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QUANTITATIVEGENETICS

....

Introduction

Mendel's L~w of heredity) a first step in modern genetics)

was applied initia11y only to qua1itative'charact~rs showing discon

tin~ous variations. It had been discussed wheth~r or not it was good'

or bad to apply this 1.8W to a quantitative c~aracter showing cont~nu

o1I s val' i a t ion s) co ver i ng" mII ny bio log i ca 1 va r i a t ion s . T her ea f t er) t he

III u1ti P1e genes (polygene) t he0r y \'I a s i nt rod uce d by co mb i ni !1 gOt he: bi 0

10gi~a1 statistics \;Iith Mendel·s Law of heroedity; a.nd later) it \ilas"
o •

considered that a quantitative character could also be governed by' the
. .

chrom~~ome genes~ " Furthermore. the genetics of quantitative charac-

ter we~~" ~stabli~hed'~n the basis of the introduction of." population

genetics." which have advanccd tremendously in recent years; a1$0 on

thc basis rif study of th~ thcory of breeding irops and livestock.

There are many unfavorable aspects to using creatures living in water

as research materials for' genetics and breeding studies) because oex-

tensive facilities and much labor are needed to culture and breed
o °

aquatic creatures and also because of purely technical difficulties.

H00evcr, in recent years. the theory ofquantitative gcnetics began °
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lon~well, A.C.,(NMFS, Mil
ford, USA)
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mosomal engineering) Y. Ojilno (Kansaigilkuin Uni

versity. Department ofScienl
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, ,

11. Aquaculture now and in the future ... Y. Nose, Chairman,
(Tokyo University)
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-". . .. . . . . . .. .. . .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. ..

.....................................................
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K. SuzlIki (Fresh\'later Fish-,
eries Research laboratory,
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C10s1ng spcech

I I I . Dis cu s s' ion .................................................

.......................................

K. Fujino, Chairman
(Kitazato Univcrsity, ,De
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S. Sudo
(Tohoku University, Depart-,
mcnt of ~griculture)

".~'.

", '~" .
I~ Pari I, the resll]ts of ~asi~ studies of aqua-g~ne~ics

from many'aspects w~re 'presented. In Part 11, ,thc,actual.stat~ of
aquaculture was presented. In the former, recen~ results concerning
the'~following studies were presented and various possibilities of ,ap
p 1y i n9 t hes e Stil die s' \'I ere s u99e s ted: qua nt i tat i ve 'g e ne ti es,' t he pur _ .
pos e 0 f \'1 hich ist0 s t udy qua n ti tat i ve C ha ra c t e r wh ich iso f 9 l~ e a t
i 111 P0 r ta nc ein t he, bre e d i n9 s tu die s ; pop U1a t ion gen e t i es - t heb i 0 ehe rn-
ical polymorphisms , useful 'as indfcators, are ma'inly studied; cyto-
gcneticsas ahasie study of chromosomal engineering; and. finillly,
genetie effects on Hild populations, by water pclllJtion. In thc' latter,
t he )' e c e ri t s tat e s 0 f agil r , i ri ver t e br il t e s il n cl f: i s h \'1 e r ein t rod ue e d.. '
Tllroughout these speeches, the necessity uf ~ccumulation and organiza
tiun uf bilS,ic kno\'lledgc' relativc to thc ,resources and the tcchniques
for brecding. as well as' thc importance of developing strategie niea
sures for breeding studie~ werc stressed.
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I N T ROD U C T ION

'In 1965, a Sjmposium coneerning aquaeu1ture was held' by

the Jupan Fisheries Soeiety and the studies and teehniques yelated

to this field ~~re diseussed. Sinee then, the basic studi~s'related

to aqllaculturc ..ilnd, in partieular,'to isozyme genetics,population

gcncties ,and'cytogeneties have been deve10ped remarkably. On the

othel~ hand, teehni ques of aquaeul ture have also, advaneed grea tly and. .. . .'

i t i s no \:/ co n s i der e d t hat 'g e ne t i c i mpro ve me n t s 0 f s p e eie s arc very

impol·tant. It is also consideredimportant to have genetic control

, 0 f 'vii 1d pop iJ 1a ti 0 n S' an d, 1 n fa c t, t her e 1s apo s s i bi 1 i ty t 0 co nt r 01 .. .

them. 'T\'li,ce in )966 and again t\'liee in 1'975, Meetings \'lere h'eld by·

the Japan Aqua~Resources Preservation Society concerning aquaculture,:

in cooperat10n w1th scient1sts interested in genctics and breeding
. '

o f a. q U il - C n~ a tu res . He tllO d s, tee h n i q ues, p 1ans f 0 r pos s i b1e a qua c u 1-

ture and otherproblems were discussed.

