L N Y Y

g
o
1

I
!
i
i
- T

H

i
~
o
Ll

-l
——y
=t

) L

P

"-uv"-n

oy h....)u,."‘
I
AT 45

ERBFRAR L Rt



b % B2 BOR WAL



RitmE HKTH

PERKTENRAS XRRHAR
ZBE %
EBERE B AR G B AR R AT
(EERE B 450 8 BRE4ED 200020)
FERELBRARES WK EIR TR
JFA 787X1092 1/16 EA3K 15.75 HF 4 FH 354 000
19984E 2 A 1MR 1998 & 2 A% 1 KEPRI
EI%¥ 1—1 300
ISBN 7-5323-4611-0/S » 481
EHr:50.00 5T

B WA G ERANRE T ERR RS,
WEARE B R A



LSRN N NCE R RN P s b N s N
TR MR AL F HE & ) SIRE AR M RE . B YRS A bt LB AL
DNA ZH.EFRAHT TR LB RMFHR S, 8B T ENHF
TRARHE, HA AT R ENFB . B HIFEE LR M f4H
B, M REBRKSFHEE MR ROTECIREC AT EERSE L.

ALAHENIMERR RFE=HTRES S,



—_—

RERHR ERAFHEVBRIGER, RKa=RELHFE=RY N2 — XARE
FREZ FRMRERKERFHEFITRSAIFE . LRSS kKR, L 2 F
ZHOME SRFERRG. 2T T 2HEENKEEYHRTE. BRIFTFREMNKR KA
KA 800 AT, MEIRAK MW 1 200 70 Fob, HoAban oF B SF F 5528, 0k BB AR DU, i L KBRS T
W3S, 1 EFRITRIKESY , U KE R ZSEKEREREY, HRRETS£E.

60 AL RERBE T “WARE AN LEAKA, MK T RERKFHEZRRE R
] B R T » th O MK PSR X R A\ TR BEE T 2R, AT 03 E K== R Bk f K & R
BT R, 1994 FLEATEHEANTEE 1400 {0BZZ., BAFBNEREERTEES
B, AV RE BRI 3R 3R ¥ 2, SR R E .

70 AR, B EFF B BOR A K= SR LR T ZATH R RLIE .. K= 55 = B A A% 3
K ESHFEE K= FERNRAREILKRZN, BRI T F R BER T S ERE.
R EERBEHANRBKE ., ZEYBEARLE BB T RERY AT EEALS, RRERF
P “FE R 5 37 17 R B 38 7E JE BE » UM R R R R K 7= R T 9 B R WS FE B«

HREEMA EAOKRZS AR IWER. HEX, KFEEFNEERBERARERE
ERREHAKREAEERITE. B RFTTERLER 1, ERKFHER Z , KR BEAL , L ¥
TRZEIR . BT UR IR T S RTEY B 1 T R

EHN—BRK PG F—EHEK RS ARERE . BT LR BN 0B AT E
HH B TR NTXHE XM R HN EBERKFEAKMFHERISE AT XRBLAMBER.
PR B H 2 MO B 50 PSR AR HE B9 i K B 3858 B FE B AT A9 T BT & MR R0 AR A AR B SR A
ROMEEAKFFELMFELR BRANRE XREHEEX.

—_—

FoEE 6L 8 MEa XA ERR B PR REEE ASE
FMAE 5 Je 7 RN R A R B R IR E IR OK b R R A OK B SRR B X & RE R R
MESSI T HE EFF s RATLTEGASREREAR, FEMRBTREK=HE
P R R BT .

&% (Hypophthalmihthys molitriz ), 8§ ( Aristichys nobilis), B a4 (Ctenopharyngondon
idellus) , % 1 (Mylopharyngodon piceus) , BREFTZHWEF AL, BREKATZHFEI“Y XK



ol

2 :0)

a7 hEREMAHEEREAR, #. 8 TANREATES I ERERKFHEHLAEENE—.
E AT XEEERAMREL LA EEEFERENR M RERALETHRR
mREJLLENENFEY, REEEA AR ER D, BmiEE, ﬁ%ﬁ&u&ﬁlﬁiﬂﬁglﬁ
HEfERERMERENERFEEA.

