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We examined the cause of albinism in a hatchery population of flounder in terms of environmental and
nutritional factors, including the effects of light intensity (130-12,300 lux), photoperiod (12L/12D or 24L/0D),
tank substrate (concrete or fiber-reinforced polymer), tank color (white or dark green) and supplement with
enriched live food, and also compared the growth of normal and albino fry under both 12L/12D and 24L/0D.
Further to, normalization of the skin pigmentation pattern on the ocular side has been juvestigated after
rearing the albino fry for 2 years after their identification and classification and found that, light intensity
did not play a critical role in the development of normal pigmentation or albinism in the flounder. By
contrast, the photoperiod was a weak inducer of albinism in the flounder. Tank substrate and color also
affected the hypomelanosis on the ocular side of the flounder fry. The choice and supplementation of
enriched live foods could drastically reduce the incidence of albinos in hatcheries. On comparing the growth
of normal and albino fry, while there was no difference between the groups under 24L/0D, the growth
of the albino flounder was slower under 12L/12D. Although coloration resulting from xanthophore and
melanophore, but not iridophores, occurred on the ocular side, evidence of albinism remained on the ocular

side of flounders.
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Fig. 1. Frequency of pseudo-albinism of olive flounder,
Paralichthys olivaceus reared with the various intensities of
illumination for 50 days.

100

80

60

40 b T

Pesudo-albinism (%)

20 +

0 1
12/12 24/0
Light/dark time (hr)

Fig. 2. Frequency of pseudo-albinism of olive flounder,
Paralichthys olivaceus reared with the various light/dark
cycles for 50 days.
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Fig. 3. Frequency of pseudo-albinism of olive flounder,
Paralichthys olivaceus reared with tank substrate and colors
for 50 days.
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Fig. 4. Frequency of pseudo-albinism of olive flounder,

Paralichthys olivaceus fed enriched and non-enriched living

food organisms with HUFA, DHA and EPA for 70 days.
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Fig. 5. Total length and body weight of normal and
pseudo-albino fry flounder, Paralichthys olivaceus reared in
the two L/D cvcle condition for 50 days after hatching.
O, Normal; [, Pseudo-albinism.
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Fig. 6. Photographs of normal and pseudo-albinic olive flounders Paralichthys olivaceus showing the changes of the color
patterns of ocular sides of the fish reared for two years. Fry: TL 6.0+0.2 cm; 2-year old yearling: TL 50.0£2.6 cm.

2ol dojub, A &318 vellie A¥7t o ud
T} (Roberts et al., 1971; Seikai and Matsumoto, 1991, 1994).
olglgt WMAZ FAlol] B3t 27| AF= o|HF oAFKY AF
%ol HAEVAY WAL E BAF) vmE B o) F
ol AT, Suaki (199475 7H4 MAZ WXolA] wlekd AAA
Z (melanocyte) £ Rabd A A OA| E (melanoblast)y =
ol 53] A Z-& (phagocytosis)S = The] dahd HaZ
A7 (melanophage)7} ¥124) @Gl EA3H, 24 F<
e EASA gce 2L Felsy.

220w olgjd 7MW Fel EhtE ol fE FA
7 A7l APASe) A ool TRtk AR
o A$ AF70] o418 olfel Wazel T Yoty
F4% WA, JFsAEY 39 AR, DHA, EPA, Vitamin
A&D F 3% FFdol Fadolta Bl
ol Qo =3 RAseEe A4S HUE 2P wE s
4 o]o= 23 Ao Z B gt} (Bolker and Hill, 2000).
© AFS B B 7t F £xe] FF AWHT, o))
Y olfel HAH Az e Wl AT} FLEH 4TS
T 5 Qe Aoz AELS B Utk Gartner (1986)=
Aafol A oA o FolA HIFAH Maudo) Hlw
3 dohhe Aol Abs] AJAFE T Aoy W
ol olF =3 FHE 2E0] JFO R KT
T3} Matsumoto and Ishii (1986)$} Seikai et al. (1987¢c)= ©] A
3 o]F9 f-F-ehEwe) Wahd FAJo] UVB XAlel 93
ARG £ Ae-L FASI vk A FAAT Yo AL
ZEAMN A TR U Aol wde] BT = o