Relative to the progress just described, a Symposium \'las

'held by.the Japan Fisheries S~ciety in order to learn' the present-day
" .

stateof aquaculture and brceding and in order to develop aquaculture

a n d Lo u sethel a te s t s tu die s . The co nte n t s 0 f s pe e c h e sand dis c u s -

sions' a;e 1~·!'this book. This Symposium \.;as held on Dctober 9, 1978,
\ . .

at the }okai )Uni~ersity (Shimizu City, Shizuoka Prcfccture) accord-

ing to the, fQllo\'ling program. •
:I

"GEtIETICS AN'D'ßREEDING OF AQUA-CREATURES NOH ANU IN TUE FUTURE"

Dpening speech .:.~ .....•.....

Progress in aqua-genetics .

M. Nomura (T6kyo Universitj
for Fisheries)

S. Sudo, ·Chairman
(Tohoku Uni~ersity, Depart~
ment of /\gricultUl'C)' "

1. Genetics of quantitative charac-
ters .... ~~ .......•..........•.. K. Wada (Pca~l Researc~ la-

bot"atory) ,
2. Ln '0 ehe III i calp 0 1y rn 0 ~ phi smsan cl

population genetics ..........•.. K. Fujino (Kitazato University
Departmentof Fisherics)
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I n co n tt'ast .tot he qUoll t i tat i ve' c hara c te r, t hereis il qua - ,

1 i tat i vc. c hara ctc. r 5 ho \'l1 n9 a dis co ntin U 0 U S va r i a ti 0 n • His tor i c () 11y ,

as mentioned previ.ouslj, the inheritancc. of this qualita'tive charac

te r \'w sex p1a i ne d i n t he gellc. t i c t he 0 r y bY f·' end e1. ,T her eaf t er, 0 n '

thc hasis of the introduction of the bio,logical,statistics and also

C 0 ns i de ~ i n9 t he ,cl 5 pe c t 0 f mu1 t i p1e ' gen es, i t \'1 a s .c s tab 1 i s he d tt~a t ,a

quantitatfve character is also governed by the chromosome ge'nes,"

sirnilarlyto the case of the 'qualifativ,e dlaracter. The ge.nes 'govern-

ing quantitative characters are callcd polygenes. It 1s considet'ed

tha t ma,ny genes. each \'tlth a 1 imi ted i nfl uence, 'co!npl ement eachother

and participate in the' manifestation of a character .. 'As, \'/i11 be des-

cribed in the fo11o\'ling, concel'ning the statistical studies of a. . . . ..

q lJ a n t i tat i ve ' c ha ra c te r, i t i,s ne ces s a r y tob ear in rri i n d t he fact t hat ,',
.

thc prol>ability 'patterns i'nciudc manyhypotheses, like anormal pat-

tern of distribution, as mentioned previously .

.L.__r_hgJ.l..Q ty'p"e an cl geno'type val ues 'a nd the . Ra rt i ti on ,0 f thei r va ri a!lce 5*

,(*square ~f standard deviation)

Differing fr'om the qtia,litat'ive chal'acter,- thc genotype of a

quantitative character cannot be assumed from the measurements. There

fo~e. 6 genotype va,lue (effect of genes: G) and a phenotype val~e

,(practical measurement: P) 'are' used as quantitative asp'ects.' The

,phenotype' value is expressed as the sum of the genotype value and

the non-genetic effect, 'the'effect of the environment (E):

P G + E
, .

