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

Epithelial Changes in the Posterior-Gut and Protein Ingestion

Masaru Tanaka

The condition of the posterior-gut (rectum) in 22 teleost postlarvae was compared with one
another to observe changes in the epithelium after feeding. The posterior-gut is distinguished
from the mid-gut by the constriction with the sphincter. After feeding, many acidophilic granules
which are well stained with eosine, orange G and azocarmine G, are found in the supranuclear
region of epithelial cells at the posterior-gut both in rearing and natural larvae.

These granules are generally 1~6 4 in diameter and sometimes over 10 in well growing
larvae of halfbeak and puffer. The larvae which have fed more actively have more numerous
and larger granules, which are not in the lower half of the mucosal folds and the bottom
region but are in the upper half. In some species the posterior-gut is provided with villi-like
mucosal projections different from mucosal folds in common species. These facts suggest that
the appearance of acidophilic granules relates intimately with ingestion of nutrients from the
gut lumen.

Since these acidophilic granules show positive reactions in detecting phenol group, indolyl
group, and guanidyl group, they may be proteins or the substances which are chiefly made
of proteins. It is well known that in the new-born mammals intact protein ingestion is
brought by pinocytosis to receive antibodies from their mothers through colostrum. Then,
large globules which are stained with eosine appear in epithelial cells of the small intestine. The
fact that these globules are similar to acidophilic granules of teleost larvae both in morphological
and histochemical features indicates that proteins are ingested intactly in teleost larvae.

At the transitional stage from larvae to juveniles when the gastric gland becomes func-
tional and pyloric caeca differentiate, acidophilic granules gradually disappear. It is speculated
that postlarval digestive system attains to the adult level not only in structure but also in
function, and that according to the change in digestive mechanisms proteins are not ingested
intactly in the posterior-gut. Food items are quickly transported backward and are interrupted
by the posterior constriction, and excreted from the anus in a short time. The fact that epithelial
cells in the mid-gut are occupied by fat droplets which are absorbed from food items suggests
the difficulty of their displaying many-sided functions at the same time. Based on these facts,
it is conceivable that intact protein ingestion in the posterior-gut plays an important role in
protein ingestion at the postlarval stage.

The fact that intracellular digestion which is common in the lower groups of invertebrates
is recognized in teleost larvae indicates the peculiarity of the larval digestive and absorptive
mechanisms, and reflects the history of the developmental process of the animal digestive system.

(Department of Fisheries, Faculty of Agriculture, Kyoto University, Kitashirakawa, Sakyo-ku,
Kyoto, Japan)
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Hep [ FROHELROHE & BT R —V

B BEO BIBF RO ERCITRAT & b7\ B
FIcBE LD A Us, Wil iliolsE BRI
B+ 5 R E O RIRER B TH 5 LA Tl
7o (b, 1972), ABTRETHEO LEBCHBES
B i BT o0 Y BUIRAE AL A LR 2 1 & e
% & & LRI 13 2 BEE OEIUC O Tk
T5.

HE&LUvHE

EHABBEOFAOERIBE LEBOBEILLEAED
B o Tiko 22 @ofFarfvi, (1) 7=
Plecoglossus altivelis Temminck and Schlegel, (2) v
# ¥ Hypomesus olidus (Pallas), (3) =y <2 Salmo
gairdnerii irideus Gibbons, (4) = 1 Cyprinus carpio
Linnaeus, (5) # v # 3 Carassius auratus (Linnaeus),
(6) s~ v = w = Gnathopogon caerulescens (Sauvage)
(7) » &% Oryzias latipes (Temminck and Schlegel),
®) =+ = v Hemiramphus sajori (Temminck and
Schlegel), (9) + v = w » 4 7 <+ Allanetta bleekeri
(Giinther), (10) & X% Lateolabrax japonicus (Cuvier),
(11) ¥ w x Chasmichthys gulosus (Guichenot), (12) =
44 Pagrus major (Temminck and Schlegel), (13)
7 v X4 Acanthopagrus schlegeli (Bleeker), (14) & <
'3 o~¥ Navodon modestus (Giinther), (15) r3 7
27" Fugu rubripes (Temminck and Schlegel), (16) »
+ 7 7 Fugu niphobles (Jordan and Snyder), (17) »
4 = Sebastiscus marmoratus (Cuvier), (18) » 2 x
Agrammus agrammus (Temminck and Schlegel),
(19) #* % < Furcina oshimai Jordan and Starks,
(20) 7 4 v 7 -~ Pseudoblennius cottoides (Richard-
son), (21) £ > # v A Kareius bicoloratus Basilewsky,
22) v=vwv >/ vr]E Zebrias D—FE,

