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Studies on Sex-manipulation and Production of Cloned
Populations in Hirame Flounder,
Paralichthys olivaceus (Temminck et Schlegel)

Eiichi YamamoTo

Summary

Major objects of the present study were to develop manipulation techniques for control-
ling genetic and physiological sex as well as to establish breeding techniques for applying
cloned populations to aquaculture in hirame flounder, which is one of the most commer-
cially important cultured species in Japan

1. Sex-differentiation: The morphological process of sex-differentiation was histologi-
cally examined The results showed that frys and post-metamorphic larvae were sexually
undifferentiated Distinction between the ovary and the testis was possible based on mo-
rphogenesis in somatic elements in the gonad at about 27 to 37 mm in total length Meiotic
division was first recognized in the ovary of a 69 mm (total length) size specimen and in
the testis of a 129 mm size specimen.

2. Genetic sex-determination and its manipulation:Sex ratio was examined in gynoge-
netic diploids and their progeny to clarify genetic sex-determination in hirame flounder

Examinations of the sex ratio in groups which were treated with estradiol-178 (E.) so
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as to inhibit spontaneous sex reversal revealed that this species had the male heteroga-
metic sex determination (XX female— XY male) Therefore, I propose the induction of
gynogenetic diploids as well as the hybridization between normal females (XX) and sex
reversed males (XX) as effective methods to achieve all-female populations. The sex-
reversed males were produced by artificial sex-reversal from gynogenetic diploids as well
as normal diploid females. However, sex-differentiation ot genetic female (XX) seemed
to be so unstable that spontaneous sex-reversal {rom genetic females to physiological
males occurred

3. Manipulations of physiological sex: The influence of environmental factors and sex-
steroid treatments was examined to enable artificial control of physiological sex in hirame
tlounder In the present study, water temperature during the period of sex-differentiation
was proven to influence physiological sex of genetic females. When the genetic females
were reared under high water temperature (25 0~27.5°C) conditions, sex reversal to phy-
siological males was frequently induced. The same tendency was observed for rearing
under low water temperature (15°C) The susceptable period for sex-reversal from genetic
females to physiological males was from 12mm to30 mm in total length. Therefore,
rearing under high water temperature conditions is concluded to be applicable for sex-
manipulation Stable rearing at a constant temperature (20°C) in the stages from the set-
tlement to 50 mm in total length was quite effective in inhibiting spontaneous sex-reversal
towards males. However, genetic males have never been sex-reversed to physiological
females by control of water temperature

The etfects of sex-steroids on sex-differentiation in the hirame flounder were carefully
examined in order to control physiological sex Optimum doses for immersion and oral
administration of 17 @ -methyltestosterone to induce sex-reversal towards males from
genetic females were 1~10 ppb (the minimum dose was unknown) and 0 01~ 10 ppm (the
minimum dose was unknown), respectively. Effective doses for oral administration of E.
to induce sex-reversal towards females from genetic males were 3~10 ppm (the maximum
dose was unknown). Low doses less than 0.3 ppm had no etfect on sex-reversal Effective
doses for immersion and oral administration of E.to inhibit spontaneous sex-reversal
from genetic females to physiological males were more than 0 1 ppm and 1 ppb, respective-
ly Oral administration of E:treatments with 0 1~0.3 ppm was not effective in reversing
sex from genetic males towards physiological females, but did inhibit spontaneous sex-
reversal to physiological males The susceptable period for E:treatment to block sponta-
neous sex-reversal was the stage between 28 and 39 mm in total length

4. Large-scale production of all-female seedlings and their growth performances:
Growth performances were compared between female and male hirame flounder, in order
to elucidate the usefulness of mono-sex populations in the aquaculture of this species.
The sex-manipulating techniques were optimized based on maturation characteristics of
hirame, and effective production of feminized seedlings was attempted.