B 3k 85 (Megalobrama amblycephala) & 60 R EBAIM B IREM SR . 30 BEXK, B FR
PR R, IR KBEW AR, &7 SHE S ZBHEMA TEH, A L8 R RIE
EERBIFR IR 289 B .

B8 1 (Cyprinus cqrpio)%?ﬁ@ﬁﬁﬁrﬁ@?é?ﬁ@_%z—v&%ﬁﬁ_tﬂzg%E‘JEE??&
AFERXME. REMER EHAERSHARETRPESLTR, £ AT ROER L, 20
ZEMALEREMIREBLCETTFSHAMNYN. EREAXELH HELES, XEO
88 (Cyprinus carpio var. singuonesis) RILTE Z R I S Fl, R AR AL MR R E KK
POEE AR R TR R ER GENET SRR, EEAN EERERMAR S
BOBEXRY—TRR . SEERRETER SIS, SRS 2 F S I N #4], T8
PRAREEEY 60, R ALY ssNN; FEN BB A — 1788 B9V R B8R, B A % SSNn
B SsNn; AR E B E B RN BB 8 , BE R Y ssnn, RE T 60 FR B3I T #L
BEEEE, 80 FER NG NTEMSI T MESEE, NFREKS T 7 S Bmesism, S ARLE K
EE RO E.

EARASEMEERT ARARSFHEI ERELERACTIENT RN, 70 E4ALIK,
REMAXHMHEAR S MARMT AP RTHS M EEHONMEET —S0NE
H.

8 (Carassius auratus gibelio) BRI, M AERERIH X . I KX 8 R
B & E . BRI P R AN B R A S N E S, ME R KRB
PREEESIF . ERBILEEP, L= F o IEEIURKER RS (7 EEE) B YREYE,
B2 E LRI R, 7 IEEIUR KL E Y B ER KA ZE TR, R MK T i,
REENEFHERILFTHRNEF. M2 T EZFEEERE, ER T BEEMREN ™
HER, RERBIEREFUKE S, R, FEBHNARLER MR RNEHASE. XEH
K. REE 70 EAEHLK, Ay EASNEXEIHAFUREERZRTFR—RY
WG 2R TREA. Ul AW FRER T EEEE TR,

JE & & 3k 1 (Oreochromis niloticus) ¥ BF| W F 3E & (Oreochromis aureus) B4 {E N YL .
FHEA® B R FBRR AR XSS, VR BEERBEARK, B 70.80 F444 513
HBELK, ERAREEEMRKFENR. REFHEATERABHRAEN. TEARRE
HEMEEITRE. EER B TFEEER. . FFARASER.3IET FEamA B LnE
MOEBRERBERE AETR EABRES,

KEEYHARBREBEAER &= MR SR ELNEEYFREM. ERSME+4H
ERMEREN L REFARBMET. BMELEIFEERETSAREHRR.



B

o

3

EEN AZERB 0 ERKEEYRHEFENTR. Mk a0 S8, k&
VRAFEWGRFPERBNTE. EFK ENVENRRAEERORPFR,LERBRTM
AT TR BT RIEEINOEAR B RBREETER, HRFELFHRE
BARMUEBMMBERGET REFMHFTFR. MHRRRMREP T &R 00% U Loy EH
FRATEFBREAHERBEKT:RHT LR /DG, HBE4SE b T 5 TR
Ho REXEBRRBEXTRILH A NBHSHRA N REICH .

