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The Development of Visual Acuity in Yellowtail Seriola quinqueradiata

Mikayo Miyagi,? Seiji Akiyama,* Takafumi Arimoto

Department of Marine Science and Technology, Tokyo University of Fisheries, Tokyo 108-8477, Japan

The development of visual acuity in yellowtail were investigated by histological examination of the retina for
43 individuals (BL 15~-392 mm). The lens diameter increased from 0.5 mm to 7.1 mm proportionally with the
growth of body length. The cone density was found to fit in an exponentially declining curve, where it steeply
decreases in the range of 15-73 mm BL and becomes a gentle slope to be around 650-304 cells/0.01 mm? for sam-
ples over 179 mm BL. According to the results, the visual acuity was increased with growth; from 0.04 for 15 mm
BL to 0.23 for 390 mm BL specimen. The improvement of acuity can be attributed to the increase of the lens di-
ameter rather than the effect of the cone density. The visual acuity (V.A.) was shown to fit to the allometric func-

tion of the body length (BL) as follows,
V.A.=0.0051BL%6223 (y2=0,97)
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Fig. 1. Contour map of retinal cone density in yellowtail for three specimens of body length 44 mm, 183 mm and 375 mm.
The number of cones in 0.01 mm? was counted in different parts of the tangential sections for retina. D, dorsal; T, temporal;

V, ventral; N, nasal.

(L 188mm).--" "

—

/ (BL 44mm)_TJ_
’ /

a /
- {
015" 0.10 o,‘b§
. e

®L 183mn).-"

(BL 44mm) T

- i Ve
0.15%, 0.10 o,\o§

Fig. 2. Comparison of yellowtail for horizontal (A) and
vertical (B) levels, according to the body length.
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Fig. 3. Relationship between optical parameters according to the body length in yellowtail. Vertical bar (B) show the range of
retinal cone density in yellowtail examined for three specimens of body length 44 mm, 183 mm and 375 mm in Fig. 1.
A: lens diameter, B: cone density, C: visual acuity.

E—FH L T\, %7, Kawamura et al'®3, MBEIC

BT A HEMESRANZES A 7RO Z— - T
WHDIE, ERICHEKT 5 BAMOBICR O AH#T
" Red soa broan HHTLEERHL TR, #EORIITFITRIILD B
> 0.2l -~ GBSO S S EEEAETHS D LEEL T
é %, UEXD, 7UICE->TE—2DRE>1cHFAER
< LEDED LHEFLELER T LENOHPEETDH
g —— D, ZNRERICEXL, BRETHS TV O4ARELYK
g 01 r ’W:]‘llaya pollock B%LTL\ék%ZE)hV:O
MBEHRLCENEEN ST 288, GhExRESTS
LORKMEER LHEFEETHD, TNETORRET
BRRIC & D72 WD LOFERILKSEBEROHIMIC
I LHESINTWA, Y 22T, Fig. 4 ICKHRED
0 é :1 é é 110 1|2 14 7"J,§’}E7)®Z’f]*‘775 & =<7, Shiobara et al.™®
LENS DIAMETER (mm) DI H 4? 4RBEIIOVWT, KEFERICHT L8N
) . o _ . DORARA R L 720

Fe b Vol sty slowal et 0 bk RO 45 IO
erel and walleye pollock.®) BRONI, AFboXS, TV, <FAD3KEE
ELHICHNA LOFBERITKEEEROBINC XS L
EXINTED, "D TN IEHO>WTLINLOBRBEELRL
EORNERLI, CTHHEDT L LD, TUOHKEE BERAE2 LN/, TIT, KEFEELFRAL TH-T
DABFAPRINRIETHEBIEN B850, & bRNBELLDORHEREEOERENTERT 2D TH
BRBRICS T HHMERET S5 LI TERh- T 0, KEFEELFUBEE, 7VORNIPRIEVC &
HAD ISR 351 2 A RBERALOHEETEE O LVHEGEEORNC A5, TV ERBRICHT S
BSERTIERE LT, #ARBRERLOMEE L T KEFRERDOEER AT b I X SR X L IZHTENY
fOEALDFHHE AR TE - /offh RO TS, ZTOfE 0, EEBESZNEM@O LT, BWEhEE->Z L

37F ATy (7.46), =,z (6.52), h¥ I (4.86) ERREICL TW3B EE 2 b,
REDEEBEMHOBBETKREL, =¥/ (1.21), 7 MBIUT@RCHREKEGEE, BREAHD
(1.25) 7e EkMEDO BB T/ PIVEREL THD, BAREAENRA TR L 72, HMHERICKIF AR
SO LRFBEKEDBEDERLVEZ T, —DORE BolZHHHEELZTRIHERTHD, a>1 THIEY I
SR RASENE D IHF LG EEET HENDE BERRTHD, a<l THNIEFRR EEEIND9
ONEBTHAIFERTLIDEEZONS LBNTW (DT a=0.827, Q)R T a=0.6223 k0, KEHELH
5o, AHFROT D OffI 1.20-1.24 TH Y, HIFOKBR NRICHRICH L THIRETHY, REICL L TH