¥

Southern flounder (P. lethostigma)E ©]-8-8F Denson and Smith-

1)} 0

(1997)2] Aol w2, e 2EoA FEE /M NS
Bl ¥ 3790) 255 FIMHE W A& 3Ape] Frtske,
AAAQ AMoF Wdle AL IAA FU}. £
Benetti (1997)= A9 43 & pacific flounder (P. woolmani)
0] 12007285 B AFAA, £3 ZAE HAFe) &

& viEle {FEX AN, 1wl dx, Fol7t
1,000 L A 94T F 2Ho7 AMSS g u 23
Al 2477E oo, oF 15%7} oFgt M WAlEel SAlE
Y& AL gsH) oled A2 whdA B
2 Hobe AE# A g dAA ARt 2%
ZA At} E3 Kanazawa (1993)2 23-& Faff 9
A Wl tidl hert okt RS g1
Well 3 HWE ojFA s, e

Fab AZ QX E ANE A, G 2
oF =39 o F2 79 = gl

e FHog olFdte A¥el UH
Kanazawa (1993)%= o] A o] WA of
Holl 9% Ao M5 Yvk &
}

N

=
Z
A

a1 v

o offt o2

o
p

olN

= 5
E
o
o 2, it
-

e
ox
e o
L
i

fr

pul)

|o

it

v
ful

=5
re
RS

A}t

o
=
o=
i

red
=
fru
Ho flo

A7t A& 75l
ZAW} o] Fol Aol & AL
2} 7% 5047 AHS & W)

24AIZFESL 12X Bl B B A3, FAAHLE f
o 3}A 24A17F 7o) WS WAl Fo] 12X ZFF R T =5t
g oA F olFe EAAERE AL REE] 95
Fo A28 23 A4 2 PFg HIAIe vEE
A1t} (Ramachandran et al., 1996; Ellis et al., 1997). ©]& gk
o)A E olFo A W= F UHA FHIE o] & F
AEH, TR e 9o AEH A Q1AL o] FAS
WalE e TEA = 294 W3 (eryptic change)®t HIF
Rk wgsby Sl Falo] dojule tek T3 Wiz}
9} o] FA F71A e E e B 4 Aok (Fujii and Oshima,
1986). AAE BAE HollA Mo {FH0 25 oF7|H
= AYFA AN Wale) A, FAE 24 AW Aa B

3

O:
o
r

o,
q (o]
N
N
e



FA A9 7Hg

o] walo] o3t FeNgtz|Ql wslo|ch HIE o|AF ofFol
X 2A A4 H3e 974 54 (camouflage behavior)o] &
A &chE A (Ramachandran et al., 1996; Ellis et al., 1997)3
87 A & A4 F Ul AR} Aol NS E 5l
dald e ZWAA o] Ay ofFo] A4 e Y=
n 2= Alao] A% ¥ A Loy (Benetti, 1997; Ellis et
al,, 1997; Twata and Kikuchi, 1998), &717t2] Hejghz] e}
Aol glo} &4 dAEC] v Aol g ojsi= A
AAo] gich B dF9 AS £ AP e HludA=
5097k §4 F gAS w

Fow, AN Fxo AL 7t
ZYE §Z9 FRP & Alolol

2 ojug et HAS AEAS HAs) o] As, 263
ol WalE AAE FAYE FxAA AR ¥ ¥l
5o Qo2 AU, AHEEe] FHL T

p
Azto waze Aepon), SMLTG FALES) B
NE} o} frotEmo) 9F Ho] Fao] BEHYoH, ¥

HA o] gAEA] ¥ F2EHS FHE Ad X Btk

o}H ¥ o]Fo] Aol F3 F wA HFE HolE AT
t} (Daniels et al., 1996; Benetti, 1997). AHAA W A4 sh=
oA E oJF Aol FTEZFAES FTLT Y 84E
4510k GubE o Z 2P A] zloj= Ynkxo R ZE
HE A2et, dolo] M AR gEvots: AT
(Seikai, 1985a,b). T} FFH ] TEFHAES HAT AA
A AASTH 28 ATAE AAEY] B FHE T/
Ho| B A3 e} dF =g FAE bl Aok
meba] AR AFAES AR o] AR EA A FEEE A
A 5] HolyBa} JUdo] o)AY olF] HuFS fE
e Aoz By Az Bt} (Takeuchi et al., 1995; Nass

d Lie, 1998). Seikai (1985a,b)= Aole] Ho|Z A A4t
ZEZagES o]gs| tRE FA 2 |bA] AolE AT
= ATk Al gEv|olst ZE|HE Aold] HAS AT
Jd He ugE WA By HustHc) ol ¥

e

o]