KEH 80 FALBRIFHEMAKEEDFEFTBAPIR. EERBERF T, “NE"HER
WESIR T “I VL BRIL. R TL A B B 8 RPN S F IRE “ L VBRI B T “Yok &
RFRE R BARRE; AL HRHET T UK AR RIFTES BT R RETR EFE
R R 7T, B SL T “RoK S S R BT IR R B o R A 3%+ 7 P R R o Y B AR
MARKILDARE” EWNHERFAMFRMADLGHRE, TR RFHEE R RN
ERTE BT 2EK"R.RHEEZAL, EHEELERE 20 B4AKEE.R#H,

ATBLKREKEREEFHOE KR, LR FHAEFHREL AREL. R R
B REFRBEM RO FRIRE DL, BRX EERENRHTIROHR BN BRI
AENFRORREBA ;LR B YK AR RETH RIS H. 20 Fas+Hia
By R B AR HE B O P 5 TR, (B R M AR E R RN SN B E. HRRER
—IA5PER T AR T, “RZ B BT E”, B BREN\L K
RS, S A8 LB T A R LR R IR . R B A=,

1 BRI RE

AMEFRRKEBRBRIRESHEHR "G+, ENREANEESREANR —
BEOE. R G H A WA, 60 FRFRMEERBX G — F L8, UK 70 ERBIHHE
MPESE—RFFFEMBATETEE,

BB EE FAARSATARBEICESE&RRBEE), HIOMHRTA K, HR
FRAKREAEEH, KIDKAMFRERERN, M2 KILAREERA, IREFHE =W
RO B K, A B AR BUX 0 F M K TT R B MR 3%

B Sk 87 49 B AR AR URR F #9648 R 7050 DR DB A, V75 4 80 PR A &5 VT e i — ok
FRBHEP. AFRERRBHOELS HRE.

B&, mEd, REEAXARENHRERA. ATFREARE LT T ARERTFH
KB ALER R TLK B S B 51 0 BB B S S B FT bR . B A 358 0 5 3 R B, ot
AT RRBT R E R E.

HIERERE S EEWREA AR EEN@E G, AT REREyMEnRE,

AT EREFEURE RGBS FEf, B 1978 EFE AR ER KB IT KRR
BT B3 FH51 R 5 AR, SR 2k R o B K P R BT R B TE 8 MoK L B st O A 5 1
ARFFIHNEN. FHTHTANXFFHEREILHEREIKTBRHE. ZHRRESE
BEFRBERKR EWET MBRZ —.

RARRBARE) BF A RUR AT RER A R RS FLTC RARBEA R, BF 5560 1 MAR R 1Y
FRG SR RTINS 7 B KR ERRRE AR S, LSRN EE,




F S
=
i

2 BIRFENFR

AR B BEARBOIRR SR BT R R ARENE L H LR, E
REGER LBETR, THRAEEMT AR, i, RITERHS.

(OFFRAEMURAER . BRI LR . ARBT AR S R R A F B KW, HE
BRF, LERRFEL, RO AXRFE; LEX RTINS 815505 B %
".

QO REEMHHER, EUWERITFER.

(3) W5 7 L —H AR MEAL .

OMEEX EBEIT AR, BIDARRE.

GOTFRNER EBRMTEHT. MAEWMEIT T EEITIT.

]

AR +F A 10 600 REBIRAHIT T HHME , & XL 30 AU L, RRE
BRI X FAEMBIMES R AR REMIFER A —K. IMRERKFE LK ROR
MEAMMELRFTEENESE G REAKTHREFTF LR OREELE Y RIEFTR
R LB R RIMEEERRUERFRHCAR N H, UEERF RFEFRHRSS.

SHHA LBH KA EETRANBEES KRR REFHRAS,. &
B .

3%

EMAKEKRE 1996 £ 10 A



1. China is the most developed country in freshwater aquaculture ;its production consists of 1/2 of the to-
tal freshwater aquaculture production of the world. The developed aquaculture largely depends on rich aquatic
genetic resources characterized by abundant species and outstanding performance. In China,the broad inland
waters and coastal waters and the diverse geography,climate and other natural conditions breed plentiful
aquatic genetic resources. There are more than 800 freshwater fishes, 70 migratory fishes, and many other
aquatic animals such as crustaceans (shrimps, crabs), shellfish (mussels, snails ) , amphibian (frogs) , reptiles
(turtles)and aquatic vascular plants(lotus,water caltrops).

