Bulletin of the Japanese Society of Scientific Fisheries

51(8), 12611267 (1985)

Reduction in Occurrence Frequency of Albinism in Juvenile Flounder
Paralichthys olivaceus Hatchery-reared on Wild Zooplankton*!
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The effect of a wild zooplankton supply on the appearance of albinism in juvenile flounder P.

olivaceus was studied by two rearing experiments.

Flounder larvae were initially reared with only

rotifer Brachionus plicatilis and then given wild zooplankton and rotifer or only wild zooplankton,

from 5.50-5.57 mm TL to complete metamorphosis.
Brazilian Artemia salina nauplii and rotifer during the same stage.
showed poorer growth and lower survival rate than those given Artemia.

These were compared with those given
Larvae given wild zooplankton
However the frequency

occurrence of albinism in the former was very much lower (0.1-1.8%) than in the latter (97.2-

100.0%;).
rotifer in number during pelagic stage,

When flounder larvae were given wild zooplankton and rotifer, they took 40.0-76.3%;
These results suggested the possibility of preventing

albinism through the improvement of cultured foods during early life stage.

Juvenile hatchery-reared flounder P. olivaceus
showed high occurrence frequency (more than
979%) of albinism when they began to be fed on
Brazilian Artemia salina nauplii from the earlier
stage less than 10.0 mm TL.V This result might
suggest a close relationship between the appearence
of albinism and larval diet, and a possibility to
prevent occurrence of albinism in hatchery-reared
heterosomata through dietary improvement. In
this study, flounder larvae were reared on wild
zooplankton which might have similar nutritional
constituents to the wild larval food, and the in-
fluence of this diet on the appearance of albinism
of juvenile flounder was studied.

Materials and Methods

Proceeding of Rearing Experiments

Two rearing experiments, Expts. 1 and 2, were
carried out from May 8 to June 22, 1982 in the
Fisheries Research Station, Kyoto University.
One hundred / polycarbonate tanks (¢51 cm X
50 cm depth) were used for the experiments, and
500 I polycarbonate tanks ($100 cm X 70 cm depth)
were used for preliminary rearing. Flounder eggs
were fertilized artificially without hormone in-
jection from wild parents caught by longline and
reared in captivity for about one month at the
Kyoto Institute of Oceanic and Fishery Science,
Miyazu. Prepared larvae for Exp. 1 were first

reared for 10 days post-hatching (5.57 mm TL) in
a preliminary rearing tank exclusively with rotifer
Branchionus plicatilis. Two experimental tanks
for Exp. 1 (Tank 1-WZ1 and 1-WZ2) held 850
larvae (10 days post-hatching) each. Two control
tanks for Exp. 1 (Tank 1-Cl1 and 1-C2: the same
size as experimental tanks) held 1,000 larvae each.
Wild zooplankton and rotifer were given to larvae
in the experimental tanks. Brazilian Artemia
nauplii and rotifer were given to larvae in the
control tanks as the same way in another study.?’
The daily amount and the composition of wild
zooplankton given to each experimental tank
varied due to their harvests (Fig. 1 and Table 1).
The daily amount of rotifer given to larvae was
maintained at 50x10¢ind./tank as L-rotifer.
Majority of larvae for Exp. 2 were first reared for
9-10 days post-hatching (5.50 mm TL) in two pre-
liminary rearing tanks exclusively with rotifer.
After 4-5 days post-hatching, 750 larvae each from
the two tanks removed into one experimental
tank (Tank 2-WZ1’), and given rotifer and wild
zooplankton for 6 days after then. One of two
experimental tanks (Tank 2-WZI1) held 1,000
larvae from 1,050 survivors (5.51 mm TL) of Tank
2-WZ1’, and another (Tank 2-WZ2) held 1,000
larvae from two preliminary rearing tanks. Larvae
in Tank 2-WZ1 were given only wild zooplankton
and larvae in Tank 2-WZ2 were given wild zoo-
plankton and rotifer as the same way in Exp. 1,

*1 QOrally presented at the annual meeting of the Japan.

Soc. Sci. Fish., in April, 1983 (Tokyo).

