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MORPHOLOGICAL STUDIES ON THE DEVELOPMENT OF MELANOPHORES AND
SCALES IN MALPIGMENTED PARALICHTHYS OLI VACEUS
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Abstract: In this study, integrated morphologi cal observations were carried out on the occurrence and developmert of mel anophores and
scales in hatcheryreared nomal and malpigmented Japanese flounder Paralichthys olwaceus. The results showed that stawy larval
melanophores occurred first on the skin of both sides of larvae. Wih the process of metamorphosis, on the ocular side( left side) , adult
melanophores occurred and replaced larval melanophores gradually, while on the blind side ( rght side) , larval melanophores degener-
ated and no adult melanophores appeared. The blind side lost pigment gradually and became white in the end. M alpigmentation oc
curred at the post metamorphosis stage. Albinism and ambicoloration fomed almost at the same time. Due to unsuccessful replacement
of adult melanophares by laval melanophores, the skin n ocular side of fsh body lost pigment and formed white irregular patches. Al-
binkm occurred. On the other hand, adik melanophores developed abnomally and replaced the laval melanophores and everntually
formed datk patches on the blind side. It was called ambicoloration. At 30 days old, the malpigmentation became evident at the com-
pletion of metamorphosis. At about €@ days old, orighal cydoid scales occurred on both sides of larval bodies. The cycloid scales de-
vebped into ctenoid scales on the nomal ocular side while remained original status on the nomal blind side. Contrast to malpigmented
individuak, i was obsewved that the albiro ocular side was ¢ill covered by cycbid scales, but the cycloid scales developed into ctenoid
scales on the ambicolored blind side. Futthemore, observatbns of the scales on different postions of recovering albino fish showed the
development of scales from inmature cydoid scales to mature ctenoid scales follow ing the recovery of pigmentaton. It & suggested that

a close relationship existed between the occurrence of pigmentation and development of scales in Japanese flounder.
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Flatfish naturally show a typical asymmetry of pig
mentation in their body color. However, hatchery- reared
flatfish often show a pigment disorder. Malpigmented fish
are characterized by either a deficiency of pigment cells
on portions of the ocular side( albinism) or excess pigmerr
tation on the blind side ( ambicoloraion). As cultured
products, their lower market price is due to their unpleas
ant appearance. This abnormality has been examined from
various viewpoints. Seikail ' described the transformation of
pigment cells fran larval melanophores to adult melanophores
with the process of metamorphosis. He' ™ akso reported the
occurrence time of scales and reported that the albino por-
tion of skin was accompanied with scale abnormality in

Japanese flounder. Further research on the morphological
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development of melanophores and scales in both sides of
skin of nomal and malpigmented Japanese flounder has
not been carried out.

Many research reported that the shortage of nutrr
ments(such as (n— 3) PUFA and Vitamin A) and unsuit-
able living environment usually cause the malpigmenation
in flafish” . However, it was recently found that al
binism would recover partly in hatchery reared Japanese
flounder when the nutrition and living environment were
improved ( Fig. 1). Ambiwloration was comparatively
steady once it occurred on the blind side of fish.To date,
few report is available to explain this phenomenon. In this
study, the whole developmental processes of melanophores
and scales in the skin of normal and malpigmented
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Japanese flounder are described. The recwvery of albinism
and morphological transfomation of scales in recovering
albino fish are discussed as well for further understanding
of the mechanism of malpigmentation which occurred seri-

ously in hatchery-reared flatfish.

Fig. 1 Recovering skin on the ocular side of albino Japanese flounder.

R: recovering skin; N: nomal skin

1 Materials and methods

Fertilized eggs of Japanese flounder were hatched
and reared in water volum(8m X 2m X 0. 8m) in Huaxin
Marine Product Corporation in Weihai city, Shandong
province. The salinity was 34 %o and the water temperature
was maintained between 15 —18C. From 1 to 30 days afier
hat ching, five individuals of larvae were sampled every 5
days, and from 30 to 80 days after hatching, five nomal
individuals and five malpigmented individuals were sant
pled respedively every 10 days. The specimens were
stored in Bouin’ s solution. The total length ( TL), total
height (TH, the widest part of body including the fins) and
levels of albinism were measured.

Both sides of skin in each fixed fish (aged 1—80
days)were divested and fixed with 10% glycerol, and ex-
amined by light microscwpe. The numbers of melanophores
per mm’ on both sides of skin were counted. Photographs
were taken to record the morphological development of
melanophores and the early occurrence of scales was de
termined.

Young albino Japanese flounders( 15. 0 —18. Ocm in
TL) in the recovery phase were collected. Scales were
plucked from the albino, recovering and normal portions in

the ocular side of the fish to investigate the morphological

differences( Fig. 2).

