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Technical development on the seedling production
of sweet smelt fish in freshwater
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SUMMARY

Ecological sufvey on the land-locked sweet fish

Ecological surveys on the land-locked sweetfish, Plecoglossus altiveius
were conducted at the Andong Dam Reservoir and it was compared to six
population from natural streams of Korea in 1995~1997.

The fish fauna of the Andong Dam Reservoir were composed of 36 species,
30 genera and 12 familes in 4 orders. It was confirmed that the dorminant
species in Andong Dam Reservoir were Squalidus chankaensis tsuchigae
(22.8%), Zacco platypus (19.7%), Plecoglossus altivelis (11.9%), Microphy-
sogobio yaluensis (7.4%) and Hemiculter eigenmanni (5.9%).

The young sweet fish occurred from the Andong Dam Reservoir in the
late of April to July moved to the stream from the lake of Andong Dam
Reservoir. The sweet fish populations of the streams feed on selectively the
aquatic algae, and then they attained 169.4mm in sandard length untill
September, spawning season.

There are no significant differences between the land-locked populations
and natural stream populations in the several morphometric chracters
investigated. ‘

Although the mouth of the hatched larva (total length, 6.4mm) was opened,
the straight digestive system of them were closed. And the yolk of larva of
7.1mm in total length was absorbed, however, the anus of them were closed.
In the larva of 12.8mm in total length, the anus was opened and the gill was

also developed. In the larva of 16mm in total length, the terminal of
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notochord was curved up, and the origin of dorsal rays was formed.

When the larva attained 18mm in total length, they had 9 rays in the
dorsal and anal fin. And when the larva attained 48.2mm in total length,
adipose fin was explictly formed. The band with the compacted chr-
omatosphore was appeared in midlateral region of the body.

The pre-larva of 6.4mm in total length without yolk sac fed on the two
animal cysts only. After the absorption of the yolk, the post-larva fed on
the copepods, the nauplis of copepods and rotifers.

The immature fishes of 71.0~80.0mm in total length mainly fed on the
animal organisms and some aquatic algae. The immature fishes more than
81mm in total length did not feed on the animal organisms, but only diatoms
such as Synedra, Fragilaris, Navicula, Cymbella and Pinnularia.

The change pattern of food habit were same in the age groups of both the
natural populations and land-locked populations. And It was also accordance
with the change pattern of dentary system from conical teeth to comb-like
teeth.

The spawing site of the land-locked sweet fish in Andong Dam Reservoir
was found from Dosanseowon to 3.5km of the upper stream. It was
remarked that the land-locked sweet fish were spawned at PM 8~12 in

spawning sites.

Development of techniques for culture the freshwater rotifer

Although the first food organism in aquaculture for fish larvae has
important meaning in its nutrient aspect and the size that can be eaten by

such a small fish, the culture method is not yet developed in the freshwater
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fish farming. Therefore, the seedling production has very complex in its
procedure and low efficiency till now.

This study was conducted to define the optimal conditions for culture of
the freshwater rotifer to feed the larvae of sweet fish. We isolated the
freshwater rotifer, Brachionus calyciflorus, which is belonging to same
genus with marine rotifers used in mariculture recently, from the fish farm
of Chinhae Inland Fisheries Research Institute. In this paper, the authors
presented some biological information of the rotifer needed for culture, the
result of incubation experiment under the various controlled temperature,
and some culturing methods that can be used in mass culture. The results
are as follows;

The size of the lorica of the rotifer was divided into two groups; the
length and the width for the S-type was 141.0£16.7um(110.1 ~182.5, n=44)
and 107.0%£20.3um(75.3~152.3, n=44), and those for the L-type was 262.8*
15.2(m(234.4~288.6, n=20) and 182.6%13.4(159.8~207.0).

The egg number being attached on the female was various from 1 to 11
when it was under the culture condition. Egg type was divided into two
groups, large and small one. Large and small egg was measured in its
major axis as 85.7~107.8/m and 55.1~65.2im for S-type, and 104.9~121 8um
and 62.8~89.1un for L-type.

In the culture experiment, the maximum density was reached at 4th day
after incubation. The density was 583.9 rotifers/ml for 25°C-exp. group and
421.3 rotifers/ml for 22°C-exp. group respectively. In the case of 28°C- exp.
group, it was suddenly decreased into 4.7 rotifers/ml at 1st day after

incubation and did not recovered to its original density.
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The maximum rate of increase of population per day was reached 0.802
for 22°C-exp. group at day 2 and fluctuated thereafter. For 25°C-exp. group
it increased to 0.964 at day 3 day of incubation and then declined. And the
egg ratio of female was reached the maximum of 0.614 for 22°C- at 3rd day
and 0.772 for 25°C-exp. group at 4th day of incubation.

It was considered that the chief cause on so high increase rate of
population size was the presence of individuals with more than 3 eggs and
it was maximum at 10.7% and 23.1% among individuals with eggs for 22°C-
and 25°C-exp. group at 4th day bf incubation.

Some other experiments on the freshwater rotifer which was separated in
this study were conducted to define the optimal method for mass culture. In
this experiment on mass culture, the initial density was 20 ind./ml, the
water temperature for culture was 25°C, and the volume of culture was 700 £ .

The experiment were divided into two parts based on the method of
culture; batch and semi-continuous culture. And each parts were conducted
twice by their feeding amount.

In the first experiment on batch culture(feed amount; concentrated
freshwater Chlorella at the density of 6x10° cell/ml/day and oil-enriched
yeast 0.06g/ £ /day) the density of rotifer increased to 130 ind./ml at 3 day
after incubation and the rotifers harvested was 9.1x10". In the second
experiment on batch culture (feed amount; concentrated freshwater Chlorella
at the density of 1.2Xx10" cell/ml/day and oil-enriched veast 0.12g/ ¢ /day)
the density of rotifer increased to 368 ind./mi at 2 day after incubation and
the rotifers harvested was 2.57%10%.

In the first experiment on semi-continuous culture (feed amount; concen-
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trated freshwater Chlorella at the density of 6x10° cell/ml/day and oil-
enriched yeast 0.06g/ £ /day) harvesting started 2 days after incubation and
total rotifers harvested was 2.15x 10°® individuals dunng 5 days of culture. In
the first experiment on semi-continuous culture (feed amount; concentrated
freshwater Chlorella at the density of 1.2x 10’ cell/ml/day and oil-enriched
yeast 0.06g/ £ /day) harvesting started 2 days after incubation and total
rotifers harvested was 3.70x 10° individuals during 5 days of culture.

The maximum rotifer production and lower feed cost was found in second
experiment on batch culture and the first experiment on semi-continuous
culture had good result when small amount of rotifers is needed
continuously.

It is resulted that the amount feed for mass culture of rotifer is 6Xx10°~

12% 10" Chlorella/ml/day and 0.06~0.12g oil-enriched yeast/ml/day.

Seedling production of sweet fish in freshwater

In order to develop the techniques for seedling production of P. altivelis in
freshwater we conducted some research on the monthly change of the GSI
of land-locked sweet fish from Andong Lake, experiments on artificial
spawning of land-locked and cultured sweet fish, adequate cultural condition
for hatched larvae, collection of natural seedlings and artificial spawning
after indoor culture, and the seedling production according to various
schedule feeding first food organism and rearing density to define the
adequate conditions for larviculture in freshwater. The result are as follows:

The spawning season for land-locked sweet fish from Andong Lake was

the end of Aug. to the end of Sep. The gonadosomatic index (GSI) of female
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was 16.152~16.535 and 6.716~9.640 for male.

The body weight of female of land-locked sweet fish collected from
Andong Lake during spawning season was 15.2~443g and 23.4~30.9g for
male. Though the size of land-locked sweet fish was somewhat smaller than
that of cultured fish, 68.7~98.2g for female and 57.2~104.6g for male, the
artificial spawning was possible.

The fertilization rate of eggs stripped from land-locked was 84.8~100%
and the rate of eyed embryo was 52.9~90.0%. It was better than that of
data 60.2~788% and 205~542% for the fertilized and eyed embryo
respectively from cultured one. But the hatching rate was similar between
the land-locked and cultured one as 5.1~10.2% and 6.3~19.4% respectively.

As a preliminary cuitural experiment the authors reared the larvae in pure
freshwater, brackish water containing 3% of Cl, and freshwater transfered
from brackish water culture 20, 40, 60 days after hatching to 100 days after
hatching feeding freshwater rotifers, B. calyciflorus. All the larvae except
the one transfered from brackish water 60 days after hatching were died
within 80 days after hatching. 2 survivors to 100 days after hatching were
from the one trnasfered from brackish water 60 days after hatching and the
mean total length is 33.05%£1.93mm. We think the very small air bubbles
ingested by the larvae is the main cause of mass mortality and can’t find
other differences in growth under various group of experiment.

To comparing the cultural method we conducted the experiment on small
water recirculating system and continous flowing of water system for 100
days. In the continous flowing of water system all the larvae was died at 12

day after culture and the mean total length was 11.86%*1.42mm. We
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considered that bright color of the inner wall of aquarium was the main
cause of the mass mortality, causing the larval movement to the wall and
failing to fed rotifers. In the water recirculating system the survival rate
was 12.6% and the mean total length was 61.21%£11.76mm and mean body
weight was 137%£08lg. This result showed the possibility that the
production of seedlings in freshwater can be possible.

We cultured the sweet fishes from amphidromous, cultured and
land-locked in outdoor to spawning season to compare the quality as a
parent using in further experiment on seedling production. The mean body
weight of amphidromous one was reached to 66.45X17.32g, cultured one to
8891+ 17.10g, and land-locked one to 78.83%6.05g, when it was possible to
artificial spawning. And the survival rate was 92.0% for cultured, 83.3% for
land-locked, and 66.0% for amphidromous. The survival rate of amphidr-
omous one was so lower comparing to others, and the date for artificial
spawning in land-locked fish was 23, Sep., about 1 month prior to others.

In the result of comparison of the hatching rates among eggs from
amphidromous, cultured, and land-locked under the temperature 15, 18, 21°C,
the best hatching rate was attained under 21°C condition as 68.0%, 69.0%,
and 72.49% respectively.

There was almost no differences in the growth among the larvae of
amphidromous, cultured and land-locked form cultured in freshwater for 90
days. The mean total length reached to 32.17~32.83mm and the mean
survival rates was 6.0~6.7%.

The best result of seedling production appeared in the group feeding

freshwater rotifers at least for 80 days after hatching. In this feeding
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schedule freshwater rotifers was supplied at the density of 2 rotifers/ml for
7 days after hatching, and then 5 rotifers/ml for 3 days, 8 rotifers/ml for 10
days, 10 rotifers/ml for 60 days. Nauplius of brine shrimp was supplied for
10 days at the density of 1 ind./ml after rotifers. Among the period artificial
feed was supplied 20 days to 100 days after hatching. All the supplying was
done twice a day and the Iaryae reached to 36.68X252mm in its mean total
length with survival rates of 13.7% for the 100 days culture.

It was appeared that the adequate density of the larvae is 15,000 ind./m°
The mean weight of the larvae produced at above density cultured for 100
days was 0.78£0.24g with survival rates of 8.6%. Total number and weight

of larvae produced was 1,290 and 1,006.2g per squameter respectively.
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(Fig. 1, Table ).

Table 1. Lists of the collection sites at An-dong Dam

An-dong Dam Natural sites

St. 1. Socheon-ri, Peobcheon-myon, St. 1. Keundeok-myon, Samcheok-shi,
Bonghwa-gun, Kyongbuk Kangwon (Maeup Stream)

St. 2. Myongho-ri, Myongho-myon, St. 2. Pyonghae-up, Ul;m gun, Kangwon
Bonghwa-gun, Kyongbuk {(Namdae Stream

St. 3. Kwanchang-ri, Myongho-myon, St. 3. Kyongju-shi, Kyongbuk
Bonghwa-gun, Kyongbuk (Daechong Stream)

St. 4. Kasong-ri, Dosan-myon, St. 4. Yansan-gun, Kyongnam
Bonghwa-gun, Kyongbuk (Nakdong River)

St. 5. Togeyo-ri, Dosan-myon, St. 5. Kwangyang-gun, Chonnam
Bonghwa-gun, Kyongbuk (Somjin River)

St. 6. Buncheon-ri, Dosan-myon, St. 6. Kangjin-gun, Chonnam
Bonghwa-gun, Kyongbuk {(Tamjin River)

St. 7. Bupo-ri, Eyoan-myon,
Bonghwa-gun, Kyongbuk

St. 8. Domok-ri, Eyoan-myon,
Bonghwa-gun, Kyongbuk

St. 8. Sanya-ri, Waryong-myon,

Bonghwa-gun, Kyongbuk
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Fig. 1. Collection sites for land-locked P. altivelis at Andong-Dam. See the

text for the number.
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d 3, AFe ZARRHAAE 19969 5EHE 2443 Xoje} n)
doldel HAdR-E =AY ¢FEs AFe B AN S8
Apajojet vl gole] FEHE Tetstr] AAsted uf xAMAoih AYE HAISHE G

T8 S8 2oi9 st 2ol FHHInE A3t FAdx vl H S X3

oty GEde s FUHE BEF 670 XM AFS AASAHFig. 2).
ZAFA| 7% Table 20 e

Table 2. Lists of collection schedule

October 18-19, 1995 July 23-25, 1996
November 14-16, 1995 August 26-27, 1996
December 11-12, 1995 September 13-15, 1996
January 12-13, 1996 March 10-11, 1997
March 5-7, 1996 April 23-24, 1997
April 9-11, 1996 May 20-23, 1997

May 7-9, 1996 June 17-18, 1997
June 14-16, 1996 August 12-14, 1597

ZAA G ] B4H EAZL olddlr] Yt ZARREER Ay 2 2AME 4
A18tA A FA)9) conductivity meter(Orion 140, USA)E ©l&3l9 7L, +&
2 HHAEEE SR, £4, 3F, € 3 T RA: AAEHT.
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Fig. 2. Collection sites for natural population from Korea. See the text for

the number.
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TAYEE olF AF HolAW.

ATz 2 AN ABAHA 2L g5 2ok

St. 1. 28 B3t HAR &4 : FF5Y AAHTAN HEFFHl
AFHE Adolth, §EF 15~20mol™ F4 1~2moln e F=2
uhelol 22 gAgoilon, Iy ZdEu Aol YUk o] o
9 Fsdch o 5F0] Wi WE JFo|n FHel 2m =9 B

7t ARIH0] 1o 207t &8 & e HAF AHoloh
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St. 2 A% 337 B3W 9ie : AR PAIH e AWz #F
60~70me]y £4 1~15mA=oltt 332 =3 AHo] F& o|F 1,
YRE R o|Fo)A] Utk GLHE £o) 5o WA wWe 2
o +2e FEaAT
St. 3. A& B3 "WaH oA St 49 St 29] Yo R HHFAL
YT YFREo|th F}FE 25~30m, 54 1~2mA Fo|v}, AL
22 2 29 A2 F4Y4UD 9¥ 2t de B 58] w
2 qgxoln
Table 3. Environmental factors of the surveyed sites
Times AT () WT (C) Conductivity Sites
(1 S/cm)
1995 Oct. 20 18 333 5
Nowv. 58-115( 80) 6.4- 9.0( 8.1) 211-367(288.7) 5, 6, 7
Dec. 2.9- 55( 3.8) 1.0- 48( 28) 219-452(316.7) 5,7
1996 Jan. 43- 6.8( 5.6) 4.1- 52( 47) 213-216(2145) 8 9
Feb. - - -
Mar. 43-96 ( 6.5) 25- 400 36) 233-284(2593) 5, 7, 8
Apr. 8.1-17.6(12.1) 78-123( 99 182-226(2048) 5,6
May 180-20.7(199) 16.0-169(164) 133-156(1485) 4, 5, 6
June 207-285(257) 23.2-27.2(255) 216-272(25277) 2, 3,4, 6
July 28.3-36.8(32.0) 19.7-24.8(21.8) 106-134(1224) 1, 2, 3, 5
Aug. 187-219(20.0) 19.2-21.9(20.9) 1,2, 4,5 6
Sep. 28.0-28.3(28.2) 25.0 1, 2
1997 Mar. 9.3-16.7(13.8) 55- 69( 6.3) 296-338(3143) 5, 6, 7
Apr. 17.0-23.7(21.1) 136-16.5(15.5) 157-250(212.7) 4, 5, 6, 7
May 20.2-26.4(26.4) 15.8-29.8(24.5) 136-232(186.5) 3, 4,5, 6
June 25.0-32.8(285) 23.2-29.8(26.0) 104-232(1642) 1,2, 3,5 6
Aug. 255-30.7(28.4) 23.4-286(25.5) 1, 2, 3, 4, 5,

AT: air temperature, WT:

water temperature
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St.

St

St.
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St.

St

-4 ox

oy o

4

5 dEA =419 7hgE 0 3o HAX"ez $E 25~30m,
A 15~2mAxoln, &4 &, Az 2Yz FAH Udn o
I 23GR)7F vEHo e Aot
AFA =4 EAE : E3Y AFVE AF¥HE REoE §
Z 25~30mely 4 05~3mol o]t} 32 uidle} £, 2w
22 o]Folx Uth BAe] ¥mH =¥ oL&n A} wrE o] |
Ehuo] ZpgRtldle A2 7AE0] &0l AJY 202 FE3
z27€¢ 73 AUtk

L BE A B B A4 ol Y AR AFS 9
HGFoldA AFe Hstid BHe AHolth &L 40~50m,

TAL 05~6mPxoln s vk, Add} Rz FAHE] Qo
St. 5ollA A& - #5hE Aojrt 9 5SS el wulet dAF7IRE
AWEAM 4Fe ste Aoz &dd AYoitt. f&o] Hlady =¥
33 54¢ 7HAR e AQeln FArie Aot

L BE ITA A BEE St 6olA oF 1.5~2kn ol o dE

& 45~50meol¥ F4-& 5~6mol] olE&n. oFo HAAE o] &3}
FE2g AT AYoltt. 47 273l

AR QB oAw £23 1 $Hr)Y AW P vz ofsdos

AFEY FFTYHA ABde otk HA F4L BmAxoH F
SmAEe AxE AXYozRE TS Y53

5 AEA 45d Aoe] 1 GFEY AN AF WEOLE 2
Folzl tEd FHo ERVIZEM £4 25mAY ot}

Pﬂ

2. MM ol FZEZAL

1) AR 28 o743
GEZ FHAA A AFE 45 129 30 36F 22 YEIRTHTable 4).
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209t FAAHLE T 36T AFFTNAM /M B F57) £33 BHT
Jd o} & Cypriniformes?] Yo]# CyprinidaeEA] 25 20 & 2} 28t 55.6
%29 ¥4 Uelgon tgog n3gn Cobitidae® JebsThH

rlo

feu

Table 4. Fish species compositons investigated at Andong-Dam from October
1995 to August 1997

o Dates 1995 1996 1997
Scientific names Oct. Nov. Dec. Jan, Mar. Apr.May Jun. Jul Aug. Sep. Mar. Apr. May Jun. Aug.