AU Ye Aoz Ba, Xk DHA/EPAY]
&, 283 vE ASk Dol S 23 43S Ayt
(Hamre et al., 2005). ©]°ll Kanazawa (1991)= marbled sole
(Limanda yokohamae)°l 01 Hetd ¥4 ARl DHAZ}
ARHAL W &4 JeEvhes 2 LAFATE Dhert et al.
(1994 turbot X|o]dll ilx=e] DHAY 3 ALeE &5
P o Hao FAFFE IS F Ut BISHHPH.

=
(<)

g o] v X A4 AA 239

=

Devresse et al. (1994)% A2 g AJo] ©x] DHA vt &
dgl Zo] oy}, 238 thE AWA eicosapentaenoic
acidell ™3 DHAS W&o #EE Zolga FFIT
Kanazawa (1993)F ©]A|& o] F¢] a2 DHAY) &&3
Q) AHEQl ZE-4 (thodopsin) 2R 9] A2 A& AU
3} Nakamura et al. (1986)5 E383 Waid A2hE 2B
Zep, Ft2Elcol= 2 BlE] A9 DS} S AR =4
° o

i)
>
>

oX, fio

1
i= =
(photosensitive substance)?] ZBoll 23 Aoz FHTI
oh B Ao A, ARE JEE3HA (HUFA-DHA-EPA
g GFRsANE o188 B3} HFRE 047 Yol b=
Ql 2E)H o} LE|vlolel] FY FsHE AAHUE W} DS
A S AS GA WAF FHES dohusith I A3
HolWES FYFET APFolMe uiHF LA
20.5+2.1%F oW, FIFREE A F3 o=
AN AE 573+ 520%2 F-AsHA T 9
< Uit o9} o) Hel g JUddst
ol 2)x AARTRE st WA B3
At
S oA gl WAZ QX b A FY ARG
AAo] waThe £4o] e, 2R A4 A ALEH
oo} & YA} AAFLR KAV dehd AR +74
o} gt} ool ¥ AFNE BLFVIH) BE (T
F AN e AAES Uz TYT FFIINM A
s} )z A ] AgAE vlas) ®Wkeh I A3 P
710l whe} FAF RA o WAZ A zEe) A7) Zolrt EAfst
o], A2 JY A Eo] A AART AAY FLT S #
a9, AR 24 dths 2S¢ F AT FokE o
S8HA ATE 12012D 7o B9 WA A 277 A4
B} 239 Fgpen, o) A7 Ade turbot, Colistium
nudipinnisS ©]-88 43 (Diggles, 200091 = & 4=
At} Diggles (2000)0) &5t 233 WAF AAES A
go] g AR R =8 B ol AW WAEE ofsithe
Re FAT 4 A TH 2487t A&FH 0w HFTRE
< AT AFFoMe 120/12D9 2 BATRA e WA
Z AAzEl AFAE QA=A &tk oY AL
yellowtail flounder, Limanda ferruginea®] A% vim A
(Purchase et al, 2002)3} turbot, Scophthalmus maximus 3}
halibut, Hippoglossus hippoglossusS ©]-83F A4 (Imsland,
2006) 1 AT FAa BAZ AA AbolelA FRAE Sl
Ao vehgth. e ojld Aeo® ojAE o7
WAZ e A ARG AFAA A wETE S4L
Aol ofd Zoz FHAHUG
£ AR FAortolME ofd A1 WA SIS A
< shEA WMAZe] EHo] BF Aleba AL A
& 5 oA HeR, 9aZ AAES d71ekA] Ea Y
2 AMESlE Bokm e Ao olol & Ao
g FEES HAsy) A8 2\ 94T GA] XHojg

> o

o=

oz ol M

N o
¥o i mu ok rfo

o =
M e of

L e ol

o)

