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Morphological and biochemical early development of wakasagi based on wild-caught samples from Lake Abashiri,
Hokkaido, Japan
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Hokkaido Research Organization, Doto Research Branch, Salmon and Freshwater Fisheries Research Institute,
Nakashibetsu, Hokkaido 086-1164, Japan

This report describes the morphometric changes and the biochemical development presumed by RNA, DNA and protein
contents associated with the development in wakasagi based on wild samples from Lake Abashiri. Inflection points on the body
proportion were recognized at 12, 33, 42, and 54 mm total length, corresponding to the phase transitions approximately. Early
biochemical development of waksagi based on the DNA base indices would consist of three cytological stages, namely, the cell
proliferation period (hyperplasia, Phases A-E except D), the cell elongation period (hypertrophy, Phases F-G), and the higher
level period than both of the proliferation and elongation periods (Phases D and H). The biochemical development showed steps
similar to its morphological development, with the changes coincident to both. Since a shift of the feeding habit is seen just
before the transition, the morphological and biochemical developments would be mutually related to the shift, and are suggested

to occur in the same phases.
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ARIZBIT D EER U DY FEERD 1 DTHHH, £ Ll (Sato, 1952 ; & - #hil, 1988) &L IEHEMEX 5y
DOFEMEERITT6~460 b > & RESEBHL TV 5 (1981 (Torao, 2000) 35k BN TWD, FEDIHIEE IZLE
~20074F, ALHEENLKFERELYS, 2010), MEAEWICRT IERECITERENEL LIS L TELIHBAERD D
50 B Y XOEPFEREIIIHAI F TOAFENEET ZENEBNTEY (XM, 1978 ; Fukuhara, 1985 ; it
bBHZENERMETWS (B, 1999), £7-, —fi% (11 1986), TEREDZEAITARE LOBALEZ BB LI-HKE X
BN D T 3 X DR D ARG 52 A2 RO %, M RO OREEE LTEEHRIND, LLRRL, Ul

U] (A5 & T PN 7 ﬂmzoﬂﬁLﬂﬂH%m #%fi’@;5&%?@&@%&&@%%L@%%K

\ZIFET % (Hamada, 1961 ; 590HE - $R&, 1987), = DOWTIEFRSE ST WAV, TEREI R E BRI
£ 9 22 [EERL O 43 I8 BERNZ DU T %%ﬁﬁ@%FM§ 2T, HLRNIRRE O AL DR EFXERFT 2 2
71 (i, 1999) OfffEfansessikie (B2, 2010) & LHAETH D (hEF, 1991), RNARDNA, # /37
OBTEMEAER S 4L, S OIEEROFEEMEAHANIC R CEFHmEORKTOE BIXABTFHADONRE
ELTWDLZERBBOSFETHLZ LRI T DOFEHE L 72 v (Buckly, 1980 ; Buckly, 1984 ; Bullow,
Wb (ER, 20100, Zh oD Enh, PR ERRE 1987 ; Ferron and Leggett, 1994 ; Buckly ef al., 1999), \»
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<OMDOMFEITEBNT, T D OFEN LA E
R AHEE T DRI TS (BRA, 1969; 1 &,
985 ; #@ M &, 1986a, 1986b ; Takii ef al., 1994 ; Seoka ef
al., 1997 ; Gwak et al., 2002 ; Tanaka et al., 2007), L7>L,
BUEE Tl F2RRIC LIS TR s T
W,
AWFZECIEMEEBICE T 5 U h X0 RE R
TERERY - AL R E N S LT Z 2 HIE L,
BRI TE RO AE TS S0 I @ AR I B D A AT o0 RS
BRHEZ R LT,

HAHRUAE
FARE FERICHWZU VX, AusE s oM E

WZBWTEHE L (Fig. 1), HEFHATR Y PB X
OH X HZ VT, 1997~19994E D 5 ~ 9 AT 7=,
B LT ERIZE B 5% PR~ U > TREE LIERE
FHANC AW, E 2 —E O EA IR (RNA, DNA)
BLOZ AT EOERIERT 5729, KL TIF%E
HILFE bR T,

