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Morphological Study of the Genus Zacco (Cyprinidae)
in Relation to Their Feeding Behaviors

Kiyoshi Suzuki and Seishi Kimura

(Received October 11, 1977)

The present report aims the comparative morphology of two cyprinid fishes, Zacco platypus
(Temminck et Schlegel) and Z. remminckii (Temminck et Schlegel), particularly with reference to
the relative growth of two parts of the mouth which may be closely related to the capture of food,
the floor of oral cavity, the gill raker, the pharyngeal bone, and the intestine. Through the detailed
comparative study of these organs, the authors could make success in making clear the significance
of the structural adaptations of these organs in the two species in relation to their feeding behaviors.

The growth of two parts of mouth (length of upper jaw and width of lower jaw) was examined
against changes of total length. Upon the relative growth method of analysis, it is clear that the
sizes of these parts for Z. remminckii are obviously larger than those for Z. platypus. Therefore, it
might be considered that Z. remminckii is capable of seizing larger food organisms.

The prominent fleshy folds, called the oral folds, are present on the floor of oral cavity. Devel-
opment of these folds varies in its extent according to the species. In Z. platypus, the folds develop
gradually and increase in their number with growth of the fish. When the fish reaches about 90 mm
in total length, all of the folds are highly elevated above the surface of the floor. In Z. remminckii,
they are scarcely developed throughout the life history excepting the first two which are highly
elevated in the fish measuring more than 60 mm in total length.

The outer surfaces of oral folds are provided with prominent papillae. There are also some
specific variations in the degree of development of these papillae. In Z. platypus, the first indication
of formation of the papillae can be observed in the fish measuring about 45 mm in total length.
With growth of the fish, they develop gradually and increase in their sizes. In Z. temminckii, the
papillae appear on the outer surfaces of the first two folds when the fish exceeds 55 mm in total
length, and increase gradually in their sizes. However, the rest of folds are furnished with minute
papillae which are only sparsely set on their surfaces. 1t appears that the development of oral
folds and their papillae is positively related to the herbivorous behavior of the fish.

The modal number of gill rakers on the first arch is 11 in Z. platypus and 10 in Z. temminckii.
In the former species, the gill rakers are rather slender, tapering gradually towards the pointed tips.
While in the latter, the distal ends of gill rakers on the ceratohyal bone are truncated or the knob-
like appearances when the fish reaches about 120 mm in total length.

The dental formula of pharyngeal teeth is 1, 4, 4-4, 4, 2 in Z. platypus and 2, 4, 5-4,4, 2 in Z.
temminckii. From the statistical comparison of the growth of three parts of pharyngeal bone (length
of bone, width of the same and length of the longest tooth) against changes of total length between Z.
platypus and Z. temminckii, it is clear that the relative sizes of three parts for the latter species
become obviously larger than those for the former when the fish exceeds about 45 mm in total
length.

Intestines of the two species bear a close resemblance to each other in their forms in the fish
measuring less than 35 mm in total length. However, owing to the occurence of somewhat com-
plicated coiling, the intestine of Z. platypus becomes longer than that of Z. temminckii when the
fish exceeds 35 mm in total length. It is presumed that the elongation of the intestine of the
former species is a structural adaptation for assimilating minute adherent algae.

Considering from the facts described above, it may be deducible that the structures of feeding
and digesting organs change ontogenetically in relation to the behavior of minute adherent algae
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feeding in Z. platypus whereas in Z. temminckii the structural changes of these organs take place
gradually with growth of the fish in connection with the behavior of insect feeding.

(Faculty of Fisheries, Mie University, Tsu-shi, Mie-ken 514, Japan)
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Fig. 1.
1, Z. platypus; 2, Z. temminckii.
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FEor1Hrv7ELE 70.0mm UbEDH 7 Av D2 HK
ZOWTHEMBEEROEX LEBE L. #1oBs
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2. TrHIR—2 KRBk (Fig. 1-1B, 2B)
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LENGTH
Relative growth in length of upper jaw and width of lower jaw of two species of Zacco.
A, length of upper jaw; B, width of lower jaw.
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Dorsal view of the floor of oral cavity
(1A~1C) and its longitudinal section (la~
Ic) in Z. platypus. 1A-la, 23.0 mm in total
length; 1B-1b, 57.5 mm; 1C-lc, 130.4 mm.
GH, glossohyal; LL, lower lip; OF, oral
fold; PA, papilla on upper margin of oral
fold.