Order Cypriniformes

Family Cyprindae

Cyprinus aarpio 23 19 8 3 14 1
Carassius auratus 2 13 3 24 1 2 2 1
Carassius cuviert 32 46 2 1
Acanthorhodeus assumussi 1 1
Acheilognathus koreensis’ 12
Coreoleuciscus splendidus’ 3 14 21 581825 16 1215 24 9
Pseudorasbora parva 12 8 1 3 6 1
Punptungia herzi IO | 6 30 21796 3 2 2 2 7
Squalidus gracilis majimae’ 19 42 6 5 2
S. chankaensis tsuchigae’® 6 21 14 1116 457 611134019 10
Hemibarbus labeo 1 & 34 3 410 2 6 4 3 7 2
Hemibarbus longirostris 3 1 1 55 1
Pseudogobio esocinus 2 1 1 12 22283 5 1 2 4 1 4
Microphysogobio yaluensis' 11 114 37 & 651372430 15 10 119 10 42 14
M. tungingensis’ 1 1 1 14513 57 8 1 6 313 1
Culter brevicauda 5 38 3 4 3 6 1
Hemiculter eigenmanni 4 300 106 66 22 9 45 1 1 1 5 2
Moroco oxycephalus 1 1 1 4 7 1
Zacco platypus 5 244 664 191 66 27129144 10141 5% 42 11 23 47 72
Zacco temmincki 1 36 1 3 131222 4 13 11 39 14
Family Cobitidae
Misgurnus mizolepis 1 2
Cobitis sinensis 1 6 5 4 2 3 111 39 14
Niwaella multifasciata’ 2 1 2 1
Order Osmeriformes
Family Osmeridae
Hypomesus olidus 1 172 21 626 10 28 18 1 80
Plecoglossus dltivelis 82 81 18 569 64 62 8 105 60 11 3

_45_



(Table 4. continued)

Dates 1995 1996 1997
Scientific names Oct. Nov. Dec. Jan. Mar. Apr.May Jun. Jul Aug. Sep. Mar. Apr. May Jun. Aug.
Order Siluriformes
Family Ictaluridae

fetalurus punctatus 1
Family Bagridae

Pseudobagrus fulvidraco 6 5 2 1
Family Silundae

Silurus asotus 13 3 2 1
Family Amblycipidae

Liobagrus mediadiposalis’ 1 11

Order Perciformes
Family Centropomidae

Coreoperca herzi’ 1 1 1 1
Family Centrarchidae
Repomis macrochirus 924 9 2
Micropterus salmoides % 17 1
Family Odontobutidae
Odontobutis platycephald’ 2 5 12 3 2
Family Gobiidae
Rhinogobius brunneus 2 12 2 701381 2 1 1 3
Rhinogobius giuninus 3 7
Family Channidae
Channa argurus 2

* ! endemic species

AYE oFFNM EE ZAMAFNA vl FFeA 8% T2 E17)
Puntungia herzi, €v}A Microphysogobio yaluensis, 32}9] Zacco platypus,
x12] Hemiculter eigenmanni @ 29| Plecoglossus altivelis®]tt. o1& &/
E2 HEE AEAERIES FE HY3tn IdF = FAALE EES JEd
Fo2 28 ANAH - A, 1993), & & P. dltivelisShe o)A ol A
MNZ ZABAC e Ao Atsd.

Hegdzog Y F& FHE/ Squalidus chankaensis tsuchigaeZ A A

fr

A 28%E AR, h& o2 g Zacco patypus(19.7%), &0} Ple-

coglossus altivelis(11.9%), Eu}2} Microphysogobio yaluensis(7.4%) 2 x|
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Hemiculter eigenmanni(59%) 5-& $A3FA A48tz o)

2 A7 efold] o/ =2 HUE T HFELH Repomis macr-
ochirus, 29598 Micropterus salmoides, B89 Carassius cuveri 2 3 vj
7] Ictalurus puncatus® 4%}, o] 7}-2-dl Fa-8-92 Repomis macrochirus
i 20$3 Micropterus salmoides®] 7%+ Zx}oji} o] g F2 A28lx
gade] dolgAg Jix Aoz ¥elA o] FF AFHAA 201F v X3}
o & ELHFY MAFE g J&FE v Aoz oA

1997 = 2AE o] lojA 96 AL DS} st HA3HA 20i9) )
A7t 2asted el 4£48ts &9 Plecoglossus altivelis®] 15 EAH &
Y 4 UUYG AL Hed ni 2ol 49 FHT wistE AMAAHe
70l A5 ¥, Fgolut o5 ol oJF Y Ve A sty Fol FFE
FRew FHEG

Z2HBEYIANE BA Yo Cyprinus carpio, BRO] Carassius cuvieri, 3%
o] Pseudorasbora parva, ¥{Z9] Culter brevicauda, X&) Hemiculter eige-
nmanni, 278 Pseudobagrus fulvidraco, M7 Silurus asotus, o1 Hypomesus
olidus, 2298 Repomis macrochirus, B U8 Micropterus salmoides
T2 HdldAM F2 AFAHAR, #401¢e Niwaella multifasciata, ZF7HAE]
Liobagrus mediadiposalis R A X Coreoperca herzi & 472 AlfolA F
2 AR AS

Y AFa FH FHNM FHIE AFFTAAM HAAA T2 FE
W Squalidus chankaensis tsuchigae, ¥ Hypomesus olidus, &9 Pleco-
glossus altivelis, |¥0] Carassius cuvieri, 59 Carassius auratus, %}
Cyprinus carpio, ™ 7] Silurus asotus R &7} Pseudobagrus fulvidraco &
o] th.

32 AFFe DIRF Acheilognathus koreensis, #12] Coreoleuciscus
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splendidus, 23270 Squalidus gracilis majimae, &7 Squlidus chankaensis
tsuchigae, E9A Microphysogobio yaluensis, 8735 % Microphysogobio
tungingensis, 50938 Niwaella multifasciata, A7} 28] Liobagrus media-
diposalis, AY8] Odontobutis platycephala R A A Coreoperca herzi® 10%
olt}.

2) §E20je Bx9 olF

Zt ZARA oA F8ts AFIA 8209 AR 2 AFE FHFo=
Al e 2 RYXEFE ot AEEE st 209 Ad FA
L o|FHEE Ak ‘

ZA RGN 74 A717) A& NAEL Table 5944 B uhep go] A3
6.4~96mol At olEL 2 G JHANEA FEo] MEHA & HA
oo} Fe At ol&o] FE AME AP St 6(FHE ADeolden, FF
11.4~289mm7b 18] %7] ztojel A 509mol HFHE AJEL dE FAA
dejMe dE A 2 FASA Py, 23 St 6(EH AG)M &H
3t} tHTable 5). °o]& AHL AF3 9 QA3 AR AJezA & AFA
Hofl w3t fF&o] EASA vt EZFH 20 AR|oje HolAEZ A}
fxe 24 EFFZEC Jd L AdHH FHEE HA3 de A Yol
ot wetA EEFHo] HL Aojr] o7t AAFHA 4SSt 6(E-E A
Dol A HUlE Hoz LRI, |

A 40~70mArel 2] xjoj7] Loy St (R M A9Y), St N(REYY AF)
2 St 9(AtelE A ) S AMAHA Y, AF 100mE G2 Aol AAE
2 St 6(FHE AY)E XFS AT HAM FFeA ¥ St (EHAF AY)
€ X3 AFAGog olFdle Aoz FUHUAG o3 HAF2 Table 5
9} o] AA 50mmolde] &ojEo] St 49 AFAGL =z 243, AA 70mm

ol AFEE AFHAA 207 23 F Uv HALF A9 St 2(¥zP A
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A X3 AR vERth

olzigt A#E T A3 Aorldle St. 6(E R ARl AgsHEA A
40mnol /o] HE FEI £FHE ZAHC HFIE HU7] A3t ¢FEY
2oz oFdte Rz AlgEd.

Table 5. Number of individuals and sizes of P. altivelis at the surveyed

sites in Andong-Dam from 1995 to 1997

Body sizes(am) 5 3 iurveyesd 51te36 2 5 iné\ijsidg;ls

TL 64- 96 12 12
11.4- 195 47 47
26.0- 289 2 2

SL 39.5- 409 3 3
41.0- 509 38 53 3 94
51.0- 60.9 3 364 54 9 430
61.0- 709 1 11 i 201 7 6 227
71.0- 80.8 2 3 32 - 37
81.3- 905 17 3 2 i3 35
91.9-1009 16 5 3 17 1 42
112.4-120.8 7 5 4 16
121.1-129.2 1 5 3 5 14
132.1-136.9 2 1 2 5
142.7-143.6 1 1 2

No. of individuals 37 20 33 31 713 114 18 966

See the text for number of surveyed sites. TL : total length, SL : standard

length

Okt

HHE, AR ElE GFsUelM &% 209 o|F L FAAY
of W2 &% 208 FEIRH dAste dAE ekt Table 6).
, 2 A7 AR FA FA oW ZRH JFHAARE FHEHE, 9~10€ 9

¢

4
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Table. 6. Number of individuals and sizes of P. altivelis about the collected
dates in Andong-Dam from 1995 to 1997

Dates 1895 1996 1997
Sites Nov. Dec. Jan. Apr. May Jun. Ju. Aug. Sep. May Jun
64-
289
Andong 1)
Dam 96~ 46~ 460 4HO- 480

81 H4 645 716 704
@) @)y (18 (69 @D

566- 923- 649- 87- 8&5- 703- 692-
Stream 75 1211 1106 1694 1676 86 85
an e (( am  ©® Ay 3

Number of
individuals & 81 18 589 64 62 72 106 60 11 3

Italic modes indicate the total length and normal modes indicate the standard

length.

() : number of individuals.

Al 7olE St. S(EAIE] A ey d-g AA3tL, St 5olA F 53 Ao
& AF 27 A St 6(EHE AF)7HA olFst WAEAT} 64~289
moll ol2& o7& Btk zoj71& B ol F, APYP A7t 45.6~64.5m ol
ol2 ol7|7tx] A Y 11EFHe ¢FE WE olFdH ojF ¥, TE
A EFIES F2 AAsEA 129604 3971219 FH7E FTZUHAAM €
S@h 9% F, 80| 10Tl o2& 490] HHE St. 6(£H AH) F
Holl A A4S A DS LI

49 FeRH A7 AFAGLZ 24438 5Ydle St 47 EE A FH)AA
A% 566~725m o2& Xojg wlHdolT g MF - &AANU. ol% 2ol &
Aate £019 AojFPee St 2(HEE AG)7HA &3¢ AE A £
699 Aol St 6(FAE AQ)NA St 2FE AH)7A S A FHelA



92.3-121.1mn(A )] A ojFldte] A=A (Table 6). whetA] 49 LRE 74
7HA] FE IO e AL st AlFol £4% AP FEA
EgaEdTges HEANEHIAES Hdydog A

of AHA7)7} AlZEE 99 ol2d AWt A 169.4me] o]t}

f

3. 20io| HejzAl

1) &% olst AT 2o AA e vl

2ole] Aol B FHFALE st &% Lol7t AAstE AT Ao
A vhed, £4 999, A% BB, 35, 4WF 2 FARe 25 67

f

A e L01& AFstd K% 2009 AA P LojE AU
ZAA#, FE 83 e 6709 Ad Az FH Aol UEUA
@t FARRE T AdME FHHor FEEE TS vehA o, &
A7AE FFEF 2ojoh AR A9 20 Aol M FejHog E3HA) &
& Ao B AtEHHTable 7).
olgjgt Ae AFIR olYE o7t A EH FEE UF FES A
o] A#stxl e, A 3dFL YFEWHAAM &%
g Ay Fdd o3ty Al&He R YRIAds AE FHEUE R
o AZEA g™ 209 ey S e 20

teeth upper jaw) 13~16, &eto] w4k ®¢F oj@hg 12~15 MIAF= 10~

46, AFZT 4 61~65700ith 52 ot 2HEHUT ZAoh HEye & Hol

ol ol ¥zl Y& F5o] Bol gy ol AA Aot TR}
A

5 5
o] 3A7tA olgth FAxvE F9 AY T An AA=grle &

fd

A 4y
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BRo] 71&7t 7 Aol shAAElrt LEA o ok 4L fAste A

Ho g o]ojzct AFote] HY oldfole 222 &ste 717 =, 8t
obo] Agrole 1489 AlvlH E717F ow, stetz) dotole ool Himfo
2 wjgsol gtk mE=eln £4e 22 ZEkA Ao HFo] dig B
BEA SA=Yn Z1ZAZE 423~473%, WiA=e] NFALdE 463~
52.4%, KA =2jv] 71HAdE 695~524%, A3E 14.7~188%, TE A9
el AE 105~13.7%, vIHFL 123~142%, Pl¥IE 56~7.2%, FFL
205~24.0%, AL 65~82%, FAZole 100~116%, UALZHLS 60~
72%, FHA SAxv] 7IFZole 139~17.0%, TA=u] 71xZole
204~26.1%, 7F&Ax=giv] Hole 104~154%, #ix:=eiv] Hole 11.0~
13.19%0}t},

AN TXol @Moln HFHL 2ol TE Axgu|E ¥l glo
o Aol £93lth A&7 HE $A& o] HojAn XF gy
5 Hatn A-guje P48 do vge ddez
Ar@ziol £RL vy XA S717F YAsa wiA =eivle S xaulg 7
zo T E7)7} vehdcoh dA 9 HR=gvle] Bk HWwEst E&Fo]

L
M
.
o

9 $2 Yy AFz Jay dE ugse ¥ Fdo] FAR FH A &
A& vehdtn 712§ Nishida(1986)9] Zo8 £ d7Z e} svinsd, 2
Fdidl 78 FAere] A =eju] 712471 16177091 ¥EHE | Nishida(1986)
B 14~167090 A, Agol digk AxvleA fevele] Jde FaHart
183~20.020 ¥, Nishida(1986)& 25.6~26.39 HFHH e =oly 5 A
FASZHAAAM atolE YT AU metA FF itz WEAG] A
st 2olet AFE P dEA TR dig FLe BRI}HA A7t 2%
Hro}.

p

Z
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Table 7. Comparisons of morphometric and meristic characters of P. altivelis
beteen the land-locked population from Andong-Dam and the

population of natural stream.

sitcs Andong Maup S. Wangpi Daejong Nakdong Somjin R Tamjin
characters n=72) (n=68) S.(n=23) S.(n=17) R (n=32) (n=18) R. (n=31

Standard length 656.7-148 575-180 660-1108 734-129 563-1084 744-1452 7T09-1129

In standard
length
255309 B1£07 248*17 254*08 29%0.1 243%12 252%08

(29-215) (B6-270) (185-27.1) (238-266) (5963) (21.9-262) (4.0-268)
190+15 183*19 190*10 188*12 193*04 200*15 19908

head length

body depth (152-2.1) (141-2L1) (169-210) (170-213) (17.1-193) (176-25 (183-22.1)
body depth 147407 148+14 149+07 14607 149+02 164728 151%09
at anus (131-172) (121-207) (136-159) (135-160) (137-149) (140-26.1) (137-173)
1. of predor- 484110 48110 485*13 489*10 48802 483%20 494%08
sal fin (46.1-505) (450-505) (439-501) (476-520) (488-500) (426-505) (47.6-51.0)
l. of preven- 51111 509109 503*15 51714 51402 493*14 515*10
tral fin (486-540) (491-534) (48-39) (S00-%63) (514-527) (453-511) (49.7-538)
1. of preanal 741%15 TEELL T27+23  T740+17  T35+02 71726 T43+12
fin (7L0-776) (€93-766) (639-767) (724-785) (735-748) (665-749) (71.8-T73)
1. 2nd dorsal 162409 154109 150+07 160%06 159+02 166*21 166%09
fin (142-194) (128-174) (138-161) (149-170) (149-160) (145-238) (149-180)
. depressed 196426 18413 178+15 192*12  183+02 214*31 191*16
dorsal fin (162-217) (152-25) (158-09) (172-212) (170-183) (166-268) (165-225)
, 162410 143*10 14308 149%05 152%01 160+14 159+07
I pectal fin (148-195) (119-164) (127-160) (140-157) (152-157) (136-184) (148-18.)
L ventral fin 133£14 119406 119+05 124%05 126 136+19 127405
' (115-189) (107-135) (106-129) (116-136) (124-126) (113-167) (112-139)
1. longest cau- W4+14 196+15 205%12 209+08 21701 175t13 20813
dal fin. (164-B2) (166-B1) (182-282) (195-27) (17-22) (144-20.1) (170-230)
135209 133%07 138+08 135%05 217+01 135%07 135%07
CPL (110-156) (119-151) (124-149) (128-144) (126-149) (116-145) (123-152)
81404 81%04 80*04  80+03 81 8504  82+04
CPD (76-00) (7391 (73-90) (74-86) (80-81) (7892  (76-95)
604+47 608+30 SB3+39 628 63618 632126 61034

CPD/CPL

(515-59) (43667 (531-714) (H2-663) (537-640) (H8-67.1) (51.7-634)

In head length

out length B2E13 24+34  B5E26  BS5SELT7 317402 340L13 242131
snou g (315-380) (26.1-394) (22-317) (R5-406) (316-329) (316-36.2) (19.4-30.0)
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(Table 7. continued )

sitess Andong Maup S. Wangpi Daejong Nakdong Somjin  Tamjin

characters

(n=72) (=6%) SAn=23) S{n=17) R (=32) R (n=18) R (n=31)

interobital-width

Dorsal fin

Pectoral fin

Ventral fin

Anal fin

Lateral line scales

Scale above lateral
line

Scale below lateral
line

L. above. Lateral
line

L. below Lateral

line

Upper teeth

Lower teeth

Vertebrae

Gill rakers

302£18 4%24 174£32 25%28 28302 26%28 20%26
(B0-344) (B6-36) (132-50) (17.1-04) (B2-23) (B9340 (176-27.1)

11 11 11 11 11 11 11
(10-12y Q0-12 {1-12y (1112 (10-12) {10-120  (10-12)

15 15 14-15 15 15 15 14-15
(14-16)  (14-15) (14-16)  (14-15) (14-16) (15-16)  (14-16)

17 17 17 17 16 17 17
(16-18)  (16-18) (17-18) (17-18) 16-17) (16-18)  (16-18)

66 6 6 -6 86 &6 8
®4-69) (6468 (468 (6469 &6 B368  (B2-:)

221 20-21 21-2 22-23 20-21 20-21 21-2
(19-23)  (19-23) (@21-23)  (21-23) (19-22) (19-23)  (19-23)

12-13 12-13 12-13 12-13 12-13 12-13 12-13
(12-14  (12-14)  U2-13 (12-19) (11-14) (11-14y  (11-14)

13109 133%08 125+05 125x07 130 135209 133x07
(11.8-158) (115-152) (117-138) (116-138) (130-132) (11.8-151) (118151

103208 112+09 97x06 S1+07  100X02 119x06 97%ll
(84-132) (91-126) (86-112) (82-105) ((100-11.0) (134 (79-129)

14 13-14 12-13 14 13-14 11-15 13-14
(12-15) (0-15) (6-15) (12-15) 9149 (13-14y  (12-14)

13-4 12-13 12-13 13 12-13 12-13 11-14
{11-15) 0-14 (5-14) (12-14) 8-14) {12-14  (12-13)

62 62 62 62 62 62 62
(61-63) (61-63) (6163 (61-63) 61-64) (61-63) (61-64)

3%6-38 34-36 3-35 % B-36 35-% 35-36
(35-42) (BB (324D (44D (B4 43 (34D

CPD : caudal penduncle depth, CPL : caudal penduncle length, ( ) : range
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2) S8&ole Ao Y

Lojo] Aol digh FefH AP B ole}, 2ol Aojdl] it FexA}
& Sl AAlE AT

St. 6(FH2 AD)elM FRUERZ AHF 2Aoje e H EJS b7 2
HFig. 3). '

A& 64mol o2& F3}AFE Aoje gL MEHANo Y, £3FL A
o] HAHAULZANE B ob NEA ek E£F AFHG e
go] o}z golglen ZHE 62/Ah JtEA =g et RA=ju|r} Hg
dejolyy ¢t e Hi By ZAAL¥7L IR UUT. olE SAMAXE
Baudkol Ast@ 5% WEkY Astddx AAete £ E3AHFig. 3A).