RBEBRBEORS B LURERE BRE SN IERIET,
Torao (2000) %A L7-ER (2010) OXAFIZHE-T
HEBEPEE IR LTz, F8EBMEX Sy DEER Table 112,
ZIEILD phase DINIZHEA 7 v F % Fig. 2 IR LTz,
BAE S NT2 U B4 phase SO0E{A CRIETFE S TE (&
FEE - R - WK - BHEE - TMATE - MR -
IKE) ZREREREO~A 78 XA —2—5H DL THER
s WO COo. I mmEA, TEHAI L 7=, 7272 L, Phase D
EEILDWTIE, RO REERERHFELNRNST2DT
ZnEnAafEE, 37TMEEE A2 . FEREGHANZ AV 72 {H
REULAFBTMEETH 72, ARFZETIXB ARV 7
NERWTZZ LD, KRE LIEk B2 ORISR AT
Hotz, £ T, Sato (1952) NV B Y FAEMZ A
TITo BB L, WL A OFEH & AT CTX 5
L 7-phase% 5tz EM{L H % 0 & L C45phaseD b4
A% e Liz, REICHE Y FIREO 2R, LR 2R
S U7, Al R IME, B, &5V
AL LI T2 RS OIRRE Z H RO RET — & 2 6 3t
B~ THRGE LT,

RNA, DNAB L UZ VXV BEDRIE AL TIEES
BET T & RO CTRE BB O AL IRIE 02
ZH1 5702 L7z, RNA/DNALLSC & > /37 & /DNALL I
fE R D SRR BBREE O KR DB L Z 1T 5 Fn
HHNTEY (FIZI1E, Shimizu ef al., 1989 ; Sato et al.,
1995 ; Folkvord and Moksness, 1995 ; Morioka et al., 1996 ;
Bergeron, 1997), SREMRAEC/KIR DB A V(LT BT
O, BIpBHE - BRER OV TV Ephase T &I FE
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Fig. 1 Location of Lake Abashiri in Hokkaido, Japan. Solid
circles show the sampling points.
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Fig. 2 Developmental phases of Hypomesus nipponensis.
A) 4.5mm; B) 5.1mm; C) 11.9mm;D) 12.5mm; E)
27.8mm; F) 35.7mm; G) 36.0mm; H) 50.0mm.

LD THM LTz, T W TR IIOKS L TR B R -
72U ¥ & =R 0°C D EBREN TEEBMEEZ T
RPN [ Tphase s H B L 7=, phase Z & 12 5 ~30fE A4 %
& ¥ 7T0.25M Sucrose-lmM EDTA-20mM Tris* HC1(pH 7.5)
BiRE AT~ A 7 aF 2 —TIZ A, —80°CTHHT
F THRAF L7z, DNALRNADOHIH - E&IZHE (1988)



Table 1 Realignment of the developmental division of
Hypomesus nipponensis from Torao (2000)

Period Stage Phase Devide criterion

larval  yolk-sac A From the hatching to the completion of yolk

absorption.
preflexion B From the completion of yolk absorption to just before
the appearance of the dorsal fin rudiment .

C From the forming of dorsal fin rudiment to just before
the beginning of notochord flexion.
flexion D From the notochord flexion begins to the beginning of
caudal fin indentation.
postflexion E From the beginning of caudal fin indentation to just
before the attainment of complete fin ray counts.

F From attainment of fin ray full complement to
transformation to early juvenile.
juvenile juvenile G Transformation into the juvenile form progresses.
Characterrized by the melanophores appear on the
cephalic region, the posterior part of trunk, and the
upper part of the caudal peduncle.

H The transformation from larva to juvenile is complete.
Characterized by the melanophores on the lateral line
become conspicuous and are distributed on the anterior
trunk in front of the dorsal fin base.

DTN X DSTSEIEIZNE > THT oo, XUV BHER
DORPEE Lowry i (Lowry et al., 1955) 12X - TiTo 7z,
R S 72 DNA & RNA, # 37 B D& ) HRNA/
DNALL & & 2 X7 '8 IDNALL & R 7z,

