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Comparative Study of the Retinal Structure in Two Korean Endemic Freshwater Fishes, Zacco koreanus
(Cyprinidae) and Pseudobagrus koreanus (Bagridae) Based on Their Habitats by Min-Jeong You and Jong-
Young Park* (Faculty of Biological Science, College of Natural Science and Institute for Biodiversity Research, Chonbuk

National University, Jeonju 561-756, Korea)

ABSTRACT

Comparative study of retinal structure in two Korean endemic freshwater fishes, Zacco

koreanus and Pseudobagrus koreanus, was carried out by light and scanning electron microscopy. In
the visual cell layer comprised of cone cells and rod cells, the cone cells showed a distinct difference
between both species. Z. koreanus had two types of cone cells, single cone cells including a long
single and short single cone cells, and double cone cells, whereas P. koreanus had only one type of
single cone cells having no its short single and long single cones. Meanwhile, the cone cells of Z.
koreanus were arranged in more compact-rowed pattern, but it was more loose and irregular in P.
koreanus. Based on field observation, Z. koreanus is mainly a epipelagic or sometimes benthopelagic
and a diurnal fish with a round and large eye, while P. koreanus is a demersal and nocturnal fish with
an oval and small eye. Therefore, the difference in the retinal structure of two species seems to be

closely related to their ecological habitats.
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3 9Jc}(Nicol, 1989). 3k o] Fol] gleir] 15
7| &M o7 v A a AR, AR T3 At
met Fx27)F wg geFeA A8E & Aoz A gt
(Lagler et al., 1977).

ZAFol 7] gholl st A7 F= AAAES] w3
FAAM Z 3l A Qe ol MES EAL o
7ol Ael, A1 5o Felol| wet 7]EH<l 2ol E Zh=
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Zoz ®yE v} glo}(Lyall, 1957; Fernald, 1982; Van der
Meer, 1992; Narayanan and Khan, 1995; Frank et al., 2001,
Rodriguez and Gisbert, 2001). o] 3t eF+2] x4 Aol
543 A 9% 2 A Asielos o s
A dehd=dl o] 520 A1 232 %4 % (cone cell) ¢l
o] 24 oAz (rod cel) 2Rt FAHE 5L 2o
(Wagner et al., 1998). =3 Anableps microlepise 44 &
NFo= sted 9] - oklvt A8 BhE 2)9) A7 WiTE
£ v =R Qv (Grigg, 1995).

g elA el olfel QbrTze] WY o
Limet al. (2002)7} Lim and Lee(2005)¢1] 2] 3% ZA
1] Zacco temminckii, Zm}x} Hemibarbus longirostris, =.2j
%] Pseudogobio esocinus 5 3%o] E-3}sjr} B gFe
A5 5 FZAY Zacco koreanusts F3A] o FEA F
2 $HTFS WD A dadel AR ojFos U
7] ¢lew] (Kim et al., 2005), F=%E#}7l Pseudobagrus kore-
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ol FEsle] FATFe e TS HT Al A
NA elFE elA sle] (7, 1997; Kang, 1998; 713} ul,
2002) okl o} el HEFo2 AT

webd 3 AFIAE W% Qelel el FAY
ShEANS) Q- A Fe|s e A B2 T2

Al Apgoms Aehs Aol & ¥ F7ke] A%
4 54 FESE o A EAeE d7A e,
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g AOLERIRE R LS
2AUS 5] 2502 7 1044 S0 (35 5x5
mm), 5 (35 7x7mm)s} 3 S o] g3te] A stet

AR AAE AP gk -Hr% 10% % 2
ool 143} A A (standard length), =
283 T2 &3l 17 (eyeball dlameter) 4o}

73 (horizontal diameter of eyeball)z} 4=2]¢H74 (vertical dia
meter of eyeball) o2 FE3}o] digital calipersz A3}
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Fig. 1. Map showing the collection sites of Zacco koreanus and Pseu-
dobagrus koreanus in the Mangyeong river, Wanju-gun, Jeollabuk-
do, Korea. A, Suman-ri, Dongsang-myeon, Wanju-gun; B, Eumnae-
ri, Gosan-myeon, Wanju-gun; C, Sinseong-ri, Bongdong-eup, Wanju-
gun.

o} (Hubbs and Laglar, 2004). W ¥&-+xE ZH=hg A3t &
FAAE HZEsle] A A 217 (lens diameter)