Comparison between the sexes within artificially cloned populations revealed that
females achieved better growth than males, namely 1.8 times (445 day-old fish) and 2.9
times (773 day-old fish) higher in females than in males of average body weight The re-

sults strongly suggest the effectiveness of mono sex aquaculture using all-female seedlings

— 2 —




Histological examinations of gonadal development showed that males matured for the
first time at one year after birth and females at two years old. Viterogenesis began two
months prior to the spawning period. Judging from egg-compositions in the ovary, the
ovarian development was considered to be of the asynchronous type Onthe basis of indi-
vidual spawning experiments, it was revealed for the hirame flounder that the same
female spawned almost every day for about three months during the spawning season.
Therefore, natural spawning in the tank is felt to be more convenient to obtain fertilized
eggs than artificial fertilization Natural spawnings in the tank containing normal fe-
males and sex-reversed males resulted in large-scale production of all-female progeny
(genetically XX). This result also suggests that normal copulating behaviour of sex-rev-
ersed males after natural spermiation might occer in the rearing tank. Spontaneous sex-
reversal towards physiological males was then inhibited in the fesultant XX progeny by
rearing them in stable water temperature at 20°C during the sex-differentiation period
By the above mentioned steps, feminized seedlings were successfully produced on a semi-
large scale and exhibited high efficiency in growth performances, because of the quite
high percentages of females in the population

5. Production of cloned population and its application for genetic improvements: In
experiments aimed to produce mitotic gynogenetic diploids by blocking the first cleavage,
an increase in deformed fry and a quite low survival rate of embryos were frequently
observed. The mitotic gynogenetic diploids exhibited expansion of variances in some
quantitative characteristics. Complete homozygosity was clearly verified in the surviving
mitotic gynogenetic diploids by using isozyme gene marker

In cloned fish which had been produced by the second cycle of the meiotic gynogenesis
in the eggs of the tirst generation of complete homozygous gynogens, a better survival
rate of frys was often observed. Cloned fish exhibited smaller variances in some charac-
teristics Genetic identity within a cloned population was confirmed not only by tissue-
grafting to examine histocompatible genes, but also by multilocus-DNA-fingerprinting
to detect minisatellite loci

Hybridization between females and sex-reversed males within a cloned population
resulted in the second generation of the same clone, suggesting successful maintenance
of clonal lines from generation to generation The appearance of the fish obtained by
natural spawning in the tank including females and males from a cloned popurations
suggests the possiblity of large-scale production of cloned fishes

Hybridization between a female and a male from different two cloned populations
resulted in a genetically identical heterozygous cloned population, which exhibited better
survival, growth and disease resistance than the homozygous clones. Therefore, heterozy-
gous clones are considered more applicable for aquaculture In conclusion, it is felt that
homozygous clones, which were fixed for certain specific characteristics, are quite useful
as broodstocks and the resultant heterozygous clones produced by crossing two different
clones are more advantageous for commercial aquaculture. The time required for genetic

improvements must be shortened by new techniques for producing cloned populations
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t 5 * (Paralichthys olivaceus) 13, HARZ@EEL» SRV FlBICH T THHET 2ERiEHE
OhLvABRETHY, RRRECHREINISMERATS 2. TNREERECOTEINR
BT, DARMTHEIEIRABE N TS, —7, AFERBEIFFCBALITENDNS &
YL ->TWV5E, 19F0LEOHKE T, BHAOE 5 A D ATEH IE2, 210 FBAEES h
7o, BEHOREH b I hICEEHT 3,881 ABRSEEShTVWS, Chid, BERATE, <
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6,515t (19914F) IKREHLTW5E, THIFINIEDRARE 5 X DRER TH 56,276t% k[0 5
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ES A OBELERETAIMERIFREHRS (1966) iiE b, %k (1971, 1972, 1975) 0%
BHISTIZITR VT, A « bk (1979) BLFEAS (1980) 1k h KBAERIROBRD
hahtk, CoEMED LI, 1980FERICEESHICER SN HEEREL 5 -Tl}, £
A DORBREEEEB L UBRELESITRONE LI HE >/, MIRHBXE L TR PAEHES
NTVWELHDOO, BEOHEDRE TENEBIERSH, BECTIEREEREN ISV L
NMELTVWS, 20EKRBEFLL, BEAEHDO TEHRRMETAEESNIETILE > T
3. —H, b7 ARBEOEMPL AoV TIE, FH (1980, 1981) B X UHEH (1990) i &
BN H B, Lirl, £S5 ABEZOHOHEBEEOBRVEATHY, REBERFOBETO
R EMISHS TR T, BEOMEFERANICERET 5 L5 BEMBHARKERLZBLIhTL
B,

