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

Changes in the Epithelium Related to Fat Absorption in the
Anteromedian Part of the Intestine after Feeding

Masaru Tanaka

When teleost larvae finish their first organization of digestive system in which basic
structure becomes to be functional, they start to require nutrients from external environ-
ment. Many of them search for small zooplankters, such as bivalve larvae, rotifers, cirripede
larvae and copepoda larvae, for their foods.

Proceeding their feeding activity, a few conspicuous changes take place in their digestive
organs, especially in the gut epithelium. One of them is the appearance of many vacuoles
in the anteromediam part of the intestine, and the other is acidophilic granules in the pos-
terior part. Details of the former were histologically investigated in 21 species which were
reared in laboratory tanks and sampled in nature, in the relation of fat absorption from
food animals predated.

Specimens actively fed or well-grown have more and larger vacuoles, which are found
in the upper half than in the bottom of mucosal folds. In such specimens, vacuoles occupy
the most part of the anteromedian intestinal epithelium except the bottom region of mucosal
folds. The diameter of the largest vacuoles reaches to 10 x. The identical spots which are
observed as vacuoles in general paraffin preparates are stained with Sudan black B or 1.0%
osmium tetroxide in another preparates treated histochemically. Therefore, it is concluded
that vacuoles are formed as a result of dissolution of fat droplets in the gut epithelium into
organic solvents used in the production process of preparates. These fat droplets have origin
in lipids of food animals predated, because they are found more remarkably in actively
feeding larvae and never found in prelarvae and postlarvae in starvation. They are formed
as a result of the absorption of food lipids through the striated border.

Food animals of postlarvae vary not only from species to species, but also change with
growth in the same species. In this study trochophoras of bivalves, rotifers, nauplii of brine-
shrimp, water fleas, and small sea animals collected by a plankton net were used as their
foods. Larvae reared absorb fat from these various kinds of animals in laboratory tanks,
and ones sampled in nature similarly absorb fat from suitable small animals around them.

These facts point out the importance of fat during postlarval stage. After consumption
of internal yolk and oil globule, larvae begin to swim actively for searching food animals.
At this stage individuals are on the confines of death: some ones which succeed in feeding
suitable foods are able to obtain energy for further searching activity and nutients for growth;
the others which fail in feeding, reabsorb oneselves and become feeble. At the early days
of postolarval stage the more active ones have the more possibility of survival. As fat is
the most efficient nutrient to supply energy of movement, it may be one of the most impor-
tant nutrients as energy source to secure larvel feeding movement. Larvae which obtained
foods above a certain level enough to maintain themselves both in quality and quantity,
pass through the “critical period” and continue to grow. These larvae gradually store up
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fat droplets in the epithelium. The process of fat accumulation in the gut closely corresponds
with the increase in the growth rate during early postlarval stage. For this stage the gut
epithelium are used for depot of fat, which is available at starvation.

These results indicate that larval plankton containing more fat are suitable for foods

for teleost larvae at the early days.

(Department of Fisheries, Faculty of Agriculture, Kyoto University, Kitashirakawa, Sakyoku,

Kyoto, Japan)
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Fig. 1. Schematic illustration of postlarval gut epithelium, showing vacuoles (va) in the
anteromedian part of intestine and acidophilic granules (ag) in the posterior part.

A. Lateolabrax japonicus; B. Fugu rubripes.

ab, air bladder; he, heart; in, intestine;

li, liver; oe, oesophagus; og, oil

globule; pa, pancreas; st, stomach; ub, urinary bladder.
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Photomicrographs of intestinal epithelia of postlarvae.

A. Longitudinal section through the axis of abdominal cavity of 1-day Agrammus agram-
mus larva, showing the intestinal epithelium which has no vacuole. (x 68)

B. Longitudinal section through the axis of intestine of 8-day A. agrammus larva, show-
ing many vacuoles (va) in the median part of intestine. (x97)

C. Longitudinal section through the median part of intestine of 15-day Hemiramphus sajori
larva, showing large vacuoles (va) which occupy epithelial cells. (x 387)

D. Longitudinal section through the posterior part of intestine of 15-day H. sajori larva,
showing many small and large acidophilic granules (ag) in epithelial cells. (x 387)

E. Longitudinal section through the median part of intestine of 8-day A. agrammus larva,
showing no vacuole in the bottom of mucosal folds. (x 387)

F.