=)
il
2



240

ol

i)
o
o
‘j}{r
&

4

s mokeh 1 Aah, B ATl AASEA] kA WA
Zo] okapA UYehtd o] F AR (%F 20%)= 87 MAI
FEo] obg wE 1d ouol] o] H Aoz FAAHI
U RS ftEw sz e] HaR o oA,
Z Ao o] oFstA WS WA, 3] ‘rrJ'—’:.i F o)
FFo] BEdte AoE HAAFHA, AN FF THAE
A7) oA

39 2o 9bA Shikano (2005)0] 21EHE FEAA B
A dehde WAz dik g ofFdN BFHE A
vl A2 A FAEE Ad o= #AAHT Yk o
o Baxo s WAz Holdo) GFI ARSI I
weths $9E AxeE
ATE o] 3 WaZe) FHHo] NA#F Holde] Y
7} ojmjgt A% BWAE AU BEEA=A B {3}
2 Avt slsojop & Ao £

&111177}%] ol gx1e} Aol drhAel #3 A7t
ARG AN wE FAH Ao HAASA FAAT
AR ”‘Ol% QFFzAo g} HAFE o= = Ao
& 5 ke 7FsAE o] APES B HAT 5 Aer,
NAZ JHol g L2 Hojed HE *3%5}11 EA%
g 4 Aok Qo Aok Boh Aol |§Al

WaZ AAE FEIARA sl AnFel EHol

ON

A
I°>i:i£j

=

ml
IH

e 54S AUs AR UEgeRE %fﬂ, AR =
R 95t ure g_ % o] A% AAAE WMAZ] JX] X0

Z

?T
& glojer ﬂom ol A 9 A
B _ww A Ak e

39,

r"l

Ab AL
B A7E 20009~2003370A] «F @At 3AHA-
LUl AdNE 2R J)eNY (A EY] FRE B FAY
A& Ay 2 200613~2009' 3714 S G E
L FAERATAL A (F10600906A220000110)71 |3}
38 AR old AAE=PULL

2 ugd

Benetti, D.D. 1997. Spawning and larval husbandry of
flounder Paralichthys woolmani and Pacific yellow-
tail Seriola mazatlana, new candidate species for
aquaculture. Aquaculture, 155, 307-318.

Bolker, J.A. and C.R. Hill. 2000. Pigmentation develop-
ment in hatchery-reared flatfishes. J. Fish Biol,, 56,
1029-1052.

Daniels, H., D.L. Berlinsky, R.G. Hodson and C.V.
Sullivan. 1996. Effects of stocking density, salinity,
and light intensity on growth and survival of southern
flounder Paralichthys lethostigma larvae. J. World
Agquacult. Soc., 27, 153-159.

Y

Aol Sk, sk o2l

s
o
i,
of,
o,
re

e

Denson, M.R. and T.LJ. Smith. 1997. Diet and light
intensity effects on survival, growth and pigmentation
of southern flounder Paralichthys lethostigma. J.
World Aquacult. Soc., 28, 366-373.

Devresse, B., P. Leger, P. Sorgeloos, O. Murata, T. Nasu,
S. Ikeda, J. Rainuzzo, K. Reitan, E. Kjorsvik and
Y. Olsen. 1994, Improvement of flatfish pigmentation
through the use of DHA-enriched rotifers and Artemia.
Aquaculture, 124, 287-288.

Dhert, P., P. Lavens, M. Dehasque and P. Sorgeloos. 1994.
Improvements in the larviculture of turbot Scopht-
halmus maximus: zootechnical and nutritional aspects,
possibility for disease control. In: European Aquacult.
Soc., Special Publ. 22, Lavens, P. and Remmerswall,
R.AM,, eds., 32-46.

Diggles, B.K. 2000. Chemotherapy of the ciliate Tricho-
dina sp. on juvenile turbot (Colistium nudipinnis) with
notes on the susceptibility of fish with abnormal
pigmentation. New Zeal. J. Mar. Freshwater Res.,
34, 645-652.

Ellis, T., B.R. Howell and R.N. Hughes. 1997. The cryptic
responses of hatchery-reared sole to a natural sand
substratum. J. Fish Biol,, 51, 389-401.

Estévez, A. 1996. Effects of lipids and vitamin A on
pigmentation success of flatfish. Ph. D. Thesis.
Kagoshima University, Japan, 1-160.