G is a portion detcl'mined by the genotype governing the qua~titative

chilrilcter of il certain individual. E is a variance 'determined '~y

the environm'ental effect;. on the character. E is also called the
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to be a~plied to aqua-creatures in order to study thc breeding and

homogeneity of experimental aquatic creatures.

In this pa-per~ this theory, its application and thc prob

1e ms' -j 11 V 0 1ve d 0 are dis c us s e d .

1. Quantitative °character and pol.YlJ.enes
. .

A measurable tharacter showing continuous variatio~s, from 0

morphological charaeter (like: length. weight. or talor tone) ta a

p hy s i 0 log i c a 1 re a c t ion, i s c a 11 e d aq ua nt i tat i ve c ha ra c t er. Genera.,

the eco"nomically important oaspeets. like gro\'ith .and the resultant vo

lume oOf production. often reflect the abov~ variations. "In order to

further the studies, it is desirable" that rnany statistical individu

als b~ me'asured. as statistical analyses are prerequisites. The me-
~ - . . . .

thod of gcnetic analysis of a quan~itative charac~ei, now de~cribed,

is based on the assumption that the character variation ShO\'lS normal

distdbution. Howevcr. the method of quantitative genetics ean also

be applied to measurements showing asymmetrie distribution by a~proxi-

mating thc normal distribution and transforming the scales, like .the.

transformation of a loga r i t'h m. Even wllE~n," the measurements can be ex-

pl'(~ssed only by 0 whole numbers. like the numbers of intennus~ular

bones~ it is considered to be a quantitative charaeter showing eonti

nuous variations. Furthcrmorc, eoneerning sickness', susceptibility

to illnc'ss is an " a ll or none" eharaeter: \'ihether to become :ill ot~

not. ßased 'on the idea of becoming i11, \'-fhen the potentia"l of this .0

eharllcter °cxceeds 'a certaill limit, it is intended to treat this as 1I

quantitative character.

• '0

.... i
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VG, V
E

, VA' Vo and VI' at'c }"espectively: a g~notype vuriance) an

environmental variance) an' additive genetic variunce, a dominant

variance, and an epi-hypostatic variance (epistasis variance);

Partitio~ng of the phenotype variances is usualli achieved

by aflulysis of the variances. 1his is a basic studyto' analyze the

quant"itative cha1~acter genetically. Especial1y, the rat.io of the

addi ti\;e genotype variance is important fcr'breeding, as \'Ii11 be·

described later. For ihe purpose of this an~lysis, the ,method of

comparing ,a pure 1ine or an inbred 1ine with hybrid groups and also

•

the methods of crossings, uti1ising the dataon twins and experi~

mental plans fortwins, are us~d., Contingency tables of the vari-

ance .components of various kinds of populations were obtained. Hovl

ever, when G and E are not independent and there are both a corre1a~

tion and an interaction between G and E, t~e partition of ~arianc~s

cannot be used. Concerning the correlation betweenthe. genotype an~

the environme~t, it was theoriz~d how to e~timate the component of

variance .

. . '

I n t 11 e f oll 0 \'11. ng) an ex amp1eis gi ven 0 f t he .a ppli ca t ion 0'f

.'

~

{hist~eory to the aquatic·creatu~es. Concerning the fol10wing three:

characters: lhe weight after spa\'Jn'ing) the number of e.g'g5 spa\'lned.and

the size 'of the eg9s) 'Gall (3) estimated the additive ph.enotype,do-

minant,and epistasis va~iances, using do~e5tic . Rainbow trout,

bred in ,California, USA (two 1ine5 of ~ub-population).

Ten of each.of thc 1I and V 1 ines were combi ncd and crossed

( 9- 1 tod 1 ) . A5 t he 0 f f s pri ngof e ach 1i ne, arec i p 1:0ca1 c }' 0 s 5 F1 ;

. • . 1 . F ( tl V x l VII ancl 0 VH, x t UV); an cl t W0two reClproca crosses 2 ~ I Ö' T 0
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randolll elTor. Using statistical language, the sum of a11 E of· the'indi

viduals, b~longing to one population, equals zero and, when the aver-

age of the population is 'calculated, the phenotype value equals th~

genotype value.