17 (Hubbs and Laglar, 2004), d X Zz}&n)
A3 Aokl Aol AS F FE A E3le] 0.2M
cacodylate buffer (pH 7.3)el] 342171 2.5% glutaraldehyde
o A F -

wg A g8l Pz 2x4
5 ethanol 2 &h4=3t & Uub4<Ql paraf-
fine g w3l radial sectione 2 5um #7742 2gio} v
o) A7 E3E s o B e e A
sle] transverse sectione 2 A3} 53] AReEg
g F ol AYsh EE vhee] (Fig. 2) 2x2mm =
2 A BHsT FAT oz S 2 F oobds
et vhd3dt w22 Ehrlich’'s haematoxylin®} alcoholic
eosin(H & E)o.2 o|FdMsly gig 2o A3tan|7
(Nikon Microphoto-Fax, Japan) o 2 F23}9] 17, Carl Zeiss
Vision(Axio Vision LE Rel. 4.4, Germany) ¢ 2 &3} t}.

2) FAF FRBOHE FAL

Bolsl AReE ) A L 2mm ]2

AH3F % 1% osmium tetroxideol] T3+ & ethanol %
Ao Bt gt = 4‘: S tertiary butyl

alcohol (TBA) A& AA 5737&57]5 Azsle] =7
(coating)d+ 3 F=A} A x}3u) 7 (HITACHI SN-3000, Japan)

1. Dorsal nasal region
3. Ventra temporal region

2. Dorsal temporal region
4. Ventral nasal region

Fig. 2. Diagram of transverse section for observing the structure of
the retinal surface in Zacco koreanus and Pseudobagrus koreanus: D,
dorsal; L, left eyeball; N, nasal; R, right eyeball; T, temporal; V,
ventral; a: central part; b: dorsal median part; c: nasal median part.
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&AL Z koreanus
Ao A" 1070AE= 64.0~81L.6 mme] A|AHH )
Hoom o] FAke 165~21.6mmelgith 2 &%
T4 %t 6.0~7.1mm, 2]gh7d2 55~6.9mm=
14
e

r& mlru

A4 09302 veht ko] AA Al e
¥ 3ol 77k eI & 5 odddeh st
AIA A (%)L 8.73, HUAITA (%)L 32952 Ljehto
o, 2RA = A3 T3] Je|2 2.5~2.9mm, S A
A5 47 (%)L 42.130.2 viehtch (Table 1).

=SAN P, koreanus

Aol ALSF 10/4#= 785~97.6 mme] A9
By, =L 17.8~223mmolglch. AEH Qr7e]
obAL 3.6~4.6mm, 2229172 3.1~3.9mme]glow,

ol

»

Table 1. Comparison of the proportional measurements between
Zacco koreanus and Pseudobagr us koreanus

EDh*/SL** EDh*/HL*** LD*/EDh*
(%) (%) (%)
Z. koreanus 8.73 32.95 42.15
P. koreanus 451 18.97 48.59

*horizontal diameter of eyeball, **standard length, ***head length, *lens dia-
meter

ELALS ESADN Yool x99
219b3/4397d 0.87= et o] AA Al HH=
Ttz 7 °4'§°‘% & 4 dsieh A L(‘V)%
S A A ()& 18972 QtF=7]7} &
siet Al A T ez 1.7~2.3mm, A A
59 (%) 48592 FA bt} (Table ).

2. 4igtol 7|2 L&

FRAYS 25PN BT 2R A F ®
T A A= (retina pigment epithelium), A ZHA) 22 (visu-
al cell layer), ¥}72+-3] = (outer nuclear layer), v} 7] = (out-
er plexiform layer), 43 = (inner nuclear layer), £47]=
(inner plexiform layer), X177 M| == (ganglion cell layer),
27442 (nervefiver layer) o 2 723 4= glgiuk (Fig. 3A).

W) whgzel sigshe AaAvEe 44399 B3
)2 A ezt QAse) igor] Amde] Wehds)
Hol wol H& EelA A 1eieh(Fig. 30). 4174 =
o YuAze oMz 94 (outer segment)FF Wi
(inner segment) 2 A3 F o] olom od> I AR
o] lgt(disc)e] mHA] TAE HAA | ZolE HeHE £}
v H& EgAelMe 725 o3 AAZE 7 ez A
A Bactk (Fig. 3b). wpge 52 Al A4 29 3oz FAH
o] 9lew haematoxylinel] M= FA4E we} (Fig,
30). 7] 5-E eosinoz 344x|nd (Fig. 3d) 4|24 22
Z2} ok= A = (bipolar cell), 4~ A = (horizontal cell)2] 4=
AE7), YA Z (muller cell) o] wpAtoz FAE o] 919