In 1960s,the breakthrough of artificial propagation of “four Chinese farmed carps "radically changed the
passive situation in which the freshwater fish culture had been limited by the natural fry,and laid a foundation
for propagation of other fishes. This success created the new era of quick development of aquaculture in Chi-
na. The total production of fish fry reached 1 400 000 000 in 1994. But some serious problems such as brooder
quality ,inbreeding , negative selection,mixture of brood stocks exist extensively in fish farms.

Since 1980s ,the Reform & Open policy in China has provided an unprecedented opportunity for the devel-
opment of aquaculture. The total production of aquaculture increased drastically year by year. Meanwhile,fre-
quent exchange and poorly planned transplantation of aquatic seeds has become serious: various fish hybrid
enter into natural waters,some genetic modified fishes produced by biotechnology appear in society. The “ge-
netic pollution”problem has been posed and has become a great potential threat to the sustainable develop-
ment of aquaculture.

China has the largest population and the lowest arable land per capita. In recent years,the quick develop-
ment of aquatic production depended mostly on the use of productive natural resources,which have caused de-
terioration of the aquatic environment and decline of fisheries resources. The aquatic genetic resources are fac-
ing high pressures and serious destructive forces.

It would be unrecoverable if a gene is lost,or species/strain becoming extinct. Faced with above existing
and impending menace,it is even more dangerous if we don't understand the genetic characters of major tradi-
tional and introduced freshwater culture fishes. It is of contemporary and historic significance for the sustain-
able development of Chinese aquaculture to study fish genetic resources and its characters, to formulate gene-

tic criteria and to conserve and utilize these superior culture fishes.

2. Endemic black carp,grass carp,silver carp,bighead carp,blunt snout bream,common carp and crucian
carp characterized by fast growth,wide feeding,high disease resistance,good taste,ecological complement and
high culture efficiency, are the superior species for Chinese pond culture and inland water enhancement. By
the way ,exotic fishes such as mirror carp,nile tilapia(Oreochromis niloticus)and blue tilapia (Oreochromis au-
reus) yhave enriched the genetic resource of Chinese aquaculture.

Silver carp (Hypophthalmichthys molitriz) , bighead carp (Aristichys nobilis) , grass carp (Ctenopharyn-
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godon idellus)and black carp(Mylopharygodon piceus) are Chinese endemic economical fishes ,most important
species in aquaculture. The production of silver ca;p,bighead carp and grass carp ranks at the first,third and
second in Chinese total freshwater culture production respectively. But these major culture species still stay at
wild population stage and have not become the superior breed strains by artificial selection. Almost all fish
farms are faced with the problems,such as small effective brood stocks,negative selection,inbreeding,which
causes decay of economical characters and shrinkage of gene pools of these species.

Blunt snout bream (Megalobrama amblycephala) was found in 1960s, and became an excellent culture
species. In the past 30 years,due to excessive harvest in original places, extensive artificial stocking, large
scale transplantation and artificial propagation,the genetic resource of blunt snout bream has been threat-
ened.

Common carp (Cyprinus carpio)is widely distributed in China,and also was the major culture species in
other countries. Through long term practice in China and other countries ,many varieties of common carp have
been produced by artificial and natural selection. In China,the famous varieties are Xingguo red carp and purse
red carp. Xingguo red carp (C. c. var. singuonesis)is a native breed of Jingxi Province with bright red color,
good taste of flesh,faster growth,high fecundity,high disease resistance,low oxygen consumption,wide feed-
ing habit and wide adaption. Mirror carp was a strain separated from farmed carps in Europe,characterized by
scale cover variation in morphology. The scale coverage of mirror carp are dominated by gene S and N in ge-
netics ; fish without scale coverage is called naked carp or leather carp,its genotype is ssNN;fish with one line
scale on the position of lateral line is called line-scaled mirror carp whose genotype is SSNn or SsNn;fish with
scattered scales on the body is scattered mirror carp,which genotype is ssnn. Mirror carp are characterized by
fast growth. It was introduced into China from the West Germany and USSR in 1980s.