A7 AY LR 25mm DT TEERITEEA ERD
Bhicwd, £E 25mm P kiCie b & O KEF R~
CHEL, &K SSmm §iicET oL, B 0KEM
MBEECIER L, ®ROTE 2 NEREG O A IR /e
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L, TD#RA» Fig. 4 1R LIz, ZOR»BW L X
512, DEREBDOBULA A H 7 TRREIT L T4
BH, AT AYTIHFEAEE(E LV, 2K 35mm
RETIIAA AV OOKREBROBUEH» 7 22 X bbb
WS, £F 35~65mm TiLH 7 & EIHEMETeH,
LEGSMMUETIEIHI 7 AV D $%5L7h.

3. RREEEOFLIHER

OREEECIABERENFET S, COREONE
TS TUIRD E R Y TH 5.

A4 H 7 &R 4O mm DT TR RS 0B
—ECHIE L, DEEER EORLIHRE R F LSBT P
Lhigu., 2Rk 45mm §iice 5 & KB Eic P

Fig. 3. Dorsal view of the floor of oral cavity
(2A~2c) and its longitudinal section (2a~
2¢) in Z. temminckii. 2A-2a, 32.3 mm in
total length; 2B-2b, 56.2 mm; 2C-2c, 136.6
mm. GH, glossohyal; LF, labial fold; OF,
oral fold; PA, papilla on upper margin of
oral fold.

FAAIER E Hihiod, LABIRRIC R 2 ICIBRT 5.
XHICERE 70mm DLEicks 81 0REBEDOAHR
T ELLIERT 5.

AT A 4 55mm DT el FLUEE R A g

254



B « Ri A4 v BRI 5Pk

:f X
IR
: ¢¢¢¢?++%+W "

S {bibootobbphetsestod foto ¥

[e]

[P N PO I VI Y O P P P P A B A I

20 40 60 80
TOTAL

2, Z. temminckii.

—FCBZEL, WK EE EOFL AR F W Tiou .
£E5mm Pllciksl, #1, 82 0KERMECH
AR RS S Mih®, DERRIC R 2T 5.
Lo LFE Do FR ETEILIAELE D IEKILRD b h
T, M ATARRRET H5ORTH H. EHICeRK 140
mm L ED KBNS B & 2 b ORUNFLIEZER LY
4L, 1, F2nREMUINOEBEF#ICE - Ty
2HELHS.

4, NEEHDIZK

dAH7 & SSmm LT TR B i NFLIAZE R
PEHEL T B85, ShbDREILBRICHE > TS L
£E 60mm P kicin s &, AEXMAMCs

H 7 av L L2E 40mm T TEA A n v &R
INELTAZERAAEL TV 505, &R 45 mm jiiicie b
L, IhHOEEIHEELNBITIER (labial fold)
(Fig. 3) BB E hIED 5.
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D OBOREEIILRINS Z LT, OB
Mo, BwIh siEREAEINZ R, MrNEHEOME
THERXEDHLLDTHBEHETES. Licai-TH
REBIEACRET DA A 7 VIR - Tl &
HRCKT BN ED D LD EMETES. LoLa
7 A T2k S5mm ¥ TILOREHOFRENRDD
50T, WINEERECHT 5B RTH, 55 mm L)
LB L NEREBORENILEDZ END, ZOMIE
KRS TH D EEXL BT ENTES.

WO THIXNBAA L, EFHEO BRI THO

100 120 140 160 180

LENGTH 1nMM
Fig. 4. Relationship between number of oral folds and total length in two species of Zacco.

1, Z. platypus;

EIOREBCHELTWS, O EXIDEMIETE
DS & & BRI DOWA « PeHNC B35 Bl A R
LTWBI ERZTHL, SodicE ]l nREBLMD
BANCIE L, BUHHCIER S h, BEOBELEV
DTH5.

B Ay DONBICHET LEMIEE L EDH N
rb kTR T ORI CEEXRTLOLHEINS.
LMo TLE 4Smm EDH 7 a Vil BENZEL
T 5 Z &, BRI 5 BEMETED—D2 L &
et ENTELS.

ERIMORHE & GBFREK

* 4 H 7 ORI LE 20 mm Ll ETIEZOZEL R
ELEXDT &N, HARIITHE,. H 7 4y Ol
X4 60mm F CiiA 4 » 7IiICEEL, LETHD
2, BEFARLTHW. LaLLE 60mm ki &
AR A, SBICRCEL LD, £
4% 120 mm LA_E o> (if{& Tix f B _E o SRR AVEIRIR,
BB TR > TV B854 H 5 (Fig. 5).