Fig. 2 Collecting positions of scale on the ocular side of recovering
Japanese flounder

@ albino skin; @, ® recovering skin; @ nomal skin

2 Results

2.1 Morphdogical development of melanophores in
larval skin of Japanese flounder

Japanese flounder larvae (2. 6mm in average TL, and
0. 6mm in average TH) showed an approximate bisymmetry
of integumentary pigmentation. A few starry yellow larval
melanophores existed in the forepart of larval skin (Plate
I: 1) . These undeveloped larval melanophores had few
dendrites and cntained a low density of melanosomes.
Their diameter was 5 —84m. With the development of lar
vae, the larval melanophores became larger and signiff
cantly darker, but their densities increased slowly (Fig.
3) . At the onset of metamorphosis, both sides of skin in 25
days old larvae were still covered with large matured larval
melanophores in high dersity at about 24 cells/ mm”.
These dispersed larval melanophores had numerous derr
drites and the cytoplasm contained a high density of
melanosomes( Plate 1:2).

The body color of larvae became asymmetrical during
the metamorphosis. Larval melanophores on the skin of
both sides degenerated and disappeared gradually. At the
completion of metamorphosis, on the ocular side of 30 days
old larvae, numerous adult melanophores with 30 —50Hm
in dianeter began to form. They replaced the larval
melanophores quickly, so the density of melanophores irr
creased dramatically(Plate I: 3,7, 9; Fig. 3). However,
on the blind side, the melanosomes in larval melanophores
concenirated into mconspicuous punctate masses in the
and collapsed gradually. No adult
melanophore appeared( Plate: 4, 8, 10). So the density of
melanophores decreased quickly on the blind side(Fig. 3) .

centre of cell
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Fig. 3 The densiy change of melanophores on both sides of skin of nomal and malpigment ed Japanese flounder

®  ocular side; A

The albinism and ambiwloration occurred during the
climax metamorphosis and became evident at about 30
days afier hatching. On the albino ocular side of larvae
(Plate 1:5), the variation of melanophores showed a sinr
ilar trend in density and morphology with those on the
nomal blind side (Plate I:4), and no adult melanophor
es appeared. The coloration of the ocular side disappeared
significantly and albinism formed gradually. Instead of be-
coming white, the ambicolored blind side (Plate I: 6) was
covered with increasing numbers of adult melanophores
just like the normal ocular side (Plate 1:3). The al
binism and ambicoloration would become serious when no
control methods were used(Plate 1: 11, 12).

2.2 Occurrence of scales in hatchery reared Japanese
flounder

The cycloid scales formed first on both sides of skin
of Japanese flounder juvenile a about 60 days old. These
underdeveloped scales underlaid the epidermis, and 1o
melanophores were found on their surface(Plate I: 7, 8) .

With the development of the juvenile, the scales be
came larger in size. The apical part of scales turned up
and came out of the surface of skin on the ocular side of
fish. Xanthophores, melanophores and a few spinous pro-
cesses formed gradually on the apical part of scales. The
cycloid scales began to transform into ctenoid scales( Plate
I:9). But the blind side was always cvered with cycloid

scales and no melanophore was observed on the surface of

pigmented blind side; *

nomal blind side; O  albino ocular side

scales throughout the life of Japanese flounder ( Plate I:
10). However, in malpigmented juveniles, the cycloid
scales remamed on the albino ocular side, and no
melanophore occurred( Plate 1: 11). Many typical denoid
scales with numerous melanophores and xanthophores were
observed under the epidermis of the stained blind side
(Plate 1:12).

2.3 Transformation of cycloid scales to ctenoid scales

in recovering albino Japanese flounder

After an investigation on the recaptured samples of
cultured fish and released fish, A tendency was found that
the albino skin partially recovered when the albino fish
were fed with fresh dids and kept at low demsily or re
leased into wild environments (Fig. 1).

Figure. 4, A-D, shows scales that were plucked from
different parts of the ocular side skin in recovering adult
fish, which were in different recovering stages ( D@ ®)
(@) . These scales revealed a whole process of morphologr
cal changes of scales from cycloid scales to ctenoid scales
with the recvery of abino skin. No melanophore and
spinous process were observed on the scale wllected from
the albino skin in the ocular side of fish (Fig. 4 A).With
the recovery of pigment, the demsity of melanophores and
xanthophores increased associdged with the occurrence of
spinous process on the surface of scales(Fig. 4B, C). Fig

wre. 4 D shows typical ctenoid scales in normal ocular side
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Fig. 4 Scales derved from the skin of ocular side in recovering alhino Japanese flounder
A Cycloid scales in albino part of skin(Fig. 2, part @);
(Fig. 2,pat®);

part @) ;

M melanophore; X  xanthophore; sp

with a few spinous process, numerous melanophores and

xanthophores.
3 Discussion

The present study shows that the development of pig-
mentation in Japanese flounder larvae occurs in two phas
es. First, the starry larval melanophore in the skin of
hat chery larvae increased slowly in density and developed
into larger mature larval melanophores. These mature lar-
val melanophores contained a high density of melanosomes
and a large number of dendrites through the completion of
metamorphosis. Secondly, when metamorphosis was nr
plete( about 30 days after hatching) , larval melanophores
began to disappear gradually, and adult melanophores dif-
ferentiated on the ocular side, but not on the blind side of
fish. M alpigmentation seemed to result from the disruption
of pigmentation in the secnd stage.