The red carp and mirror carp,mentioned above ,except used in culture,are used widely as breeding mate-
rials. Since 1970s, many hybridization combinations were produced between these carps and local strains of
common carp and crucian carp,some of them have played a significant role in increasing of pond culture pro-
duction.

+ Silver crucian carp (Carassius auratus gobelio) ,a subspecies of crucian carp,are mainly distributed in the
northeast and northwest of China,Korea and European countries. The populations of crucian carp in Hei-
longjiang river basin is well known not only by its unique triploidy character and gynogenesis propagation
type,but also its fast growth and good taste. Among these populations ,crucian carp in Fangzheng reservoir of
Heilongjiang Province is an outstanding one, which has been widely introduced and extended in most of
provinces of China. Becaﬁse the water level decreased drastically and oxygen depletion under water in winter-
ing stage in recent years,almost all fishes in the Fangzheng reservoir died,the crucian carp resource suffered
severely destruction. Now some measures have been taken to restore this population. Because Fangzheng cru-
cian carp is the most influenced strain of crucian carp in China, particularly since the end of 1970s, female
Fangzheng crucian carp is used with male Xingguo red carp (heterologous sperm) to produce allogynogenetic
crucian carp,which have been widely extended and cultured in production.

Nile tilapia (Oreochromis niloticus) and blue tilapia(Oreochromis aureus) are characterized by strong adap-
tion,high reproduction,wide feeding habit,disease resistance and good taste of flesh,are the major farmed fish
species in the world. After introduction to China in 1970s and 1980s,they have become major farmed species
in China. Now the tilapia production of China has reached the first in the world. Because easy interspecific hy-
bridization,inbreeding and mixture of stocks,degeneration has appeared. For example,their growth rate has

decreased,body color has mixed and earlier maturity happened.
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3. Aquatic genetic resources are the most important basic substance to develop high production, super
quality and high efficiency fisheries. Therefore,high attention has been paid on the exploitation,conservation,
utilization of genetic resources in the world. Crops have had an outstanding achievement in these fields.

In developed countries,research on aquatic genetic resource have been paid much attention earlier. Facili-
ties of fish passage for migratory fishes,protection techniques of natural spawning grounds have been devel-
oped perfectly. In recent years,genetic conservation have got an extreme attention,the techniques of identifi-
cation of different populations from cell level and molecular level ,cryopreservation of sperm have been devel-
oped. Study on the gene location of economic traits and forecasting also have a good beginning. The former So-
viet Union had protected successfully 90 percent of sturgeon resource in the world,the production of sturgeon
egg jam reached the highest historical level. For the famous Coregonus spp, fishing forbiting regulation has
been withdrown because the reestablishing of resource. In U.S. A. ,the strain registration policy has been es-
tablished for major culture fishes such as rainbow trout and channel catfish successfully.

In China,the research on fish genetic resource was started in 1980s. In fundamental theory fields,projects
of “Collection and genetic evaluation of silver carp,bighead carp and grass carp populations in the Changjiang
River, Zhujiang River and Heilongjiang River”in 1981-1990, “Genetic identification of major freshwater
fishes”in 1986-1990, “Genetic characterization of major freshwater culture fishes”in 1991-1995 had been con-
ducted successfully. In exploitation and utilization aspects,the project“Genetic resources pool of major fresh-
water fishes”,aiming the conservation of Chinese carps in open-type and close type oxbows of the Changjiang
river ,and the conservation of blunt snout bream in lakes were conducted. In seed production system and man-
agement aspects, National Certification Committee for Aquatic Origin and Improved Seed was‘founded,and
over 20 aquatic 6rigin fish station had been constructed.