fER

{REYZE{E  Phase Z & DRRDFHEA Fig. 3 12 L7z,
Sato (1952) Zxis S ®7-fHxf H#i%, Phase A ~H 2%
FhEN, 4, 7, 21, 30, 47, 66, BLU1I0H TH-7-,
SELE % OIIEAF I T & D Phase AD KL 5.58
+0.28mm CE¥)IEERE), #iPAI34.9~63mmTHh >
7o BPEE 2 WY L& % 7= Phase BTIE42 & 9.00+1.02mm
(BR#A72~114mm), HERENER I NLED D
Phase CO4R1%11.70+0.74mm (10.0~13.5mm) T&H 1,
Phase A 7»5 C E CTOMERIIREWVWE L BN, B
Tphase N> Tz, Dk, kGO 2 bh
F %Phase DT (£13.41+0.74mm (11.9~152mm), J& &
DIENDBIAE S D Phase ETIE 14.33+1.30mm (124~
162mm) TH Y, FERITFH L TV DL IICR LN,
Phase4= C DfESRTE AN B4R X 41 D Phase FIZ 72 5 & &R
1324.10+3.83mm (14.7~32.6mm) & 720, HOKER
T ER Lz R o7, #HMAMIZE L 72Phase GTIX A
WK & L £ K42.55+-3.83mm (33.8~48.9mm), Phase
H Tl53.94£9.13mm (28.9~74.6mm) & 72~7=,

WEMED 7 X OYHEERE 133
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A TIZEHIS%TH - 720, REICHEWIED LIS
10% & e o7e, BRI b5 & /S oo fEfD4a
EiX2mmTH Y, ZDOEEIL Phase C 235 D ~DBAT
W&t LTz, £ D%, 2K 15mmA> H35mm  (Phase
D25 F) ORITZEMIZEMNL, £&E33mmThiKE%
R LKI20% & 72 o7z, 2&E33mmiEPhase F 725 G ~D
BATHI & xhs LTz, 2 E33mm)» H542mmE TlEiE
IE—EDMEER LD, TOBBONIET LEZ, &R
S54mmiZET D LITE - EHED1T% & o7z, ZOKRE
1% Phase G 7>5 H ~DOBAITHIICH 72> Tz, ZOfthod
REEE E WL, EBARIE LR S IZIEREO L%
R U7z, —J7, ILMRETEHIZILE R O Phase A TIEHY
% THDN, BEEIHEONEREL2mmATE E TIEXENL
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Fig. 3 Change in the total length with developmental phases
of H. nipponensis. Relative days were expressed
as elapsed days on the basis of Phase A, which are
relating by the findings of the present study to the
description of the developmental process by Sato
(1952). The letters stand for the each developmental
phase. Average total lengths are indicated by closed
circles with standard deviations (vertical bars).

FE—EMBD62% L7 o7z, Fi-, HENIE D Phase
ClZBI) 2 EEFEHIFIC0% 2R, ThhbeRE
SSmmARE F T L43% L 72 o 7=, REEDEIROZEL
TR TR L 7R 5 JRIEE A E X2 K 16mmbL L DPhase E
TEBANRBDLNTH S, FEONTH AL, 2K 40mm
LETREL, T I% &7roiz, WELZEEOKRE
T 5 EIL, Z<OBEICBWTRERELR, 33, 42,
55mmAitk T L, FNENPhaseDBITH & & LT
W,

DNA, RNAB KUV IIVBEEEDELL FHEICHED £k
ZLHIFRIE O 5k & Fig. 512~ L7z, g (DNA & RNA)
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BILOY UV EEETENENFHAOBERZ (g
M7= D pg THR LT, DNALRNAT & (T Phase A
NHEDOYMOREER CTRICKE S EH L (Fig
5-a), DNA 3 Phase A 75 B T/ T — R
L, #®% Phase C CRAPLIZHEM L7=, Phase D THW
> L7=1%, Phase E TABKIZHE NN LPhase F, GTH T
I LTz, £ D%, Phase H CAMICEM L7z, —
J7, RNAG ®EIIDNAGED (L L IFIFFE UL EhEfe %
RLTZNZOELIIDNAG &LV b R&E D> 72, RNA
G LAY 1Z Phase B & Phase G Tl L 7= ASHERERY
WZHEI U 72, FEICDNAR AN L 72 Phase D 123 C
HRNARITHMN L Tz, & /37 B 5 HiL Phase A T
412,000 pg/g Td - 7= (Fig. 5-b), Phase BIZ 2> F T