Longitudinal section through the axis of intestine of 8-day A. agrammus larva, show-
ing fat droplets (fd) which were stained with 1.0% osmium tetroxide. (x 97)
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ag, acidophilic granules;
il, intestinal lumen; i,
spinal cord; st, stomach;

liver;
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fd, fat droplets;
no, notochord;
yo, yolk.

fm, food materials;
og, oil globule;

gb, gall bladder;
pa, pancreas; sc,
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Fig. 3. Photomicrographs of intestinal epithelia of postlarvae.

Cross section through the median part of intestine of 10-day Lateolabrax japonicus

Longitudinal section through the median part of intestine of 6.2 mm Chasmichthys
gulosus larva sampled in nature, showing fat droplets (fd) in the upper portion of

Longitudinal section through the anterior part of intestine of 12-day Agrammus agram-
Longitudinal section through the median part of intestine 6-day Hypomesus olidus

Longitudinal section through the median part of intestine of 8-day 4. agrammus larva,

A.

larva, showing fat droplets (fd) which were stained with Sudan black B. (x 180)
B.

epithelium. (x 140)
C.

mus larva, showing the fat absorbing stage I. (x387)
D.

larva, showing the fat absorbing stage II. (x180)
E.

showing the fat absorbing stage III. (x 387)
F.

Longitudinal section through the median part of intestine of 15-day Hemiramphus

sajori larva, showing the fat absorbing stage 1V. (x387)
fd. fat droplets; ff, fin fold; fm, food materials; il, intestinal lumen.
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Table 1. Details of fat absorption of postlarvae and focd animals.

Al indicates the anterior part of intestine, MI the median part of intestine.

Days after hat- Hours of fixation

Food animals Predator ching of predator Site of absorption after feeding
Mpytilus edulis  Hypomesus olidus 6 Al—MI 2
(trochophora) Acanthopagrus schlegeli 10 Mi 2
Brachiqnus. ] Hypomesus olidus 6 Al—MI 2
plicatilis Plecoglossus altivelis 8 Al—MI 2
Lateolabrax japonicus 8 MI 2
Acanthopagrus schlegeli 13 Mi 2,3
Fugu niphobles 3 MI 2
Artemia salina  Hypomesus olidus 6 Al—MI 1, 2,3
(nauplius) Plecoglossus altivelis 20 Al—MI 2
Carassius auratus 2 Al—MI 3
Hemiramphus sajori 6 Al—MI 2
Chasmichthys gulosus* (6.7 mm) *= Al—MI 3
Acanthopagrus schlegeli 15 MI 2
Fugu niphobles 10 MI 2
Agrammus agrammus 5 Mli 2
B. plicatilis. Fugu rubripes 8 Al—MI 2—4
and A. salina Sebastiscus marmoratus Stk Al 2—4
Moina sp. Carassius auratus 15 MI 2
Hemiramphus sajori 20 Ml 2
Fugu niphobles 20 Mi 2
Natural Plecoglossus altivelis 8 Al—MI 3
zooplankton Acanthopagrus schlegeli 8 M 2
* natural origin.
**% total length.
*kx days after birth because of ovoviviparity.
Table 2. Details of fat absorption of postlarvae sampled in nature.
Al indicates the anterior part of intestine, MI the median part of intestine. State
of absorption is expressed as three states in accordance with the size of fat droplets
found in the gut epithelium; above 4 (), 2—4 ;2 (#) and below 2 (4).
Species Total length (mm)  Sampling date State of absorption  Site of absorption
Hemiramphus sajori 9.8 ’70. 6. 5 H Al—MI
12.5 ’70. 6. 5 + Mi
Allanetta bleekeri 7.6 ’70. 6.30 + MI
Chasmichthys gulosus 6.2 '70. 5.24 H MI
Fugu niphobles 7.2 ’70. 7. 4 +# MI
Furcina oshimai 12.7 ’71. 3.29 1 Al—MI
15.6 71, 3.29 H Al—MI
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Longitudinal section through the median part of intestine of 15-day Hemiramphus
sajori larva, showing the fat absorbing stage V. (x387)

