133-137.

McVay, J.A. and H.W. Kaan. 1940. The digestive
tract of Carassius auratus. Biol. Bull., 78: 53-67.

Nagase, G. 1964. Contribution to the physiology
of digestion in Tilapia mossambica Peters:

— 48 —



Hep:  FROMILROWE LG 28R —T

Digestive enzymes and effects of diets on their
activity. Z., vergl. Physiol., 49: 270-284.

Odense, P.H. and C. Bishop 1966. The ultrastructure
of the epithelial border of the ileum, pyloric
caeca, and rectum of the cod, Gadus morhua.
J. Fish. Res. Bd. Canada, 23: 1841-1843.

R fF, 1965, ikAGE B oBMEEICHE T 28
FUAMBEIEE, HALg, 260 23-38.

Sarbahi, D.S. 1951. Studies of the digestive enzymes
of the gold fish, Carssius auratus (Linnaeus) and
the largemouth black bass, Micropterus salmoides
(Lacépede). Biol. Bull., 100: 244-257.

Smallwood, W.M. and M.L. Smallwood. 1931. The
development of the carp, Cyprinus carpio. 1.
The larval life of the carp with special reference
to the development of the intestinal canal. J.
Morph., 52: 217-231.

B 5 1969, (FROMEILFOKE BT 20
L MHFAOELFRORE, MAY, 16(1): 1-9.

Vickers, T. 1962. A study of the intestinal epithelium
of the goldfish, Carassius auratus: its normal
structure, the dynamics of cell replacement, and
the changes induced by salts of cobalt and
manganese. Quart. J. Microscop. Sci., 103: 93-
110.

Weinreb, E. L. and N. M. Bilstad. 1955. Histology
of the digestive tract and adjacent structures of
the rainbow trout, Salmo gairdnerii irideus.
Copeia, 1955, (3): 194-203.

Yamamoto, T. 1965. Some observations on the
fine structure of the epithelium in the intestine
of the lamprey (Lampetra japonica). Okajimas
Folia Anat. Jap., 40: 691-713.

Yamamoto, T. 1966. An electron microscope study
of the columnar epithelial cell in the intestine of
fresh water teleosts: Goldfish (Carassius auratus)
and rainbow trout (Salmo irideus). Z. Zellforsh.,
72: 66-87.

GRS R B BE, FHET S MR

Summary The digestive organs of 11 marine and

9 freshwater teleost larvae were compared one
another and with those of adults to speculate their
function at the transitional stage (from prelarvae to
postlarvae). The digestive tract of larvae is divided
into two major types: the straight- and convolute-
type. The former is seen in the fishes referred to
clupeichthyes and mesoichthyes and the latter in the
fishes of percichthyes.

Generally, in parallel with the evolutional trend
of fish, the digestive tract tends to become shorter
with development of internal mucosal folds, external
muscular coats and posterior valvular constriction.
The taste buds are obscure and few in number in
many marine fish larvae, but, they are well developed
in freshwater fish larvae, especially in those having
pharyngeal teeth at the prelarval stage. These rules
are also applicable to the case of mucous cells in
the pharynx and esophagus which produce PAS-
positive materials at the present stage.

The larvae whose adults have true stomach possess
a shorter and slightly distending part between the
esophagus and intestine. This is the early appearance
of the stomach without gastric gland and blind sac.
No differentiated pyloric caeca are seen, except in
Salmo gairdnerii. In spite of some exceptions,
intestinal epithelium is exclusively composed of
columnar absorptive cells, provided with well
developed striated border. Goblet cells, if exist,
are extremly few. Glycogen and fat scarcely ac-
cumulate in the liver. The pancreatic tissues with
eosinophile zymogen granules form the compact
organs in all species examined, and hepatdpancreas
is not yet formed even in those having this peculiar
structure in the adults. The fact that basic structure
of digestive system in larvae at the stage of first
feeding is common with that of stomachless fish
suggests the similarity between them in function.
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