Fukusho, K., T. Yamamoto and T. Seikai. 1986. Influence
of various amounts of aeration during larval de-
velopment of hatchery-reared flounder Paralichthys
olivaceus on the appearance of abnormal coloration.
Bull. Natl. Res. Inst. Aquacult., 10, 53-56.

Fujii, R. and N. Oshima. 1986. Control of chromatophore
movements in teleost fishes. Zool. Sci., 3, 13-47.

Furuta, S. 1998. Comparison of feeding behavior of wild
and hatchery-reared Japanese flounder, Paralichthys
olivaceus, juveniles by laboratory experiments. Nip-
pon Suisan Gakkaishi, 64, 393-397.

Furuta, S., T. Watanabe and H. Yamada. 1998. Predation
by fishes on hatchery-reared Japanese flounder,
Paralichthys olivaceus juveniles released in coastal
area of Tottori prefecture. Nippon Suisan Gakkaishi,
64, 1-7.

Gartner, J.V. 1986. Observations on anomalous conditions
in some flatfishes Pisces: Pleuronectiformes, with a
new record of partial albinism. Environ. Biol. Fish,
17, 141-152.

Hamre, K., M. Morena, J. Solbakkenb, I. Opstadc and
K. Pittman. 2005. The impact of nutrition on
metamorphosis in Atlantic halibut (Hippoglossus



FA A8 71 0y

hippoglossus L.). Aquaculture, 250, 555-565

Howell, B.R. 1994. Fitness of hatchery-reared fish for
survival in the sea. Aquacult. Fish. Manag., 25, 3-17.

Imsland, A.K., T. Wergeland, T.M. Jonassen and S.O.
Stefansson. 2006. Does malpigmentation improve
growth in juvenile turbot (Scophthalmus maximus
Rafinesque) and halibut (Hippoglossus hippoglossus
L.)? Aquacult. Res., 37, 306-312

Twata, N. and K. Kikuchi. 1998. Effects of sandy substrate
and light on hypermelanosis of the blind side in
cultured Japanese flounder Paralichthys olivaceus.
Environ. Biol. Fish., 52, 291-297.

Kanazawa, A. 1991. Nutritional mechanisms causing
abnormal pigmentation in cultured marbled sole
larvae, Limanda yokohamae (Heterosomata). In: Larvi
'91, Fish and Crustacean Larviculture Symp., Lavens,
P., Sorgeloos, P., Jaspers, E. and Olivier, F., eds.
Gent, Belgium, Special Pub., 15, 20-22.

Kanazawa, A. 1993. Nutritional mechanisms involved in
the occurrence of abnormal pigmentation in hatchery-
reared flatfish. J. World Aquacult. Soc., 24, 162-166.

Matsumoto, J. and T. Ishii. 1986. Induction of melanophore
development in plaice juveniles by ultraviolet irradia-
tion. In: Structure and Function of Melanin. Vol. 3,
Jimbow, K., ed. Fuiji-Shoin, Sapporo, Japan, 75-81.

Matsumoto, J. and T. Seikai. 1992. Asymmetric pigmen-
tation and pigment disorders in Pleuronectiforms
(flounders). Pigment Cell Res. Suppl., 2, 275-282.

Neass, T. and @. Lie. 1998. A sensitive period during
first feeding for the determination of pigmentation
pattern in Atlantic halibut, Hippoglossus hippoglossus
L., juveniles: the role of diet. Aquacult. Res., 29,
925-934.

Nakamura, K., H. lida and H. Nakano. 1986. Riboflavin
in the skin of albinic flatfish Liopsetta obscura. Bull.
Jap. Soc. Sci. Fish., 52, 2207.

Purchase, C.F., D.L. Boyce and J.A. Brown. 2002.
Occurrence of hypomelanization in cultured yellow-
tail flounder Limanda ferruginea. Aquacult. Res., 33,
1191-1193.

Ramachandran, V.S., C.W. Tyler, R.L. Gregory, D.
Rogers-Ramachandran, S. Duesing, C. Pillsbury and
C. Ramachandran. 1996. Rapid adaptive camouflage
in tropical flounders. Nature, 379, 815-818.

