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N 0 Tanichthys albonubes  Ik— 8/ AR i 55, RERUEILI R B, A ML 0k IF FORERG 2 7 i PR AR
EEU R %S BT R A, RS (1,017 £ 0.001) mm. HEEICRENG &Y i ALY TE AR AR IE PR RS K S B AT
07 AWrEE TR B SLTE E E GE R B IR B U R B B M BT TR I 3R R B e AT B
MR, RN KRR T RETEEARE: SRR HE14.0-168T 22.5-250TH28-30CHRAT.R
WEEH AT BEs g 147 b, 50 bR 28 b A PF AR . el aehie TN IR R R I T L, LR R TR T

B,

ES FHUE R R
S EE. 0959 468 TRIERIAE: A

I 461 Tanichthys albonubes ) I #L#} ( Cyprinidae) ,
#39 B( Danioninae) . 08 ( Tanichthys Lin), ft—
Rl R R R 29 0 4 em. ORGICER{T
S FIMEE WK TR . R
W A5 R, R T ARESA S, 20 fit
2 80 SERE MW K LA
— R, AR A MR R
SR LI FE, 0% B white cloud mountain min-
now. fRETE 1988 4 4 i) “HF 4 sh iy R 2" o
% 12 Py EE REFNY. 1998
SE MBS B WS Rl R,
SERA TR TR SR, O JL IR ™ i itk
T ALEREE.

FOF £ % 5 2 0 SR 36 RAPD SHTIA N -4,
¢ 4.5 [0 00 6 W0 A7 M0 ( Gobieypris rarus) H1HE
M ( Aphyocypris chinesis ) 7 HEE ) 2 X R A
[ 2 R A BT 7 B, O £ 55 T 88 ( Tinca tinea ) F 1R
MRS LR, IEENCHEE IR R
WERME TRl . [R5 — S 9L A B85 %3 00 e ity
BR AT, bk 20 = S0, tLdRIE T A
BiTAvRBMAF L EERAYHE CENE
w7, MR T RA T R R e )
B EfEER N — R A B, B

S E 2004 - 03 - 01 WEET B ;2004 - 05 - 12,
ERTE ) FHFERR I LT [ B 202N

e M BRI EE (1979 - ), B B BSOS

RSN . Tel: 020 - B5211602 . E-mails fangeho @ scnu, adu. en

M 1005 - 8737 - (2004 )06 - 0489 - 08

EGHREEO R U X sh . AR
A JCIRA B 2 A LRl T R i R, E Y
O T BURNE £ i 0 E SERR BT, I Dk k4
HRELREN PN AT ITHER SRR 8.

1 HHS5%HE

1.1 XKf

AT 2003 E 5 A7 BEH M BF4ah
bl MHR TERKEEICAREERR. 87
FE 12 AT T 4 BBy SEHUR R 42 0L
1.2 7k
1.2.1 BERAEW LIMEHHMA R THRE
(18 emx 30 em x 20 em) Ag & %€ 5, i K 5 B £9
15 cm KPR A S E KLY EHRET HK
i — B A IR P ER R, R A A, AR,
1) 0 5 O TRLGRL o 35 420 0 5 SO0, DL 3 7 R
S PR SR, W TS R I R R
ST P R A o A LR (WK S0 ). MR
i UK, LA B4 2 R X Y R
H SRR R R O IR, EH 4%
5700 5 A 1 R TR VL i 32 o RS e )
LR, e RERE B 2 Fr aY Rl g, i A A R K
R T 81 BE R 5 BT 0 ] .
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1.2.2 WESME S5 fh i o R Ui L EE,
JERER R AT . B E RS K K Cyclops vici-
nus), WHE i WHUAT M 0, BTt v i 6
it i S KR A& AT