ORI AERK S evicld, BEFWNTEIEEL OOV ESTHS. b J 2 BiELE
B3AHT, b5 ARMHIc X AREENE L, BokENREE FO2 C EAHEAL 2 U
H 5, 1983 tha « /NEF(ly, 1985). EBRic, HOREEHIBHESREZ LS DAL 5T,
B 5 X DORKBBEEOEEICL >TWE, -7, &I ARXBVTIE, BEOlE~OERES
EODTCHATH A, £/, Blikoe 5 2 EH<TR, BEFEBCELVEHIBENSE LT
D, BHEOMFLITILELXBOLEREBKEZL. Lrl, REOHEIC L ZEERBEETE,
MERRICEVER & ERTEEROMREEL, BRENELMENICED 28 L LEROBF
BRHLNTWVS,

BHOABNMEHEHOWEIL, Yamamoto (1953) @R 7 o4 FUET 2 ¥4 OBz
HE (XY) =HEerMEIcEstr L 2S5 Icib - fo. & ST, i (XY) S@EEE (XY) o
KRBT & - T, @ (YY) 2EEh, F.HRICLERIB NS &L, M (XX
et o s ¥, BRI ORI L > TR HRICEHENE LN B Z L AHES
tfz (Yamamoto, 1955, 1958), O &K HWHERF v 4 FUEIC X 2 HERBADOIEHE, £
DB T S EEABOENLIE, Z0%, ¥ ¥ 3 (Yamamoto and Kajishima, 1968 ;
Yamamoto, 1975), 5 4 5 27 (Clemens and Inslee, 1968), 7 » ¥®— (Takahashi, 1975a,
b), BLU L (Okada et al., 1979 ; Jhonstone et al, 1979 ; Hunteretal., 1982 ;
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Jhonstone and Youngson 1984 ; R, 1985) M & TiThb N, ERAROANE ST, EEMN
KEELSARICOIbHEN, LI BFEIIO>WVTIE, Yamamoto (1969), Donaldson
and Hunter (1982), & U Yamazaki (1983) i< & 281 H 5.

ZI®>5 b, Yamazaki (1983) &, O AENM LBEHBICKBIL, £hEhofi
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550 RRAHU BRI B MEESEE O (SRS ltic /s 03, =41 (Nagyetal, 19785 Gomelsky
et al., 1979), v v & a (Stanley, 1976), =< Z (Chourrout and Quillet, 1982), & v~
4 (Refstie et al., 1982), ¥ ¥ a ¥ (Suzukiet al, 1985), BT 7<= (FHH, 1989
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LHCHLEL, REREAVE LT, Wl sEH L, BRIk T 28RBS EE A5
&l
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et al., 1983 ; Allendoxrf and Leary, 1984 ; Guyomard, 1984 ; &0, 1986).
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TEKE NS, FORME S UHEERAE TEH T 2 &, ZotRIEE S EEMICEHER
EAREBESARD s - v EL B, T, 51 RS ERIMEERA: 2 SRR EREEOREIE
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al., 1981), #* ' # (Naruse et al., 1985), 7= (Han et al, 1991), 8L 34 (Komen
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firhZ@E U CHEmERkEE L, BH 10, a9 REIcIEERL 2. BonipeZ st
TR, FHET AL EbI, AIELIREEEL, TORENELKRD.