g/g Btk TIEE —E Tdh o7z, Phase H TRILIZHIM L
#959,000 wg/g & 72 > 7=, RNA/DNALLIZ I & % #F - 7=
Phase A TI%3.19 & 0.66 Toh 7= (Fig.5-c), Phase B 7»
5 C DOFEE BMETITRESL MK T L RNA/DNA FiX 1.5
—3.0 DHPHTH o 7=, T D%, Phase D TR L5
WEIEL I N5.7+10.7% 77 L7, Phase E CHOMK T L7223,
Phase F (1% Ji 39111 fa391)  DARE %8 F B Tl 12 Hiff
DEVMETHE L=, #7327 % /DNALIT Phase A ©
22.9% 7K L, Phase C (20 F TRESe B L 7= (Fig.5-d).,
Phase D C—WfAQICHIIN L45.2% 72 > 7=, £ D%, Phase
Fd G TiXIFEAEENIT2 o773, Phase H TH
W BRI,
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Fig. 4 Sequence of changes in the ratio of each measured part to the total length with developmental phases of H. nipponensis
collected from Lake Abashiri. HL, head length; ED, eye diameter; SNL, snout length; UJL, upper jaw length; PAL,
preanal length; PDFL, predorsal fin length; BD, body depth. Open circles show Phase A. Shaded down triangles show
Phase B. Open down triangles show Phase C. Shaded diamonds show Phase D. Open up triangles show Phase E. Shaded
up triangles show Phase F. Open and shaded squares show the Phase G and H, respectively.
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Table 2 Ratios of the body parts to total length with developmental phase. The values show mean and standard deviation.
The range is shown inside parentheses.

Developmental Ratios of body parts to total length (%)
Phase HL ED SNL UJL PAL BD PDFL

A 15.1+£09 51%0.5 3.1x0.5 28=*0.5 729=+21 7.6x0.7
(12.4-175)  (41-59)  (2.1-4.4) (1.7-3.8) (66.1-76.4) (6.1-9.7)

B 140+£1.2 4105 25+05 22403 744+18 7.2%+05
(9.0-18.5) (3.4-5.2) (1.6-3.7) (1.1-2.7) (71.2-80.8) (5.6-8.4)

C 10.4+£05 3.24+0.2 1.8%+0.3 25405 75.3%+=1.9 58+04 50.7%£15
(9.3-12.0) (2.8-3.8) (1.3-2.6) (1.4-3.7) (68.1-79.3) (4.9-6.6) (47.4-54.2)

D 11.1x£09 3.4%+0.2 1.9+04 24106 74711 74711 50.2+1.3
(9.7-13.3) (2.9-4.0) (1.4-3.0) (1.4-4.3) (72.1-77.2) (72.1-71.2) (48.1-53.1)

E 11810 34+04 24+08 3.1x0.6 739=x2.1 6422 49617
(10.3-14.1) (2.0-4.0) (1.0-3.8) (2.2-4.0) (71.0-79.7) (3.0-11.3) (46.8-52.4)

F 19014 52+0.5 49+0.7 6.7+1.0 66.1+=2.5 11.7%+11 452+15
(14.3-21.3) (4.2-6.7) (3.0-6.0) (4.7-9.0) (61.7-73.5) (8.8-14.4) (42.3-49.0)

G 20.3%+0.7 54403 52+04 8.6+0.6 63.3+=1.9 142+0.7 43.6+1.2
(18.7-22.2) (4.9-6.0) (4.7-6.7) (7.0-9.8) (59.2-69.0) (125-15.7) (40.6-47.2)

H 17512 4704 44+04 92416 62.6+1.3 12109 43.1%+1.3

(15.1-21.4) (4.0-5.5) (3.6-5.1) (5.6-12.4) (59.5-65.7) (10.2-14.1) (40.9-46.8)

REZAE  Phase IO 2R OHER (Fig3) 705, Phase A 10000 -
(IRE(FAIN) 75 Phase C (RIEHIIITA) 1< T < 3
W<, Phase D (RMFR) 70 Phase E (% 558 |
FRBMA) (SO RERITEWT 5 L B2 bh $8% ot
o, ZOf%, Phase F IMIIE VRS Z /T 5 L& 5
N fob—t
b, 100000 —
SRIHT 2B VEEOLROLE(N S (Fig. 4, Table  _ b H
2), MEMOU DY X TEEERANEOEM AR SE  S237 ' .
12mm, 33mm, 42mm, S54mmiZfEET 5 & E 2 5, Q-%% 10000 - ]
BCHEREIIEAE 2om, KO TAEBmTHE 5
EEZONT, BB EMSORD ENIZ2E 1000 L L L L !
12mm Fij#% 1% Phase C 2> 5 Phase D ~OBAT#, 3 70b . 15 -
& B M B0 6 J Ml ST £~ DR 1T BRI ATT S L s L
Tue, Phase C (WIAFSRIEED) 705 D (% i) 2
NOBATINC IS EERERIFUE O I, REEEER DA < sp
f, BRI, WA OK, REESD i ) ,
TRHERT, MREIRE O B E IRV EE T L C A4 L 200 -
THY (Torao, 2000), JEHEM kIS & OMAMAALASHE A 8
REHI T 5, U HFOFRMO T THIERRICE %1“;
WTHEEARRYATHS LMLBSTHhD, KOEER R |
AL, BRI ET 5 2R3 mmiig Tk 2