1 &R

2.1 BEEWE

S I R WS 0 o ) R T B
Eb W0 AT B B, R B, ERRET B, R
TR TE W B B, e O TS WAL B, BB TE BT B, WL
MRS, %A e eT iR 4 K 28 e
(# 1), BUKETHMM22.5-25.0C, FHKE
24.5 THRbF F AR A TR o 8 ARGk o5 0
FUELARE MG Ritedm)h £,
2.1.1 EMPERBRME A FERE AT
PR e AT AL 8 H R BT REREE A
(1.017 £ 0,001 ) mm. [ 8 2 5 0585 86 1, ¢ 69
R 7 B S LU, K £ G i A R
SRR EM . R ETNA BN
AT BRI A e ek it iT. WM HG, 6B
I 4 I oy sh o b ¢, O sh B AT B TR LR &, R
StEEFRA R (R -1).
2.1.2 MREBME ZWGE 50 min, BREFHEE
(PRR 1 - 2~8), SRROUR BT shim il B fe 2R
KR ST HEE A L 2 K T RO R
FE. EREEMT 2~ KRRTE LSRN, HE
GRS DR R L T R
PR RELATESE, B SN BT, BB ER /)
AT RS R R iR A2
ENI(ERL T -9), R EEZHRSE] K 2 h 57 min.
2.1.3 WEMBE 3h36min A4, PREREGR
o, B R A 0 R R MR, 1 A BERE
PR ] - 10); 5 48 min iff A BEE 00 ( 8
BT -11), FRELEE E&EFHTE
4 h 50 min, B FE A FRE, 851 BERA 5L IE DAY, i A
BRI CRIRE 1 - 12), BRELEY & 2680 13,
2.1.4 [REGRERTE WEAEE AT W iLSR AL
FEFLI B, 6 h 14 min 98 552 81 M0 T G146 2 B B2
SRUENY 1,2, b R 1 00 FF &, 2F A I50AG 5 05
(PR T - 13), s B2 Y BEIK 142 % (0.828 «
0.002) mm. $EBEJZAEEE F 4, BE 3R, BE NS A ¢ M)
Bl. 7hi18 min, SR FRMEL 230, HA
G (A | -14). WAREMEEE F ik 45

i, i A EUBBRI (AR 1 - 15) , it B W ]
8 h 11 min.

2.1.5 WEEEANE L7 £8 h46 min, it
JELE M {0 R MO NE AT, 29 5 BEIA MY 89, MY
50 4 B R L REER LA S, TG L B, Bk
WML - 16). BEFLYkSEds, S8 44,9 h
56 minffi &, EAEFLAI W (BRR ] -17). ®G
3h4 min, HBE 4 WYL (AT | - 18), FERGAY 3. HI
FERBEL &5 0] LAWT A5 40 B¥ , o 0 000 7 00 42 i ke AR, T
AR A e ke T SR AR

2.1.6 BEEAME FETWHI14h 20 min £ AR
B CBERE 1 - 19), B 408 8 AR B 2 T 30 AR TN,
LY 6~7 %, 16 h26 min AR, RAEH S
RO, JREM B DS B
AR Y 4 HLARES M, i o FR A, 18 h 20 min i AR
WICPERE 1 - 200, L9 13 &, 3-8 % B, ol ]
BN P G 3 WA, Sk 1 A B,
19 h 46 min 76 HLES T 77 24 oot o] sk B 5 e o 0 )
ML -21) 0% 22~23 3. JLF [0 E i 3,
SR A . BETTTE 22 b 53 min 2E AL
PR (BERR - 22), e o BESR sh ity o b
AT S AR 3 ALY, A I 0 Y i R L
Wi, W Eh SR G 22 h49 min HO W HL,
MRk ah SEm B KESEMIY L. Bh
Kok —-MAEE2 T BihHE%Es 3 T8RE
S, ATRES R A K. FEZW 25 h 28 min Lo
A M Eh, L8 K 27.9 I/ min, BT Co B G
FUR W2 5 FE 2 i P DA A (AR | -
23); FUG Y 4 h 22 min T8 %€ 5] i 08 5 0 i B0, Y
FEEG AR LRI R AY 1 ~ 2 i 0 B
REAB D, ARG H 53.8 K/ min.

2.1.7 PHEHBBTE 2% ALET BLAY 5 A
1L O 0 R, L RGE AN i
H T4 0 B e 0 £, AT LB — S Y ST B R,
L T O A G 2 LA A M, LR
AT 0 o B D T £, ol S AR AR AR
QU o 00 5 B OO, o O B R 1497 TR
mvin; L R R IR e, o SR e o O R
0 0 L 53 VR R L, o R T S B, RO B e
S A R R, R e, T
fiHi. REEP i BRIG , fF fdl ot 5 0% 4 sh 4R AR 5 R
RO R £ R R il , L BB 7E K I £ BE 3, (MR o
RENE IR KAARRE BREVKE, &
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Lo T 7 £ R I S RSO

), 1 B AT O R TN IS AT (R -24).