A% 7.1me] A e dFo] #H3] FFHJULY FELS ofF FYA ¥
el dohFig. 3B). A% 128me] /A &l /MLd oy, &%
ol FHE MG Age obz] BEHAQAT o5 WVEAN FHHE 4
7he) A)gol F3R3HA Vet oh(Fig. 30).

A 16.0mel] ol2e MAe HAzgo] FRA 7] A TRy
NZA717F gAHATD. FNAEE FFY, 488 SF%9 wiE a3 mg
BEo A en, FHFE Fadte 59700 o] 2R oHFig. 3D). A4 181
me A FR=gr)e A=) 7|27t 74z Y2 FAHEHUL,
mRx=gu g 7|RFe 1870014t olv] FAF R 4289 AjFol] APol F
A FAHD, Mt E2EH7 ARstden Hagdo] 2 FRIHHY
(Fig. 3E). A% 428me] 7/MA= 71§A=v7t FHeA FE=HUL, FHF
b AfFo EMAEI} JAFEHY ASFER SH4LT JHEH EY
o] UEbgtt}. 7 Ax=ejule) 712E F5D. 10, A. 15)0] 0|23 AV Aojo}
SAE 2o} 7o) = getATHFig. 3F).
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A TL 64w
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F. TL 42.8mm

Fig. 3. External morphology of the larvae of P. aitivelis at Andong-Dam

from Korea.



1) 8809 Ao

A% 6.4~1564mB 9ol ABHE AFF FFLoleh AIT R HAZ
A AP AAPGY 2ol FHLRE HAHXAE AAsAH.

20l9] A TEL Iwai(1962)9] 71| we}l H7]=}ei 7I(prelarval stage),
% 7] 2] 7)(postlarval stage) @ X9} 7]|(juvenile stage)® T&3t3 ol AF
gAEE Asld WEES AU
dato] A F4E7) WA AR I)e] HBEE AR 6.4me] 7R A

7ol deA dgole B3 2y vEH TELA XTAE AT A
o2 FAHAD 11 & 58S HolHEL YEA st

d3lo] A F4E FRE EE N=guY 7257t Bl o]27]7HA)

o] Zr1Ao)7ol e 2 74F, 24RY FA, 2 gt FFFE FE HHs=
Ro 2 et

ol7lole 8ZHF(B57.7%), EHEF(29.1%) 2 ZATF124%)E FE A
Aate Aoz FAHUI(Table 8), &3 7(0.6%)% AESHEFIE, o7

[‘\F

(02%)7} 3] YFE AAde AE FASFAHFig. 4. 247 FolM=
Cyclopoidac}t 2ol slgdsle 277 912%E AA AL, EHSHFE 2

22 (Bosmina)°l 85.9%% H#3Ath =3 A7 {HE &5 Hul 717 2
7+ 451% 9} 54.9% 2 A Hl&g vl&S et tHTable 9).

2) &%20l9 43

FEBA B B, 49 FEAVH S4W BHe ool YU
FAse 24-e 2UE T} SEARHE AF2 2457 ARBh 5820
AYY A7 559mel MALE FHEFE HAst7) A2ska @Y 71~80m



Table. 8. Alimentary contents of P. altivelis by the body size in Andong-

Dam from Korea

toial Iength(fu?u(;)ds life style copepods rotifers cladocerans chironomids  other  phytoplankton
6‘?{2%6 prelarva 4 3
11.244-11)9.5 sostlarva 45 1
23)9 postlarva
45'(51"55)0'9 juvenile 35 1 2
52‘?2309 juvenile 42 2 377 6 1
OLEGDS  juvenile 537 302 126 3
A3 juvenile 1099 209 247 diatoms
81'2(:])90'5 immature diatoms
92.”8— ét;)OS immature diatoms
101 (61~2 1)10.6 immature diatoms
11 1?{6 1)29.6 immature diatoms
132.?1~11)40.9 immature diatoms
144.425)149.8 immature diatoms
ratio G 00 (019 (o4 (05 datoms

() : number of individuals of the each total length

9o AASL tRERe] FEA ol HAHAN A% AN RHZF

g 4257 AFac}



chironomids \ -

29.1% copepods

57.7%

Fig. 4. Dendrogram of alimentary contents of the larva and juvenile of land

locked P. altivelus at Andong-Dam from Korea.



Table 9. Size of alimentary contents of P. altivelis by total length at Andong-

Dam
total length
copepods cladocerans rotifers cysts
{(mm)
6.5-96
3(0.1-0.175mm) 3(0.2mm)
(n=12)

11.4-195 A; 32(0.75-1.2mm)
11(0.1-0.175mm) 7(0.15-0.2mm)

(n=41) N; 13(0.15-0.375mm
289
(n=1)
455-509
(n=15) A; 35(0.75~1.2mm)  204(0.25-0.45mm) 1(0.125mm) 4(015-0.2mm)
n:
52.0-609
(n=35) A; 45(0.75-1.5mm)  173(0.5-1.125mm) 2(0.1-0.125) 1(0.2mm)
n:

61.2-705 A; 535(0.75-1.5mm) 181(0.25-0.45mm)
(n=42) N; 2(02-0.375mm)  121(0.5-1.125mm)

" 2(0.2mm)

71.3-80.3 A;1085(0.75-2.0mm)  136(0.25-0.45mm)
(n=47) N; 19(0.2-0.375mm)  73(0.5-1.125mm)

A, adult, N; nauplius

=g WG 897} 8lm o4 AAE 449 WEy} 43 oJFIH 58
4 Eole 448A %1 $HEFVL 4AsE 202 UehdthTable 10a).

R & £33 W8 ELS F2HEA Synedra, Fragilaris, Navicula, Cymbella
2 Pinnularia °l3 4% 4] ZZ2F9 E2HE T EHAUAHTable

=

v

10a, 10b). 3 HolaAH o ENE AL FHHE 20T FF°] SvF &
AUt o] 21719 2oje FHHo2E Hojgt FAlslY Aoz H53tA
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ore miAolrlol sF3ict ol d WYL dFA ST ¥ ohe}, A
& HS el Agd ©@AZY] AAEE oM E T FFe g vE
Ut & ABREZTHIFENME Synedra, Fragilaris, Navicula, Cymbella %
Pinnularia 59 #2579 2& RAZ2/E F2 HH3IEA 3] 479 5=
9 G2 HFE Aste Aoz HAHAY, FEAQ EFIAECY T H
ol= ME AR ¥ Aoz FHAHU(Table 10b, Fig. 5).

o) AAtgtel wat x0y7]19 YF X (conical teeth)ol Al do71e] &3]
(comb-like teeth)& W3}ste Rol €8x Ao vi(lwai, 1962), &4 719 2]
8 A7 gg3ldA FEAAM A4EHe2 AAHx Wttt (Komada, 1981,
1982). B ZAlIME A AA4Wste) SAS dotRr|ss) £4A41719 A
Ao MRS 2ALE 23, 490 AYE BE FRAME dREo] 954
2 x3 oA AL FEACD EA4X L uistA e AlEgo

Fo|l A 70mel 3o E4AE YEIY

o

SARE A4S ANFEEA F538] AAste 7Hol= HFo] FF 130mm, A
Zo] 22g¢] o]ETHTable 12). o13tgo] FAF A AFo F7te L3
o] Wo A H|E ThA HE& JUXE 7IAAT, olFAle]l A1, B o] FTH

s EAslnz s 4L A%

2o ¥l AR H4e

L 8
e
o
3o
A
K
all
o
rin
v}
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Fig. 5. Dendrogram of the alimentary contents of the adult of P. altivelus at

Andong-Dam and natural stream from Korea.
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Table 10a. Alimentary contents of the immature fishes and adult fishes in

Andong-Dam from Korea

phytoplankton total length 58.4-84.6mm 94.5-108.3mm

ClassChlorophyceae
Order Chlorococcales
Family Coelastraceae
Scenedesmus 4+ ++
Order Zygnematales
Family Desmidiaceae

Closterium ++
Cosmarium 4
Staurastrum
Family Zygnemataceae
Spirozyra +

Order Chaetophorales
Family chaetophoraceae
Stigeocionium + +
Class Cyanophyceae
Order Nostocales
Family Oscillatoriaceae
Phormidium ++
Class Bacillariophyceae
Order Pennales
Family Diatomaceae :
Synedra ++++ ++4

Diatorma ++
Fragilaria i +++
Family Naviculaceae
Gomphonema ++ +4++
Cymbella +4++ ++ 4+
Navicula + 44 ++++
Pinnularia + 4+
Rhoicosphenia +
Family Surirellaceae
Surirella ++ +4

Order Centrales
Family Thalassiosiraceae

Cyclotella + +
Family Melosiraceae
Melosira ++ +
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Table 10b. Altimentary contents of the adult fishes on the several collecting

sites from Korea

ohytoplankton . c° Andong-Dam Maup S. Uljin S. Dacjong S. Tamjin R

Class Cyanophyceae
Order Chroococcales
Family Chroococacae

Aphnocapsa +
Family Oscillatoriaceae
Oscillatoria + + +
Schizothrix +
Phormidum + +

Class Bacillariophyceae

Order Pennales
Family Achnanthaceae
Cocconels +
Family Diatomaceae

Syndera +++++  ++ + + +
Diatoma +
Fragilaria + 4+ + ++ +4++ ++++ e+
Farrﬁly Naviculaceae
Gomphonema + + + + 4+
Cymbella ‘ + 4+ + ++++ +++ A+ + 44+
Navicular ++++ ++++ ++ ++ + 4
Pinnularia ++ + + + +
Amphora +
Tabellaria + 4 +
Diploneis + + + +
Family Achnanthaceae
Achnanthes ++
Family Surirellaceae
Surirella + +

Order Centrales

Family Thalassiosiraceae
Thalassiosira +
Family Melosiraceae




(Table 10b. continued)

sites
! Andong-Dam Maup S. Uljin S. Daejong S. Tamjin R.
phytoplankton

Melosira +
Class Chlorophyceae
Order Chlorocoddales
Family Scenedesmaceae
Scenedesmus + + + +
Order Ulotrichales
Family Ulotrichaceae
Klebsomidium ++ + + +
Order Chaetophorales
Family Chaetophoraceae
Stigeoclonium + + +
Draparnaldiopsis +
Order Ulvales
Family Schizomeridaceae
Schizomeris . ++ + +
Order Chlorocoddales
Family Micractiniaceae
Micractinium +
Order Zygnematales
Family Zygnenataceae
Mougeotia +
Spirogira + + ++ + +
Zegnema
Family Desmidiaceae
Closterium + + + + -+ ++

Cosmarium + + + + + +




Table 11. Relationships of diet and teeth form of immatured land-locked P.

altivelis from Korea

teeth conical teeth jconical+comb-like teeth comb like teeth . -
SL(mm) |A. M.N. L.|A. M. N L |A M N L |2&0ST
-60 3 4 Zoo.
70 18 8 5 6 Zoo.
80 11 6 2 3 2 1 {Zoo./Phyto.
90 8 22 Phyto.
100 35 Phyto.
110 25 4 Phyto.
120 13 20 Phyto.
130 1 12 | Phyto
140 13 Phyto.
150 1 13 Phyto.
160 5 Phyto.
170 2 Phyto.
Organism |Zoo. - Zoo. Phyto, Zoo, Phyto. Phyto. Phyto.
SL : standard length, A: April, M: May, N: June, L: July, Zoo: zooplankton,

Phyto: phytoplankton.

Table 12. Variations in total length and body weigth at Andong-Dam from

Korea

dates no. of individuals  total length(mm) body weighh{g)
Novemnber, 1995 82 6.4~55.6(23.1) 0.1>~0.7g(0.1)
December, 1995 81 51.0~68.6(59.2) 0.6~15g(0.9)
January, 1996 18 52.3~75.9(67.5) 06~25g(1.7)
April, 1996 569 50.1 ~85.3(69.0) 0.4~1.9g(1.7)
May, 1996 62 57.3~89.5(74.0) 0.8~5.2g(2.8)
June, 1996 99 78.1~141.4(99.1) 3.6~29.4g(8.4)
July, 1996 72 77.5~170.0(131.1) 1.8~56.1g(22.2)

() : average



£8 2ol A@RF NBA RS FA87] Astd 77 30cm, 2ol 1.2m %
E 02me WEE 2mUHLo R 3t X3t vf 2’*17}"}5} 2o} Aol & A
et

FAAHE B4 EAZY 2MXAFLE A 1AM 24 VPeg
o] AFZ2Z L4kmAA, A 2AHL 35mAHE AT 2AAH 18
BHZ-2 50m, £4 89~155ecmE AR e 2, 2F R upqZ FA U
Fr&e o 5~10cm/secP Eoltt.

2ojo] AFFo g HAE AFo AT Aol F&o] FrHA e B
7120l AASAS ABe 2F 8~124] Apolo] b4 Botoeny, 24 8
Al o] F o] Fole A3 AAHA vk A 2olE F&59 sFo] vl
H zta, el Relieh A7 o2 FAHJE AFE ddeg dudte
Rog Azt 3 FLRUE ofghe] F2 A4S AAEL, ¥ 7A o
F3ttirt F7bo] HA EF ol e uige 2 o] Fdte FolAuitirl thA)
opztofi gt o]Fdl= Ho g FAHHCH

ZAMAA 2€ 8HF 38m, Mol AAT iR Hol U F4L 15-75emd
Aolny fF&e 433 @t oF 30~100cn/sec A} F 6A1FEH 23 64]
7R ZAME AAstged, Z2AYUY Flgtn] o2 A EE ATl A
HAE ¥, 20 Aoje AH AYHA FA

et B ZAME F3 209 4AFL AFHAAN AFE 3kmBoIHL
o, SAMNYRE JHFHFeE 35mAYA Y FlHeE #AHUT, &
o & T2 opghell 53] 2F 8~12A4tole] R3] {3tEgS & 5 U
2 cH(Table 13; Fig. 6).

o]} e RAME T BUAF 2ol9 AL FAUSA 2ARBIAG. A
FAIZIE 99 10492 FHEY, B dFoA HRIF 52009 duFe =

>
g
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A EAZOAM d5E BFE AYHE dHEo] 1~45m, 4] 5~40cnol ™
e AL B, 452 10~50cn/sect] AF9 E4E Az JSE &Us}
Ath 2F 124] o|A9] ofztel 70~1004ivia]e Loj7} B AdA AF=
o]5 3t At&g ¥ Table 13).