The albinism and ambicoloration occurred post-meta

morphosis. M elanophores on the albino ocular side showed

B Devebping scales in recovering part of skin, with melanophores and xanthophores on the apical part
C  Further devebping scales in more recovering part of skin, with spmous process, melanophores and xanthophores on the apical part(Fig. 2
D Ctemid scales in normal part of skin( Fig 2, pat @)

spinows process; Scale bar= 8Hm

a similar developmental trend with those on the normal
blind side, and density changes of melanophores on the
stained blind side were similar to which occurred on the
normal ocular side. The albinism and ambicoloration often
occurred in the same malpigmented fish. Though previous
studies tended to examine the albinism and ambicoloration
as an isolated problem!® ') this study suggests that at
binism and ambicoloration, present on both sides of skin
might have resulted from the same disruption of modula
tion of pigmentation caused by the external or internal fac
tors. Moreover, the albinism of Japanese flounder could re
cover partly when the fish were fed with fresh diets and
live m improved cultural environment similar to natural
environment . These results lead us to presume that interior
secretion modulation might play an important role in the
occurrence of malpigmentation in Japanese flounders. This
presumption agrees with previous results described by
Seikai, et al >t They suggested that abnormal hor

mone secretions and modulation of neural system produced
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malpigmentation of flatfish. Further research could treat
albinism and ambicoloration together, and focus on how
stimuli from external or internal environments affects the
section of hormones and transformation of signals by newr
tral system; and how these abnomalities disrupt nomal
development of pigmentation.

The present study also reveals that the more original
and underdeveloped cycloid scales occurred first on both
sides of larval skin. Gradually, whether on the ocular side
or the blind side of normal and malpigmented fish, the cy-
cloid scales can develop into ctenoid scales in pigmented
skin ( including normal ocular side and stained blind
side) , but the cycloid scales in unpigmented skin( includ-
ing albino ocular side and nomal blind side ) maintained
their undeveloped status. This result agrees with those re
ported by Seikai'?. A rational explanation for this phe
nomenon might be that the albinism could recover but the
ambicoloration could not. When the living environments
and nutrition were improved, the adult melanophores and
xanthophores could reoccur on the albino skin and on the
apical part of cycloid scale. The cycloib scales developed
into ctenoid scales as well. Furthermore, once the adult
melanophores and the ctenoid scales formed on the surface
of skin, there was little chance to degenerate. Therefore it
is reasonable to make the hypothesis that it is the same
one or more kinds of substrate influences the synthesis of
melanosomes, the differentiation of adult melanophores and
the development of scales from cycloid scale to ctenoid
scale. Further studies on the occurrence and morphological

changes of scales are accessary to understand deeply the
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mechanism of malpigmentation.
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Phte I Morphological develbpment of melanophores in Japanese flounder hrvae
1. Undevebped sany hrval mehnophores in both sides of skin of 1 days old larvae, x 100; 2. Mature larval melanophores in hoth sides of skin of 25 days old
larvae, X 100; 3. Nomal ocular side skin of 30 days old lavae, containing devebped ma ure larval melanophores and presented small adult mehnophores, x
100;4. Nommal blind side skinof 30 days old hrvae, larval melanophores concentrated into points, X 100;5. Albino ocular side skin of 30 days old larvae, lrval
melanophores concenirated nto points and no adult melanophore appear, X 100; 6. Ambicolored blind side skin of 30 days old larvae, developed melanophores
and adut mehnophore presented in i, X 100. 7. Adult melanophores and scales m nomal ocular side skin of 60 days old larvae, X 100; 8. Nommal blind side
skin of 60 days old larvae, losing melanophores, scales occured, x 100; 9. Nomal ocular side skin of 80 days old larvae covered by adul melanophores and
ctenoid scales, X 100; 10. Nommal blind side skin of 80 days old larvae, bsing all melanophores, still covered with cycloid scales, x 100; 11. Albino ocular side
skin of 80 days old larvae, lost all melanophores, covered with cycbid scales, X 100;12. Ambicolored blind side skin of 80 days old larvae covered with numer
ows adult melanophores and ctenoid scales, X 100. sLM: starry larval melanophore; IM: larval melanophore; d.M: @ncenirated larval melanophore; AM: adult
melanophore. CYS: cycbid scale; CIS: ctenoid scale; Scale bar= 8Hm