ol =2 AN E, M Z, YA E] doz FA
o] glern] o]&52 haematoxyline 2 == basophilic

Fig. 3. A radial section showing general structures of the retina with Ehrlich’s haematoxylin and eosin in Zacco koreanus. (A) shows whole reti-
nal layer ( x 200) and (a-h) are magnification of (A) by layer ( x 1,000). &, retina pigment epithelium; b, visual cell layer; ¢, outer nuclear layer; d,
outer plexiform layer; e, inner nuclear layer; f, inner plexiform layer; g, ganglion cell layer (arrow head, each ganglion cell); h, nerve fiber layer.
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Fig. 4. Light micrographs of the retina with Ehrlich’s haematoxylin and eosin of Zacco koreanus (A, B) and Pseudobagrus koreanus (C, D). A
and C are central portion, B and D are periphera portion. GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; NFL,
nerve fiber layer; ONL, outer nuclear layer; OPL, outer plexiform layer; RPE, retina pigment epithelium; VCL, visual cell layer.

o)

& o 5 35T (Fig. 39, 97128 FFAE 24
AAALE 7], WA Hf Fon PAu
) cosines A9 BAEE w9l (Fig. ). 1744
M EZZ=L 217374 £ (ganglion cell)9] oz o]Folx gl
on, o]2]g AL hagmatoxyline =z A% FAHE W
oo} (Fig. 3g). 4174 v—%—% 7ML FAE} A7 A
ZEE o]Fo)x 9l eosingg A& BT} (Fig. 3h).

1) SAPAFACHY (radial section) 2H&¢

0

63 7;}#% —“Hﬂ Mhﬁl FARANA = Xdzﬂ“m&l %vﬂﬂ
377.64um (Fig. 4A)2 =A% ¥bd FHRXE= %vﬂ
22813 um=z &A=} (Fig. 4B). FARAIHu| A o 2
Zher A3} wpke] Zp o] FEle] FEH A (Fig 5A). &
3] Al 2] ASE A™3t 2~3F 07 FAE] 3
om 170 AR o|Foix]l UG BA Z}, 270 WA=
o] Foi7l o] F¥A 27} FA= i} (Fig. 5B).

rL

=AY P, koreanus
Fehdv| 4oz A FARelA FARE BT

wite] FANAE S HAAT 1 Aol FEAY
T HEZ8EA] ol FAlRCA AR AA e T
= 150. 13um(F|g 4C)°]J_ FH Bol| A i@!‘d A=

oA L F77}F gksten %7&% A= ggslA] dghet
(Fig. 5C). A1 AA| £2] AZe dddenzart T4 5o
glom 1~15%02 gM vehim ARENEZEH A4
SFolr FE317] o]2 =} (Fig. 5D).

s s

2) $LWHCH (transverse section) ZH&H

W xAs oz doksle] FEu|Hoz wF
A3 XAz WAHE T 2 eosind] °§l.‘5]
acidophilice]=, QA% Fw o] xjo|S nwsle] 77t
A ZFERFE o 5 A T2 WE Uiz 745
= gggeEdz = 721hd 984 = (long single cone cell)
= goctelglua) £ (short single cone cell) 2.t} eosinel] 7}
g S B, T2WAE 20 THE ol EAE
(double cone cell)2] 7%= F 7o WA = 3&e o
g7l A8t g2 sHE2 JAF =) o] o] FdeA

32 r*° rlr rEL'
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Fig. 5. Scanning electron micrographs of the retina of Zacco koreanus (A, B) and Pseudobagrus koreanus (C, D). dc, double cones; GCL, gan-
glion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; NFL, nerve fiber layer; ONL, outer nuclear layer; OPL, outer plexiform

layer; sc, single cones; VCL, visual cell layer.

X9 277} TFo|FYEA = (identical double cone cell) <]

& o 4 Qs

Z2U74L| Z koreanus

gete] FMReM FARE 255 AL 27)% e}
Ax Axe Z7RRe e Boloh =3 AR el A
AEge] 9& Ao] wdsta 55 (dorsal region)zt Wiz
(ventral region)el M= F2 QWA EET o] FUwA
ZEo] FaE gl == (nasa region)z} w22 (tempora
region)ell M= & o] 2h2 Z7]9] A BA| £} o] FUR
Azt w2 wjdsta sl olFdBA 2T EE A=
FaYsHA EAEEI T Atolel] ThUABA 2} wf D3l
wake] 7 FAReAME o]FdRA T Mz JRT
ez wfdshe] T Abe]z ZidtdABA| 253} FH2Td
duy zSo] wej= wldsta 9lelch(Fig. 6A, B, C).