Zhb 22 BEOFROAFHERSIVOEETHELC K
FTORETHRIE D TH%B (HA, 1969a; 1969b;
19715 1972) . MBO—BYLBE I ~< b+ > ) Vo
=F v RAE, v ) —D=ZERBIVTF v REY
Auvte, SEEORHIZIE= 7 = 2 ADBKRERE > » 7
B (PAS ) L v = e 7 5 A 105 v OREE FL,
TEN OB R KEI & X £ Vv BB+ A A FTHREA
THHEENUBEA A S v ABEC LD 25 7 4 VEIR
LERAGE, BEEBI=VEF ) vevy 7 DRIE
GiEE7 s 7 B), 1 e vRIG (FryvBEDT =/ —
L), CAFAT I/ NVYRTAT e FRAGDHE
(P T 277 VEBEDA YV F=2E) 5 IUHE P ORIE
(TrF¥=vERED/7 =2 E)ER—HARCIZTES L

T e,

b #

B AEOFADIGEIEMAMEEY LTW22, #l
S IMILE O BTV LIRHH O R X D IR
AbhB, ZORMBEIRIMFROBKRE ELICHEL, K
A ROMEYET S X 51T/ b, THILERCHEY
THEEEEZBRD, CHODFHIIT HyFe7 =
AvERacF V¥ g e afle L TRHEFHFETKL
(Fig. 1. A), FrA«AXF ez L fognife +T7
T e gH 7T e AT e g A eFRAThH e AVHV
A7 EARFAPDE L DL DOTIEF Ly (Fig. 1, B).
HBIPIG B & ST 5 b BRI AL PIE W o A+ R EE R
DEAFHHRE X FE LI &BIEY Tle 2, BROFET
DR OMITE L ~~ P v ) VIZEFRL, =4
VIZBR Y E AW A GEFAORK L ) LI oMNE L 8%
TexFia R LT 5 (Fig. 1, O).

{REEBALAEE 1~2 AR LCFRATICI DL 5k
Bk i x e BEIGE D LEB ETic =4 v Vit Eibd
TXHEn 1~2p Ko/ NERA BT 5 (Fig. 1, D).
ERICEE LTV A HEEATIIREC E iR ORI
ML, mARE. wETABRS L Y EoME
DIFFEE o5 L dicic s (Fig. 1, E). chboH
BOHBREBIIAEC X > TR, ZOWRCHWR
22 BIRD=D2D I N — FITHFETE 5,

Ly~ 7 FERERER O MBI RS B s v —
7T, BEBEORIFEEBO KB EMIRKE 6~82
CETABR Tl Eh s (Fig. ,F)---- 42 )+ Fm
Re bFTT e g H TS e YT e g A e THETF
NECF P,

I yAa— 7 FEEEBRONEN,ND T b BE T
W A—FT, BROREHIEL, FOREILET
lp BETHS (Fig. 1, G)--- 72« ThH#F e KV
EFrae AN,

g rr—7: FROHBIEI - FELEN 7
N — ZOFEFPRER RS 71— 7T, BRO=F v
CRT A REMIE I 7 A — F7EEBETH B, RLE
W 2~4p BETHH (Fig. LH)---FvFageadf.
Fy TR TV RARF e guLf oL o y<
SAFefTH UL e =Y v EBO—HE,