3. RBKR(E

MEMEREAE 2 fER ORISR, BT OBMRIAEL & IIREBADOR LGS 2 081 H 5.
T0)BREICEE 2 BAEOKHMEL EH 1 FEFHILc X2 >OHESBD, TnENE2
AR R I B A 2 A ds X V8 1 BREIRHIE RO A: 2 fBEASPEHI S B,

T OBEHATELE, NEFE « 1T (1983) OFFHEROENRBHIC X 5 HEEERA
LUz, BAEBEICET - T, #HE LK% Pleuronectes platessa @Y ¥ 7 Vg (K E,
1979) Wk ->T 50 513 100 FECHARLL. BFRERERE O mA 52y +—L 1 KB
720 05~2.0 Mo AN, BECEL, FRDT, FAREBHEL . AR, BEHEXD
30 em B AE T ARELT (GL15, B 28D 2EABEE L, 76 ergs/mm’esec DBE T,
1 SREMES (4560 ergs/mn?) L7c. MBSDEKOEENC, 1988ELIRTOERBITIE E 7 2 Dk
ARV, 1989 FLIETIE< 71 ORBEER V.

52 BRI, 1E6 2 2RICBE T 200K ELE F /o BN BRI K - TITS »
fo GLAS, 19875 (LA « B4, 1988). WIFhobETe, MEREE T, WEER (135
~16.2 °C) TEEEL/z. BEMETIE, E A v v aky MTAR, 45 4, 0°CoMEKic
BiEL MEETR, BEblEFERCRLL MELABIE 7 LYy F 7L 2 (RERIER
) ARV IEEKEEDICEVITEL, 600 kg/cf OINE%: 6 2SRk L 72, TMEK
TH, BOrIBEL, EEFEOEBEEHETICRE L. 198TELHIOFHAI ¢ 3B
BHL, 1988 ELIBTRIMEALEEEA L.

%1 REIDHIEE, B 60 KRBT AMEMBII X » TITH - 72 (B - 7RI,
1988b ; HHKE, 1991). BRAMEBAMSZ TITCTHEE L. 7LV v F 7L 22 HWT, 600 ke
[of DIMIE% 6 S3FEIRkEE L 72,

4 BEHE

UROFREERS, LA 1 ~2t KENCERELAL T —-28x » PENRBELTHBY, ¥
B (125~18.3 °C) OF/KTHEEL .

fFROFEER, FAlE LT, SALRTHOMIERIIZEE /KL 572D 10~30 XA L <5
Bl WEKEELT, 302516t OBRBOKELHV, AEEEORVWEERTE,
HEs 20 mitkic, ABEKL 25720 5 ~10 RECEBEOHE 21718 -7/, HEKIE, H#H9
T THERKT, ZOoRFROZEHEIcEALREL1/5~1/1 BOoBKETH -, HE
(13.7~202 C) WL 2HFEEAE L, KEDRFEERBKICLZ Y+ — 5 — N2 TR
V, —EREEEEIc e -y — AL, ERELT, vAIAvEvLy (HE2UE Bk
UTnsiT/ =709 R (B 20 §igLIE) 252 7




MAOEE R, FHHIE LT, HES 30 TLL 40 OFBERNOFREHMO > 2, #HEK
CHNAL, FAERNERELCHE LA, MEKEELT, 04,5 16 t OABDOKIE
RV, HEOKRRICEGE T, HEKEORELEL RS vy a5 2k 28H05K0H
BIZfTs » 7, RS TR EEE 056~30 EEofkFAE s L, @¥RESHcH -k
ALOOHA2EBERF N THE L, HEFATERE TR/ 7 hovEilie—y—L9—
TRE oy Mk > THEKEOHREETE - /2. B E L THAENEBEAESE 2, #I oM
IR T VT I 7, -7 ) 9 X LML

Him 90 S0 L 1650 BOERAS L URBEOME I, 500255 5t OBROKMEE H
Wiz, fgke 1.0~3.0 B0 EERKEBEETRE 7. HEELT, BEOA I F TEid~
TYESZ 2, BIMPEOBEAITEY, L RBREEBRERICBLTIERSEDOBE IS
&,