AAEA7I7} ofztelBR AR ABYEL wEAo] BiMFsHAT. 9 g
9] oj7t M2 PAIAA vlA] Aol E& WA E A Po] BS HIlE
28¢ WAt F40] 10enE HA gE BoME e 5o EFNA o
F3le golg &0z AL £ AL A=A FHH o] MAdo] wauret
A BFR =F3e AAEo] B & ol vl B2 £ NAE Bk
=3

AFolEe HZF(Cladophora)7t s o] HxF/o 78 ¥ 29
S5 R IYE AL AL FL&, Sutgndt 7)1 ER A§ 2~
3emPES] R x 2oj9 gEo] R o] iAo Utd® o] 753l
Ak

eojel &e FYo2 ojdud o8 xzF, 2L L el FALHH 3
Aragozs €L #49 dEg /A Yok AF AEF WA F= 2
Zutge 2zt @ AHAM Iml] 7z B3E ¢ FE AR A9 1~52
Ag of ¢ gFsta, F2 AF4 BF77) Shde AN Be 9 do] 23
Hol AU

EF ZxAEo] Be YoM #4 3~15mol A 107126 &8 A
& ZAx 10 1~44712 TFstHch A Mol #2& FaFA AFI)
19.2T, BF7F 223C, 2 AAFH0] 199T= AF} B7dd 0] 2TH:
Apol7h AATHFig. 7). FLE AFoA Fole 20~30ut2] 9] LojSo] B
Az FE Aste AL FFY £ AU
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Fig. 6. Appearance ration of pre-larva in spawning site at Andong-Dam from Korea.
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Fig. 7. Dendrogram of migration route and spawning site of the land-locked

P. altivelis at Andong-Dam from Korea.
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Table 13. Results of larva of P. altivelis collected at the each sampling

nets
no. of epth Sep. 13 Sep. 14.
nets 20000-22:00 22:00-24:00 12:00-2:00 2:00-4:00 4:00-8:00 8:00-10:00
N 1 89 PR . et +4 ++ o

2 100 P o R ++ +4+
3 111 N P S + +

4 125 PR . + + +{(20)
5 129 - S ++ + +(200)
6 135 +ha S + + +(100)
7 146 4t —_— + + +(90)
8 144 e PR + + +(70)
g 143 ++ e+ + + +(70)
10 155 ++ st + + +(70)
11 144 + + + + +(25)
12 153 + ++ + + +(25)
13 145 ++ ++ + + +(25)
14 144 ++ e + + +{25)
15 90 ++ ++ + + +(20)
16 113 +h+ + + + +{(20)
17 102 + + + + +(20)
18 93 + + +(4) + +(20)
19 103 +(3) + +(20) +

+(1)

+++++ 3000-4,000; ++++ 2,000-3,000; +++ 1,000-2,000; ++ 500-1,000; + <500
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Plate 1. A; Cyprinus carpio, BL; Carassius auratus, C; Acanthorhodeus

assumussi, D; Acheilognathus koreensis
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Plate 2. A; Coreoleuciscus splendidus, B; Pseudorasbora parva, C, Pun

ptungia herzi, D; Squalidus gracilis majimae
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Plate 3. A; Hemibarbus labeo, B; Hemibarbus longirostris, C; Pseudogobio

esocinus, D; Microphysogobio yaluensis
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Plate 4. A; Culter brevicauda, B: Hemiculter eigenmanni, C, Moroco

oxycephalus, D; Zacco platypus
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Plate 5. A; Zacco temmincki, B; Misgurnus mizolepis, C; Cobitis sinensis

D; Niwaella multifasciata
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Plate 6. A; Silurus asotus, B, Liobagrus mediadiposalis, C; Rhinogobius

brunneus, D; Rhinogobius giurinus
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24 o}F 5 FUNES 5% 9ud 339 3842 FUHD gt @A
°od® ¢ Soz ojuFL BAHT o), FHL 5 A 2L U F
Fol A5 A BH olFe AW A D T4 A 4F ARl
2o Aojg) A% B AT 2AL £ AFABO] FRAAT FBF ol
A 44 ol AES dohd FFY & A7 e FAE % Fas of
o e F WA AVl A T FEIE Qoht 2FEEA A7) AE
o],

IH 4480 $RE 248 A7l dFoz sty ARNE 271 4

=
He B SR Art asht 27] WFARS el oy WEe
A EiAel HolAEUAS o1& Aotk FEW AEL wolzA 0§

#% Branchionus plicatilis®] 74X 2 wj gl g @77 o] FAAH(HA
JKEE iR, 1983; Watanabe et al., 1983; T8Fr, Fil #, 1989), tizuidS
3l dA3t(Hirayama and Nakamura, 1976), Ho] Z/F¥ &% A4& Wl
(Snell et al, 1983), &% ol Chlorella Q=¥ W ¥ &d(James and
Abu-Rezeq, 1988) 5 =¥o] A&EHT oy, oMz A #oldE Fo
Et AFEFY 4, 1988 &F T, 1989), A& WHE g g AT(3L, 1981), &
o} ¥H(1996a, b)oll 21§+ st &3-< Brachionus plicatilisoll gt W79 <
T Tl olFoAE F &F9 o]&o] st
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B9 vjge AFHLZ of9 ALK A 0] AlH|
g 3 F 2YHo AYNE e o] de ol & HI Yo n(EHAT #E, 1982
Yu, 1989) AkH o2 HolPEL w3t o83t 7ledd dd Bis AY

= dAoloiA si4t §%< B plicatilisE FolH Aojoll g HolAEZ A
7V54& A8 (Lubens et al., 1987)3 Ax7t A& #olo)

o] G ol & Jted FFA &% W A< B alyciflorus®l ®
A4 kAl Aol didF AF(Gilbert, 1963), FAA4] Ao A2 B 8t3
A 7(Galindo and Guisande, 1993), d#el & A& g AF(Rougier
and Pourriot, 1977), pH &%) @& B. aglyciflorus®] B&E&3 WA dig
A (Mitchell and Joubert, 1986), 319} BH1996a)9] B. aalyciflorus £l o
3 B3 5 ouige] 8% 712 BEFHH d7e i JAGA Y B
2 AA o] & F AT A e dFold.

F, @A &5 & HolMER ol&3dlele A= B. rubensd] o Ful g
3t Q7 (Groeneweg and Schliter, 1981) 28]3 B. calyciflorus®] ol aFuf
7Vs Al g Ba(E, 1983; Mitchell, 1986)% 712 @771 A€ e ol
E3te AEg Al7le] BE FEAY 2 287 7HA 9 g5 e A

W el B2 Foirt Hx U
2

M
)
L
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i
)
i
o
LS
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B AT7E A B ol 98 YFdME S33tE 20101% F=R)
| 2Agd ael 2oje] £33 E JAFH2E fFEdly &o] FRAMEY
953 E W3 A7 o2 2ojo] ezt Gt 7] ol HEY NS
A8 A=A

B d3e a3 953024 olf shedel AAHAR @4t &5 B
rubens®} B. calyciflorus 5 AE8H AF7) o= X o|F AR 71E 3
Akl A 2R 4] UeHo g o8 o] & B pliatilis® £5%
&t wj%rIE e fa3 Ao g A8HE B alyciflorusg 58234

N
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T, AR AEEE 542 wHen, 43 25 5 Yol e P2
& FYYT, ANFZolA dEg 2 £8Pyl g A7 Fol =55
R71el A3t

A24d A g8 3y

1. =7 HoldE K& =A

AA BX3 e ERAEY F/HE Hotsto 207} 0] & £ e
e Yol A 207} 83 =Hol A3 e AdFIAM FHAAZ AR
(G2 50um) S ol g FEA FRAES AAsAD A FHAAEL 2
37 4% TN 1FF F AFHZ A H(1993), Pennak(1978) Foll
et 7ted & Fo FE/A FA}AT

oz

Z7| Ho|ME 7hs B2l 22l ¥ €F Y Ay

o} F YA 7] Ho|WERAM 74 YybHo|n o] Aojo L5ty WEE
ZAA47 FAS 3718 HAE §58 FEE2 3o JiA 2 2% &
2 4F wigs A=A

B dpoA 9F B 0|83 A|8= Brachionus calyciflorus£+1 #<
FA7E obd ANFADTF A ok AMF A R o= Ax AFHAUL,
dutz oz 2o g uEdte s FRAYLA ol 8HI AL B plicatilis® A
717} wls=(3l 9} v, 1996D)3I ), EFFH o2 22 &of dFsld HETdH 5
Aol Bl£d Aog AgHo] J& de] thh Ro|¥ Ao E WIEHIH

A Be U FFAES Leldte A H(Doris et al. ed., 1983)

S AR gA 2 AF 3 AHFig. 8).
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Collection rotifers by >50um net from field

lDilluﬁon by Distilled water

Petri dish%D. 10mm)

Isolation of ind. and ineculation under
stereomicroscope using micropipette
3-5ml of medium

(Chiorella 1x10°cell/ml)
CD <:_‘Z> O

12 well plate

St O E
l Starting clonal culture

—

Fig. 8. Diagram showing the procedures for the isolation and clonal culture

of rotifer.
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HA ofe] AP AAM E{HAE HAHIE >50m)E o8 AP FRrE
AFEERY £ T& AUE {FAS7] A8 e 3 gl 434
Ak RS e Y3tA e & FRAEST Zo] EEH J T=7}
o} tr& MAIZF EFE U demg AR S T} 2
£ 4o gME £ PF 2o ol &3 ATh

AZ B 0]83F £5 Yooz AWz de] AL8-3l= Chiorella
£ ol g3lgen, /iy dANAM HYE Y3l AlBEHIL A= ¥F Chlorella
g o] R Q. viYAl Chlorella®) Bxe F3F 712A22 E&317] A3l §
Y A}7) 2t 1x107cell/miZ 3Tt

B3 422 g ol wiFdtden 53 AF 28 & gotE7] ¥
3 25 o £ oINS sPu 25 AlPTe gutdoz 2 29
A AL wE HE wfetd o]&dtuz A AMARA 9 g e 25°C
NZo2 st olnth ok ¥& 27, 30°CY AYTE £ M) YT
2 A

. fru m

1o,
olN

Ju

B our

il
MN

3. HlcheHet 3 alujujey

43 ukdsle) 223 9E & 12 well plateo| A wilFstHA] o] FadH
cloneg g3 on, A8 clones ©]-8 Au] ¥Rt

Ahuie AZujRFA 9} UE 59 Chlorella7t THE wiFY g o] &
10mioll A A)2+éted 50ml, 200ml, 1000mie] o2 $AZM Aujujdst &
Z 20¢ olad F2AA FA3AHFig. 9).

Zt GAEE §58 &7 AZCGIEY 2@ A7De
/mlo]l 23 g 7IFL2 A &£F & &2 B
&3l M FY S AZ F EFUE A gAY 2 FGAEE HA3) AT

g AL vl 242200kt JA @R EA BRERoH, Al Gl AHEE

%9 4x7t 10744

rr

70um YRS o]
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- Starting clonal culture

T
%gf
é:
ny

'

A

Fig. 9. Diagram showing

- Petri dish containing 10mf medium with rotifers

- Starting indoor cuiture

100m¢ flask containing 50mf medium with rotifers
Change the culture medium daily once

Proceed till the density reaches about 50 ind./ml

500m¢ flask containing 200m¢ medium
Change the culture medium daily once

Proceed till the density reaches about 50 ind./ml

2000m¢ flask containing 1000m¢ medium
Change the culture medium daily once using 50—
70um mesh to separate the rotifers

Proceed till the density reaches about 50 ind./ml

- 302 acryl container containing 20 £ medium

- Change the culture daily once using 70im mesh

to separate the rotifers

- Transfer half of the quantity to another tank

when the density exceeds above 50 ind./ml

the procedures of clonal and indoor culture.



Chiorella®l Y=+ 10081 &ollA FALNHRE o]&3le 2e)a £3F9 A3
I el AL 50u)EollA FAEAZISISAE Sl o) st

A iF T FFTA &3 AR Y 728 Yolr7] Astd Ajuies
FU &5 & AdulGA S L =9 Chlorella 894 250mlg ¥ 500ml
AR EGAI A gt AlFd HHI ANAFE R} F O3 2L 2
T 7 APl FARAAHoR EFste AFAGE AAISA

AELe ZALE Eol7] AdA duAPa B Aoz FE3P2T oy
AlE-2 15~30°C 714 5°C 1t 2.2 4709 NP7 E 4 43S sty
ko] Ao AP 2= AE AA3NAUL, & AFoAMe AuAg A
Uetd g 25 B9 5 A%l vind ¢53 HAJ 22~-28°CHAE 3°C
AcE FY MY AFTFE AL EAM EHRE AFTE 2

7zt NPT EeAlg 5Y93 Chilorella® 500ml-E ¥-& 1000ml flask 370 &
122 3}, A AR A dxs git3oz &5 vgA FFdle U=
Q1 2070 A/ mIZ 3 HH(Fulks and Main, 1991). A8 F wlgH S vid FL3
FTERZ BF3AL pHE 70~80 Aol & RASIALH, AL FFTY &5
o] d=7} Hulo] =23 F F73] st A3 29 F FEIATH

AN F &% Txe AR Z AFEF ME AY St FA
gl 1Ints HE F A @0 B3tolM 43 AATS Ao 33 5
31, AlgE HoAE Ttk

A zF AE7E AT AFES o A g3l 782 (Rico-Martinez
et. al., 1992; Schmid-Araya, 1995), /WAl F7t& =0 vlX= FFS Polr
7] A& 4A Hd 2FE S 7

r = [In(D/Do)V/t
(&, r= BZE, D=534 99 4%, De=HF L&, t=2j %)



g g APe Aoz Yiste 8 F Ae FEZ AWu]YA
dukH oz Ig 5 UNUYE UxQ 30074/ mIZFE 1Y 29703 S 2§
2 SRS W YA FFA 70002 HAHSPon, FFo] §o]3 800 &
9 ola¥ FZE AHSSIAT A A BE 235 7Y40M 308714 &
& HolZ 3ty ol o] IntEld B.F &5 MAFE 40,000~100,000
7R A (Lubens et al., 1987)4S 7Z<Hsoid 2,000~5,0000te] 9] =oj& AlSE
T e FolE2E G ZA onE JiXga Bkt

g o] d¥e AT HF MAFE HFLEE 200A/mIE U o 3
ARGz 14x10°709) HE§ £50] YRI}EZ o8 23 Y & U:
o] T GFEE 2500 FRP &0 AbS4 2000 2 8t F 7 Fatch
3 v FAldle APAUdAM A ST =& AT AT

HBZMF HSA AHERD &F AMATY TS of 30%0IRen 2+ 23
Alntet Bl okzte] WiEe AF AT ¥Bx2 Yr|sti

}-IJ

ASAR L AU MIFEE S B £ AFARE YR 891 251°C
AA HAFALH, &5 HoldEE i FF AMFA o] &dHe Gy
&= (Fulks and Main, 191)& 7|E&2 2 3tQon, Ho] Fxd vjYAFe 4
A3k ot

12 AEe 32 9Y ¥ 2298 6x10%el/m/Y 2 Fol3 & ghegs
B 3474 5% 229 6x10°%cell/m/d3 FAELE 0.06g/ /92 Fol
st Th 23A P 1A Y 28] X9 ZEd}e FAARE o]t
ool FFL b Yoz 28d Yo dAFIL, MYd e 54 A
< A3 Y S 1/38 vl E8E ARS ASFE n@sly FUo

Artel AZL of AJPA 24X BHoE $59 A%, TIL] HIE 2
Atdtden, 59 25 2 TS ALSSF 50mlS H& & AL S 1mle
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Hal AAA0)ZENA A AL 38 R HFE TR
Wl F e 32 TAEo] 5% °l8tE HolA A St AdHA de A
Holu} duwrro g FatE BEQl 25070 H]/ml o] A4Y o) AAEY ).

5. ALg CH2HiLAIY

A% A BPuFe I ASTA WP B F2H WEL 5
3 wase Be P Aoz £¥Y £ A P
Lim(199D)0] AA1& wgol mgtem da) AgelAs o2 Agol A WY
N7 Fig. 103 2-& 4ol Haieh

#29 FEUE, Po|BTL L AR 2D AT WA P U
sgon Holswol et 13 AP 23 NPz TR

s3e 49 £3 ASs} 1000A/ml ool B ujF 2 ARE ohY 1/34
g3 ¥ 534 WEP ¢ DI A2 NGRS Frse uFe ALt

o0 Tgol 5% olstz WolA theg A F77t UHA ¥ Aoz
gEE AHAN AARS S

|

8 207 MAstn e Aoz ¢ ¢ F3) oA 209
A4x0j7} B 4 e AYS Lotra Gt Yol E 9 wjdrEs shdol
tmalz] s 19953 FE 1996971 RAR7|H e RRAEE AR A%
= o 2o
oA A AEH FRAES F 67 115 273 4652 2(Table 14)



700 £

Inoculation

harvest and refil

Harvest and refill

- Inoculation at density 20 rotifers/ml

- Chlorella density 6x10° cell/ml

- 1/3 harvest when the density reaches

about >100 rotifers/m!]

- Refill fresh water and Chlorella

- Repeat harvest rotifers and refill the medium

daily till the ind. with eggs less than 5-10%

- Total harvest when the ratio of individuals

with egg(s) is less than 5% or the culture is

contaminated heavily with ciliates

- Clean the tank and preparation for further

culture

Fig. 10. Procedures of semi-continuous culture.



Table 14. List of phytoplankton collected at Andong Lake from October

1995 to April, 1996

1995

1996

Oct. Nov,

Dec. Jan.

Mar.

Apr.

Class Cyanophycae
Order Nostocales
Family Rivuriaceae
Genus Gloeothichia
Family Oscillatoriaceae
Genus Oscillatoria
Spirulina
Order Chroococcales
Family Chroococcaceae
Genus Merismopedia
Microcystis
Class Chrysophyceae
Order Ochromonadales
Family Dinobryaceae
Genus Dinobryon
Class Bacillariophyceae
Order Pennales
Family Achnanthaceae
Genus Achnanthes
Family Diatomaceae
Genus Synedra
Tabellaria
Diatoma
Thalassiothrix
Fragilaria
Asterionella
Family Naviculaceae
Genus Gomphonema
Cymbelia
Navicula
Pinnularia
Pleurosigma

4

+

Sttt HEEE

+ 44

4+

+ ++

+

b

PR +

b

O

++++

o

+++++

++++

+++++

++++

+44+

+++

b+

+++

FRFRFIFRN

++++
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(Table 14. Continued)

1995

1996

QOct. Nov. Dec.

Jan.

Mar. Apr.

Family Nitzschiaceae
Genus Nitzschia
Family Eunotiaceae
Genus Eunotia
Family Surirellaceae
Genus Surirella
Order Centrales
Family Thalassiosiraceae
Genus Aulacoseria
Cyclotella
Family Melosiraceae
Genus Melosira
Class Dinophyceae
Order Peridiniales
Family Ceratiaceae
Genus Ceratium
Family Peridiniaceae
Genus Peridinium
Class Euglenophyceae
Order Euglenales
Family Euglenaceae
Genus Euglena
Phacus
Class Chlorophyceae
Order Chlorococcales
Family Chroococcaleae
Genus Chroococcus
Agmenemllum
Family Oocystaceae
Genus Chlorella
Tetraodron
Family Coelastraceae
Genus Coelastrum

+

N L = S

+++

++

N T

e +

+++

+4 +
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(Table 14. Continued)

1995

1996

Oct.

Nov. Dec.

Jan.

Mar. Apr.

Family Dictyosphaeriaceae

Genus Dictyophaerium
Family Micractiniaceae
Genus Golenkinia
Family Hydrodictyaceae
Genus Pediastrum
Family Coelastraceae
Genus Scenedesmus
Order Zyganematales
Family Desmidiaceae
Genus Arthrodesmus
Closterium
Cosmarium
Staurastrum
Family Zygnemataceae
Genus Zygnema
Spirozyra
Order Tetrasporales
Family Palmellaceae
Genus Sphaerocystis
Order Ulotrichales
Family Ulotrichaceae
Genus Ulothrix
Order Cladophorales
Family Cladophoraceae
Genus Cladophora

4

4

+++

++

bt

Total 6 classes, 11 orders, 27 families, 46 genus

+++++ very abundant, ++++ abundant, +++ common, ++ rare, +

..91_
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T &7 Adds /7 87 184, mx Aol 127 185202 74 go)
s, Fx7o] 33 5%, JURZF o] 27 2&, YA FuHwz
gol 1% 1&%olUnt. ol Hlm3 FREA ZH}c FTHE FIRHRY
Fragilaria, Asterionell’aﬂ HZF9 Coelastrum, Ulothrix°©) Q.