BWHFADBHBIIREL L LI LISV REEL, #
EHDHCIBEDOOIHTENST 52, Flosrr-7Ac
BT HEEDS LD O TIIEMBE D KK (X 38
RO L OLIERIc), BERORELMT S (Fig
LI). MEROERICKE LIHEEY 2 x - ABETIX
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R 2 OTERCT - R CEHSCHBE L, o
ESiiz s A R D BRI, BROPLIBIEEM
MEMNEHBIEHETHM LTk, MEAED ME
ALNLMEBEEULCHEYE LT3

IFEAE R IRERBEIAT: 1~2 BA X v HELL, 7
B YEEYE U GRD R % (Table 1), * v
F a XY= ) g ECEERINTO 4 o FRIOFEEER
Db BMN, HENI~NDOBITE & LR AEEIMET L,
FIoE A DFRLL DN E I BHAA R D OND, T
IREAL =L e bFTT e 4TS e hH T ET
PRI SRERIINOBIT & & L I IFIR R o B
REEAERDONI TS,

HED X 5 e iz X » THEBNHE
REF R DA, FEEOHETINZEA EERN L
=Avvedvve Ge7vh— v Gl LIRS
B, DX 5 IR EMATNIF B oI LB IT Aol
Bz B bh B FE— 7 v BR & EhDTEL LT
D, {LFENHEE AN HEIh S, EHIZALO
FRAEEEEOWETHA I EWIREDD it
OHMILHERIEE R LT, #ERIE Table2 Z/R3& kD
TH5. x5 RIGPEEEL B4 5 5 RIG
Xt LCaEE R Lics, EBREXHRNT 53R

* LB o RIGHED bivte, 7 3 2 R RN
FTBH=2VEFY Ve vy 7TORIGRTAF = viEFED S
7 = SAEEBRIN T 5 KGR L Uib i Bito K
GRS BRI T ER D, Fry vEEDT 2/ —
ANERFET D v VRIGIKIZBHEOKERE XN R D b h
(Fig. 1, J), vV 775 vEEDA v F— A ZER N
F 5 Hkx L UGB o KIEs g b (Fig. 1,
K). 2h 6o RIGHERIEEFEEO BIF RO ®RRIBE
WIS 5 TSR AN 7 3/ BE R AN e HERC B &
TAHEAE IR EAEEOYWETHH I LB LT
%.

% & O fafE IR o 1B & IRERE L L E B
Bl 57c®, Th bR LRI & BIE L4y
THHILIIBHHETES, Lrl, ThbpitA
HOHETHHPHNREDOHETH 50, WA
BEROBREY RT BT WOBRE R38O HEINITE
BRI TH 5. Th bOFR O HBUREC HBLH
RS OWC TR L X 51,

(1) FERULIRAEBAAS B L, FEERHEMFICIIE
B LA,

() BRI TN ToRBETEHERBECHERICHET
%

Fig. 1. Photomicrographs of the posterior-gut and acidophilic granules in postlarvae.
A. longitudinal section of 50-day larva of Plecoglossus altivelis, showing a sphincter(sh). x270.
B. longitudinal section of newly hatched larva of Agrammus agrammus, showing a valvular

structure(vs). x270.

C. longitudinal section of 20-day alevin of Salmo gairdnerii, showing characteristic epithelia(ep).

x 95.

D. longitudinal section of 2-day larva of Carassius auratus, showing many small acidophilic

granules(ag) in the epithelium(ep). x 540.

E. longitudinal section of 8-day larva of Hemiramphus sajori, showing the epithelium filled with

many granules(ag). x 540.

F. cross section of 18-day larva of Fugu rubripes, showing large acidophilic granules(ag) reaching

to 10 p.  x 540.

G. cross section of 60-day larva of Plecoglossus altivelis, showing small granules(ag) less than 2 p.

X 540.

H. longitudinal section of 25-day larva of Acanthopagrus schlegeli, showing many moderate granules

(ag) well stained with azocarmine G. x355.

L. longitudinal section of 26-day larva of Fugu niphobles, showing villi-like mucosal projections(vp)

chiefly sectioned traversely. x135.

J. longitudinal section of 18-day larva of Fugu niphobles, showing many granules(ag) stained with

Millon’s reaction. x 555.