BB ERE , UG AR A A AR, SR R AR Bt
it B oA H BB LA , S 4 T LA S R A O — i B Y

£ EEFAMSGEFWIE(2.5-25.07)

Table 1 Embryonic development of Tamichthys albonubes(22.5 - 23.5C)

A O T A R AW O BE NS,

PAZE )t AL 1 A 282 T L R Y
50 h(22.5~25.0 C).,

LW
g i 5 5 Y AT IE B B ] WBL ) L5
Ne. E“":ﬂ’::':::""”" Brief characteristics Stage time  Accumulation time Plate
1 WG Onecell B A ) A
2 EEEIITH One-cell ::»tmwnmmmmmmm I-1
3 24 2ecell BESLE3 2 R S e 50 min 50 min I-2
4 4L 4-cell it 4 ioihE AR a2 10 min 1 h O min 1-3
5 8 HIM Bcell ASHEER R AERY 19 min 1 k19 min I-4
6 16 B 16-cell i — i B R, A 12 min 1 h 31 min 1.=5
7 32 AR 32-cell #. 16 min 1 h 47 min [ -6
8 64 S 6d-cell g:x:ﬁmﬁ.mmawmnﬁ.zﬁmﬂ 16 min 2h 3 min 1-7
O 128 HIBE 128-cell 2min30s 2h25mind0s | -8
10 EHER SHRITR A T L S B  , SL 32 min 2h57Tmin30s 1 -9
Multicellular RS E] B,
11 $ERYN Blastuls AP R R R TR 39 min Ih¥mini0s [ =10
12 $EEE I Mid blastula ﬁtﬁﬂﬁﬁ.ﬁl?ﬁ.ﬂ&iiﬁmmﬂ 48 min 4h2M4mind0s [ -11
13 MBEBEN Late blastuls RIS — 3 T B , 46 0 490 4G ) 0 A 50 T 4, 25 min30s 4 h 50 min I-12
# T IR R 173, BT RER B E RN
14 FESW Early gastrula B2 T2 102, BEFFHIK. 1h24min3s 6hl4mind0s [ -13
15 B0 Mid gastrula BRI T8 2334, BENG L lh 3min30s 7h18 min 1-14
16 UMM Late gastrula  BEZ T AL 475, 53min30s Bhllmin30s [ -15
17 W Neurula BEE T fd 4/5—89, H0E BOE L, BEAETE L 4min30s 8 hd6 min I-16
18 BEFLEHH Closure of  BEFLI P BT, 9 W fhili 4. 1 h 10 min 9 h 56 min 1-17
blastogaore
19 BUWHB Appearance  BEURPIEIF i BLC TS (4 DLYE) , A 4R 30 000 3 h (4 min 13 h 00 min 1-18
afl myomens B,
20 BRI Optic vesicle  IBERRGE, N 6-7 4. 1 h 20 min 14 b 20 min I-19
21 R Tail bud i B by R 2 h 06 min 16 h 26 min -
73 JE# Tail vesicle 5 0, LA 88 0 2 T, 6 0 A ] L — B B 4 b 00 min 18 b 20 min 1-20
R M LAY 13 %,
23 WA R Formation  MENCTS S , WA MO0 o7 1L, 3 FEREE 1 %, L I h26min30s 19hd6mind0s [ -21
of eye lens Wr-ni,
24 MM B o O S A L Py i S R R — 3h06 min30s 22 h 53 min [-22
Muscular contraction E120
25 HAi Appearance ~-MERKXERIL 2 THA, 56 min 23 h 48 min -
of otolithes
26 e CBEQ T8 MRS VTR AT T 2 T RAR T 1 b 40 min 25 h 28 min [-23
Heart pulsation M o M.
27 R A L L A — i R SRR R 4 h 22 min 29 h 50 min -
Blood circulstion
28 i Hurching R R, AN EERARS B 20h48 min 50 h 38 min 1-24
k., £U0H.
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2.2 kiEMERE WK