On the other hand, the portion determined genetjcally (G) is

partitioned as follows: (1) a portion ~hich is proportionate to the

number of genes, ,that is" a po'rtion determined by the additive ef-

fect'of the genes additive genotype value (A); (2) apartion

determincd by a dominant phenomenon dom i na n t va r i an ce (D) '; an.

"(3) a portiondetermined bythe iorrelation between the genesor bet-'

w~en the,genotypes on the different gene loci epi-hypostatic

o}' e pis t a s i's va'y.; ances' (I). ThuS, equa' t ion (1) can be s h0 \'/ n a s :

P ;= A + D + I + E '(2).. ......................

The main purpose of genetic studies of a quantitative cha~ac~

ter is ~to establish the contributing degree of each component of thc

phellotyp~ ·to the variation of the character. Thcrefore, it is ,neces

sary to partition the variances found in the phenotypc values and

to kno\'l the ratio. of each component. Thereby, the genetic charac- e
teristics of the character are clarified .

... .

If each component of thc equati"oll (2) is independent, the

, pheno~ype vari.ance (V p) is the sum of thc varfances of each compon

'ent comprisin~ the phenotype:

Vp '" VG + VE
::: VA + V . + V + V .

(3)D I E . . . . . . . . . . . . . . . . .
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and the outbreeding ) (9,10); the shell-~hape of Tamakib~

.lLitt~rina saxatilis}, natura11y bred snails from different
hab i tat s (e s tim a t ion 0 f t he gen e t i eva r i a'nc e by a n'a 1ys i s .0 f '

thc co-varianees of the full-sib, t~e parents and the off-
s pr i n9) (11); t he 9r 0\'/ t hof t hel ~ r vae 0 f Nura saki 9a i .( Ny 
!i.1us _edu~ i s) 'i n \'I a t e r 0 f 10 \'l S a1 i ni t Y (e s tima t ion 0 f

the genetic varianc~ by analysis of the varian~e of the

half-sib and full-sib) (12); e~c.

Furthermore, concerning the reeiprocal action of the genotype

e and the environment, there are reports of experimental studies,' using

carp bred in Europ~ and in China, by Moav (13,14). Many studies con

cerning the gerietic analYsis of quantitative characters have just
.. . . . .'
been startgd. The deyelopment of these studies is expected in. the

near future.

;!.:.-__.!!~.d tab i 1 i t Y

. The i nd i ces \'1 hich s ho \'I t 0 \I/ hat e x t ent va r i. a t ion s i n t he "qua n_..'.

titative eharacters are determined by genetic faetors. are useful for

.e analyses of the quantitati.ve charaeters genetically. 'These indices
. .' ' '2

are called heritability (h ). and, using the components of th~ vari-

an~es in equation (3). it is.defined as:'

= ................. ' '. <. 4 )

This is 'ca11ed heritability in a broad sense. When using'~n1y the

Cl dd i t i v'e gen e t i c vCl r i a n'ce VA i n t he t ht' e e co mpo ne n t 5 0 f t he. gen 0 - .

type variance V
G

•. it is call~d heritll.bility in the narro\.,r senSe:

h2 N = VA .V; .
Using the additfve genetic. variance, heritabili'ty is pt'actical when

~sed in selective breeding.
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+ -fh(l c k c Y' 0 S ses (~ 1I V x 0, H Cl nd ~ VH x 0 V) \', e re 0 bta i ned . Thc s cer 0 s -

si~gs were done twice. In total, 1,604 trout, fully 2 ycars old, were

checked \'lith regard to the characters just described. The variance \'las

partit'ioned by.analysis of,thc generation means. As thc rcsult, it

\'las obscrved that the dominant variance and the cpistasis var'iancc

wcrc remarkablc in the weight cf th~ fish and the sizc of:th~ eggs~'

.and thc. addit·ive gcnctlc vadance was clearly cxp}~essed in the number

of cggs ..