B8, WREAKOABIEEREE, 1~12 A2hzh, 123, 112, 118, 13.7, 165,
19.8, 231, 250, 247, 220, 182 BLV 151 CTH» 7

5, BXFoOA FOBHE

AR TR, BEEHEORANOHMEOEBREEZILST 52HE (B28) BLoMrFoq K
OUDA~NDOHELTHEST 2N GBIF) T, MMtEics i 2BA 0k L 227
o FUBEZETE -, ERALAEXFoA M, EsL1Er T2z 594—1—178
(B: &BEE0) LHEMEAVEYTHBLITa— 2 F VTR RFoy (MTEKE) T, 2hAZEN
BEANORIEIC L 5HE B XUHE AN LB ORSIC & 5B £TH - 72,

BB, 1B 1B, SEKCHEEEOMR TS FEZF AT LI — AN L THEA
L, 2 BSRIERIRREAHERE L TITS o 7. 2 0B, SEKBO x #0702 — VIBED 5 ppm
(bul/e) &rmaxdICHHEIL, BOMNEE, HEBEOHRF oA FE2SET 2RE
FRHE R (LR, 1981 X 0fERIL, TOZBEEL TITE - 72

6. tELLREHE

AR TR, BAOHBHOMELABTLITE -7, BHAE LT, FHERLEH 150 0L
253 ETHKL, HHEROTNTELIES v AIGBUOH L Z—HoMikicouve, BED L,
HSEIROIZIRIC & » THOMEETHE > 7. 2K 160 mll FO/NEMEEKIc > VT ik, AR
DOHBBEADBEMRAEOYE MK L 7. 7, —WOFHAER TR, TOXHIULH 7Y
YR EBMWHE LS9, AERAME LRSS L2 RORBM & THRL, B E 72125p
DFEH L, AFEITOMEREE (FPA < /NBFL, 1985) wESWT, MAEHEL L.




7. fASFMER

HEOETEIR T vEREAHWE, BHick, 5~10 umESDN5 7 4 YR %
FEBIL, F3 74— F e~ b+ vy y—xtv vy BREAHL, HIHEHEEATL -1

8. TAVHALAZH

BAEIT R 74 v A LR E Lic, RS WTAITEITA S H&a R, Badmets
AT O —H 2 RE U (HM - BRNL, 19875 MM, 1991), &kle Ui, BRKE
T, FROBENY v 72HBREE Lz, 74V FA 20BRBIRKERF v 7 v 57 LER
EEIc & -7, BRKEEEKIZ N 2 —7  vEBEERER V., BRELBRE V2
= vk FEBER (DH) T, REHEIASD - FHE (1980) oFEICH - 7«.

9. #A%BIETE

Han et al. (1991) OFEHEL, HERZEQAOREFICBEL, HEHSOH KL HE
Lic, 97%bb, MHERMER (Fr—) OEFMEVIDED, VY v  vikh TR 7S -
RIEEEBSLOTHERLES I (5 X10 m) Y103, B & Lz, WA Gk
2 b)) OBEBRAMOANRE EF OB AR EEARIC A AT HEZAN, E5IKZORRKRD
B EETHMOBIC A 222 LANTHREZIED, £ JicBEh 2HA LR BER, 2
FEPEHM (=702 F L VBBF M) T L) THREL, MEOREEWE, BRE2 0%, B
MR ORBOBIEHSTIREL 152 & 5, BRSO R b OREEZVIV LT 2. BHERIERE
BKIE 20 CUNTITR - 7o, Bk, +2 r2E8WohETHBL, BRI X3BEES 0
REOBE L, Mic X 2BiER OB OME O 3 &7 RILILERKSE L 7.