K. cross section of 18-day larva of Fugu niphobles, showing many granules(ag) positively reacted
with histochemical test detecting indolyl group. x270.
L. longitudinal section of Furcina oshimai larva sampled in nature measuring 10.8 mm in total
length, showing many small acidophilic granules(ag) in the epithelium(ep). x 540.

ag, acidophilic granule; ep, epithelium; il, gut lumen; mi, mid-gut; pi, posterior-gut; sh,
sphincter; vp, villi-like projection; vs, valvular structure.
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Table 1.

Acidophilic granules appeared in epithelial cells of the posterior-gut.
the appearance of small granules, 1-2 ¢ in diameter, ++ moderate granules, 2~4 p,
granules, over 6 . Duration of postlarval stage is shown in days after hatching.

November 30, 1972

+ indicates
+++ large

Duration of

Grade of

Duration of

Species postlarval stage appearance appearance
Plecoglossus altivelis 3~135 15~135 +
Hypomesus olidus 3 ~unknown 8~ 40%* +
Cyprinus carpio 3~25 5~ 25% + +
Carassius auratus 2~20 2~ 20% + +
Hemiramphus sajori 2~30 2~ 40% + 4+ +
Lateolabrax japonicus 6 ~unknown 8~ 30% + +
Pagrus major 5~30 8~ 25 + +
Acanthopagrus schlegeli 5~35 8~ 30 + o+
Navodon modestus 4 ~unknown 6~ 9% + +
Fugu rubripes 5~30 8~ 25 + o+ +
Fugu niphobles 2~25 3~ 25 + 4+
Sebastiscus marmoratus 0~35 2~ 40% + o+ o+
Agrammus agrammus 2 ~unknown 3~ 15% + + +
Pseudoblennius cottoides 2 ~unknown 3~ 10% + 4+ +
Kareius bicoloratus S~unknown 8~ 18% + +
Allanetta bleekeri (natural specimen) + +
Chasmichthys gulosus " + +
Fugu niphobles ” +
Furcina oshimai ” +

* Granules may appear successively thereafter.

Q) HABGBEOHIEIA X+ BRFDE L D DOTiLrh
DI EMmEOSM LIcREEFR L, WIAED/W
ZH bR BMECEU LICHEE TR 5.

(4) BB B BRI D O 12 Rl O TEHC T 35
BT 5 ERARE EEETH D, ZoOERMO LM
izt A EHB Licu.

(5) BRIDHFIET B IRLO LT & FE Lo &M
GEricxb.
fe EOMEMMED LD, ThbOEGIETV-TH M
BN BRI NG EOWEE bABUG Y @ L T L EAMIA
CEDRAENIWETH D L% ME LT D,

BB BT 5 BIIFROBRRNLEREOEIUL
AELETOFATIZKMED be a7 5 54, v
IRV AET ALY, TIAVYa )Y TDI/ 9T gAY
e FiRE Lt A OB b h e il bh
5. ILERRTHRE Ly Tev 7Y (2K 5.8
~16.4mm), Fr X (£ES.7~14.1mm), 7 +7 7 (&
£3.6~7.3mm), ¥xHH (&K 7.2~16.4mm) 7x
E b BB LRET O & MBS 7 IR O

ol bh s (Table 1; Fig. 1, L), Lichis T,
SRR D H B LA )75 BB AR A DO IR A B e AR RIS L B
dilicd oTikic, BEHEOBIUFRAICHE LK
EEERUE R OB B A I Licd DL 25,