3HH FEA BRAELS 57 132 F2 874F(Cyclopoida)?} tHEES A%
st oy 7t X ZH{F(FZ Bosmina)®t &% F(F 2 Polyarthra)7} A=<
tHTable 15). o1& 3F /< AlEe A AY YA Ix2 AAHAL
B, 2]0j7] 20]8] F23% Hol|MEC] & o g A5}

S 34 ok AR GIA AHF &% Brachionus, Keratella,
Asplanchna & 3%9] si@sle F/70IAW. olF Keratella® o] §%& A7)7}
7] dolM ol A9 shsAdo] slubslgoen,

100im ©13t2 Szte] FHn 2
Asplanchna®:®) &3¢ 27) BolME APdgou e A4FEolY 2
252 FolHE § T4t WA AYel AP BT

¥ Brachionus%9] &%& Z7|WA 200im F==2 HAHstD, 71& 4t
oA BFHI Ae T EFFFHOLE FARBIEE AE8H EAo] FAL A
o2 Ao FF Jlasdel BUA ol Ho] BE AoE By
Brachionus%: 2] &% sl §3, £ 2 s AAsAt

v 88 @4t &%, Branchionus aalyciflorus?] Bei3d EA

B AP g 4F & 4t o] AP Ao wo] AV REV S Branchionus
plicatilis®} & &9 D8l B alyciflorusE 27583 Yxe e
o},
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Subclass Monogononta .44 554
Order Ploima ¥k 8
Family Brachionidae 3-8 %%}

Brachionus calycifiorus Pallas (Plate 7)

Table 15. Macrofauna of the lake Andong from October, 1995 to April, 1996

1995 1996
Oct. Dec. Jan. Mar. Apr.

Rotifers

Keratella ++ +++E +++ +

Polyarthra 4 FRFI, St ++ ++

Testudinella ++

Lepadella +

Trichocerca +

Brachionus +
Nematoda +
Brachiopoda

Bosmina +++ b+ ++ + 44+ 4t

Daphnia + ++ ++

Chydo,rus ++ +++ +++
Copepoda

Cyclopoida ++++ +++ ++ EE +EE

Nauplius + +4+ +
Diptera

Chironomus ++ + LS +++

+++++ very abundant, ++++ abundant, +++ common, ++ rare, + very rare
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Plate 7. Freshwater rotifer, Branchionus calyciflorus. A, typical adult with
two eggs, B, two type of eggs showing size difference, C; hatching,

D; hatched larvae, E; adult with resting egg, F; resting egg.
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ey, 71E dd T3 ERGHCR 2L £ dPEHnE B A3 <
of ®atolyzt o 7}x] ThE g0l zjoy A}
Sz AT Aoz AsHUt
e &5 AEHH EAE gotRry] s Ald wigFold B
calyciflorus® 37t A7), @] A7), TU3 do] 5 3 ¢ A3 Ane
Table 16, 173} ¢}

Table 16. The lorica size of the rotifer B. calyciflorus isolated from the fish

farm of Chinhae Inland Fisheries Research Institute(CIFRI). n=86

Type Length Width

N 1410167 107.0+20.3
yp (110.1-1825) (75.3-152.3)

- 2%28+152 1826+ 13.4
ype (234.4- 288.6) (159.8-207.0)

uztel Z71E &4 A7 1997d 397 499 F strainA F 1A F8
B2 e ¥ 222 JeElgcK(Table 14). & Zol7l ¥F 141.0£16.7m
(110.1~1825, n=44), &o] 107.0*x20.3m(75.3~152.3)21 t}4 2 straind Z
ol7} HEF 262.8%15.2im(234.4~288.6, n=20), Zo] 182.6+13.4(159.8~207.0)2)
T 7HAZ FEH FRH oz 2+g S-typed} L-typelZ TR}
59 749 BE ZAQAY] FgoE gAe §13 Hdo] aYE HgH
T clone /A Folx, &F9] AV AMAHLEZ & & 8204 3] 2t

© vt Y Al7]e F 714 typeo] YERE 2 FEEHD 2 T2 ¥ol7t & F
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22 F FEAMY EFEY & F FF 77 €8P Ao AsdUh

#1 2 Ane 4 839 B plicatilis®) S-type? L-type 22| =7]9}
frAbstd e v (39} 8 1996b), &9F uH(1996a)2 FWl 4 FaolA g4 B
calyciflorus® &3t vl B@ F3FY FZ7]= 211.8~2299m ¥ 9 olol A
2 A3 Yebd S-typed}t L-type] F7ho] #2319 A9 Rico-Martinez and
Dodson(1992) 9] 4 strainell tidt 3 A< 1953~277.3m3E A9 LAY
=4 o]+ strain® x}o]r} opdr} Als "t}

olE &%l WigF XHE v do £ L AVIE wigd Yo 283
f47F 8 ZAoE B old dis] ZAE A de Arie 3 ANY T}
I e G ol et F AR FEHANTable 17). &, g AA7F =AL
A EF3I e G = 1~ dgsided, o] Fo 74 44 ¢
Ae w3} o 18NN Astel of 29 FU NG PA0E AL FL @
of Hzte] 21 thEg 3 W #AY & e L9 £ &3] 344 13
A7 otk A3} (Gilbert, 1963) Yx13t% T},

AR B ZA77F FowdA 1~27) EEF AS deo AALe B 7}
87.5~107.82 ti&olQa 374 o) TI3 A%E UF 551~652m 2 ¥ o)
Atk F9 A7 & L-typed A$ P9 A7e g AM 1~-3ME TS
A 3o BEL HE HH7F 1049~121.82 oz, 470 ol &g A
$ 62.8~89.1 AR AFIoloJA S-typed] dRT vlmy & HolUnh

$H FHTE B AIF 7SS L-typeol et A 4k deo] 27
By 37 2 @o] oz Zm(Table 17), 819 ¥H(1996a)0] B1d A B} ¢
A veElYg FEEr

pull

g
A

o AF wFAY
A 2l os] 3~5mle] wiFYel] 1 AAY-E B2 F ujgste] 4F
AATE FAA

FF FF Aol it 71ZAEE duA YFEY F uigd e &
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Table 17. The egg size group distinguished by their number of eggs deposited on each indivudual rotifer and
those of resting egg of L- and S-type of B. calyciflorus. Unit; um.

Amictic egg
No. of egg(s) deposited on amictic female Resting egg
Type
1 2 3 >4
major minor major minor major minor major minor major minor

1078168 762142 875+107 750%x48 65259 50.0%6.3
S-type 55.1-65.9° 47.0-52.7 not found
(92.7-1159) (69.0-84.6) (71.3-119.2) (65.2-83.7) (54.8-78.0) (34.0-58.7)

121847 845%60 1089+126 764=79 1049%*138 803=38 160.0£56  93.7x50
L-type 62.8-80.1 485-7838
(11569-126.7) (75.3-91.1) (90.2-1176) (66.2-84.1) (83.7-121.3) (74.7-110.3) (149.4-169.9) (81.1-99.3)

*, range of mean



ARAFA F27 FAS 250°CE 7IFo2 dtn WY £5E =07 9
& & &9 275 ¥ 300°CH 3 AlgPE2 wgd Are Fig 1134 2ok

A ANETF F AZEC] 7Y FXE AL AA MAA Y 27 KA 25°C
A2 v 57 B 45704/ well(3 mDE F2 502, 30.0°Ce L
FolME AY FAHA FRn WF 4AR ] Hao] 23 F HA FolEL
o P& FTo] WAEHAG

olgidt ARz B W Hd AF FHA WY 2= 250°C °JFY e
qRERen, FF BE AP 71§ 222 o83

mio

2. Alch BH2t ! AlLHulQd

A ujek 2 @] HA wY x5 F37] f% VxR EE 883
1A uldE ez 150°ColA 30°C7A 5°C AL R 470 A& HAsY
AR, B Algeze duldy 23 4Rl 71F FRA 250°CE FHL
Z A 3 3C Aol £ 22, 25, 28°CY 3 AETE AU

b AgE wjgd ol 4 &5 Yo ¥y

AulAl gl A3 vlF 25 L FF AI7IE &7 A8 & AEE wigd
Fol & &F Ux 9 H3E XA FAie Fig. 129 23t

Ao} AAo] 71 FUW Al FE 25°C APETFRE Ho B Wi 59
7R FRAH o7 Forele HE 2153/MA/mI2 AlE AZA KT 10.88] F 25
of XA RS B

W 30°C AEFE G 3YAA S 25°C ANPFERTG AFo] Fol BY
11750 A/ml2 F7stg oy Azl ARl Zdaso] Ay Folx XA 20°C
NPT Ase dAFHoR HA Frsle BEL 25°Cet #kou A=
a6) uxx] Z2Pon 15°C AT BEE A8 AR v P} ZAs)
= AgoE &F Yo KFFY Aoz ArHAd.

EAGAAM B G 2 2 8 A7E €7 A 4 AdTE gL
ol & &F Y9 WHIHE AN Ane Fig. 137 28t
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No. of individuals per well(3 ml)

Days

Fig. 11. The change of rotifers per well during culture under various tem

perature.
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250 ¢

200

150

100

No. of individual per ml

50

Days

Fig. 12. The result of preliminary experiment showing change of pop-

ulation density of B. calyciflorus during culture for 5 days.
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Fig. 13. The change of population density of B. calyciflorus during culture

for 7 days.
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ABZFA G =T WY Aot A E He Al7le g 5L Yk v ool
A 200A/mlE HF Re A4 AR FEAZIE G AR SYAZ d3EHAT

& 4dx7t 7 B4 WiGHAE AETFE B5°C AEFE Hg U o)
& 5YA HT S839MA/mIZ AP AIFAIEG 2028 A Ao o) F
ah ZasAd.

22°C AEFY Y dx =2A7e 25°C A8 79 ntavtA g sk 595
oo, ol Bxe HT 421370 A/mIZ A1F AZAI R 2118 FA% &
Axk 2L ol 25°C Alg@ 7ol viE Hd oA tha B AU,

28°C NETe B g d=e g AR 14 F BT 470A/m2 F33)
Fastden 3dAd e hA/ml o2 A, AP F2d 71x] 3B
=2 %t

ol o] &= WidAI P =2 A Yxe FFe] 71 F& 25°C
Al Gl A 583970 A/ml 283 22°C Al el A 421.370 A /mlol o)A &} ut
(1996b)e] Bt &4t B. plicatilis®] 753.370#)/ml Bt} F7F B X0 A
g FR %5}*}@])‘1 dRiH o2 FEgdte YxA 200-30071%)/ml (Fulks and
Main, 19D E = AR Fo} 7] Hol2X 9 g & o]&7x|7} 7|d = A}

8 254 47 A 28°C AgFeMe AY wge] o]|FxA e W
B 22, 25°C A TFolME HFUZ s 22 21, 292 F2 o) A u)
G 2=HAE 22-25°C ¥/ £& Ao 2 A8 HO Awalss and Kestemont
(1992)2] Aot YABAT 30°CoAAM F& 43E BAD Rico-Martinez and
Dodson(1992)8] ZA3ote Aol& B FHHJY. 3 vayg 12d g
dE3 HEV 87490

Y E&ge] g %2 AAT F7HE
3 24217 tAC 2 wig AE EJNA 282 AT A2 AN
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=

o] EFEL 413%01A42m, A AP vif 2YA e 223~388%2
#aste AFolA1(Fig. 14), ole M2 @730 Ui A3 AFy Lo] B
3= MATeE FYEE Yol Jehde 4o g Alsd U

ol21d XA FHEL 22°Co 25°C A ET7Y A uld 3YARE F7}
&t7] AlFEd oy 28°C AT A AL ZAsA

22°C AETe] ZAS g 4R ole X A9 £8 &0 376%E KA A
AAEGE B FXoAoY A AR FBHJYoH olF A}
25°C AgTE Wzt AFL mpztAeloy s5d Al7le wiY 5YAR
457%0°) 28 Ald AFART R A F78H R, o] F FH3 #AHAU
o} ot 22°C AT A9 ulY 3-597 25 & ¥t ey 25°Ce) A
< WY 5UAES AFste FH% WIE Ho FEHUC

A G715 MATY A £2§ goti7] g8 Fd Yol =28 FA
MAT ZA4E D AL divl 4 AT BZES ZAEIAL, HAT A3
X 290-& Zolry] s A MATY GRel NHAE T FFE A}

A= Table 189 2t}

e

Table 18. Daily change of growth rate and egg rate for 5 days of culture

Culture day
Exp. group
day 1 day 2 day 3 day 4 day 5
growth
0.802 0.673 0.755 0.762 0.534
22°C  rate

egg rate 0.343£0.069 0542*0.175 0614%0.112 0.566+0.019 0.144*0.127

growth
0.749 0.832 0.964 0.844 0.513

25°C  rate
egg rate 0.395*0.07 0.628*0.103 0.704%=0.169 0.772+0.367 0.056*0.005
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50 p
45 f

% of ind. with egg(s)

—e—22 C

Fig. 14.

Daily change of % individual of B. aalyciflorus with egg(s) during

culture for 7 days.
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ZA ARzt AeE ARSEV MR =Y AL 22°C 487y Be
W 292 AT BFES 080201 ThA] Rol tF HY Yk =
29 4L Aol 07622 HEHA O, 25°C APF 75 uld 3YA 09647}
A HFRHeg Ford F 7 Ho} 22°C AP FRY AT F7H7 B FH oI
123
FH Aol MY FI AP 25°C AP TN BFEL 0749-0964 BHE T
o Zo th3 Rico-Martinez and Dodson(1992)2] B 119l= AA3}HA|T {FALE
ol B. plicatilis®] 0.194~05522.th+ A Fo} FEHAUTH(1996a).

NAT F7H80) 4FE v]d Aoz dAdHe 9R MAT Ed5Fe 22°C
APT7e] A ulF 3YA 06142 71 e, 25°C 4P+ B4 g 4
A2 0772014} o1#¥ ¥ ZF}= Rico-Martinez and Dodson(1992)8] & %
of gt 0.183~1617Hthe 4t Fe FARAT YFEL KA FF &
strainoll g HUF AL e EH

Al AR g HE MAT A9 A7) 2GS Hal 4 T d 52 A
o] 2889 ZASIY wag A Fig. 153 2

A1 A2 37 olate] &8 AHA JlAle T3S MY 7.3%l0eH wiF
44 Ao HAAE Bed 22°C A¥ETFY AS 107%2 vlnd Loy
25°C NET9 ZAfoe 231%2 obF Fol 22°C APl vl 268y =7l
velsth &3 25°C Ald19 A9 w4, 594 25 AY ¥t glol ¥
F£Q Aoz Yehygo

ety 27 S A3 4F A HHS 2 25°CY uf wi g 3~49A
of AHst AT ol /MY F& ALE BEHUS

$H B ZA A X ol wet 3o A7)0 gEkge] vese B &
9 ¢ AN e XAt G Fol wnHE Fo] £ ol duyA AHE
ole A2 AFY + Ugol AALE vt Jth(Walz et al.,, 1995). EF Fo] =7)

My of
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o

(6]

. 15. The change of % individuals of B. aalyciflorus with more than 3

eggs during culture for 7 days.
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€ 59 A7) vHsy, 22 delM FaE AL & dellA 238 fA
Bla) AR AAsted Zade Ao] 2 A v & ¢ F3t F A4
Zkol &2 olel A& RLE AMEHIL, WY 2P WE & A7) T F
2 ¥zl 59 EAo] Hag vi(Ricci, 1995), £ ZAMET YEld A¥de 4
e &3 wigel Ao FF WMEA AFHoo & Ao g det

rlo

3. CHE2kHet Ald

59 Hol U= E FFoR T 1x AY 2 HE F 194 3T MNA
D=7} 4970 3/me, 28 A= TI7RA/me, 3L A= 13070 A/ mE2 F7hste A1E 7]

HE Aol vl 1.4~258 A D7) ek, AEYH vnstd }F
6.58 AA Bx7t F7He A oW (Fig. 16), A4 o] &8 3 AarFe RE£3
Ao 2 JERt
I &5 Ho] Y E 2 F 24N FolME HEF 1YAE HT A
De7t 1430 A/me, 29 368MA/mE F7hstd AlE7IbE Aol vls)
26~72v], AE el vlal 184u) MA D=7} F718kH(Fig. 17) E¥HEA &%
AT 2500 B 238t FRAPL l%z} F AE Ao Y
%ok

o] A 1AAE B 23X E Y FY A VIF &F UEE vuEd HFE
UE = FY3FAE Holgo] Frtgte) e} & Aol A Frlste 7

&2 Bath &, 1,23 A9 % Hol FIFLE 2 Aol UA Ygkout u)

0{

of via] 298l ¥ UEE BHYY HFLL vlaidE 72004 FUtE o] of ¢

42 T g A AA FEAFE BE 12 A2 HFF 3A &F NA
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Fig. 16. The change of the density(ind./ml) of the rotifer, B. calyciflorus

during the experiment on first batch culture.
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Fig. 17. The change of the density(ind./ml) of the rotifer, B. calyciflorus

during the experiment on second batch culture.
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Bx7t 130/ A/mE F7hete] 700 L F2AM 9 1WA 7}, 23 A Bl =
HEZ 244 &% WA 2=} 36870A/mE F713td 1Al Al R} 2.8u) 7}
B 29530 7THRIRA 7 AYAE AoH(Fig. 18).

W o] A& 7T &F9 F ol FFFL 1AANAAE FF Chlorella
600m¢ 2L FAIAER 80gola, 2xtA1 0= % Chlorella 800m¢ ¥ FXER
80gol At

WolWEs} B 1AW A% AE ¥ 1M A £3E AALEE 54
AA/miel R 29 AE 117AA/ml, 3LAE 1520A/ml, 4LAE 18244
Jmiolgiev], A8 £2Y 5AAE 157704 /miel AeH(Fig. 19).

W 2AARE 4L AESBRE BHAE T 20A 20T A
ohAlEt SR WA AHZNTAAZ 3de] AA % 19 4MTAAE £BY 5+
21t} (Table 19).