*2  Fisheries Research Station, Faculty of Agriculture, Kyoto University, Maizuru, Kyoto 625, Japan (%5
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Fig. 1. Daily amount of wild zooplankton given to larvae in each experimental tank. (J:
copepod adult, Il : cladocera, [ZZi: others.
Table 1. Change of wild zooplankton compositions given to larval flounder, P. olivaceus (%)
May June
Date
9 11 14 16 22 26 29 30 6 8 17 22
Podon spp. 55.6 42.2 22,7 4.0 7.5 4.7 16.3 17.7 7.8 6.1 1.8 4.0
Evadne nordmanni 5.3 0.7 1.7 0.8 — — -_— — 29 - 5.5 2.3
Penilia avirostris tr. — — - — — —— 2.9 1.0 1.1 3.6 23.9
Oithona brevicornis 20.3* 40.3 37.0 75.2 59.9 41.9 60.0 67.6 34.9 44.4 61.8 55.7
Oithona similis 0.8 0.7 34 32 1.1 — 1.3 — tr —_ —_
Paracalanus crasrostris 0.8 1.4 59 08 2.1 2.3 2.5 2.9 11.1 3.6 2.3
Acartia clausi 1.5 tr. 50 24 1.1 6.9 38 5.9 29 7.0 1.8 4.0
Centropages sp. —_ 1.2 1.7 — — — 1.6 — 1.4 tr tr.
Corycaeus affinis — — — 3.2 9.3 1.3 — 1.0 — —_— —
Microsetella novegica 30 20 25 16 2.1 — — — — 2.0 -~ 0.6
Copepod nauplii 6.8 11.4 15.1 11.2 12.9 23.3 5.0 5.9 26.2 — 3.6 0.6
Balanus naupliii tr. tr. 2.5 tr 1.1 93 50 — 15.5 21.2 5.5 34
Brachyura zoea — — 0.8 — — — — —_ 1.0 3.0 55 —
Decapoda mysis — — 0.8 — — — — — — 2.0 0.
Polychaeta larvae — — — — — —— — — 2.9 — 3.6 1.1
Cyttarocylidae sp. 5.2 10,7 0.8 0.8 8.1 2.3 2.5 — —_ —_ — —_

At the same time larvae in two control tanks
(Tank 2-Cl and 2-C2) which held 1,000 larvae
each, were given Brazilian Arfemia nauplii and
rotifer as the same way in Exp. 1. Two strains of
rotifer which were cultured with Chlorella sp. and
w-yeast” were used in this study. One was L-
rotifer (Lorica length: about 250 um) which was
adaptive to low culture temperature between 18
and 20°C, and was used during the anterior part
of the experiments. Another was S-rotifer (Lorica
length about 120-150 um) which was adaptive to

high culture temperature between 25 and 27°C,
and was used while L-rotifer could not be used.
Daily amount of S-rotifer given to larvae was two
times more than that of L-rotifer from its indi-
vidual weight. Other conditions for the rearing
experiments used in this study were the same as
used for another study.

Wild Zooplankton Given to Larvae
Wild zooplankton were collected by filtering
sea water through a 21 NXX nylon net (opening
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71 pm). The collections were carried out in the
daytime from May 8 to May 22, and in the night-
time from May 23 to June 22 with aid of the fish
attracting lamp. Sea water was pumped up from
a depth of 5 m by a submerged pump (flow rate;
5,000 //h), which was suspended from the observa-
tion pontoon at the Fisheries Research Station,
Kyoto University. Collected plankton were given
to larvae after removing large polychaeta, juveniles
of Engraulis japonica and debris. The major
parts of wild zooplankton given to larvae were
first copepoda (Oithona brevicornis and 6 other
species) second cladocera (Podon spp. and 3 other
species) and then copepod and Balanus nauplii
(Table 1).

Sampling and Measurement of Larvae

Sampling and measurement of larvae during
experiments, harvesting at the end of experiments,
and classification of albinism were carried out by
the same way in another study.” Total length
(straight-line distance from anteriormost part of
head to tip of tail) was used for measurement of
living larvae. Body length (for larvae straight-line
distance from tip of snout to posterior tip of
notchord and for juveniles straight-line distance
from tip of snout to end of hypural elements) was
used for measurement of preserved larvae be-
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cause the limb of finforld was deformed easily by
fixation.