FRIZHREINT 754 v va) vy TD/ Y FTY TR
SHETEABORAC LIS EBABTE~N~ YY) vH D
Wit =d v vicfia X h A BRoEAFE LTBIESh
5, ID5b=t v s R ELERIT 3~44 KT, &
BEBEHERIGCBEY RT. Ch b E ok
ERBTEFABC PR IRRCREY 2 LT 505,
HBEBEOHECITIF LA ERDOR, —F, A&
VEBRWMEA A Iy AR EBEBR TR =4 v v
TFRGERL & T b DHEA 7B TILRTR OB
BTHETLRD BRI, SRRBERTNICEE OB
RINBEHHCROBET, HRIAHILZ 0%
(i T e X h, —ER RN 3 X OYLFEAIHELR 50,
Rt DR & QITIRIAMIR Eh b, 2 ORIEHH O
Az X W B D ORFEBETBE~E DN, ZOHHFT
EEEOERNE U ELEBRCERE LTEbh 3 LE
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Table 2. The comparison of histological and histochemical characters of globules found in
intestinal epithelium of mammalian newborns and those of granules found in the epithelium

of the posterior-gut of teleostean larvae. The data of newborns were cited from Comline

et al. (1951, 1953) and Hill and Hardy (1956).

Histological and histochemical tests

Mammalian newborns
Result species

Teleostean larvae
Result species

General staining
Iron-hematoxylin
Eosine
Orange G
Azocarmine G

Carbohydrate tests
PAS
PAS after diastase
PAS after hyaluronidase
Metachromasia
Alcian blue

Lipid tests
Sudan III and IV
Sudan black B
Nile blue sulfate
Osmium tetroxide

Protein tests
Millon reaction
Sakaguchi reaction
DAB reaction*
Ninhydrin schiff

Nucleic acid tests
Feulgen reaction
Pyronin
Pyronin after RN-ase

calf, pig, puffer
+ and kitten + and so on
+ +
+ +
+ +
lamb and puffer,
+ kid - goldfish,
+ — and black
+ sea bream
lamb and puffer
— kid and so on
lamb and puffer and
+ kid + black sea
+ bream
+
+
lamb and
— kid
+
+

z2bhb.

% £

BN ROBILRIAEC L » THERECEENT
DHNBH, FOFYOEM TR AN « HENE -
B« M « 15 LR ORI RS RiEe
BB, EhbidBIREMMIEFEEZTY®R TR
ThHh, HAOBTIZHL+5 (H, 1971).

Z DX 5 TSR FRE I B B BT R O
{ERITBEAENNC L 1ER D D\ IX BB 5 B = & At
HEIhD, LCERBEO M RCEE RS Y it

* reaction detecting indolyl group by means of dimethylaminobenzaldehyde.

T YRG5 B IR R b BRI B A
BT 5EAEDHELLER OB A & TR 5158
UDBTFERETHZ L ERE LT B,

HEEADORILIEIU B+ 5 EEMPIFRITAET L
L ABE T S TLIREAERMODTHTHS
(Trier and Rubin, 1965), LU» L, WEREOFED
EREDEIEMAYEET I LT TREBIREAR
TN E S Bl S AL BITbhTw5, %<
DA WL hifA % G T B eI &, B
A U TREOIMCZBREYZT 5, COEbikE
fELI -7 v 70 VISR Eh T r0 E T ORME
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WG EEMES BRI ATERB I ENM B R T 5
(Weiseman, 1964). = DERGERE > HEEMICE b x i
Comline et al. (1951; 1953) 1= X uE, fic & %1EH
BOERITITEA Ele L, ERO G OB Tl _E Bl
fa EofagicER 0.5~10p D= v e L vy
Gefhn= b o) vieKITHET 2HRYEIBH L,
B OB E & LiIcFR BT RE LT 5 & & il
Mz BE+ 5. Hill and Hardy (1956) (%= h &DERIR
WEOWERY HBEEMTBR L, Ch bl HEEAED
WHEE 252 &2 Az Lic (Table 2).  Veress
and Baintner (1970) (7 A AV T+ A7 7 2 — X%
RO RYE DIEIUER Y MR Bl % T - T
W5, Clartk (1959) X r-7 e 7 ) veT7A 73 v el
A7 A7 vig EOEREEMSKMKGER I X vl Lk
WhiAEh, #ic/ i (pinocytotic vesicle) 234 L
THFEUE CBRE SRR ET R T A L& *
RIRen~y nx X IOFERTRNEL, EAEL LD
FEEMINDBEX O L,