2% JolUEs} 26) 274 2448 A% WF 1AM L% F5d B
T AALE7F 11970 A/ml, wl g 2L Mol = 328783 /ml, 3L A= 33270 2 /ml,
s 2620 A/mIol AT AVERA M 5LAlE ATAA/mIZ AL
st £ UEE AAHALFE 20).

2N el A&4He oAl W 2UARE 4R 35 WRIYO D )
oF 220 TATHRAANZ A2ere] 4UA 631 AWAATA 397 F 29 1495
SR AE 8T 4+ 3o} 1G] Bl 2180) FUCH Table 19).

Qa4 U QB e AW ARE AA SEANH A5 9
S e 2ol YT ANF L AAAL BAse] e

2% AL ASYFE Urolny ABEY 1A G 307 700 L
szolM & 9R1NWAAT A 12 o 3RWAAE, 24 FeANE
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Fig. 18. Total amount of rotifers harvested during the culture.

- 111 -



200 r

150

100

No. of rotifers / mi

50

1 1 d

0 1 2 3 4 5
Day after incubation

Fig. 19. The change of the density(ind./ml) of the rotifer, B. calyciflorus

during the experiment on first semi-continuous culture.
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Fig. 20. The change of the density(ind/ml) of the rotifer, B. calyciflorus

during the experiment on second semi-continuous culture.
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Table. 19. The change of the number of rotifers harvested during the semi-

continuous culture

No. of rotifers harvested

Day after
incubation First exp. on semi-continuous Second exp. on
culture semi~continuous culture
2 2.7 X10 77 X107
3 35 x10° 7.7 x10°
4 42 x10' 6.1 x10
Total 1.04x 108 2.15% 10

2A5HTY A A7 A E o] A 143 WA AAEHUAY. A&+ T
Me 1A EolA 547 F 291-5W IR A 7} s o] 1Y 4139 A &,
22 ol e 593 F 3ATHRANAZE Ao} AP 7AW A el n2

28 vls) A% Wgoy FELAFE U 2FAE e gty ALY
Hol A 2opd g2g2ded 12x100%cel/ml/Yo FAER 012g/0/99) FE
2 "olg FHsty g W g F 297 s o] A&AHA

Aoz Yebyt
U EF AU BALE BE AHEE Holo 7MAo] w522} 307

L, FARE 8HU/kgoloiA AIRA Yol B8 23kA1H S A 49
Yol £21 ol 714 A& 4 222 Jetdti(Table 20). 23y A& 49
58 A5Her a2 ¥ goe A&FH 1AAF Y AFA7 Ho| 7hAW
AA 717 F& AHAE BAG
AETEY B dEFBRYge id B F] S50l AUHER LB A
A3, Y83 ASFRI AdHeR HA S22 FAHY F Yo=RE gF
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2% BAFA AR G PEe A WP £F ANAFE nelstelol

Table 20. The feed cost for mass culture of rotifer, B. calycifiorus, during

batch and semi-continuous culture

Batch culture Semi-continuous culture

1st exp. 2nd exp. Ist exp. 2nd exp.

Feed amount

Chlorella 600 800 1000 2000
Oil-enriched yeast 80 80 160 320
Total harvesting no. 91 257 215 367
Feed cost(Won/10° ind.) 106 49 76 89

ol4el ANZRE @4 &5 U I AAY Hol| FAZFE dEF+F 23
Ag 2 A% 1A RE FRZA A &5 Hol FFF(HAK
FESAErAR, 1983)7 ZAl Aolubx| wgten], ¥ F2de 6-12x10° cel/ml/Y
2 FAER 04-1.0g/10° #3/92 FADHFig. 21).
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rotifers: 20-30/ml

Chiorella: 6-12X 10° cells/ml
‘// oil-enriched yeast: 0.06-0.12g/2\\;
W. T.: 25°C

Day 0 Day 0

add Chlorella twice a day

49-143/ml to a density 6-12x10° cell/ml 54-119/ml
Day 1 Day 1
Total harvest at  Partial harvest

more than 300/ml and add Chlo- ™
71-368/m! | Culture at less rella 117-328/ml
than 300/ml
Day 2-3 Day 2-4
l i Total harvest
renew larvavicul-| 157-217/ml
culture ture tank
Day 5
A B

Fig. 21. Practical process for mass culture of the freshwater rotifer, B.

calyciflorus. A; batch culture, B, semi-continuous culture.
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M 4Z E=0M 201 SZ2UL Jl=oHe

A1A A E

29, Plecoglossus altivelist B-3E & A A3t 718 A5, 4t
2HE AlgEte 132X YU E BIES JdE, o, 359 I3n F}E
ol EXEE FEoHA oL AHe FatojFo|tt

Syt e - gelicte] A, 2R, BE 39 A4Hd, &3 49,
s A o4H 2 4 duiAFel 2ol AEn oy Zgde A
F FdH FHF BE ALY 24, FHETF HRE A% AFZY
&d gsog RaAztdo] BAaPg2d o] AYHES 3 JAFTFTEALL
ol 9 XouF{I7t sojv Ue FAolt.

20l9] AFEFH AYAite] F3 AFe digtolA 1923 d ol /R(1923)0 &
3 Hgoz Az @ ol 2F JE Fk(1972)7} rotifers ©l&3 FE2
AR ALl AFTHEEXM P AAAAZE HYPHo] &2 wid 10,000
E ol 2o At Itk

gl M e 19808 Bt F2 AN THE AEA 24 &oj7tA]
U A HE strhrH(ol, 1996), 1990t XFE ¢ F(1993)el o3 JAFFTHE A
71E70ko] o] FolA HAE FAZHUFF S vIES W FojAFolA vl
d 900%tvta] o) £HE ALtEl om 97 3Y T VIE, Ax 2o ¥4
AL oF 5070 A0l 280 AFL 150E W2 FAHAT

Sgutel eoje] P4 A FRANH Ao FHeE ' F AL, F
BANE S5 E ol 8T £ Av AL uintrte] wiFFelM a2l A 8o &
Be AsFE o8 FA oA Ak oI 209 A HeE =

134 AFYolE BFL oA AHS - ASA o5 deAH 3 F3A

o
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o1g #Fel £XNAA TR §4 F O D52 24 ALSstaiol st WA=
% £AAAF sALe] H¥o] o} Aiko] MEAZH|T TRIFH0| Fo} x|
A =HE EAMl Atk

et LolE S¥HAA FhdM ATFEE ANET ALoiztA] FA
= ke FRAMAE vlasldlN WEAZ g0 8 4 e B ol
FEFFE 283 o)Fo1A F Yol 2o FA 9 nHsle] o)& Y4w o2
oj7te] #& Fddoz AP ¥ 7 YL Rolth.

$83te 2old dsiME ol YRANE BEHN 33Y 2ol7} Aol
Z 22A A3 i A= AR 9] Aol Solrt HASA Y AAE, A
o AAHA WFE YAt AAR2g A7l ATHER, 1988). $-2lrte}
olAe) 2o} S¥ o] AF Hxo ATE HA F(1934)0] 192893 19294 2
o] A AR LGBl DFFT 2015 1,0000E S o] A ukH3te] 1932
doll £8% 2019 ¥AE #lstdor 1933ddlE ¢ 309 niEle eog
AEst] ALEH2A o]FFeMg Lo JYRHGE 4u) o]4e] oYL &
vt ot

HIoe =8 WFH/NEAEY SolM MY, 295 § 42 349
THE A 20 AT WRAYE AT Jou} obF §R Lojo] Y
& o] Fo)AA Z3 Atk 2By AFFZoME 19896 2 Hd 3] o) A
Ao 7,000t & Pt HFE AAF A} o]Eo] AFsre QB I A
AAAE ® WYo] o]0l §EY o] hF Ao = ATHH,1995).

olgf Z& AFe 20 FRE witzhy sl obd WS @A
23] Aol 7bedE AlAIEka Qlvlo] gl AFEE NS Aue
At §F2019 A& ZAL AR A, ARALS, AFAT 2 23}
#7iE, FEAY 27190 MES o] &7 Bijalo] @ X0 A A=A
e ¥ HE Aok
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AF s Wol MAste §8F 209 AFANE IHAstr] Ao B FS
AR, 28 AEE 2AE AASAT ZAAYL 2ol Ao Agstin
Aasn Aol Fol3t kUl 270 A st 3 AH, F 54 A
Aol A AAstFg o] 2+ ZAMA AL Fig. 229 2}

ZAZ1E 1996 49 57E 1996 109713 §88 09 &4, M4, &
712 F4o2 g 134 F 7xddl 2H ARALE AR Z2ALA
e then g

12k A} 1 1996\ 49 24~269, 23 A} 1 1996 59 21~23Y
3z ZA} 1 1996 69 26~28Y, 4x =A} : 1996 7€ 23~25¢
5xb ZA} 1 19963 89 26~28Y, 6aF ZA} @ 1996 94 19~21¢
72k ZAF 19963 109 29~31¢Y

B 29 e 453 YelMe 44%E, sHddMe F2 FH(LTH 8X
8mm)g olgsgod, TR AN AF 10% formaling ol 13 & 43
A2 $ZAY%. RE 2o sl & Digital caliper(f+ A4 2=00lcm)& 1%
2 AL AL, AFe A5 AAANER 01g7tA] SRS AL

e 22s Ahsd YRS B2 F AYL FBECWE 2H3

8
o
2 o

MAASERE(GSDE "GWBWX10%, 9 A4 A(BW=3Z)o 2

2. 228 U AAL 2ofel AT FEAIY

AF5o MAses 8 2o/g YR 122 1996 9¥ 12~13Y7HA]
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Fig. 22. Collection sites for P. altivelis at Andong Lake and near streams
flowing into the Lake. St. 1; Chujin-ri, Yean-myon, Andong-si, St.
2, Punchon-ri, Tosan-myon, Andong-si, St. 3; Togye-ri, Tosan-
myon, Andong-si, St. 4; Kwanjang-ri, Sangun-myon, Andong-si,

Tochon-ri, Myongho-myon, Andong-si.
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FEA EAY ERY(SAAL DolA 45E 4R 4rte £ 0vtelE
sRgmlon Ay 9L ANPon S

Aztro g ARt XA
FE ImmAEY HAE @ AFE(R5X50cm)ol] F2AHA O FU1E /A
Ao Agdz gutsta Ayl Agstden, AT @ & 1008HH ol
22HE 1996 99 219 13k9} $YE FiolM 4R 35ukelet £ 207 9
AeNAE A FAFoz fX3te ARloM LI o2 50THEE Al
Bl APHE FHEATH

32k e AHNFEATAE AUARFZAA FF71ZB6L/ABDIE 4=
A3 k22t 2ol 2 RE 1996 1149 79 &3 7vil et A 5utglel A 109

S ABste APl AMgEALen, 43k AP FF/2AN6LEDIE A%
A8 FAlAF 20)5 1997 3¢Y 13U MA I FANA RS AsfulleE A
Ta& AUAIEAAM HLolE FF7E 12L/12D2 10Y3Z AMgstn 2%
10L/14D2 Zdstz 2 A 19979 42 119 <A 17712] 9} =2 8utelo A 18yt

S A3t

FAZL BIs717A AUlezAAM £& 1622TY A& {43t

gatQon o] 7|7t Fo| FAF TAIAE 98t mlgpriolE o
IppmEEZ 147 83 & fats WS 239 tHez A

FRAEL A 24A7F Fo) AT & 100~15098 E9 A ofeholl A B3}
of Aol oz HEEZH F3tPon, F31&L 1000m #Hlo]A ] FHZ
100~1508 % 83 & $£2 1813To AlF3te 3 59 A2 HE
Arst ot

3. BEEXI0] o8] AFFAIH

19963 9€ 28Y ®3p7t &8 € 13k AHFE T 1996 109 3 FEU g%

d 23 VRS RAlole FHAL o §3he] o] REEE BF| AT
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= °l8, A& FRo EolA & F Ao]E2E AU E3YE S5z
(38m’) 222 &7 @5olM Algsiyoh

Aoje] F8UEE 13 HBLo] ALSFZF EF 11,0000, 23k JFEE A}
S5 €% 13,0000 3ew Hole £3 29 FRE uIgd F4a8E
(Brachionus calyciflorus)& 5~10ind/m¢/B FF3t FU1, 7} of9JA}S R
A A E3 PO E(EFF 80%+EHEF 10%+ZHAETHFA 10%)
< A 3F3FA

AFF7IME 2L 1722CE §A39 1, DOE 3.41~7.42ppm, pH 675~
05 MAE 2019 AL+ 2 JFo] gle ¥AE 2 FHon,
S AdUWAS4AE AAAFo] Hol 510~950LuxE HIwE @e oY

o]

Lo

19961 119 7¢ 73 459 34 ABELL 23} dHY g4 g HeF
HE AESI] Astd RAAFRE 2574 7|$F(Cl 3%), 21 75T
oAlA Abgsitizt 23} 20, 40, 60Y Foll Fe2 Agsld 100 A7 A A5
Fe W] 4 2 HESS FAMEAH

AbgzE 2302 9 FRPFZE ol 83tder ¢oFToe 23201 100
oie] &8t ZIFTFE 11,0000 & 85 AT7) 23} 20, 40, 60L F o) 2
ZF 100vHel Y e F22 $A £IFE ASEYen £ 2 25 47
172, 520~1,620Lux .

Hole Fig. 235 o] ¥ Chlorella @ §AEEZ ujgF3 GALg 27}
Artemia nauplius®4-& 83U, AFAIEE d4HE UIPYAALE S 2R o
of g7 met AR dA F7EE TR, B3 16YRE 359714 2093
< dAF7] 250um, -3+ 36~70¥9(3587HL 400um, 3 7T1YREE 700ume]
a712 FF3Ah

1997d 49 119 53 959 43 ATEL 2019 AFZTH AWAA] A58
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Days after hatching

Feed
10 20 30 40 K60 60 70 80 80 100
i l | i i ! | i | i
1 1 T 1 1 i I 1 T 1
Rotifer 2-10inds s ml
Artemia 0.5-1 inds / ml
A
Artificial ( 0.1-0.29/1,000 lavae f day | .
feed l l satiation f day

Fig. 23. Feeding schedule for the larval and juvenile sweet fish

- 123 -




2o o3 A 9 AEEE vlu HESY] fdod FroM eqARY £x
A3 Fd FRAAFLE UrolA AP, €893 FRASS 4
TZ(90X60%x45cm)E FA3A M frelrzde FEE 19

10°2) & 838t G2 119 freFZoe ASPolE is} 2R E FoiA
Anzz ggstgoen, qgnze & 1/i2vly HYEE o83t AlgxE F

ZF B ZFHEE 31 F4E BL A AHAZXE A £BHES 1A
oo g5 WY HA AMEF ¥ 5% E AU
T4 F2AMSS FRPFR230 1) 27040l 1% 109te] 9] R51ztolE 4283}
3 A7 X7 FRHEHA e e ASFE 2 Vmine 2 A T3 FU
oy AFEZE AW RAAVIE Aol A2 19 18 24 Foll WY H438)

FAH

NS 7159 &2 F524 Sl e 17x2THAE AT + AN
oy @ aa ALS L 6¥97tAE AAGE $£2(152~215T)e2 B3}
AT 7AREHE S50 A8 kwd BA7E AASA AMFFLE 2]
Tolatz fA8IAT =EE UANHo 2 FFFTUOWX2R)E o83t =3
o] Flon @R FRALL 7FEY] 2% ¥ #4842 Table 2134
Zo] fAFE o] 2019 ALGR ] A o] gl HWAdM AF 1g8FY F
BAZ|7HA ARE3LA S

Ho|gFE Chiorella® WPE BT £F5& HBIAEE 2~10 ind/m
WY Yol F74A718, £31 19 ~6097HA] 19 28] F33AL 3t 35~60
Y7t A& ArtemiaE 05~1 ind/mE 1Y 23] FF3Ah AFAIEE A&
uda A2 E B3 3HB~60471Ae  4AZ7] 250mms 10~20mg/100
larvae/day 2 FF3t93, £33} 61 ~80Yl= 400um, F3 81YFE= 700mE
24 AAZ 1Y 4~63 FF3HH FAh
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Table 21. Water quality parameters monitored during the preliminary culture

of larvae
Days after . ngh.t DO DIN PO4-P
. intensity pH

hatching (ppm) (ppm) (ppm)

) (Lux)
Just hatched 1010 7.05 7.82 4.026 0.021
20 1035 7.40 7.58 5.791 0.674
40 1257 7.08 7.81 6.449 0.653
60 1056 6.63 7.66 5.364 0.878
&0 1152 7.16 7.64 6.029 1.152
100 1420 8.17 7.45 6.128 1.439

4. XALt xjof MY, MU AT R A2t

19973 69 17¢ 2= &g Gl s 2o 20002](Hd A% 1043
+0.80cm, B A% 7.69+203g)sh 19979 69 279 HTE SEY Lo 120}
A (HT AF 69020.77cm, BT AF 549+0.80g)S FAANA AR st R
WrHATAE #4391, 19979 59 21 SAFAZ o SFo) A £
of AFEEQ FAIM 20] 2009} (BF WA 165120%9cm, BFE AF 4325+
6.86g)% 1997'd 6% 302 7 kAL 3MA(105mA)e) 27 &k X
3t (10~20 V/min)& FFstdA AT 2102 ALS #elstd.