FHERY R 6 4 1 A RO KIREEE, #1450 9E
Tk R i 4 BB s A R ANk 2
Ao 14.0~16.8 THARHNYE 147 h:22.5-25.0C
W 50h;28 ~-30 CREAE928 h. 7 HHI 10 A Ak
HEEERE, 11 A PR E T EMEE. 1
Ho-15 HERWIM, KiBh 203 TRRTRE

17 C GRS E AR 20,2 C, R8P RB 2 #AR
ML R AR 203 C 0 191 THBMA,
BT BB 122 by KRR 17.0 CHEEE A
21.0C, =R EETE 17.0C, EAREAE 21.0C
i 1 AEL, 2 T O 24 80 hy M H HIZEEY % 33 b, K
TRALE 14 ~ 30 T, Fr 00k i At 40 460 £ B 42 f it
(i), e 0 K2 AL T A E R

1 TEAEMELEREWAESR
Table 2 Lasting time of embryonic development of Tanichthys albonubes at different water lemperature

WEFEH W) Study date
HH Tiem -_—
7.20-7.21 10.21-23 11.9-11.14  1L.12-11.15  12.14-12.21
K/ C Water temperature 28-30 12.5-25.0 20.3-17.0 17.0-21.0 14.0-16.8
¥ BRI T Average temperature = 24,29 17.78 19,28 15,25
it /h Lasting time 28 50 122 i) 147

2.3 BHIGHRE

-4 A (o OO 2 LA 7 O o R
W, MBS, WA % R Rk
W 17.0-25.6 CHfEEE =0, > P ik 3

B . SRRVl , RO Ao - 1 (a6 135 o fn] =iy —
HEEH, T B Y 141 B, TR RS - 5558,
3 ) A A < T A O
e ERBEAEA X,

B3 EARANRIR
Table 3 Spawnings by five pairs of Tamichthys albonubes

i A

1 i ~ ; :

WRY AWERT  gmres TR RPRR g upean PR b e

ol Ater Spawning Number of Total egg Ftil
No. temperature Tnsmeval. of lat. gud times e Mean production Spawning interval

: lmst spawning _ =
A 19.8 - 25.6 7 5 21-357 114 570 .25

i 21.0=-25.6 5 5 19 - 555 228 912 1.33

o 17.0-25.6 10 § 32- 464 128 1022 1.14

D 19.8-25.6 s 5 6- 492 132 660 1.25

E 17.0-25.6 ] 5 13- 549 158 792 1.75

frit Toul — 8 % f - 555 141 3965 1.35

B ERY 2003 4E 10 F 13-4 H.
Note: The observating date was 13 = 24 November, 2003,

3 itig

3 EREWHR
HEMERETBRA U FRLA. OB E
H B RS, o] BLEE P oL FC B ( Kupffer's vesicle) i
H B, 0 Y 0 I T Tl R, o] R ALY
ORI . (N B0 [ T O ) Y I Y
B, (E R0 T 0 M H B, X — e S A
R, SR A Gnathopagon argentatus I R
AT 0O R I 2K 0 RTINS AL P R
B, S A A [ WA o o o o T ]

S, UL PR 0 7 A o T I, iy 0 £, S SR L 7
RO R (] . COWE iy Y 38 A LA,
L REE M R R AR BUE UM 5, 5 £ B S
AL, SR M e A, W B AT
USCF TR EN R
3.2 BENMERETHER

FEKIR 14.0 ~ 30,0 °C, i HE 69 06 il o 2 0
MR, REARENESR T EMET, 2.2
PP RATR . 1 e 8, R
LI B CR T R BDOE S R B 7Y, & R
IR KM RE R, 5 0T LB B BT (sum of effec-
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tive temperature) B fEREBE. E SAEMAETH
o B e o i b A R R R I S T
F S A R 0L, R S s A o R Y
A BB b — 2 A A B A — B Y
R WL A BT A A -
$, b TORHUEE - AR ELRT I Y Y A
oA RCE, K K= N(T- 2N, K
BEBR(CY M),V REKEGHEME, T
S A0 M, c b ETREARE 1
6 ATV TR LA b L FOE o 55 T A A ey
YW R e RAEE N 3.73C, 8
TR AABEEY 94 C-h iR HkER
S5 TR1]. EVFHKR 1525 C EREFHE
% 223.44 C-h, 9 BT AE A, X 0 fE FT Bk
TR O O S AR . TR R I
P S B R 8 — B, i O S TR, 7
B, 3 B A2 17 0 ] MUK 0, o R R R R
o e i, BERG R T A BUR (e 4B T T RAT SR K
AR L TTLARREE 11 A TR R AT
MR R WL T, WA R W et
33 h AYERER, L BN A T A0 P K R A
1MH9-14 H¥EABN 1778 C, 11 H12-15
HFH 1928 CIE 15 C, El M- B BRRSR
e T G BT A ) A, - K MU R P T 5
R A TR MR RE A . IR A WL R A
] e e 3 7 o AT o e AT et — 2B A9 BFSE .
3.3 (R