Investigation of Gut Contents

Since larvae in Tank 1-WZ1 and 1-WZ2 were
given rotifer in addition to wild zooplankton,
their gut contents were examined to reveal the in-
fluence of the natural diet. The larvae and juveniles
taken out every several days from Tank 1-WZ1
and 1-WZ2 were preserved in 5% neutralized
formalin. After about five months, the species
and numbers of food items in their guts were ex-
amined. In this study, the term “‘gut” is digestive
organ from the oesophagus to the rectum. The
composition and individual numbers of gut con-
tents were summerized relating to body length.

Results

Outline of Rearing

The larvae given wild zooplankton in the experi-
mental tanks showed poorer growth and lower
survival rate than those given Artemia in the con-
trol tanks in all cases, (Table 2 and Fig. 2). For
example, at the end of experiments, mean TL for
larvae of the experimental tanks (and of the con-
trol tanks) were 12.7-13.2 mm (18.3-18.7 mm) in

Table 2. Outline of rearing experiments (Expts. 1 and 2) of larval flounder, P. olivaceus, given wild
zooplankton and rotifer (Tank 1-WZI1, 1-WZ2 and 2-WZ2), wild zooplankton only (Tank
2-WZ1) and Brazilian Artemia and rotifer (Tank 1-Cl, 1-C2, 2-C1 and 2-C2)

Expts. Exp. 1 Exp. 2
Tank 1-WZ1 1-WZ2 1-Ci 1-C2 2-WZ1 2-WZ2 2-C1 2-C2
Diet WZ# L R*2 BA* 4R WZ WZ+R BA+R
Initial larvae
Number (Ng) 850 1,000 1,000 1,000 1,000
TL (mm) Mean 5.57 5.51 5.50 5.50
S.D. 0.33 0.34 0.32 0.32
Days post-hatching 10 9+10 9410 9+10
No. of specimens taken 200 120 200 200
out during expts. (N,)
Survivors at the end of expts.
Number (N,) 238 105 608 645 54 248 621 552
TL (mm) Mean 13.5 12.7 18.7 18.3 15.4 16.3 17.2 16.6
S.D. 1.5 1.3 2.3 2.2 4.0 2.8 2.5 2.5
Duration of expts. (days) 36 36 30 30 35 35 27 27
Survival rate (%)
N,/(N;—N;) 100 36.6 16.2 76.0 80.1 6.1 31.0 77.6 69.0
No. of metamorphosed fish 223 94 606 645 45 247 621 652

*1 WZ: Wild zooplankton
*2 R: Rotifer cultured with Chloretla sp. and w-yeast
*3 BA: Brazilian Artemia salina nauplii
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Fig. 2. Mean larval growth of experimental and control tanks in Expts. 1 and 2.
O: larvae in 1-C1
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1-WZ1 and 1-WZ2 tanks which were given wild zooplankton and rotifer.

and 1-C2 tanks which were given Artemia nauplii and rotifer.

4: larvae in

A larvae in 2-WZ1 which were

given wild zooplankton only. A: larvae in 2-WZ2 tanks which were given wild zooplankton
and rotifer. @: larvae in 2-C1 and 2-C2 tanks which were given Artemia nauplii and rotifer.

Table 3. Compositions of gut contents of each size of larval flounder, P. olivaceus, given wild
zooplankton and rotifer in Exp. 1