In order to build the production system of aguatic seeds,and to realize the scientific,standardized ,serial-
ized and industrialized production of superior seeds,there is an urgent need to understand the genetic charac-
ters of major culture fishes. In past,many research was done on major freshwater culture fishes,but few work
was on the genetic resource. In 1986-1990, many works had been done in the identification techniques of
germplasm,a lot of work had been conducted in genetic characterization of major freshwater fishes. But the
existing results are still imperfect to meet the establishment of genetic criteria and to put the management on
a strong scientific basis. Genetic characterization is a serious and fundamental work.

In order to obtain reliable results to build production and management of origin fish and genetic improved
seeds, the project“Genetical characterization of major freshwater culture fishes”(1991-1995)was listed in na-
tional program again to further and perfect this important research. Here are the major points of this study .

(1)Fishes species and materials

The species in this study include ten species,involving traditional culture fishes,such as silver carp,big-
head carp,grass carp,black carp,common carp and crucian carp;new exploited species in 1960s,blunt snout
bream ;introduced species,Nile tilapia,blue tilapia,scattered mirror carp. Silver carp,bighead carp,grass carp
and black carp are naturally distributed in large rivers of E‘ast Asia,north to Heilongjiang river (There is no
natural population of bighead carp), South to Honghe River. Much investigation show that the population
from the Changjiang river are the best in aquaculture performance and the largest in population size,they play
a large influence in Chinese aquaculture. Therefore silver crap,bighead carp,grass carp and black carp from
the Changjiang river are choser as representative of these four species.

Blunt snout bream,its natural distribution is very narrow,limiting in Liangzi lake (Hubei province) , Yuni
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lake (Hubei Province) , Poyang lake (Jiangxi Province)and other large-middle lakes in the middle stream of the
Changjiang river. The blunt snout bream from the Yuni lake is chosen as a representative,

Common carp,as described above,the natural populations of common carp in mainland China have been
mixed and the original common carp is difficult to find. Therefore,xingguo red carp and scattered mirror carp
were chosen as the representative of common carp in this study.

Fangzheng Crucian Carp,is an excellent strain which was widely used in most parts of China. More ge-
netic study has been done in this strain.

Nile tilapia and blue tilapia,the most widely used Nile tilapia in Chinese aquaculture was the progeny of
the population introduced by Changjiang River Fisheries Research Institute from Africa in 1978. The most
widely used of blue tilapia is the progeny of the population introduced by Wuxi Freshwater Fisheries Research
Center from Auburn University, USA in 1983. The materials of these two fishes used in study come from the
Nanjing National Tilapia Breeding Farm, Jiangsu Province ,which is a large and influenced tilapia farm.

For these ten species,if they have natural population,the study materials were collected from the natural
waters;if they have not had natural population,the study materials were collected from the best seed farm,
and raised at the Genetic Resources Experimental Station of Shanghai Fisheries University to meet the re-
search need.

(2)Study methodology

The study methodology were chosen from those methods with long history,high maturity and high confi-
dence,proven results with high reliability,high practibility and high comparability.

(A)Representative. As we all know,environments have a great effect on fish. In this study,fish popula-
tions were collected from natural waters,those which haven’t natural population were bred in appropriate wa-
ters.

(B)>Sampling size. Sample size is big enough to satisfy the statistical requirement.

(C)Unique and standard methodology.

(D)Measuring operation conducted by special person to minimize the personal deviation.

(E)Combination with quantitative and qualitative analysis.

4. In this study,over 10 600 fish specimens were measured or determined,about 300 000 data were
recorded .it was the most perfect and detailed study on the fish genetic characterization in China. This research
was of an important significance to build the standardization and regulation of freshwater fish seed production
system,was a fundamental work to realize“Seed Engineering”of aquaculture. In order to exploit the social effi-
ciency of this study,the major research achievements and relevant data are summarized in this book as refer-
ence for production and research of the origin and genetic improved fish.

We greatly thank Professor Yu Haoqiang,Shanghai Fisheries Institute,and Professor. WuWeixin,Hunan

Fisheries Institute,for their prereview of the manuscripts.

Professor Li Sifa
Shanghai Fisheries University Oct. 1996
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