eI A b, S S (i 5 10 ol A B AT 9 Yol
SETRIE [ 174 A 0 000 R SRR A M) P A
F R HULE T MR LA B Wi 5 L A7 0 0 O 1 4 R
FUR SR R A LR A AR T
ST ER R AR, B A . B
BAHLLR RAPD 4067 B 18t A9 55 iE B IE3C T
ST R AY R OC R R TR E R Bk
YRR R ETINE TR E R
i, AT EAERRNG R i Bt M I 2 ik, ACHF
FEN 1 W A7 o 0 R G A Y b 0 % B0 A (L RS
( Membirane-like-structure) BEASSCHR, (B IE5H 1k, i &
eI EEER & 7 b DL I e MR R R4 1Y

R SRR R A Y R AR v HE L B
et (it B ST A ST A
WO A, LIRSS 0 A BR T RIS LAY
B A BP0 RS aolem , B0 R # 1 da

A< 5t HE BT 4 04 BE R 1 FLAT LAY B, 76 18— %
Al - MG RUEH RS MW B, =
A RETEAT 1 J b o 2 YRR I B Y P R BLIE A5 M
TR, 47 0 2SI I e 7 R4 LR AR O O T
BETTOY, RO AN TR AR 2T R
4 BERG AT A P E e, e A
A, hk R, RREARERETE EEM
R e R kot B b 45 b 0 36 5 SR A
HARFIORAE T =i, B, WAT R IR & 7
oL B R BBE S Hig o 1O £ A 2 B R A HERY
3.4 Wt

I £ 556 i 7 IR P 080 9 F FL B K RE Y SR 4
P S B WERUT 2, e (o] o AL 0 300 1 52
BE. MMM E A LA R, T R
rpéE i WS S G TAS AR (] 6 %, 10 T 1 3
BT, RGN, A E AR R
AR R R B, A — RS - 12
B )6 3 ~ 8 min 328 1 U WA ™ 5B A8 6]
ATLAREEE 2~ 3 b, B0 700 £ 0T ik 600 BEhi. #
SRRSO, B KT OB R F 0. &
ST B e O 7 BT O o MG o Lt 3 6 0
9E, B BERT A TR R, I e 1 M AY &
Freti Ak, SR e i S R L e iy,
WATHR Rt — B WESE . 60 JLAT O S OCh 4 8
FoP AR R R AR . KREAKRT
FEE] 14 CLUF, KBS F P eE B 24 60, B
MG RS HE K EZWMAREN. T
14 TR TEEF ARt F AR, EXKE
AT T A AR M 5 T S B
35 HEsXEIBMLNRS

RELEFRC ST T HRMA WA N,
{ Carassius auratus red variety ) 89 2L K sh 4
AUEIEES £33 SN

M RRERNFARNEAR, SUEHTEL
BAA TR O R ERIE, Mkl
B R A BT, LR R E
SRR, — MR ALY 15 6 200 2 B 6 2 ) 1) 6 00 0
BRIP4 R, QRN . AR 400 fE]
WA B RLAEOPR, 7 W0 M)t QA 4 L 1R 1024
FEATRpR] = GR WAL, BB ] 4 F &S A RE T
W AR A KR A [ i A I L A
W, 7E 12 HSCHRREAEE 14 TRUF B, RS fa o
1k B %780, it E A iR A% 4 AT 3 BLIE % <68, #i
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Embryonic development of Tanichthys albonubes

CHEN Guo-zhu, FANG Zhan-qiang, MA Guang-zhi

{ College of Life Seience, South Ching Normal University, Guangzhon 510631, China)

Abstract: Tanichthys albonubes is a small eyprinid fish which was found in Guangzhou of China in 1932 and named
white dloud mountain minnow, T'. albonubes was brought to the west countries & an aquarium fishes after it was
found, which makes it escape from dying out. It has been protected by law since 1988 in China.