U5 EEZ BN, ZOFRFIL Phase F 75 Phase G -~ 0

DOBATH & %t LTV 7=, Phase F IX 9 TIZH RO it ih

WGE T LiESb » BESIERL S 7 H LD IBIRDN £ 1258

LTh 0 BB RIEMTFACH7-5 (Torao, 2000) = Fig.5 Changes in the biochemical indices with the
” o N ’ developmental phases in H. nipponensis. a:DNA and

EMS, B ORD b2 2 RIImmiT AR 5 RNA contents, b:protein contents, c:RNA/DNA

BHI~OBATHICHY T2 L B2 65, HEAMICIXS) ratio, d:protein/DNA ratio.
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SN % Phase G B L ONH &, (K OELE & &7 542~
54mm® Phase G, AHRANMTIETER UL THIC A D 54mm
LI E® Phase H D BT I 72 AR B HIFHE A RO Z &)
RIS, FRERE O M S ECTH LR R DR,
BEOELRFHI ERG LTV D Z ENRE L AR TR

SNTW5b (Bl i, LM, 1978 ; Fukuhara, 1985), £
B OB T BB (stage) 1%, FAH - Mo ks <
BRI, RIS HICIN A, AR i,
FREEY, ERBHYIZSIT 5D (Kendall Jr.,
1984), Zh SAMFREI SHEA M ~OBITIIZAE T S
b2 < ((RA, 1978 ; Jwil, 1986), FEHERMEA X
NTDHETCEELRREOOESTH D, UL FTIE
ZEREICHI Y 3 5 BRE 7o e LIFEE® H /e (Torao,
2000) 23, T BHORETEMBMICE(LT o EEXDN
Do

HEZFHHEFBRE AEOMRITMIEEENC X 5
A& (cell proliferation, hyperplasia) & FHIE O AFE A K
2 AIERME  (cell enlargement, hypertrophy) @ 2
SOMEEZF> (FE, 1991), DNA, RNAB LU X
N EER RO MRS, IR L ORENE
PEOREE & K95 Z L BN TR Y, A2 M
BoOEEE L TDNAG &R, £7-4 237 8 /IDNALLIE
PR 72 IO R & S OFfREE LTHWH LD (HEF,
1991), & 5 IZRNA/DNAM L X %87 AR OTE% S
DIEEL 72D (Bulow, 1987), Ziv b ORI AT HY -
R ZEICBET 2R B EoHRFLHIEL, Zhb
DNAR— A DAL LRI FRIE ) 5 AR 22 58 B AR 2 HE
ET DI ENARETH D (P8, 1991), AW CHENM
L7- 8BRS Z & OB FIRIEOE (T, TV FD
AL 22 WIS B A RE AN IR (Phase A ~ C, E),
i - JE K (Phase D), #MJ@fE K (Phase F ~
G), Z L CHfusgsm - JEKH (Phase H) 72Ok S
52 EHERELTWD, JPEE %A FFD Phase A |3 DNA 1
L ORNA, Z o U BEENEL, ALFMicbitho
Phase & %725 &5 %2 5415, Phase B 7)>5 Phase E (2
I EAARR RS 72 0 ODNAREHIN L TR Y i
BB R b, RRFZZ 37 E IDNALL DMK
TLTWDZ Enn, MBI NS NEE Z
N5, L7272 - 7T, Phase B 7> 5 Phase E Clidilllask
O L 5 HEFER R (hyperplasia) 23 FEIROIEFHE
XN THDHEHTEIND, Z D, Phase D TlI—HAYIz
RNA/DNA & & /37 & [IDNAL O 2% 78 - F5- 235

BNDZ LMD, AR & ERAIRE R FRREICAE T
TW5EEZHND, IRWT, Phase F TIXDNAR A
D UK R DNALLBHEIML TV D Z &b, Hila
ORI T UM AR K & < 7 DB 23R S