Fm" t her me re, wi t h rc gar d tom any s pcc i c 5 0 f a Cl ua ti c c}" e~ t t~ re..

partitioning ofthe environmental variance and thc'gcnotype variance

was made usi~g population data. Thesc studics, cxcluding studies re
undcr

lat in 9 to estimation cf thc hcritäbility describcd/thc following head-

ing of Paragraph 3, arc aso foll00s:

Thc recapture ratc cf Salme salar brcd in thc J\tlantic
, . '

Oc~an for stocking (estimation of the prcscDte cf thc ad-
. ditivc genetic variance by an~lysis of thc variancc. of
half-sib*) (4), (FIGURE 1.3);and thc wcight of the fish
\-Ihe.n thcy wer'c rccapturcd (cstimation of thc prcsence of. .'. . . . .

thc gcnctic variance by an'a)ysis of thc ·variancc of fu11-
sib**,)' (5J, (FIGURE 1.2);··the wcight and the b.ody ,lcngt.h •

. of a guppy (Lcbistcs rcti~~atus) (cstimation of'thc ratio
of. the additive gcnctic'varian~c by analysis of thc variancc
of th'c full-silJ and thc' half-sib) (6)'; the ilumbe'r of thc
i nt c' r Il\ tJ S C u1a r bon cs 0 f c a r p ( cs t i ni a ti 0 n 0 f t hc pr c s c nc c 0 f

thc'gcnetic ~arianc.c by analysis of thc variancc of thc
full-sib) (7)~ and {cstimation of thc genctic variantc by
thc comparison ~f scvcral diffcrent lincs a~d thcir hybrids)
( 8 ) ; t hc' 9r 0 \,' t h r: a te 0 f c ar p {c s tima t ion 0 f t Iic 9c nc t ieva 
riance by analysis of thc full-sib ~rosscs, thc inbrccding"

-----------_._--------
I< half-sib ::: Sllme mothcr, different father or vice-versa

**sall1c mother and same father
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These methods are c1assified into: (1) a method tu estimate

thc correlation or the regression between the parents and the Qff-·

s pr i n9 ; ( 2) a mc t h0 cl t 0 a na 1y z e t he va r i an ces, i n t Ire f u11 - sibo r '

the half-sib; (3) a method to estimate the eorrelation between' the'

full-'sib o.r the ha1f-s.ib; (4) a methodto' estimate the .result of

the. selection experim~nt; (5) a method to estimate the' varianee'o~

t0ins. From ~he~e, five methods, the methtid to apply d~pen~s o~ the

brecding mode of the experimental subject and th~ degreeof.difficulty

in thc bree~ing and in the controlling of the eulture. Co~cerning the','

aqllatic. creatures. meth'od (2) abovc has been" used freqllently so far .

.An ex p1a na ti 0 n 0 f t here 1a t ion s hip 0 f t he f u11 - s i b, . an a 1y.s iso f t he
."

variance, thc composition of,thc mean squares (MS) and an estimation'

o f her i tab il i t Y are s ho \'In i n FI GUR E 1. 2 a nd TAB LE (. 1. Abo ve ' t he 's e ,

il"e sho\'1l1 the.half-sib (FIGURE 1.3 and 'Table 1.2). As sho\-IO in

TI\BLES 1.1 and 1.2, the heritabil.ity obtained by analysis of the va

rianee of the. full-sib is heritability in the broadsense.· In order
, "

to' estimate heritabi1ity in the narrow sense, it is neeessary to ef-

feet ahalysis of varianee of the half-sib •

However, as shown in FIGURES '·1.2 and 1.3, in order to carry

out this analytical experiment ~f the ha1'f-sib, many ~aci1ities for

cUltu'",irig and much labor an; involved. For the statistica1 'treat:-

ment, it. is neeessary to increase the.number of erossingsas per

t he ace ura cy re q uire d . Thi..r s, t he met h0 d 0 fes tima t ion tob e. a p'pli e d

i 5 deeid e d .ace 0 r d i n9 tot he ex pe,' i rn e ntal sc ale a va i 1a b1e ancl t he

accllrllcy of the estirnlltion required ..
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l.J.._._I~~_~....i_~~ili!y and s.elective breedin9.