Roberts, R.J., H. Young and J.A. Milne. 1971. Studies
on the skin of plaice Pleuronectes platessa L.: 1.
The structure and ultrastructure of normal plaice skin.
J. Fish Biol., 4, 87-98.

Seikai, T. and J. Matsumoto. 1991. Mechanisms of albinism

ol v xE EF AR 24

in flatfish with regard to pigment cells and skin
differentiation. Euro. Aquacult. Soc., 15, 328-330.

Seikai, T. and J. Matsumoto. 1994. Mechanism of
pseudoalbinism in flatfish: an association between
pigment cell and skin differentiation. J. World
Aquacult. Soc., 25, 78-85.

Seikai, T. 1985a. Influence of feeding periods of Brazilian
Artemia during larval development of hatchery-reared
flounder Paralichthys olivaceus on the appearance
of albinism. Bull. Jap. Soc. Sci. Fish., 51, 521-527.

Seikai, T. 1985b. Reduction in occurrence frequency of
albinism in juvenile flounder Paralichthys olivaceus
hatchery-reared on wild zooplankton. Bull. Jap. Soc.
Sci. Fish., 51, 1261-1267.

Seikai, T. 1991. Influences of fluorescent light irradiation,
ocular side pigmentation, and source of fishes on the
blind side pigmentation in the young Japanese
flounder, Paralichthys olivaceus. Suisan Zoshoku, 39,
173-180.

Seikai, T. 1992. Process of pigment cell differentiation
in skin on the left and right side of the Japanese
flounder, Paralichthys olivaceus, during metamor-
phosis. Jap. J. Ichthyol., 29, 85-92.

Seikai, T., M. Shimozaki and T. Watanabe. 1987a.
Estimation of larval stage determining the appearance
ofalbinism in hatchery-reared juvenile flounder
Paralichthys olivaceus. Nippon Suisan Gakkaishi, 53,
1107-1114.

Seikai, T., T. Watanabe and M. Shimozaki. 1987b.
Influence of three geographically different strains of
Artemia nauplii on occurrence of albinism in hatchery-
reared flounder Paralichthys olivaceus. Nippon Suisan
Gakkaishi, 53, 195-200.

Seikai, T., J. Matsumoto, M. Shimozaki, A. Oikawa and
T. Akiyama. 1987c. An association of melanophores
appearing at metamorphosis as vehicles of asymmetric
skin color formation with pigment anomalies deve-
loped under hatchery conditions in the Japanese
flounder, Paralichthys olivaceus. Pigment Cell Res.,
1, 143-151.

Shikano, T. 2005. Marker-based estimation of heritability
for body color variation in Japanese flounder
Paralichthys olivaceus. Aquaculture, 249, 95-105.

Sugiyama, M., H. Nakano, Y. Yano, M. Fukuda and N.
Murakami. 1985. Studies on the culturing technique
for flatfish larvae: I. The effect of rate of water supply
into rearing tank on the abundances of albinism and
reversal larvae. Bull. Hokkaido Reg. Fish. Res. Lab.,,
50, 63-69.



242 -89 1784-83484

Suzuki, N. 1994. Ultrastructure of the skin on reverse beta-carotene and vitamin A enriched Arfemia nauplii
side of hatchery-reared Japanese flounder, Paralichtys on the malformation and color abnormality of larval
olivaceus, with reference to the pigmentation. Bull. Japanese flounder. Fish. Sci., 61, 141-148,
Nansei Natl. Fish. Res. Inst. Nanseisuikenho, 27, Yamamoto, T., K. Fukusho, M. Okauchi, H. Tanaka, W.D.
113-128. Nagat, T. Seikai and T. Watanabe. 1992. Effects of

Takahashi, Y. 1994. Influence of stocking density and various foods during metamorphosis on albinism in
food at late phase of larval period on hypermelanosis juvenile of flounder. Nippon Suisan Gakkaishi, 58,
on the blind body side in juvenile Japanese flounder. 499-508.
Nippon Suisan Gakkaishi, 60, 593-598.

Takeuchi, T., J. Dedi, C. Ebisawa, T. Watanabe, T. Seikai, 20074 58 159 A5

9] o] 2
K. Hosoya and J. Nakazoe. 1995. The effect of 2007 89 149 57