2D X5 MEFET A R /NG kAR B3 A5k
WE L BB REFROEKNIGE LRI % Tk
FERL & LTREMT L AR L E o T X EML
Tkh, BHLBHENE» CEEE, I T ES
FOEFERINDERE UDTREELYRL TS,

Iwai and Tanaka (1968) (31754 v a2y v7D/
U7 ) v RAGERIEE L SbB2 Aoy a ) fFADK
B E o bR iE R i SRAISET 2 E 7 L, I
BRI EN D DWE % KA NGET) T & 0 AL RE
UAZEEW S Uiz, Twai (1968; 1969) ik = o < =
HERRC = A FARO BRI EIC B\ T KAGER) OfF 4
RDTND, Liedi- T, BEREOFRAILKTIEE
CEOTHEB 75 vy b v bEABEY 7 $ / BRIZH#
T2 ERLAEFTFORETERBRICIY AL
ELTAELHMTES,

Table 2 T & 78 X 5 M ALEHT A4 Lo /Mg kB
WA Ehi-mEIE PAS RIGCBEry RT OIS L,
FROBTHE LRI ) A B OB &R ED
RIEERLTWAD, ZHIEHEDEAEEROAEIER
BEROMEELEBLTWAEEZBNRD, Ticbhb, Wil
FIHUEOZBHREE L B L ToIF OB ERE Y
ERT2ERECIHETH Lo L, BE LI GO
AR & BRI { K O MBS TEHWE 75 v
7 b vOEHBERERTAERE CHWETHS, L
L, MELLEAEORFTFRETHOERELS ATE
OO THLULEROBRLEBBELRTLDEELD
ha,

November 30, 1972

MEFEF A HZ bR BRHE O X 5 e BEE OERUL
Ty PO~ v ATIHIMER 3 BREATH £ TS 208
% DETILEE 1~2 BURNIHETL, MBER
DEAPER L4 B L 7 5. Hill and Hardy
(1956) i T D X 5 e ilic Bl o pH L%
FIEEOEIE LD EHREL WA, BERFED
HFraoBMIBEREOES FRETOEIUI VR S &
LIFARENAE U GRHbRS2, fAP~OBTL L
I LEWICHET 2R /e 5, Table 1 (2 iffii
PR ORI L HEBANDOBITHIZ R Lichs, £ v & a2
HaY e bTT7S e sy s EDOEE BTIIHATA
OBITIZE & 7o FIRLIAREER L3 5 & D oS LR
DHONBEDIEFL, T2 gL e<iq e pHIlp
E T E ML LB e B REA~ OB T & Eiciz
LA ERDBNIL Te D, INEH KGR LIRS 5
AR E T IR ES AT B = o~ A TR
fhn R D BN D X S BEHE L EABRILIE LA L
Robhic, ChbOEEIFROSC X BLE
PRED pH 7c FBERE UD E L bim =7 v v DLk
WX b BEE O M LR ER OB B AN B b E T
BT ERTE LTS,

F Vv F 3 TR 3\ T HMIGE LB fa G 7
7o 8K A faSE B) 23R bR TV % (Yamamoto, 1966).
Iwai (1968) Xfihd X 5 1B oot LiciBEEBRAIN
D == ARAOERTBECZ OEBEHER L T\ 5,
BEBEHD = >~ 2, HEANOBITHO7 2075 1.
7w A A e Hy Te FOBREE D kBRI & Sl
B E DR/ NMarNE L, FoMs oMaEL =
F RGP T B, Lioais T, MERAOBITHIC
RIS T 2 DL RMITER B B I e ARER EE
25 X DILHEEMORERMEAE (DI LICL YA
BTOEEE DG MHIES, T ORERETEE TOKM
HOEBZ X A RO LEEME T+ 270dTRIgLnk
Exbhs, W ATIER~OBITIICHLEIBC L
FUT EE LW AR - BT kst LT T IRE
TOERABDER BN B LD EHEINSD.