=SXPH P, koreanus

AAAZE) SA2E 2 wgs) AT HAZEe 7
7} SFob A=A eosined] A EE ABA E]
AW olg} ofgjZ o2 haematoxylinell A== w3l

o) FYabo] SAG BAHY. wA ] YA =279
wde] YA Tl glo] EolA Ax Bee T4
T gl Az AEmE A BRAY R @43
Wl #zal 2 A} (Fig. 6D).
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B and C) and Pseudobagrus

s haematoxylin and eosin of Zacco koreanus (A

Fig. 6. Cone cellsin the visual cell layer of the retinawith Ehrlich’

koreanus (D) by tangentia section. Pictures of a-d are magnification of A-D. DC, double cone cell; LSC, long single cone cell; ON, outer

nucleus, SC, single cone cell; SSC, short single cone cell.



o] FHYE AR ddd Aoz YA & glon,
= ARAYS) FEANEY o £7E ez
&5 iou 1ol FAAYL A7)5 ol wEAPN R
© 2 A7+=Eo (Moyle and Joseph, 2000).
aﬂ%%%—oﬂxa iAo wete s ol Aol

£ AIE F3AE, PP UFIA Sl e
o) F A ESS v;%

2002; = %, 2002). A] 7“1].& e /‘ﬂ&_
AN 283k TS AE A e oS
Zred) Wl Ao HEE AT TN ke TR
0 oeAge AT FAL RS I g
(Ryan, 2001). web] Fa4 Folds AuAxe] Ywr}
wor] b FolAE HelH xS Wws} prha el
gloml Ay Aslel el Agelt AR EE 3] Ao
Hel 9l WM ERR FAE 9l ez Ry wvf
2=} (Hirt and Wagner, 2005). Lagler et al. (1977)¢] u}=d
Azt ] st 4 27, wel, 44 Sl wet o
2A Aol shord oz Qs Fol et whS e A
A Ee] FTAF wlde oty o) 3k dubdel H
FE oM AN EE Az e Es U o]
55 s o rE 47 2T Loz AEA
7} A Ao v I3 Ao|r} #Zom YAHRA
Eoll oJte] 53 A= glol= ABHZE A 8T
4= 9)A s} (Curcioet al., 1987). 13|y} o] F2] A9 3+
TF3717F 2 G Aol d Folf, Aol R SelAe %’d 24
29} 37 A zrt ARGy B 3E x| 5k (Shand et
al., 1999; Frank et al., 2001; Welch and Pankhurst, 2001), i
F2o] AzelF 53], g el fola wejA 2] Fite] of
e, B AT AdEd FEAYSY wEA el = 2
A 2 A A Aokt

olfell Al We] F7FelM FFoz YA o 7=
el ko= Qlal] vekst gake] wle Fdhe o7 F
ol ABAlZrE 275 o] F HddBAEE F2
o] =u}A} (short wavelength)ell M o FH-2 Bo|al o]
ZduAzx FupAba}l #=kAk (middle and long waveleng-
thell A e F43e Zeda 454 sla (Van der
Meer, 1992). whabA] & A772% 27U A7HE2e
ALY LRA E, FEFAQRA £, o] FUBAE
g FFe dudze 7

o O

9= ¥ 2 4

mﬁ

AL =SAPN Yol 7= 103

5 A9 o} FEeA £
gohe 5AE welsh Aoz Atmdeh(Kimetal., 2005),
et EEAAE BRAUS g Fels E el

Fol At T2 obzel BESE A 5L
AAT glo} kool o) Fele wolt BAYWA X

ohubi ARt el o1& vhefa R ebte Fsled
e ZAE7)
Ao 7o (Van der
Meer, 1992). T2} =EA7H 2] 7S AA el Al L2a
27t BqtEA e EolA o MEEEx vig do
F2 DIRA HAFFHE Holt DULBHER o]
FolA lo] ofzlel] &Fslrlel f-olsHAl AlAMET} HE
stelont F2AY 6] nlEiAE Mubdo s X|7)so] okt
7oz A7+ (Van der Meer, 1992).
olgfg A7AI ol FellA t7o Hefel whe] 7=
53], A E F79 2 g o A 54
wUAs BA 7} gl Aoz AlaEn oto =z copsl B
ZoA vla HAErt 2 7H
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