R 2K 20mm DL ETIL, £RICHL
TR TH D, FIEREE Table 1 1IZF/RL 7. W
DB OFEHITEEE (R=151.23) h32H b h,

Table 1. Comparison of number of gill
rakers on first gill arch in two species of

Zacco.
Species Range Mode Mean
Z. platypus 10~13 11 1.2
Z. temminckii 9~12 10 10.1
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Fig. 5. Lateral aspect of outer side of the first
gill arch, especially showing the gill raker.

1, Z. platypus; 2, Z. temminckii. 1, 119.2
mm in total length; 2A, 47.7 mm; 2B,
117.4 mm; 2C, 174.8 mm. GF, gill fila-
ment; GR, gill raker.

FAHTDFEIR AL,

—RE B A O RIS SERE A KBRS, o
D ENDH T AVIEA A H VITHTHE A OBIH
DL, Lavd ZOBUANIRIZ - THhawlid /e s
LEZLRB.

TREEE & IRSERE

. WHERE DOFE (Fig. 6)

£Ff S0mm [T F Tt fEOINBRF o BB X < H
W%, Lol S0mm PAEiCies &4 4 » 7 TR
FOIAZH MM (pitted surface) A AL 7 h H v A
YT OMESHMINCIR D, Db HT A
DIREFIA A H VI HNTE DB EE X bR
5.

2. WHEHE O RE (Fig. 6)

REDMHGENK OB X HHLLL, WREICHES Bk
FEAERL, b iiiBoEhoRENET R

Fig. 6. Lateral aspect of left side of pharyngeal
bone and its teeth. 1, Z. platypus (143.8 mm
in total length); Z. temminckii (143.2 mm).
LPB, length of pharyngeal bone; WPB,
width of the same; LPT, length of pharyn-
geal tooth; P, pitted surface.

Fig. 7. Accessory pharyngeal tooth of Z. platypus
(105.3 mm in total length). Three or four
accessory pharyngeal teeth are arranged
uniserially on the muscle between the
second and the third rows of pharyngeal
teeth.

{IeBIETTH B, T TR B0 5 IH S O JIZRE

ZOWTHMT S, I RHBEMIEREE L 37 b.s
DT, MUAEE 15, FPRFIZE27), HUZIEE3 5
L7

HEITIIE 2, #EIFIMEI v/IhEL, 2KBBBE,
ChBIFEAENKRTHS. KT Tt E i L T
WBHhy, HAVCITEHIL Tueus, AR EA T
[

H2FIWIE 1L b REL, B3FIEciL T
KAy BB E . (FEAEDED LT L
Twb, BDTNNIBBEAREEL TV5. H 2750
OHITIE, FTHICIMETHHEKIZERZ

HEI3FIKTRADHIEER &%, B 15, F27k
INTRETH D, T THOIET BMENRT SR
s AAH 7 TR FTHOHHKIARKTH B, HY
&Y TR T OWREEM & 7 0—> RIZ{(LiE 3 5
LI EAERANTH . EamdEiiL, /X 7cIREE
.
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2 ~HE37gomoFiA b, HIEECEDR TV
7o\ EINHEEK (accessory pharyngeal teeth) AMEdEL,
IR FTe bS53 ~ 4 KD THER IR TV 5.
IHIE MR L <L, e L, 283 Zitk oo s
M ELS 5 (Fig. 7). Z OFWHIAK L E - L 2K 20
mm P DX TOffKTRED BRI,

3. WRIAKEL

FA AT e H T ayFEOWEREBULAEME | 5k
A L-1, 72058 2 550 L-11, 2058 3 7t BiA L-111,
R 1 i Ea R-1, A IUEE 2 5k Ea R-11, 5158
350 R-111 L L, Table 2 iZiRL 7. EAEHT
12k BB LB EE S LR U THBH, B
filiex L1, L-II1, 3 X O¢ R-111 CRFEMICAEEE,N RS
 (Fy=25.78, F;=37.28, Fp=12.51), L-1I, L-111 Ti{¥ #
7 LY DFHEEL R-IIT TEA A4 57 DFHEL,

4. HRE

SE® X L, WWHEBE « WIRIR « Wik R &
DEMOREZE Y L1, EBITOTHIMNEE
DX y=b+ax(y=log Y, b=log B, x=log X) %K¥
o (Fig. 8). 7ssHISHLRIEMR O IEHET #ix B
£« THIEOZRCHTHHMER] OHBEGLRATCTH
5.