Longitudinal section through the axis of body of 6-day Hypomesus olidus larva, show-
ing heart (he), hepatic vein (hv), oil globule (og) and dorsal aorta (da) containing
fat stained with osmium tetroxide. (x48)

Cross section through the median part of intestine of 30-day H. oliduslarva, showing
deposit of fat (df) around the upper part of intestinal wall and intestinal vein (iv)
containing fat. (x90)

Longitudinal section through the axis of anterior body cavity of 5-day Lareolabrax
Japonicus larva, showing large oil globule (og) and little yolk (yo). (x 147)
Longitudinal section through liver of 20-day Carassius auratus larva, showing much
glycogen (gl) which stained with PAS reaction and few vacuoles. (x404)
Longitudinal section through liver of 8-day Agrammus agrammus larva, showing small
fat droplets (fd) and large vacuoles which may be glycogen accumulation. (x 387)

da, dorsal aorta;

glycogen; he, heart; hv, hepatic vein;
li, liver; oe, oesophagus;
stomach.
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(Fig. 3, ©)
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(Fig. 3, D),
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(Fig. 3, E).
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(Fig. 3, F).
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D% L+ (Fig. 4, A),
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df, deposit of fat; fd, fat droplets;

og, oil globule;

fm, food materials; g,
il, intestinal lumen; iv, intestinal vein;
no, notochord; sc, spinal cord; st,
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ISr

Total length (mm)

1 1 1 1 J
(0] 5 10 15 20 25 30 35
Days after hatching

ou

Fig. 5. Growth curve of 6 teleost larvae reared
in laboratory.

(1), Carassius auratus; (2), Hypomesus
olidus; (3), Acanthopagrus schlegeli;
(4), Fugu rubripes; (5), Fugu niphobles;
(6), Lateolabrax japonicus.
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F, 72— VIXEEBGEFEACESRICER IR
% (Hrh, K%, B EERATEA O I ORI O
A bl ek T oA L & LI T 5.

R BOFEEIRFABIC BTG+ LR B IER O
WAL TH B & & SISz & LT EE  &E Y

Fed  ERRLTWAS, S0 X5 i BB
Tt xR Tk h (Lawrence et al, 1965; Fuji,
1961), X b &l s — 7OEEREOTNIT, X b
ER ORI~ R L S ERIFET D &1k
FBRTE .

WA —cEEETH D, eIl 2L,
Lichi o THFADEHBECREBEXILLHE DR
TORERE KL, BHENLRESIR TS, D
I 5 Io A D % N & (1A DR & A3 B L THF
SR S B WELSEINICIER T 5, P B “cri-
tical period” DEBEMNH UH h T 1o (Hjort, 19265
Sette, 1943; Ahlstrom, 1954; Marr, 1956), = 5 L7
—@ioWFge ¢, Shelbourne (1957) ix# v A O—F& Pleu-
ronectes platessa \= >\ TFfaDIRERER EEIIXh
FoHBIE o AIDRE SRt & IR IS I NI R A B T 2,
Tighb, HAPITIULE EA ETXTOFEEIFEE
THNCIER L, R E S 7o RO RRIRED X TH
WOIRK L, B HELIFERESEE T CRERED
L REOPIERCET 5. LRI ROER
BE7 S v 7 by, DO MERBESRFICKRE (KR
LTnBI EHERLTND,

BEFOMOWERE LTI KADtra 7 4 7%
d, EHEREMED /v 7 ) v A E EHET S v
7 b yhiLTH B 2 ENRFBR TV CREF « K&,
1963; SE8F, 1966). Barnes (1965) = X AU & HIED—
f& Balanus balanoides - B. balanus o s5ALERTOIN
(/o 7y oaghblE e AKEEZ bR 3) ik
MeE % 38% xh T3, BEAMHOIFESELMR
% 2~20% THH (Lovern, 1964), = h HOghEILHE
EAME <, WK D Z LR LT iEa )
Tied, HECATLELDTFBETH L LV X 5.