The samples of T. albonubes were tlaken from the center protection station of field animal of
Guangzhou in May 2003. The fertilized eggs were kept in the glass culture utensil during the observation.
The results indicated that the fertilized eggs of T'. albonubes are nearly spherical in shape, and the diameter
is(1.017 £ 0.001) mm. According to the morphological characteristics, the embryonic development of T,
albonubes may be divided into 7 stages. (1) The fertilized egg and the blastoderm form stage: the surface of
the eggs is sticky and adhere to the vessel as well as other material; the outer membrane of the eggs is soft
and very extensible. Several minutes after fertilization, the protoplasm inflows into the animal pole and forms
the blastodisc step by step. (2) The cleavage stage: 50 min after fertilization, it undergoes the first division.
The blastodise is cut into two equal blastomeres. 2 h 25 min 30 s after fertilization, it undergoes other six
times of division and reaches 128-cell stage.2 h 57 min 30 s after fertilization, a mound of the cells is built up
al the animal pole and the morula is formed. (3) The blastula stage: 3 h 36 min 30 s after fertilized with suc-
cessive cleavages there is a progressive increase in the number of cells with a reduction in sizes; the blastodise
reaches the early blastula stage; the mound of the cells is high above the animal pole. After that 48 min, the
cells have more little size and the mound of the cells is shorter than the early blastula;the blastodise reaches
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the middle blastula_4 h 50 min after fertilization, the blastodisc is flattering out over the yolk; the shape of
the blastodisc and the yolk are like circularity. The blastodise reaches late blastula, and then the blastoderm
begins to cover the yalk.(4) The gastrula stage:6 h 14 min after fertilization, due to the epiboly and the in-
volution of the blastoderm, the germ ring is complete, around the margin of the blastoderm. The blastoderm
expands to cover one half of the yolk, which indicates the early stage of the gastrula.7 h 18 min after fertil-
ization, when the blastoderm expands to cover 2/3 of the yolk, the involution causes the margin of the germ
ring to thicken, forms the embryonic shield which is slightly wider than the rest of the germ ring. This
marks the middle stage of the gastrula.8 h 11 min after fertilization, when the blastoderm covers 4/5 of the
surface of the yolk,the embryonic shield extends in length and the embryonic axis can be discerned. This is
the late stage of the gastrula. (5) The neural stage: B h 46 min after fertilization, the blastoderm covers 8/9 of
the surface of the yolk,a small blastopore or a yolk plug appears. It reaches Neurula stage.9 h 56 min after
fertilization, the blastopore is closed. (6) The organogenesis stage: 14 h 20 min after fertilization, the aptic
vesicles appear. The embryo has increased in size and six or seven pairs of somites can be seen. The tail bud
begins to form in the caudal end of the embryo but not free of the yolk sac. 16 h 26 min after fertilization,
the tail bud increases in length and is free of the yolk sac. 18 h 20 min after fertilization, the tail vesicles ap-
pear, and there are 13 pairs of somites. The divisions of brain are more quickly differentiated. 19 h 46 min 30
5 after fertilization, the eyes len appears with 22 or 23 pairs of somites. The first contractions of somitic
muscle can be seen at 22 h 53 min after fertilization. 23 h 48 min after fertilization, the paired otoliths are ob-
served , 25 h 28 min after fertilization, the heart beating can be observed. The rhythm of the heart is about
27.9 beats per minute. 4 h 22 min later, the somitic movements are more frequent; the tip of the tail arrive at
the tip of the brain; the circulation is observed. At the beginning of the circulation, there are only one or two
blood cells can be seen in the hlood vessel, the rhythm of the heart is about 53.8 beats per minute.
{7)Hatching stage: About 50 h after fertilization, most larva hatch out by making use of the tails to break
the membrane; the rhythm of the heart is about 149.7 beats per minute. The embryonic development is pro-
longed largely by low temperature and accelerated by high temperature. The duration lasts 28 h, 50 h and
147 h at water temperature of 28 - 30 °C,22.5-25,0 C and 14,0~ 16,8 C, respectively. The embryonic
anatomy and the embryonic cell differentiation,and the relation between water temperature and embryonic
development , were also investigated and discussed in this paper.
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