Hole Al# JoA& viFAIEE oAF 2~3%BEHAA 1Y€ 4~53], 09:00~
17:00M74R] 2A12 rA o2 Foldtda, AHS Ha 22 180~198THAN
o,

AT 19973 9¢¥ 23Y ~10¢¥ 20¥ Atoldl Z4z} 7153t ed st Ak, 32
A SEE 2o AU HA RIL2EE v HES LA 1000mLe] Blo]A
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ol Ztzte] 3B 100744 5§, A ML7E ol 8ate] £& 15,18, 21C
ol $3lee 3BoT EAAY
9 waolAel AN, FAN, §2Y o] RuAolY 4 2 =S 5
g Mm PEY) Asted Telo]y F2E0 1) Ao 242 FaAlS 1P 3
sleld gstel 23 F 0AMAA ASAYE ANSFAT AL 2@
oAAloz 4719 EH oY 2§ 7, MY FERe ASEE 883 @
& 1he) £zl ABerH 2BAE Ro} APz AU H A}z B

< 1/12718 FEE o] §, AMFEE T1F 4 FF HEE da FoE EL

AR FLL 1712C HAE fAEE 3932 DO¥E 3.24~538mg/l, pH
654~8.02 AR &0 ApFZ A A Ao] Qe WANLH, 2EE 950~
1,050Lux 2 FX = A

Ho|FFE F5F Chlorella 2 W ¥3t FAALEE I ZFatd g &5
£ 2~10 ind/m¢ NN BADAERE F7HAA £33 19 ~604712] 14 23]
TF3A, ¥335~80Y A= ArtemiaE 05 ind/mE 1Y 23] FF3t4}.
JAFALE = 84tol ] PIYdAASE F3135~60Y7HA JAH2 7] 250m, §-3} 61
~80Y 7+ A & 400, F-3} 81¥ REIE 7T00mE 19 4~63] 44 FFaln A}
% Belstet

5. 85} Xx|0] HHAREH AIY

7t dolAldE ALSAIE
gl 2o JAFFR AAA] HolAEQ SF4EFY HAZTI7INE
dolr ) Yst G4t 59 FFVIE AF vaA G AAs AT
53l Aoje JsladdTL AWASsZAA 8L/1I6DE 337 284S
FAak o] HoJ(:AF 207+£098m, MF 99.68+1216g, §:A8F 212+
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1.19cm, HF 87.63*1652g) 2R 19974 949 8Y AF At B3A) A
o}.
Age st o2 4789 FeEFR(110 DE M2 AZFso M 2
T ASZRE, Y F2E ARzE B85 ASFI dRZE AX AR
2 AN o8 S/EHEE AXEAo, AAgRE 1 B 1008 o] R3xlolE
838t B3l F 1008 A7 AHS #EEA

Ho|FF L £2 Chorella @ FFAARE wjdd 252 §58 2 g7
23} AFHE 40, 60, 0¥ FETFE TEIA AR L AEES ¥ HE
A g4t &5 FFLET £33 F 7Y7AE 2 ind/me, F3} 109 74X
5 ind/me, 3 20477 8 ind/ml, €% F& FEAZAE 10 ind/mE 1Y 2
3 FFAh 4 NPT S &F Tl ¢EE T Artemia® 10Y
ZH 14 23], 1 ind/m2 I3, AFTAES g udAAEE F3 20
RE ANDEBA7A AZGAER YA 7] 250mm, 400, 700mE T 8
AR Fe FFach

AT A 2 AETE 209 1F0E AR 2 AFS FHslgen, A}
F4EE AT 2H7)E o83t 1812ToA ALS3 AR, 2= 8%
(40W x270) & AH&3le 9z oz zHao FYed AI{7|NFY 25
TARABZAL Table 229 2t}

2

ojt

peh

U U YAy
Gy aie) 2ol AFZE WA ZRFNES A% B3} Kol HAYALSY
=o st HESYH
23} Aole LAFVERPHNN 2HE £ Bo} APHSERATL of
QJALE A (105m)ol A BAE FAA A% Ho)(2: A 27.1+184cm, HNE
96.1%£1949, 3: A 21.8%£154cm, AF 79.7+14.73g)HE 19973 9¥ 29¥
AzABE B3 RO BN ARUEE RLASEY AU 938 FRPSZ
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Table 22. Water quality parameters monitored during the culture period of

larviculture to define adequate conditions for larvae

Light
Days after . . DO DIN POs-P
. intensity pH
hatching (ppm) (ppm) (ppm)
(Lux) '
Just hatched 1440 7.08 827 4.028 0.020
20 1410 7.67 7.68 6.062 0.656
40 1470 6.73 7.31 6.901 0.562
60 1315 6.49 7.49 6.050 0.840
80 1300 552 6.76 6.253 0.558
100 1280 6.74 762 6.851 0.605

(2m®) 4704 e 252} E 20,000, 25,000, 30,000, 3500008 & 2H2} 44351
FEEY7Hs A7 A Y B8 £ 10047 A AMSE A AR, AEE 2 9
= QS ZAREIAGH
19 2t 29 13359 2§ ¢ FF Chlorellag 50cc
(1009 cells/md) 73t} € HE7IE & F 23 2ojE F837 1, AHS3}
B JRAHeR AEFE FIAA Wity 28 F 209 RElE M &
o] AstFE FsldA o] oz Agsdoh

HolZ gL Zt AFEFHEE FF Chlorella 2 FAERE e G54 &5
& ¥3 F 80YA7A FFEAeH A &3 FEUEe H8 7Y7XR
2 ind/m¢, ¥3} 108744 5 ind/m¢, ¥3F 2087}A] 8 ind/ml, %3 80Y7tA =
10 ind/m2 19 23] FFsAct & AT S5 &5 FF0l 989 F
Artemiad 05~1 ind/mZ 1093 FF3 iR vPAAIEE 3 204 %
Bl AADAEZ 250um, 400mm, 700me] YAZ7Z A FL TFEAL.

A= ZAbE AETEA AR 2 AFE 2ASIeH &2 d +2

AR e &

N
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AAE AlolZo g HAA AAZIE E o2 HAE MAE Als go A&
Q=g
AEFLE 4 £27 AT SEZHVIUKWE X270)E AHE3ted 17£2Ce)
o

AFZIE 7 a2 25 R FAIAZTLE Table 237 2

Table 23. Water quality parameters monitored during the density-dependent

culture
Light
Exp. ) )
intensity DO(ppm) pH DIN(ppm) PO4-P(ppm)
group* (Lux)

A 880~2250 563~764 685~792 26563~5299 0.261~0.463
B 740~2540 539~691 6.65~7.78 2.653~4.835 0.032~0.308
C 1000~1840 516~744 6.93~7.66 2.653~5.635 0.032~0.383
D 880~2250 563~764 687~792 2.653~5299 0.032~0.463

* rearing density, A, 17,500/m’, B; 15000/m’, C; 12,500/m’, D; 10,000/m’

A 34 Az g 3%

1. 22 20| MAEE W MSE

7L AN EG
FEBUl MAstE 58 2ojol AAURTY YT ZAE 98] 19969
495 19969 10971A ojY 18 AAT A7E Table 240 JERAAT
4¥9o& AF I FH(St. D9} 4F(St. 2ol 2o 2 516vta] 2] X o7t
AYH A FRGT)EG AREUROIAN AEFTF BE RoE W
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Table 24. Number of specimens of land-locked P. altivelis collected monthly
at Andong Lake. See text for the collection sites

Station Apr. . May June Jul. Aug. Sep. Oct.
st. ] 34 — 1 42 6 — —
st. 2 482 291 — 51 30 16 37
st. 3 — 5 — 57 25 69 1
st. 4 — — 72 — — — —
st. 5 — — 18 9 30 5 1
Total 516 296 91 159 91 90 39
o & A5l e ¢FE FHAM FFELR FHF{UH JAHD o, 5
2 ZAMAlE 2069hel7t APALER HPEE St 2004 AYHAT KA

2
0

t. 3AME Egog sulelr} Ayl MA3E) sz 24T e
At

68l Frddtde F/HA St 4914 72vte], AFA 9] St 5914 187}
7v AR A bl AA MAstn dod, 749 APAdE ¢S
datdelA A AFHAEH St 3 AFA MY X R AAs 9
d EQA 0] Yehd AR AT

8dZol= AR o] thREo] oprin|F7 Foll FA] Azart Hetn vl
5ol AZEA EQMo] nfg Wt HFPHA ojof AV e & e}
How, 200~3007H) Y FElRo] F£HoR Topste Edys Atdrde
5o AFHUY

9€ % AFAE FY3AY FFY St. 59l M= AFFGRE Ha )3
g AAE EAQMo] vt P oyt FH3AY 3FQ St A E AL £
g Ao gUE 61v13]E Egog AP BF Aoz dRAHE 9

+>

*
=2
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o] EFo] Kol R = 45T M ¢& 7HA o] ¢FI &5 29
o] AF&AAIZ1E 8LoA 9e7tA] @77 AA FAEHY F e g
A 98 xEolatn FAHEH

109 FAMAClE olvf 4tde] @5 d FFon St 37 St. 5olA Fo=
zbzt 1obe) 4, St 20 AzbgelA 370tE] AP EAEH 2F
¢ F o &g VMR ANeH JFHo R Tl FA YL A
o] o}& AHE UUTH aYA X H 20t SolFAE BF FHo
5(1996)9] ZAbl s EEEEE AHE)IC MAste S8F 2olFde ¥d
Lol7h Ax Yddte ols EF gty dYed B =
AT P &0 A BT oYL Ay o] Folx #HALEA] ol HF sl
Mol Al Lojy} oldth FAHXAY FF K} AT ZA} o] Fojxer &
Rz Atg®th

L SELeoje) FALo A F A

S8 2oje 1996\ 492 E 10871 g 13 <t suie 270 AHF #
st 37 AAHANA ARG FFE o] &3t LdEE 200E A
AaE g ARG, G4 295 1996\ 49 49 354 2l Gl A
uro o (AA 508+10.48cm, HMF 0.6710.24g)E ok YA (@ 15X 1m)o
A AR F AEE | 2o A 22 A7)d g 13 ArHer A4
d& T RALE AAEAT

£8 gojgl 4 go] BF 497 5YollE AL W F4HFo] oy
A3 6YFE AALFEAFGSD AHEo] 7HedtRed §5 2o 7€ 2
R Z7)7HAR 1361£1.43cm, AF 2381 1960g) FA Lo)(AA 1577+
1.58cm, A 50.01+1559g) Bt 2Agtgoll= &4 0] Vet r] Al zHst
QtutAl Mol AEEH A olde K% 2o A HF GSI= 2.493£3.35
2 Yebstti(Fig. 24).

m
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Fig. 24. Monthly change of GSI of land-locked and cultured P. altivelis.
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g o] AHA S 20(2: AF 1324+251cm, AF 23.66+18.75g, GSI
16535+8.29, &: A 14.01%267cn, AF 27.85%19.23g, GSI 6.716=2.28)&
%4 eoj(f: AA 19.28+0.69cm, AMF 71.38+941g, GSI 13.726+159, §: A
# 19.68=041lcn, AZF 71.32+398g, GSI 10.770+0.44) 2.t} Z7]7} &3 GSI
FX7} AT 8ELE K% 209 dRNAE Q@] AlRE

AT AMSE F2 Lols 6, 7¥871AE GSI($: 0.225£0.03-0.421
0.33, 3 0.016%0.01-0.718+059)7F MM 3] F7lstct 8, 9U($: 13.726+1.59-
20.003£4.43, § 10.770£0.44-10.347£0.96)°] 223 Z7 =AE, Lo 4
AagERFol sl E(1995)s AFLFo R ASE G4 Lojo A
AR GSIE 26.28~49.06, FAH-E 1096~11.39¢012tn s, tE FoE
S 270 Pseudobagrus fulvidraco®] 22~23%(%, 1994), zZtAl¥o] Rhodeus
uyekii®] 11%(%&, 199)E TG AR Edom, KRAU1I9= &9 & oF
of HlsiM EAFT AL FEFo] TG sheH B FANME 44
20oj9] 992 GSIE ¥R 200031443, 3 10347109622 4t HHYS
& ¢ AU

%% 2olo) Az w2e 8YTo] YA GSIF 16535+829~16.152+
7.30, #H & 6.71612.28~9640+£5832 2 H) |7} Ho] @77} Fa] Lojn
O IMEAE 98 AFED ARV A gAHD AU

W 8§48 2o0jo] ALXNHE GSI9 WEE Fig. 25 2691 YelA= 649
e FUstEY FF9 St 49 FFA St. 591G o] AlZEE($: 0223
+£0.02~0.13820.01, 3: 0.039£0.01~0.0160.01)/HA 7} 3 sjo] FZo] we
MAZL DA 238 Aoz AgET A% F 79ole HEEE T K3
Lol A At@gol e SFELE GSIVL ¥ AoZ Hol M Atta)
7] 9% SE-2oi9 317e] AFAHUL, Y Tolle UF MA(%: 1887711045
~20857+£596, §: 8380+127~9.3631043)2] AtgHo] A|zEjo] 9YT(:

(2
0}‘
)

s
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Fig. 25. Monthly change of GSI of land-locked female P. altivelis from

Andong Lake.
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Monthly change of GSI of land-locked male P. altivelis from
Andong Lake.
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21.253+531, 3: 11514%546)7t2 ZP=n AL ¢ AR=d B
(1984)2] 344 KB H)&ole GSIGe 8¥S AlPoz #A gAY %o
Ao 1 98 FE7RA s AAAZ EAHAGE Buet 2o A
s ¢ F Ut

ZAAM A&7 9 10820 AE SAF FYshdY St 3% St
594 AN-E MA e GSIE 01933 1.9272 vf$ 2o} A3 AQl k53 A4

¥
ol

r

—

z‘sc}:

f'til

F9] St. 2004 AAFY A GSI= 1037115512 B3 F A Yo] F45
= AL HEI vk} o] o] FoA Ao} P AAe dd LojE TS

7tx] FEHE Zo] ofdrt Hdn

2ol 19442 M Ad F HAREled 207t #HAlsle olfol did)
Honma(1959, 1961), Af§(1959, 1960), L& - AF(1988)& At & A& 2z
2ot AgollM Add7bA 4ddely FAs A e J5 A, HeldHe rls A
&l7F #Ate] ddojzt &

IF AR & F(1996)2 2ot AdH R Asstn AdE AAFAAM o
A7l e 44 rsel FEdE JfAle dddte gl S AEdT
3 8o Al 207 JFo] Ay HARlE AL 9 FavFe At A
Adol2tx A

FEs S58F 20 R JANFEATE ARHASA AN FAAT SN
20j2] AFA ol AHEF Joje] AZIE Table 259 2t

£83 20 o9 AF IHo] 152~443g HH, FHE 234~309g B
AZA FALL 2o Foje] ¢A AF 687~982g, +H 57.2~1046g Bt &

F 2% A2 NAdelx 73R AxHo dF ATl 7Hest A

19732 Fgstoll 2% nlgs 209 ¥ojgde] i 722U EFL 4
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Table 25. The size of parents used in egg stripping

Parents T. L.(cm) S. L.(cm) B. W.(g)
t 126~185 105~16.2 152~443
Land-locked
3 14.7~165 12.3~14.2 234~309
% 17.8~195 159~17.2 68.7~98.2
Cultured
3 17.0~21.3 151~19.0 57.2~104.6

Ao oz AP oz AFEEI =1 Xoje] EAo] Fo} = FHid

ME A&sta, a7 2789} 4dlA @59 Fdi7t o] FoiAE A

dgox 3 Azl 23les 483 7)

b #e §23 o792 de 9o (Salmonidae) AAFY 1 2IF Folx H

Qi FEsto] wpel dfist HAdoly 1ok FAG ARLHQ WHole 73] d
2

o

©

A53 e 888 2ol o7 ®oldol o AP ol FopA A F ol
B3 15¢ A2 MAdME dFATo] 7edd A2 FAHAHY 55 o
E Fde fAA woldol dste ZAF HAEV Hed Ao Atsdd.

ezt S8F 2009 FAMN Loj2iE ATt 3T A=
Table 267 2t

S3Y 2ojo M ABE ¢ £ EL 84.8~100%, LAHEE 529~90.0%=
A oFAAE 2ojoll A aj@de Lo & 602~788%, BHE& 205~542%Hh
FEstA detwth 22y #3882 8% 207 51~102%, FAHL 2o
6.3~19.4%2 Hl=g AFE Yehided 53 2ojdlM 4 F 2
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Table 26. The result of artificail spawning and hatching from land-locked
and cultured P. altivelis

.. .. Rate of .

No. of Fertilization 0 Hatching No. of
No. of eyed

Parents Date parents rate rate larvae

(2/8) 8B (g e“(‘;:)w (%  hatched

Land- '96. 9.12~13  44/30 1000000 848 529 51 43250

locked g5 g 2 35/20 500,000 100 900 102 51,000
'96. 11. 7 7/5 100,000 788 54.2 63 5,000
Cultured
'97. 4. 11 17/8 180000  60.2 205 194 21,000

W #P5(1978)2 FAA 209 §8F 20i9 H3g APl YA &
olo] B8 182~866%, S8F 2ol 44~H9I% PHR Huslgen
FEAQ972)E G2t 2ot §8Y 20j9 23hg vmAIFANN FA4 20
o] F3le2 8~70%% W £8F 209 K& 58~92% WAR B}
At

B AFdA 88 2oleh FAA 2ol R3lgo] AU A7 A Huys
Az og I Qo2 X s G4 209 B¢ FFIZ H&AdA r e
AEAAet AL HES ou2RE AFANGE HASH 7] P Fol GAA
F8Y 209 Hy HEd uie} go] £HFY
Z1FEe & F4 g7 Ao Azdn

AAZ F(19W)e BFIIZ AEFE JYPAI G243 o9} AAGF o
A AL S FAA ojote) R ES HudHE ) A5EHATY Rl B
F71& 8L/16DE 43 FF R 25%, A3 @& R 722%2A 2AA
YZTo] 801%HETHE WAl JEIGES 1l gl

0.