BEYESDEMBY TR — R EREILERT /8]
W RIS~ E DA TR DA, ZD7 3/ BOBRIR
BEAYHEFMINCE LI LIELDTHETH S
(Trier and Rubin, 1965). MEEEEOBIFENET
BaECclR 77 v P Vv BLEBERRG B DI
SEL e PEIRE TR 2 2 LI h E CTOMBTHS
M LAy, ZoBEERREbRFRaiicksT 27
I/ BRETOEBEORNOF Y BEETHHDT
Eicws, ThETEENANICT X TOAE TERMARR
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BRI CiclEg R 7 £~ 7 VRSP I h TkD
(FHvp, 1969a; 1969b), + vV 7o VIR L DL E N T
WB UllE, REE). LIchi-T, EEENT /i
DRERRINBAMREL S ELbRA, LrL, fF
BUTIERT Lo i % X b TEMRICEIIBE IR £
THEST 2 (7=2FATIX 4~5F) & &Lty
ErEcBElt s 5 (RB & TOBZETIL 2~3 KT
BTHRT AEENSE). XD, F2 ) c g4 T .
b5 TS e AT EOERCIEE LT B A TR
B IGE DRF BRI 72388 L Tk (H
dr, 1972), = DAL o A A £ e BiExR L o2
LIXEEETE W EHEEIRD, ChHDHEERHE
BFRIC k) 2 EREOERICHRIBEETOmS TR
ETOERRMNEDHMENELDTRENI EERLT
W5,

EHEHEY D 5 b D T % 7 A — T TIRfgeiiko
SEr D B BEM L, MEAEMM oI L LBTON
{bxL5h, BEEYWHIE UdE LTHEHEDY « BIGE
4 « WEY « Bk s & DREG D & O TILARYIE
WOBEAREBIAFERC L 2/RMETH 5. &
BHEBHOhTL =27 & 8 « BIVEY « B - HE
R IOVRBEREL E TR EONE L ML, Wit
B A i 5 IRMLAG & F6% L CHlI M Eic X A&
DERX 775 (E#, 1951; Barrington, 1962).

BRI MEAEtEELDbR T2, ThiE
TEENRFE L CEC L @I EOmDOEE (fF
BB Tl L &L EABEOEIUCE L TR
SER X BN T » T 5, MFETIIEA
B OHAAPITEA LA S BISRRE &\ 5 BRI SRR & B L
TEbLDTHHKLL, LabREGND Z <E TR
IR THEET AT E R, BEEFAE T OB
I —EATHD, 13LAETNTOmFRENA @
CTRBBRAB, AL E DL D BRSO HHRI (LB
ERRLTHBLDEEZ2BNRG, IBICTFEHER /-
TN X Y BE s~ TOREDCEH
ETHHEEIDHOMILRDOREE LT EXIHAENAHD
EEREOBRICRM LIz DE LTEH RS,

E #

BEHERE 22 @o%iifFRIz >V TEBICE L7 5%
HGED ERBOE Y HERNT5 & &L EAHD
HIERERIC oW TEE LE.

BT R DB LF AN O BFE T S 5 IR
DEEC X » THIPHE BTIR S Sh, BEOLKE
D _FIHCITRI & b e\ =4 o I iFYe 5 BRI %

KB+, BROKXGAEFCL - TEKSY, &
H1~6p T, ya )R+ 77T 10 izETHHE
255, FHEEEROHBILERCEE LTS FRIEF
Y, FIORE OO DTEENC S E SR TH B.
HBEIBE ORE AT X o LT & OFLE
LR D MEHOREX TN 5.

TR TR 0 B & 1R & OB R B O RiE
b DRI G EPIRE D B O E OFERR & BIH LTy
BIERRLTNE, ChbDBERIIABLRETOFA
A Ths KRR TRE LicfFiac b Afkicilobhs.
chbDERIIFe v vEBED7 =/ —AHE, YT E
7 VBEDA Y F—AERIVTAF = VvEREDST
= o AR BINT A HEEEE RGBSR R L. B’
BHHIEAEHOWELEZbIRD, ThbOEK
IR FUEE R R omA g 2 bh 5B EEOER
ik L R VR L, BEESHS T IRETE
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