Body length (mm) 6.0-6.9 7.0-7.9 8.0-8.9 9.0-9.9 10.0-10.9 11.0-11.9 12.0-
Sampling date
May 13 4 6 — —_ - —_ -
18 — 7 3 - — — —
No. of specimens 23 — 2 8 _ — — —
27 — 2 5 3 — —_ —
June 13 — — 5 9 10 10 12
Total 4 17 21 12 10 10 12
Food items (%)
Brachionus plicatilis 64.8 76.3 52.9 40.0 0.3 1.0 1.1
Podon spp. 3.4 5.6 1.9 1.1 0.3 1.4 1.7
Evadne nordmanni — — 2.3 4.5 12.5 32.2 8.5
Penilia avirostris — — 0.3 0.4 —_ 0.6 0.6
Oithona brevicornis 29.5 15.9 32.8 32.9 4.2 4.9 2.6
Acartia clausi — 0.7 4.0 9.6 14.2 10.7 6.6
Paracalanus crasrostris — 0.4 1.3 7.2 49.5 34.0 21.3
Corycaeus affinis _ — 0.8 0.5 0.3 f— 0.2
Mpycrosetella norvegica 1.1 — 0.8 — 0.3 — 0.2
Copepod nauplii — 0.3 1.8 — 0.3 — —
Balanus nauplii — 0.7 0.8 0.2 — — 0.2
Brachiura zoea — 0.2 — — 0.2
Decapoda mysis —_ p— —_ 2.9 17.3 14.6 56.4
Ceratium sp. 1.1 — — 0.2 — — —
Cyttarocylidae sp. — 0.1 0.3 0.1 — e —
Polychaeta larvae — — —_ 0.1 0.3 — —
No. of food/larval gut 22.0 48.9 42.3 81.5 28.9 48.5 44.2
No. of food items 5 8 12 14 11 8 12
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Table 4. Occurrence frequency of each colored type individual and pigment index* by each ex-
perimtnal and control tank of Expts. 1 and 2
Expts. Exp. 1 Exp. 2
Tank 1-WZ1 1-WZ2 1-C1 1-C2 2-WZ1 2-WZ2 2-Ci 2-C2
Normal 98.2 100.0 3.0 2.7 100.0  98.8 0.5 —
Albinism
1 1.8 — 29.2 19.5 — 0.8 57.9 61.1
11 — — 11.9 12.0 — — 2.1 —
’§ 111§ — — 2.0 3.3 — 0.4 0.9 10.4
:6, v —_— — 0.5 1.1 — - — —
G v — _ _ — — - _ _
F
‘é b \%¢ — —_ 1.5 0.6 — — — —
R VII — _ — 0.2 — — — —
2 g VIII - — 1.7 3.0 — — _
3‘_5 IO+ —_ — 22.0 27.2 —_— — 18 21.1
58 II+Iv — — 4.6 3.3 —_ — 11 7
§ V+VI — — 7. 8.6 —_ — —_
3 V+VIII — — 0.5 1.7 — — — —
VII+VIII — — 0.7 1.4 —_ —_ — —
V+VI+VII — — 14.9 15.6 —_ — — —
Subtotal 1.8 — 97.0 97.3 — 0.8 99.5 100.0
Pigment index 98.2 100.0 31.5 35.3 100.0 98.8 11.0 10.1

* Pigment index

_ ( Normally coloerd area on the ocular side of all survivors

Total area of ocular side of all survivors

Exp. 1, and 15.4-16.3 mm (16.6-17.2 mm) in Exp.
2. Survival rates for larvae of the experimental
tanks (and of the control tanks) were 16.2-36.6%;
(76.0-80.1%) in Exp. 1, 6.1-31.0% (69.0-77.6%)
in Exp. 2. The minimum size of completely meta-
morphosized fish in the experimental tanks (12.5
mm TL: 10.0 mm BL) was smaller than that in
the control tanks (14.5 mm TL: 11.6 mm BL).

Larval Feeding of Wild Zooplankton

The gut contents of larvae from the experimental
tank in Exp. 1 showed some variation on the in-
take of each food with growth (Table 3). De-
velopmental stages could be devided into two
major stages according to the gut content com-
position, corresponding to 6.0-9.9 mm BL (Ist
stage) and over 10.0 mm BL (2nd stage). The
first stage is pelagic larval stage and the second
stage is benthic juvenile stage. On the 1st stage,
rotifer was found most frequently in their guts
(40.0-76.3%). With the larval growth rotifer in
their guts decreased gradually, and the flounder
larvae began to eat various food items. A charac-
teristic fact during the 1st stage was that very few
Podon spp. and copepod nauplii were found in
larval guts, as opposed to the relatively high per-
centages in the wild zooplankton given. On the
2nd stage, flounder juveniles reduced their intake

)xmon

of rotifer and Oithona brevicornis, and began to
eat mainly cladocera (such as Evadne nordomanni),
larger size copepods (Paracalanus crasrostris and
Acartia clausi), and decapoda mysis. Their in-
take of decapoda mysis in guts increased remarka-
bly on the 2nd stage. During both 1st and 2nd
stages, very few Balanus nauplii were eaten, as
opposed to the relatively high percentage occur-
rence on the food given.