U, ZOBRETEICIERBIRR~ L E R L7
LEZ2 5%, Phase G TiX DNA®AEAD L ¥ o3 r'g
& - RNA/DNALL - % > /37 ' []DNAH O 4T O AL
FIFRENEVMETZE L TEY, BI& S BRI ED
BTN D iR & 415, Phase HIZ72% L DNA & - ¥
YRR - B IDNAKSTREBRYICEE R L,
FRBEFE & AR R AR R ANE R IZAT AL B FE B~ & fiiif

L7= & B 2 5, Phase H 75 #7272 AL A% B B bk
CBATLIZZ EAVRIREN D, FER I OTEFE 22l 53
ik, 2L OHAEOREBEHRANTRE IS (BA, 1969 ;
P D, 19854 M 5, 1986a;f@H, 1988), f@MH (1986b)
IZAFH O RRAS — R 2R B 2> b LAvZR & kR T
W5, —EDORINEEGTEI O % R AR 0 JR K238 <
WP EIRFRIL, 2 A Cyprinus carpio 7 © L Z L
A Limanda schrenki 72 ¥ CH. 65 (BH, 1969;f& H &,
1986a), —J5, =Y Clupea pallasi TIX3&E R O
N A - AU, MASEGAE, e oMaAR R & v
IRBEWREN/HER SN TND (FEH S, 1986b), & T A
Paralichthys olivaceus G CIXERETE T GEIRER)
F IR, D% ITMIEE Mz RO EET S
ZEMHEE STV A (Gwak and Tanaka, 2001), F 7=,
W Oncorhynchus keta TIFWH LD HAEFE3TmmE TOH
1 BEPE, 37~52mm=E TOE 2 EEfE, £ L T52~80mm=E
TOE 3 BP0 S, ZALE AU HE AR 2> & HE i -
JERH, &L THIERIE WO BERREE-ES (F
B 5, 1985), ZALbDOREBPEL, Theiumil (1986)
DR LT3 Alevin Stage, HEfaf Fly Stage, & L T
) Fingerling Stage & 1FIEF—FH L, ZNZE D stage
TR DR ERRE RO L AT, 2
NHDOFIRNG, AETIIHREBEREOBITIIC T4
BRSO REREEIES TR ENTHD &
BEZONDH, AR TRINET AT E2EDTED
AL FRIR B IRRITAFEIC L > TR S,

SRERSEL - EILFEHRB LOXIE YT FICBITLHE
HBr 3 B BEE & AR B B O Xt A 25 &, TEHEH
B LEOBEBERXEES 2 DR -AR12mmAl IS
% Phase C 725 D ~f4T1%, RNA/DNALL & % /37 B
/DNALLOZIE & L TEHATWE, $7z, BRINIC—’K
B 72 22 EWNT 8 % 7B BT A R33~42mm D i
Phase G £, RNA/DNALL, # > /37 B /DNA 23 Fhig
PEVMETLE L TWA Z LD, EFNICRTHI
BERADBVKETLET HREEMB THLEEZEZ LN
7o & L CRKARED R 547z Phase G 7> 5 Phase H
~OBATIITAEBRARE B B AT HEHH - JERAIRR
TS U2 & L o, JERER - ARERAIIZIE RS
LTE{ELTWB EEx bz,



PHEORE LD A X b EACFNREOSSIZD
WL, ZRERTIC RNA/DNAS EFT 52 &N~ T
7 = Conger myriaster (F7R, 2008), =3 U Arf (f@
&, 1986b) THEIZ XN TW5, 7 7~ 7 2 Thunnus
orientalis TIX 25 HE#4 T F 12 RNA/DNA [k 23 2% 12 =
A9 % (Tanaka et al., 2007), Wil T A TIZZERERFIZ
RNA/DNA b DA 38152 S 4T % (Tanangonan et
al., 1998 ; Gwak and Tanaka, 2001), 7=/ b 745 L
A TITAREMIZ DNA =AM T L # 7327 B /DNA
EERREL 2D (EHD, 1986a) Z &0 n, BIRFET
IR O AP 72 R L U THIBAIE R AN RIE S
b, UATXTEHBEEREERIIA LN T2 DO
RN ZE b & AR kITxH S L TR Y, BRERIZ L & [F
FRICAEF R EIZ G BREEN RO b7z,
EEMAMEEDORIE MEMCBT 2V YoM
13K B 10mmaAl %2 TV A 3 $5 O Keratella cruciformis ¥
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