10. DNAT 4 v H—=TU v b

E S (1993) OB, HEEmEEBWEY cold B (HPFS, 1991) 1tk - TDNA
T4 vH=TY v DERIAET . TRbLE, ESAOMEN LY, 2DNAZHH L,
Wf##% Hae IITTDNAZVIMT L7z, DNAMTHE % 1.3 %74 o — X7/ VESHKEIC L b 8L,
AVTSv T4y —=lzTay L, MyoZa—7%NA*v s —ETERLILZOE,
B ra—T7%2 757 408 —FEODNARNA 7Y 54 X&/, BFro-Ton
3/ URIBIC R D ERE 7 4 VAR ER, DNAT 4 v =7 v F %15/,
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]

E1E ESx0isbiEiE

b5 X DML T 2 5 A TOERER 2B 2HMT, &I 0EMEBRI>VWTH
B (MERBEED OB EHEL, oMt wWTHS I L. MEE LT,
Fio, EHEZAOFHEA2N (N2 1) O@BFEOHBER (2-1) »5THINCRE L ER
RO 58, MBS L CHEANOMLOTPBIMBEEITB VT, 2hFhiBIEaMs X021
EB-teERT o4 FRILEOEERTH S 38RT1 (F 2 MAEMHIE R FA 2 £k,
SR D 20.0 ClHE/KBESHER) BLY 38-RT2 (AL 275 CHEABRER) » 518
SNIEARICE SO THERAITE - 72

1. #EARSMERA

25k 44 m, HE 10 Offf (2-1) TETIcHBRE & HEEORIC 1l oS EERE
faimigga s, MIBIE8 umX 5 umT, BIRH umX 4 yumDKESTH-7 (PL1-1),

ek 7.1 m, H#E 20 OfFF (2-1) TR, DPEHRBEOTHICHEN 50umEBEDES D
Lt OATEREESTER E 1, B 0@WRIRICE L N2 HE O EFEFMASZED Sk, 4
TEEAR L 8 ~12 um DFEMIET, ZIRIE6~9 umTH -7 (PLI-2, 3).

£k 12.8 m, Hip 30 OLBHIRMOMFA (2-1) Tid, #IHEMERIIEREOBE A
EHL, BEEE,oET Ui, EEEECET ZEERZN umBE0EST, FTHIK 30
pmEWVWL 50 umic{HiR Lo B ER s N, AR, 1EOCABESh, 8~15
UmDKEIT, BREE~IumTh-7 (PLI-4),

2fK 158 m, HEAO0DEBHROBFERR (2-1) T, AR EIMEL, BEEEEOZ
BR SF 190 um ORI TERNL TV, AJEIRSEESE c B 2 BEHOIE 1 80
umiFETH - 7o, HEHRICELEA SN > (PLI-5),

£k 19.2 i, HES0OMER (2-1) T3, MEEEERKEH» SET I 4B IS S
BB, RIiE 20umxX15um T, E&XH 300 umicfdE Lz (PLIO-6). B HE 50
Te&k 233 mOMA (38-RT1) T, AMRORIIIZEIEETH, AEMKEEEL LA
FIXOWHIEL, —F, KHREERORENS SN, AR IIZE(LEA SN -
7= (PLUO-7, 8).

COEHIBHEERL» S, 2K 23 mPATO b 7 2 OFHERRTEENCERRSMEI IS 2
CEBMOSHER - Fe, AFERE, FREBECAEBEBREORREICSY, ERICLIHATE~O
BT E 8-> TIHEEERG D SMEC ETT 2L 01020, BENMELIZLL, HH
QEBEDONB W LRI N,




2. PREDs5LiEE

25 275 m, HiE 60 OHA (B8RT1) TR, FHEROBRICELVEML S SN 1,
TRbH, KMREERSEECHEL, ARG 120 um X240 umBEOKRKEIOES 1y
FRIA LSRR E Ry, Bbto FAlmEciE L, —h, £EEMREERS T, K23
12~15um, HZBEB8~9 umTHY, KOO ETERRICH T 2 HFEFEM ORI & HE L
-t (PLI-9, 10).

2£F 395 mn, H# 70 OFE (B8RT1) Tk, HEMHEIRIZER 300 umBOKEXXT, I
B o REST B EEZ ONIRENED SN, T OREERAETREIROBEL SHiAIMUIE -
TERESh, B TREEROFEEROEZIIRToNBRE LTEDshie, Ly
U, ARG IR 7R MU & [ERR g2 R Lo (PLIO-11, 12).