(¢

oflt
flo
(o]

O

37 1 djlo g AlgE

=2
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3. B&HXt0] ofiH| ARRAIH

19963 99 289 R 37t 48 138 R3pxto] 432500e] 9} 1996 109 3
d 23 gud 2aE R3xto] 51,0000 8 AHEIYE $2(38m)d 27
F838lq K3} §F 24AFE ChlorellaZ w33 @54 558 F33HEA
gl A AMS BEstA oy 1Ak F3tAtole F3 9Y4FE i HALE 7] A
Zhste] B3 1297 AF HAMA L, 2k FERte] 94 §3) 6dARE o
F A7 AR 2 8YAlo] M HAMIA O

HAE AA Al 25 Ast@dd 7127 2 A3 282 Zojgtel B S
S FHUAZ FAstd FIET FHEM HIAHYA 7I1EHY FHE e
W) g iAok BBTEEASRS(1981)S) Rael ojsd Z]EEe R AE
e 15YA7HA 2SI AgS F vhae] BEs), E7)8 J)EE Raiatol
7t ZABEEA S4EE Aoz deiA WAL WeeAE @on sk

IT(1960E 718 LA BME 0] 22h2t & U= HAZ Aol
Bl Fole Fax FTolA dojur] g3, £&E349 e o] A gl ol
7127 A HWEs Ao FH3Pon A o2 Fgo 3 £29 3
Aol el og AabEe) 2 Fo| A: ATk

2 ouAgA Pl A Rahabole) AR HALFade] wFol] e AU(R
% 510~950Lux)l A o] FARAT, ALKEFZA FF3te Astola] LAIF
o2 ge vArE7 BAEA oS o7t A3t F|EHo] P RO
2 FRAHAAT hF AAZGA A5 17.8%2TC, DOE 5.36~6.38ppme
2 AISF F9 £EMAE BEIAAHE oA

1996\ 114Y 79 #3171 4858 33 AAE F3}xiojo) st 23R FRE
579} 715F(Cl 3%) 2B) 71T N Abgathr} 28} 20, 40, 609 Fol
24 GeETE A REI}E 1009A7HA AFSEIES WY AZAAE
Table 27°] YetH A,
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Table 27. The growth of larvae of P. alfivelis in brackish and freshwater

during culture period

Day(s) Brackish Fresh- 20 days in 40 days in 60 days in
ay\s
Y water water freshwater freshwater freshwater
Just hatched 635%0.10 6.35%0.10 — — —
20 days aft
ays alel 13314012 1310+018 1331+0.12 — —
hatching
40 days aft
VO UL 1523%172 1486142 1567187 1523%172  —
hatching
60 days aft
aYS AT 0008+200 2170+305 17684200 2298+2.67 22.08+2.00
hatching
80 days aft
ays after — — — — 2753+3,01
hatching
] ft,
00 days after - - — 3305193
hatching

715 TE B35 60YA7tA HE A 22.08+2.00mm7tA] BAsPY o 23}
439 A 7E HALZL Alslo] 23t 80U olufell AF HAMSH T

EHET 94 FEF 0LARAE BF A 21.70+£3.05mm7A A A F 5%
Su 73 N1~72dA N FF AR L, 21¢TFAA AHSsitrt 23 209
FHE H52 18 ASY A= #3 F 6049A7A] BT WA 1768+2.09mm
7hA gRstd oy FE0DRE A HALE 7] AAEte] 23 g1 A A
F HAs Ao

Z1FTol A AbSStrt 409 F FFE AR Y AET 94 28 F 602
742 B 2298126TmmE AFsAog F3 20d F FFAE AP
gt FLAIZI AF HAE doigtm, 71N Agsitr #3609 ¥ @
T2 AT AFTY FLA F&F 1004 /7 A vkl BBt BF A
Z 33.05£1.93mm= A A3t
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2E AGFAA g HAr dold FoA7|= £33l 704 R FE 80U A
Aol HALE JMAle At 71¥E7t HASY Qo2 F¥ HuHz 2
F Fo] 1, 2& 23] offn] ARSAIEo A8} go] JE o] F Uloz A
2ojzte} Abgol Qo) 71¥7F FiEo] e ABtF] Aol &2 i FAA
= At

ole AFZEAMNA 2o} AKFE FRAFFOZRE FH(C 02%°]
ah, 71(Cl 0.2~17%), sH(Cl 17%°178) AHHe2 Yrold = A A%
Fo MFe gt /A 2] Yl Aol fFHol A3 R £2RE Ho
B3lxtole) HAA HEAZE] 7H An oM HHEIM - FAEE, 1967).
T3 Cadf3e 5ol vste 75 - sig7t 27) W&o F3hzioie] 7]
2 4FL 715 - g Hol Fon AgS] ATER J)% - S5}
FHoxE 37| & Buffer action®] Z3l1, A5 ZF3E2 FFAdd 9
pHe A% % 714 - sl4=7F A7) g &0l pHY o] 4450l 2F xpojo 13}

v} AC(FEE 5, 1967). 22 %A Rd4E FRE AR Z A
mtd G2 ART 71¢ D a5 AseE HeS 2 Feol dfaFo] B3 =3
Fataol A%7 Bol AR NEFEY JEEI 7] o] B2 AAAHA

Beto] i o wistd B4 Adlge Holu FHoR mF HHI §o
st Beol AAAHQ Rgx AL ool Urh(FEE, 1972).

B duALS APl M 71FAbS T GeALS o] ARE AsHIRE e ALS
tE 1ol o) 25 F3} 809 ool FHASIH 7] wEol A st
& £ QAT FA A2 REF YA Y HAS T BoE v
Fu g7 a3 21eFaM AL stdrl G4 E AES AP TFolA

AAatele vehA] gttt

(1997 7t 233 o] Aolg A7 JEANA AMF3AE W FAAFR
t} 5~25% 1A g FZF3 & AEEo] oo 53] 10% TN M3

ot o= }‘n
g

rok

\J

13

foss 3
5]

re

o

—_—

4R
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FE3T ololl M 0%NME 743 Re HREN ALS YA BF H A}
o Ao} WEAbg FhsAel Hud Aoz wasign.

aeu 2 Ul el e gaTAA 219D S0AZAERYE 23 2
RHE VLAAAE Aol Assgon 2Ed e} Lo| 1479 wimal
o Aol Aol QTh ol L AHE VUMWDY AL FEM AL

2
BtHA 4 F S FFE FUD E AP He EF4EEE FF3H F
7l dEo 2 Alg s el o §1993)2 st Chiorella® WY H &%5& b

% 1.0100]3tell M= A A7} vio] sletgrol 2719 e] FFol EAl7F Aok
AR 4=

FE972)E BFAMS ROE 7|4 - sl Abgo] dwtdoz 53 7 ako)
gk ol2i gtk xol7t v AHAH AHAA, ol dH FF3 HolH 29 A}
of W& THARA FFAA= AP A} wEo] U3 A3 =
AT 719 AAEF S AHREIA B - 71 FFdlA AFSSIY S E JIFALS
o] 7} AdAol FUd1 MFLAEFT S AR ASHE ARl A Ho)
Fol EEFTY ztoll 9§ Holxd M3ty HHF Hko] ZAE 5 Qe 8
Jolgtx st E=F Fol 3 JAFFR A4l sl = 13 1209 A
7tA #HF AEELE 20~30%, AR E 1,000~2,0007E)/m’e BEoln
Hol AELL 327%, AAureldE 52400ke)/m’e HAE &Y 4 Udm &
At

1997'd 4¥ 119 371 9859 43 AT F3lAo]o] gt el
oA FZAST G54 FRAELZ UFolM BEAFTRE £3 1009
A7LA] A D AESE vn FEIFHL

F523 BB A% 25 28 5AATE o] AN} GENEE 5
~1570 8 #7] A &st= A& @vIAsloA gRlo] 7t oy #3) 7d A
FFAAES HFo 2 HAZL AFele 28 1297, HaAA 11.86+11.42mm

09

¢
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72l 4% F 2% HAsidch HAbE RS BA8QE o Baiaiols F3h

Abe Fo B0 AF E¥E d4 §98 A g FRuUY S gy

2ol sl Aol HolE HH3tA ¥ AT Astgo] vlo] e FHlE A
= HASIAT HALE AMAE FASY ¥ AAAY N 2D 4

U HlB et AEHA] den Hal FAY Al ed 2R 442 &

28t pH 7.03~7.12, DO 7.08~7.40ppm, NHs-N 0.037ppm S22

ol At}

3+ HAZERBIEA NI FREHT SR E(1981) ) 23 FRP&=7} 82 A
d AS Faxiole g Fsta] oA Fu, HelHHrt BF3H 25
3 10~6740l ¢F 90%7t #HAMst Tk ghoh aEln REF 68YFele wet
OlE 22 F& Aolg o]FIHUAT HAle W5A 4R FRutge] o
2 FHAM AEE Jogin A HABIAGIL 3t £ duiASA AT
FRP+Z W82 e HE40|7] W&o 4719 22 F422 HAE 49
BRE Aoz FAHHY 2o iAol L&A R Yol wAlE R ¢
T Hlnd o5e 474S Aot & o2 AIRHUT

AP FAFZE o4 VAR ALFAME Brie 2 HA T4
glo] Atoj7} Fhele ol HF EX5Y A&5AA 9 ST Aol g
252 30 ARS A&sded 2Y 2 AEsks A7 23F 1008 A7)
2 ASEAS Ho] 4ES P MR Table 283 2t}

23l 0YR7ER o WEEL 33.0%EAM AHG A7} FAE A FREFR 2
o] %<l ¥3F 20014 60U7ZMAE AMSA o] FAZ FEY] HEE0] 296
~26.1%S Jehldoh @y 23} 80Uole AE &) 1563%2A 23 60Y
ol A 80 Alololl A&t e FA% Ry} ETHA UElR T 11 ol F ARS A}
ojo] A% ZEgle] B3} 1004A ] HF HESLS 126%A
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Table 28. The growth and survival rate of larvae of P. altivelis rearing in

water recirculating system

Day(s) T. L. (mm) B. W. (g) Survival rate(%)
Just hatched 6.25x0.16 — 100
20 d ft

ays after 1078067 — 330
hatching
40 d ft.

ays after 1837+1.24 _ 9.6
hatching
60 ft

days after 30.84+2.18 _ %.1

hatching
&80 d ft

s aner 43674431 0.39620.11 153
hatching
100 d ft

ays after 61.21+11.76 1366081 126
hatching

FiE 51967 WA Y 27|72 Es 73 £ 208 A7MA 8X3) A U
Bl v ol2jgt de Haixlojo] AnkAQl EAdojzty 3t £33 60Yol
A 809 Aloldll AbsAol7t FAEA ZEF AL 3} 608/ 7A = Artemia
A& iR E MRt Holg FFStrt 2 o|FRE AF wiFArER
a7 W& WA AlEEATE HA RE A AA HAE 2ol HA
WELE ALSEHY 53] HALE MAle AA ASAAT FAAM AFo] =
Zt2 FRAT ol HFELZA o] Al7]ldl g ALl WA Aoz A}
o}.

AZe B33 E HFAH 62510.16mm7F #3F ¥ 200l HTFAF 10.78
T067mmE ZRFslPgon] £3F 40Yoe HoAA 1837+1.24mm, £33 F
607} 80Yolle 2+t HaAFo| 30.84+2.18mme} 43.6714.3lmmE A F 3
I AgH] vlgo] FAEH7Z] AFAG. 3 F 100¥¢de HIFHAo
61.21+11.76mmE AR ew olWo FaAFL 137£08lg 22X FHE

Yo
o

fllo

)

rlo

i

i=3
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Fol 75 s A71Q 0l oloh L ATE FREY T7)7hA BoolA 23
BAM 753e 1l Aol

w3 R BRI AT EHRE8DA 58 Lo} zpoje] BEH AR
& B3A] AR 6~7mm, 3 F 20804 11mm, 30¥ oA 15mm, 60 o A
20~25mm, 90YNA 30~35mm 2elir 120~150Y A 40~60mm AT}l
SQEE B AFSAPAME 28 £ 100d0] o] 60mm DFE AAE
o 20~509 A% WA Uehdth Adgo] Wz Uehd 830 2AME 2o
FRANE IMHo R 10925E A%EY] B A85e8 15~18T H
dz aABAL + Pl QoY B AP 4% AAS NojzRE 49 F&
of Aeste] s8R FAHEZAN AAAHANMNE Ao Aol 21CH
%2 4 BYSAY) B2 ABAD. Lo 2R A4 Aol ALSHL
& ZEENEE D I A& (1981) Al M = AH4L0] 14~19Te]lx, 429
7% 12°Colstol e Ao] WolE x| oo} AEgo] R HFE YmA 5
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Fago] Fusolol st waol Utk wBAI B £24271 Solsiny
F39E ol4Be sdol Hn APFA A TohE WA @ FAHo|
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3 ¥ 129dA¢ AJFoirt MEF HAste AHHQ vim HES BrisEy
ARA Y oMo EEARAS W o2 F8E) 20| 2Ho] AFKo)
ol v FAxAL FAHFAM FEEY AR Ago] H5dYon B
3t F 100¥ A BF MF 61.21£11.76mm(BF A F 1.371081g)2 A B3IQ
F3latoio] WEEo] 126%2 A ZEHIE )| BIEHFEEHE 198D AA 7]
c@o PAog B3l F 100~120Y8(8F 35~40mm, AF 0.1~0.32)7
A AbEEASH o] R3pxloje] WELE 10~ 15%H =S HlEEte s48 o] 43
A FAx Folre] 2o JAFFRY WFAL JM5AL FEE) JuIY 4

Ae ZFHE Hopxot

£

o

k!

al;

e
Pl
Q
rx
Ral
2
:)‘1=-
ital
n>
=
>
%
0
e
oH
2
m

FF A AL Lojo} AFFA §5H 2015 FANA A¥EA 2
HHFHATLE F5 F 379 ofJASA(105mH)A G4 Lolg) Q7
A&o] 7he3t A 717hA AbS A3 AR Table 299 2th

s, FHT D §8H 2ol AS AL YBAAE L 8L A
EA 719 ztolel g Hx WFAl FF AFH AM§TIZke] B %) o
ol A vine TYJos WFA BF A Fo| 549£080g22 7+
22 §8F 209 IS L 3L 47 3.03%01UT, WA HF
A ZFo] 3.6912.03g) dHA4F L0l 1.73% 283 WokA HF A Fo] 4325+
6.86g2 2 714 & 2t 2oje 0.78%2A 71 A JEbgt

A 209k §8F 2ol ARZA B RIZME B 5(1984)0] 3
TAF 5g AF 2718 FY BIAWNAN 59 2398 € 9¥ 229744 4/ Q 7

_146_



Table 29. The result of growth experiment of amphidromous, cultured, and

land-locked P. altivelis during culture

. Survival
Culture period B.W. (g Growth rate  Weight gain s
Parents o rate
(days) initial final (%/day) (g)

(%)

Amphi= 97 6 17"~ 101008 e45+732 173 5876 66.0
dromous 10. 20(125) R I ) ' )

- ’g7. 6. 30‘.~ + +
Cultured 9. 29(92) 43251686 891%17.10 0.78 4566 92.0
Land- "

and™ 916.27 ~ 504080 78LE6G 303 7334 &3

locked 9. 23(88)

“growth rate(GD)=(InYr-InY)/(T-t), while Y.=weight of fish on day t, Yr= weight of fish on day
T, T-t=culture period
“Date of artificial insemination
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ettt shdT.
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4 H% 2718 HoREW 5L ARSE 24T ¢ AT 4FEAL AR

- 147 -



A0 ol Fe) WAL AL + Yt F2F HSH Wol2A

£ UHP PR/} AT G elME HolwIo] ma} ARG AFBE 7

asted vis A9 TaF, 449Y S Wsen QAW 1 B

oS $Ee S| wsel FA, AAY dasiel Bl 4 duol wekng
=

Z13te ol g @ BAst 4

JE
-Tm
I
2

A, FAt §8E 2oZRE AFTAYY FHFLS £ 15 18 21TCY
200 Zzt R588 via AP A= Fig. 279) YR

Fa4L 21CoAME §88o] R3hg 724%2 A4 /M Fastgon &4k
I FHE 242 6807 69.0% 2 A xolzk Aol IUth HE4L 18ToME
St FAANE B3 o] 24zt 6737 685%2 A o)zt A9 glYdou &
TFL 518%2A 718 WA Yehy 21CoAMe BalgmE zol7t U
T3 15TAME stHFFH FA4S 318 0] 2zt 54.0%9) 56.9%2 vl
SR 2 420%2 A4 A e
2 2 21T A H3algo| 713 dzstgoeyt stHan o
Aol ol 2 18T 2ARE A9 o7t AU 2R JE Y
&ol9 Afe F& 21TRAAME sHioly FAan 2aigo] ¥ 3}
Ry, 2 18T 9} 15T ZHAME 7H4 A JElgt=d oleizre g9l
& olvte AQolM §8F 209 A} Aoy FAART 1~270 Y
WE 8~99 9 0] ¥ Aol o]Folxs AR Aol A ¥ FHP

2,
g
T
N
lo

S0 FAAY Rage £exA W2 22 mgshl dehged
FFA o 9o} RHeLe 2 Fol7} Aok

=
de}
J
N
rir
ﬂ_,
S
B
o2
I
rx
o
rO

_148_



100

Hatching rate(%)

15 18 21
Temperature (C)

S Amphidromous B Cultured OLand—locked

Fig. 27. Hatching rate of eggs stripped from amphidromous, reared, and

land-locked P. altivelis under controlled temperature.
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Fig. 28. The comparison of growth of larvae of amphidromous, cultured, and

land-locked P. altivelis.
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Fig. 29. The comparison of survival rate of larvae of amphidromous

cultured, and land-locked P. altivelis
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Table 30. The result of ingestion of larvae on rotifers supplied at the density
of 15 rotifers/ml. Number in parenthesis shows the density

ofrotifers which are not fed. All the data are means.

Days after T. L. of Length of No. of rotifers ingested
supplying larvae intestine of
rotifers (mm) larvae(mm) _lh later 4h later  7h later
0 7.10 422 10.6(10.0) 13.2(7.0)  not observed
10 8.71 476 23.2(135) 22.9(9.5) 42 6(6)
20 9.82 572 53.6(14.5) 83.8(5.0) 43.5(0)
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Fig. 30. The result of growth from experiment on various feeding schesule
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Fig. 31. The result of survival rate from experiment on various feeding

schesule.
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Table 31. The result of production of seedlings under various density of

culture
Produced
_ Initial Final Survival Hees
Density No. of ¢ larvae/m
(m>) | 0. © N Total Mean weight Z::/(; N Total
o. o.
arvae weight(g) (g) ? weight(g)

17,500 35000 2,625 1556.6 0.593=0.06 75 1,313 778.3
15,000 30,000 2,580 20124 0.780%+0.24 8.6 1,290  1006.2
12500 25000 2175 1729.1 0.795x£0.38 87 1,088 864.6

10,000 20,000 1,960 1640.5 0.837x0.51 9.8 980 820.3
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Table 32. The summary of seedling production of P. altivelis according to

various aurthors

W | d Produced Survival Author(s)
ater Culture days larvae /m3 rate(9) uthor(s
100 842 28.4 i 5(1967)
100 237 83 "
Fresh- 112 477 26 FREQ1972)
water 112 295 49 "
119 1,240 156 "
120 5240 327 "
112 482 6.9 F5%(1972)
. 120 600 6.0 "
Brackish 133 2,100 138 BtE S(1977)
water 146 889 56 "
133 2777 20.0 s 5(1975)
147 132 150 FERQ(972)
100 1,670 417 F(1972)
_ 121 291 10.4 SR 501974
Marine 127 360 100 "
water 127 1340 39.4 "
129 1,109 50.2 "
131 2,680 39.2 "

gaolae JdFFR AL mF AdulEse 237~524001), AEEL
26~327% WHolal, JlgdMe vl 482~2,77771], WES 56~
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