s NE O e WU LTk Van-Herwerden
(1908), Greene (1913), Dawes (1930), Al-Hussaini
(1949), Sivadas (1965) 75 & OMEKFENIICHHTEL B 5.
Fals DRI AR % o TR L MMECRD b
HTBA, <A A4 Oncorhynchus tschawytscha,
# LA D—FKE Pleuronectes platessa 75 & TILEIZ LR
BHRTW5, ZhbDOPRDOS OISR A L7
%, R E s i iR A m i LM EA
LTI DTH D, b T LS IEFCRIRE &
WA R LTW5 EIEEL bhlkwe, Zhicxdl, &
E PR TREWET 7 v 7 b v BRCERE LIcBEA
R, FORIGBAITIZIEARORIEY KBk L
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ThWbEEZ RS,

FRDIEN; OB A ERR I I LS 25 Lo fafd
TRECBFBOBLICH B = LILEH I A
M3 R BOBEA~NTER B & L IE LTk b
— B L7z 5% & o mEC M a2 B o Gz —
BRI X B 7o DB T O 5240 Bl h s iy e
BN DBABAL & 7o 5T B EE 2 BR B

RIS DI ALBIR S PLIE % oI B 4 DR D B BiE)
ShTw52), BIfEE 7Y e — VIS MIBRIL S R
eV FEBENOF F KRANGES) 1= X - T W EEA~
EDRERDECOTINFEET S (59« ] E, 1966;
Weiseman, 1964; Trier and Rubin, 1965), Rdffakic
L ER & ISR ) 2 — € DFELELEI SR T U B (Mac-
Kay, 1929; Al-Hussaini and Kholy, 1953; Nagase,
1964) A3, Brockerhoff (1966) (¥ kVGEEEEx 5 Gadus
morhua \ZWEFLE L Rk a (LD = A 5 S Rk iR+
LRI R OFE LR N ST LT3, L Lich
LFRCKT 5 ) — CDOEEIRWTHE, 754
VLV VTD )T )y AEARIR L H{bE 8 B
D= Y (F R TIARHE WIERAL O 5 b B AR SR i
B bR Ty (Iwai and Tanaka, 1968),

EEN N E THARLTXTOBECILIBEMATTIZ
IFFHE « REZE o BER X SE S 4, WERE it = — & v
RIS iasd T (M, 1969a; 1969b). X iz
15 EE AR L C DT TIc T A n VT &
AT 7 & —HDGADBED bR T B (Hdh, £5EE).
N HDFERE) LEZIFRT R TLIE 3y <~
CIZ X - TKEEBIR X, BEEMBNTEAR XA
TEEL T DTIRIELHEHEB LTV S, ZoMIC
DLCTERE Y =R Y o — ER T AR A EE R
EFHY e ORI AT 20N H 5.

= #

KARTHE LS BORIMFAL ATHELL 19 1§
DBIFRIZ OV TR & b 7 5 BBl L othifo
ERBOB L B L, A IRIE OWIL A 8
RLI. BECIVER LI 23 7 4 YUK CILIEHRH
IR 3 ~ 4 HELEREE LB RIS s X ot
D ERICERDZERALERT S, S h bOZEaDNEiL
PURE LA A 3 ¥ AT CIHEE LIcEAR X 4 v I B cY
B LIRS TR T BT 5. B ERMIENCHET S
NN R\ R LBt 77 v 7 P v X OIS h
MR RIF 23 9 h (FELER TR BB AL L BR4E
LiedbDTH B, MRRED X IERTER LT 51
A CIB B EEBOIRFEENARKE 100 ETS
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HEWS DAL I X » TSV ERT EN KRS
D O TEEEER 0T, SlEhEekicbiz b, —if
DA ik IR LR B e, BIHF
ARIABTLRETCER 75 v 7 b voBECH b b ic
SHEV AR 2. RRRIEC s\ T L B IIF LA E
SMET & AR AR ED D BIFEE & I LTy 5,

fFRBRIN U T ERFHEER ORI & & 3 1c—F
ML & L CERELREE R L5, B
LIRD FFE BN RTF TR+ 5 BRI~ DB
LB B e, B TR SFaE
N~ DBATIIC B\ TREED 2 RE+ 5l o= F 1
F—¥ie LTEIMEDER Y EAT 5 EERKRETH
5.

77 v 7 b AEEEAME  FRAHIR T B DI
FHETH BEN D T, REEIE T DRENNC
bIFRBEIPLOEE LTHFETH 5.
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