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

TUDBENDOEREIC L bIx > FAL 459

FBORMERE IR 205, BHPREDOR BT

LEHATEHOREICH T HHEILIEEE L DN, T,
KEBEIHENTEDORREE NIV, SEEEE
DB DHET B2 TH 5,

BHEICROHED # BB KFORERE LS4 L BHE
PEBRZRAEEREL, 7Y OLBRAKPEEY
KDz (K 390 mm OFEIE2cm DF—4 v , #l
2T 2cmOXKEIDH LT OEFEME K 25.7m %
PORRBTAHTENTELN, FE 15 mm OFEEK T
¥34m T TRDS S, RIZATF P FFI2o0WT, &%
B3I0OMmODAYr Py XS 2cm DR —4% v PR
N2mEPOHRBETHLI EBRL TS, Tk
bh, BHomWERRENTOBECREL D REICKd
LRIGHEBORWC LOHETE S, £/, AETHI
TRRICE RSB ADRLEIC & - T, KEEHITEHE
HrLRACRIET A ENEZLNDS, COLDICE
CORBEOREERBICESTAENEMETS LT, K
REME, BLUBRERORNIOEIC L BRIGHEE#OZE
ZFIR L BIREEOFREESE 2 O 5,

AT Ti3ERE 392 mm L O KBE®HEOF — 2 2
Ao TWigWI epb, 7UORKREHEOLEWEEE &
=L 7B DOBFI TE o 72h, REICE D
7% 5 \ADOE ALY B LR HERE I DRLE & g
ICERL TWAZ LIZHLNTH S, %k, REREL
LT, HAODRMZHHBRECOERESRE L3t
KT A EBHMLNTEYD, BAEORMCHEICR
T AHRICHBERICEET 57005 BOMTHRE L=
Z2 5,

X 3

1) MECZR. BERELEE #A% UIXEzZR &
EHEAM, H, 1965; 497-594.

2) Boehlert GW. Intraspecific evidence for the function of
single and double cones in the teleost retina. Science 1978;
202: 309-311.

3) Kawamura G, Tsuda R, Kumai H, Ohashi S. The visual
cell morphology of Pagrus major and its adaptive change

4)

5)

6)

7)
8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

with shift from pelagic to benthic habitats. Nippon Suisan
Gakkishi 1984; 50: 1975-1980.

Blaxter JHS, Parrish BB, Dickson W. The importance of
vision in the reaction of fish to driftnets and trawls.
Modern Fishing Gear of the World No. 2, Fishing News
(Books) Ltd., London, 1964; 529-536.

NNER. I3 ORELZOH D BEANDIGHICE
T H5ME—M. HKEE 1979; 45: 553-555.

RENFE—. £RUTFIAERAORERR LN SEMDFT
BAEEICEET AT, MR WAUKELY, BE,
1993.

R OB REOREAE L Fo— I VEREAOGHICH
THUIE. BEERSL, HFUKEKRYE, HE, 1992
RUE =, ZEEZ, ATERX HEB=. REREc
4 B RDOTEIOKFELE. AAE 1995; 61: 713-416.
Neave DA. The development of visual acuity in larval
plaice and turbot. J. Exp. Mar. Biol. Ecol. 1984; 78: 167-
175.

Rahmann H, Jeserich G, Zeutzius I. Ontogeny of visual
acuity of rainbow trout under normal conditions and light
deprivation. Behaviour. 1978; 68: 315-322.

BEBEET. A VXA FRROBMRICHESEHOE L.
HKEE 1993; 59: 437-440.

Breck JE, Gitter MJ. Effect of fish size on the reactive dis-
tance of bluegill sunfish. Can. J. Fish. Aquat. Sci. 1983; 40:
163-167.

Shiobara Y, Akiyama S, Arimoto T. Developmental
changes in the visual acuity of Red Sea Bream Pagrus
magor. Fisheries Sci. 1998; 64: 944-947.

Blaxter JHS, Pattie Jones M. The development of the reti-
na and retinomotor response in the herring. J. Mar. Biol.
Assoc. U. K. 1967; 47: 677-697.

Tamura T. A study of visual perception in fish, especially
on resolving power and accommodation. Nippon Suisan
Gakkishi 1957; 22: 536-557.

Zaunreiter M, Junger H, Kotrschal K. Retinal structure;
physiology and pharmacology. Retinal morphology of
cyprinid fishes: a quantitative histological study of on-
togenetic and interspecific variation. Vision Res. 1991; 31:
383-394.

B F. BEOBRBIC W, TKEFXER] GRIAZHE
H, KERE, BURBRE ERXFEHES, BN,
1957; 721-750.

Kawamura G, Nishimura W, Ueda S, Nishi T. Vision in
Tunas and Marlins. Mem. Kagoshima Univ. Res. Center S.
Pac. 1981; 1: 3-47.

g . THREOEWF ] #EH, FHi, 1977; 50—
180.

NI | -El ectronic Library Service