NHEEH R—2RBIR (Fig. 8-1A, 2A)

AP BEOBERILE 45 mm HRCHES R
BEMSEIE L T8 2 KOHMHRER TERbLTZ &2
TE 5. Tiobhb44.9mm AT LT, y=—1.57757
+1.25665 x, 45.0 mm L EiCx L Tid, y=—1.05443+
0.93096 x 2% X 5. EERI O LIE DL Fo=2.67
THETII/WA, BRDOEL F=62.12 TU L H
BETHD. LInis TEE 45 mm KT TRERIT T
bbb EEZTIW.

H v a WAEOHKIIER 65 mm LTICHE I
HEMMEE LTS 2 KOHMEEIMETEDLTZ &8
TE 5. Tichb 64.9mm LUFICK L T, y=—1.83565

+1.43696 x, 65.0mm L FizxtL Tk, y=—1.09724+
1.01001 x MM Eh 5. Wik oMEM DXL F=
291.06, (& DEL Fo=8.05 T, \WFhizoLThHEC
BEMENEDLNRD Z E0b, £F 65mm i THE
Er T s & RTXu.

TREDHEL : A A H 7 o 77 a v WEORRIES LN
DRI DOHR DL Fo=18.38, (iDL Fy=9.18,
BT AR O ERIN OB DEIL Fo=11.80, (L&D
F,=125421 T, WTFhOBEICHK W TLECHEEE.
Bavbhg, Fio Fig. 8 Lhlbaick H5icek 45
mm P Eicie b A4 H 7 TERERFT AT 50, H 7
AV THAE 6Smm (J#ET 5 TIIERBHI K- X
W, ZDRdICLE 45 mm LRI c B e
EHVEL, HABROSRICKHTAEEGL Y 2V DF
MHREL IS,

W IR — & 2B 6% (Fig. 8-1B, 2B)

A4 HY  HEOBEFRILEE 45 mm ITICHE SR
BAEMEERE L35 2 ADHEMNRER TR T Z &2
T 5. Tisbb44.9mm LITTH LT, y=—2.48945
+1.42295 x, 45.0mm L) B3 LTk, y=—2.00656+
L1182 x AN S, MEHROEDEL =004
TEIIEE TRV, H0EL [=1529 TEFE
HEREDBNBDT, £F 45 mm [T TRERHT R
BEEZTI.

AT ay L RERIILES DRI DT, WED
BERIL B — ORI RTR, y= —2.22526 + 1.28774 x
TiRL .

WO © £F 449 mm LT Ciiflo-giio
HHE DT Fo=2.74 TEIZEBEENRD DRI, (L
BEOXEL Fo=10.46 TEIEETH S, AEFIRD
ERICHTHEIFLH 7 AV DOHNETREL. LrL
£ 450mm pARCi B EA 1 H VIR REHI T
5 food, MR OHRI DL Fo=2543, (L&D EiX
F=249.99 T, ffifts XONLEDOMHHIZ 2\ THIH A

Table 2. Comparison of number of pharyngeal teeth on each row in two species of Zacco.

L, left side: R, right side.

Row of pharyngeal teeth

Species
L-1 L-11 L-1I1 R-I111 R-I1 R-1
Range 1~2 3~4 4~5 4~5 3~4 1~2
Z. platypus Mode | 4 4 4 2
Mean 1.3 3.8 4.4 4.3 3.8 1.7
Range |~2 3~4 4~5 4~5 3I~4 1~2
Z. temminckii Mode 2 5 4 4 2
Mean 1.6 3.8 4.8 4.1 3.9 1.6
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Fig. 8.
of two species of Zacco.

the same; C, length of pharyngeal tooth.

CHEERENADD R, RHEIROL BT 28501
hT Ly DFN—FEREL LS.

R R — 2 RBIfR (Fig. 8-1C, 20)

A7 iEOHRLER 60 mm [ffITICHEE X h
HEMARE LTS 200N EER TELTZ &2
TE 5. T7chb 59.9mm PUF ik LT, y=—2.44733
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Fig. 9. Series of types of intestines according to
different condition of coiling in Z. platypus.
I, 345 mm in total length; II, 48.5 mm;
11, 57.6 mm; 1V, 54.3 mm; V, 67.6 mm.
A, anus; E, esophagus.
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