2K 695 mm, Hi# 80 oA (38-RT1) T, FHEIFEINEE L ToKEE L MATL,
PEEEoREICME L, BR 800 umBOKE X T, KEUREENZIZOLEIE-
THAELZ., DB A ZOVEMRSEE OB I E LT L, IERERICEET
5EEZLONBORRBEEERL 2. REREEREELERL2DHD, —IBTHESR
DEAkE AR T 2RO /NE LI Shic (PLIV-13, 14),

25 945 nm, H# 90 Ok (B8-RT1) TR, WENIE 0ABMBED SN, Ficld
BHEAHOBESHER S h 2RSS MRS e, TIERIERY 1400 umT, K&K
ORI U BRBRE SRR L A 2 SBI T H e TR » 7. IREREEBHA CINERER
WHEZEL, ZORBIIVHIRGQESVEL 2. GBATIIEL ICELT 2 I9RERO% DK
WOBEsh, BRI ~4 umE MY L 7, IIEERFICE, BRT~8 umdD
BEOHOBELIFT O RREME S 2 0 FEA L (PLIV-15, 16).

25 127 m, H#E 120 O (2-1) TR, MENCERECHOMBMESA OSN3 X
S - tz, ZORB{CHOINKRERE 20 umPITT, #EBE 2umPlFTh -7, Ip
BRIERWN 2,300 um T, IEERSERECAMATHRZEL L (PLV-17, 18). £K 146 m,
H# 141 ofiik (2-1) Tb, BLZEBLINBMEORERE RSN, LrL, B
Bic3RAELEOFKENSA LGN, PREKN TmOEIELL (PLV-19).

425 227 mm, HES 184 OfE (2-1) T, AULCHIEAZNEEESECALNDS
KOt ot NREIRAEENMEL, B3 16 milZE L2, FEC oM REKR
Z 50y mBET, BRICHEBEOLCHA SN (PLV-20).

PEOBEERED» S, SHEROIE~DOHLE, VRIS O IRHIE~OBTIcs 2725,
FHREHERI X ATBIEHRIC L - TR-ST o NB &SN ER /2, TbDb, AJE
BRiZ, £F 27T mTd TIREENEILERL, S5ILE 39 mTIRINERE I RES 2 Nk
DOHEBEIC & - TR~ DS EOHER S 0Lc, IIFAERED SERHIE~ 0BT, 2K 69 mT
KENEN, 2Kk 94 mTERLLD, MAOHMENTET L.




3. HEOMMbidE

2K 27.3 m, B 46 Oftf (38-RT2) T, SRIRREKRAZRSMMEERESTERER
UZe, AREIRIIERS BRI SMECETL, A3 40umx30umT, BEH 700 4mic
R L7z, ARMEMEER» R 0FCHmL, &R 10~18um DML T, HIIE8~10umT
ot (PLVI-21, 22).

& 37.0 mn, H# 56 OHEMA (38-RT2) Tid, HWRIIKEE~DMLICH I - 6550 7S
EREERLI., bbb, AHEIRIRESH 550 um, KSH 120 um DD & 25 - 1 BBRIE
T, BEREOBIICB W TENO FRIE eSS PRI ICE TMNE U, R A b
OHERMCID > TERFLTHEL, —7F, EEROBEBMIC IFEAEOKEBME T 2HEV
A A U e, AR R 7 R & B s TE A R L7e (PLVI-23, 24).

25 67.0 m, % 66 Ot (38-RT2) Tid, WO LIFEMCH 800 um Oig T
THEHERI AR L T L, £ O THIBHEMEOKEEY L 4 2R O iRRSFE A RN
ATHB L. BREWE, LOARWEAOBEERL O, MBEEORRKICESET 5 &40 - 1.
HSETRRII R A 1S IETEAS 5 hAasbh, R 12~20um OWAET, ik 8 ~12umTdHh - 7=
(P1.VI-25, 26).