Occurrence Frequencies of Albinism

Occurrence frequencies of albinic individuals
from the experimental tanks were very low (0.0-
1.8 %) in both Expts. ! and 2 (Table 4). Although
the albinic juveniles from the experimental tanks
were classified to type I and III (almost total
albinism of trunk and tail). There were no signi-
ficant differences on occurrence frequencies of
albinism between wild zooplankton and rotifer
complexed use (Tanks 1-ZW1, 1-WZ2 and 2-WZ2)
and wild zooplankton only use (Tank 2-WZ1).
On the other hand, occurrence frequencies of
albinic individuals from the control tanks were
very high (97.0-100.0%;) on both Expts. 1 and 2.
Although the occurrence frequency of each colored
type in Exp. 1 differed from that in Exp. 2, the
majority were the almost total albinism of trunk
and tail.
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Discussion

Most fish larvae show the specific food pre-
ference.*~%? So the presence of planktonic or-
ganisms does not necessarily mean that they are
available as food to fish larvae. Wild larvae of
flounder P. olivaceus changes their food from
copepod nauplii to oicopleura and adult copepods
with their growth.®” When they become juveniles
they eat mainly mysids.”” On the tank reared
flounder larvae given wild zooplankton, their gut
contents showed that larvae changed their food
from the smaller to the larger with their growth.
While Oithona brevicornis which is seldom eaten
by wild flounder larvae as opposed to its abund-
ance in the larval habitat,” was fed following
rotifer. This result together with poorer growth
and lower survival rate than those of larvae given
Artemia presumes that their were deficient proper
foods, such as Oicopleura longicoda, Evadne
nordomanni, Paracalanus parvus which are po-
pularly eaten by the wild larvae,®*” in their rearing
tanks. On the juvenile stage, number of decapoda
mysis in their guts increased remarkably, and this
fact agreed well with the main intake of mysids on
wild juveniles.”

In this study, when flounder larvae took
Brazilian Artemia and rotifer from 5.5 mm TL to
completion of metamorphosis (14.5mm TL),
more than 97% of albicic individuals appeared.
While flounder larvae were given wiid zooplankton
together with rotifer during the same stage, less
than 1.8% of albinic individuals appeared. Wild
zooplankton is composed of many species and
exists in a complex marine ecosystem, while
Artemia reproduces itself in a considerably spe-
cialized ecosystem of inland salt lake. Some
constitutents which reflected the specifities of their
havitat might introduce the different occurrence
frequency of albinic juvenile flounder. Proxymate,
mineral and amino acid composition of cultured
food organisms (rotifer, Artemia, Tigriopus
Japonicus and others) are not so different from
those of the wild zooplankton (copepods),®:®
while fatty acid composition of the former is
different remarkably from the latter.!® On the
case of albinism, the distinction of fatty acid com-
position may be negligible.* Albinism among
heterosomata is usually of a partial character.'®
Together with this, the abnormality of scale
form,'? early development of squamation'® and
nurvous control system observed in albinic portion
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of heterosomata'® suggest that the albinic dermis
of the ocular side resembles the white colored
dermis of blind side. Chromatophore, scales
and the end of automatic nervous system of fish
exist in the dermal tissue. Chromatophore is
induced in contact with the surrounding dermal
and epidermal tissue.** Although it is not re-
vealed how the fish larvae complete their nervous
control system over chromatophore, it is pre-
sumed that the fish larvae establish their color
pattern in corporation with together nervous
system and chromatophore.*® If a dermal tissue
of occular side differentiated partially to that of
blind side during metamorphosis, dermal chro-
matophore may be induced to those of blind side,
and this portion may be recognized as a albinic
portion. Both a deficiency of essential mate-
rials and a inclusion of inhibitor may be re-
sponsible for such transdetermination in process
of cytodifferentiation. It is not resolved whether
defect or inhibition is relating to the occurrence of
albinism among hatchery-reared heterosomata.
The most effective method to prevent the appear-
ence of albinism on juvenile flounder is that they
are given wild zooplankton during larval stage.
This is not so practical for mass culture of larval
flounder because of the difficulty to collect the
sufficient amount of wild zooplankton from sea.
So further study is eargerly needed to reveal the
consituents relating to albinism, and to improve
the culture food (Artemia and rotifer).
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