4 940 mn, HEh 78 Offifk (38-RT2) T, AMERE L UMKE ORI IIHE ©—
MEDETOHLTHEVWEEEE L, T, BREBEL D OPHBRG THEER L TED,
BEBEDABNC I > THEO OB ThB L. C05 b, LEMlaEEEcEd 25
& 1200 um @ FEIPR-> THH L, TORBOEREHIFHRICHEET S EMRBaNk.
R EHEL, BES LEES o 8ElE s & S i/NEE RS 2 OB S 1.
CNRTHIRRE/NEEE LA SN, ZohORBEMEEET & EEICR 12~18um T
B8 ~12um o KT oMigicmz, R10um THES umPBEEI/NUAL L - lassssm L 4
(P1.VI-27, 28).

2F 129 m, H# 120 offik (2-1) TR, BRIBEEOWNEO FAMEL, B
& 1,800um, EAMR 800umDE=ATAZE L. HHEMEOE LA L BRIZBEEIRTS -
fod, FNERES L VHRE L - . —HOR/NETREESTERS 0, FBRHIR~OBIT
B st (PLVI-29, 30).

2F 148 mn, O#F 141 OfE (2-1) TR, BREZEENAmoENRELRLEL. A%
NTRBEARICE UL OBRBEOBRMBOMEMEHE SN, —BTRITIET
DDA ot Up L, REMESKRZESHEEREL 2 (PLVI-3D).

25 228 m, H# 184 offtk (2-1) T, BERIERH6mIc KB LL 4. BHEANT
BREDLHTERBBHBFERSEE SN, BROBEBRI I IDERERMIZD 45 5 12 2 K/NEH S
LA, ROKES OB/ NERT TICRET TR SN/ ENBEEERL TW, &<
RO TR, HiEM LK - 122 OR/NEPSEROMBREZBET 2 0088 sh
7o (PLVI-32).

Pl bR O, HHEIROBE~DSbIE, BEME» OSBRI~ OBTIcs &1,




R ERE T & LB LIc X » T, IBEADMLBRRE L HECXEls 0 5 I &4
Lic. $1bb, HEROBEAOEENENE, €K 37T mTihy, Lk, AEMRO S h
B & PR E 2R 2o ERR BV THEE ST S, £/, 28 94 mT
FBNEEBESHEEHE L, S5, 25 129 mTREHEREL SBEME~NOBITHED & 1,
HEANOHESMEMSTET Ui, AMEL RSB TR, BTERsERIc#T L.

4 % =

Hh (1987) &, t 5 A OHMEBREEEEL, & ICAREROMEADSLE FHIIC IR
Lic. zoTid, 2K 30 mAiR COBEORK I L o MEOHLAER S, 2K 5
mmEiH% TR B I 2 IR ER o BN A S0 A, KR TIERMROoHHETEN, £
E 100 mE8AThOoTHBIENRINTVS, AIETR, ThoDHATBELZRED
BEMBONLY, SSLEBIMELABERANZ CLILL-T, BENOMLEREL XD
HUCHET 2 EMTE, MECHEOMAEVINEE L D BT 28 TEi. 94
bbb, FEIUAREEBEROMBUIITZREINCHRRM LIS 243, HROMEE L UNF
BRzhZFhek 27T mBXY 37 miEE T+ i BIXBITE 3 ENSE#E R L. 20
%, HEMEOBEAHMERICESE T, WRICBSVTRIVEREOINE, 2L THERIBVT
MO AR SRR ERROFRERIICB VT, ZhEZ OIS HTH - 12,
DT EPS, bW, AEMOBESR I L 2 BN OBITICS 2 - T,
AR R I & A B R OMRMEEEE S LT, KO EHICRIRRY 5N s ZEh5-
fo. HWIBTHRND LI, ML EELARETHEKECHE R F o1 FORZHEI2E
40 mmPIRTORICHFEL, 2K 40 mOEEATHMEOAMESHEL T b b0 & Ebh
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