\I e ri tab i 1 i t y. s hO\'1 S t hehe r i tab 1 e .c hara c te r 0 f a e e r ta i n typ e

~nd, at thc same time, shows the population ellaracter. Therefore, it ..

is important in thc field ofbrecding, as are the genetie analysi~ of .

a q li Cl n ti ta t i ve c ha ra c te r a ndar t i f i c. i als e1e c t ion . Asan ex amp1 e "

with regafd to a character with high heritability, the ~ffect of

artificial seleetion appears quiekly and individual selection is ap

pr<?pdate as the method' of selection. On the other hand, it is 'con

sidcrcd that familyseleetion is suitablefor a character with 10w

her i tab i 1 i .tY. Gen e ra 1 1y, i t i s e 0 ns i cl e red t hat t hereis t he e f fee t.

of.seleetion in a ·chilracter \'-dtll heritability higller than 0.2. Hhen

hcritability is applied to selective breeding . i~ praciice, there is

another important aspect. That is, that there are milny cases when

the Iieritability obtained \'1ith regar.c1 to a certain character diff;ers

ace 0 }' d i n9 tot he In e t h0 d 0 fes tima t ion u s e cl, t he gen e t i c ba c k9 r 0 uni 0 f

t hc pop u1a t ion' a n cl t he e nv i r 0 nm e ntin . 'vI h ich t he pop u1 a t ion \'Jass e t t.l e cl. •

When' a certain value is obt~ined for the heritability, it should be

noted that this value\'Jas e~tim~ted, using a specific·pop~1.ati6n in

a spec'ific environment. Therefor.e, in.order to es~.imate heritabilie

a s the index for sel ect i ve breedi n9, i t i s recommen~ed to 'use a spe-'

eitie biological population (line) and a s~eeific facility'or control

ling method (environment) in each culture-ground or hatching-ground.

~.:.? ~_~.!.l!!~il t ion 0 f her i tab i 1 i ty

Milny methods have been established to estimate heritability.

ßasically, as descrlbed in Paragraph 2, the rn~thod applied is to study

hO\'1 111 U c h mo rc' s i III i1 il l' il re eile hof t he· c los e Jy re 1a ted i nd i v i du il 1 s

thiln those of remote relationship and to obtain a gen'etic variance.
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Thc' geneUe eorrclatirin ean be often cither an advantage or an obst

aele to breeding. A favorable eorrelation ean be utilized, while a

ralationship of an unfavorable eombination has to be broken. It is

possible to break the correlation due "to the linkage. However, the

eorrelation eaused by pleiotropism of the genes remains without

·solution~

"

Gene'tie eor~e1ation;environmenta1correlatiori and phenotype

eorrelation are define~ as fol1riws:

Phenotype eorrelation:yP

Environmental· cor-
relation: yE

Genetieeorre1ation: yG =

==

Gov (G 1 , G2 )

·/v" V
.. G1 ~ G2

Gov (E 1 , (2)

Iv E • VE
1 2

GCl v (p 1" . P2 )

IV p ~ , VP .
. 1 '. 2

.... . 0- .

(5 )

(6)

( T)

Cov~riances Gl~ G
2

, E1 , E~~ .P1 ~nd P2 are the genet~c, environmenta1

and phenotype covariances of characters 1 and:2, respectiie1y. B~ the
. , . . . ...

same token. V
G

' VG ' V
E

.. , V
E

' Vp and Vp are the genetic~ environ-
1 2 1 2.1 2

lJ1e~tai. and phenotype vada"nces of characters 1 and 2. Apparently,
••

fr6m these definitions, in order to estimate thesecorrelations, the.

cOrl~el~tion of the h/o eharaeiers has to be est·imated. Fo: this. pur-·

pose, th~ fol1owing methods are used.

{l) a method based on thc corre1ation or the regression"

between the parents and th~ offspring; and

("2) a m~thod based on analyses of variances and co~a-

riances of the populationre1ated to the species.
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,l.:-_3_!!~:J!.~!.!l"i1.Lty estillJated in the aquatie creatures

The aquatie reatures, the heritabi1ity of v/hieh has been, es-'
, ,

timatcu so far, al~e within a \·tide range, from fish and she1ls to

\'1 e e cl S . Theil" he ri tab i1 i t y, 't a ke n fr 0 m re c e n t re p0 r, t sandar r a n ge d ,

are shown in TAßLE 1.3~ Studying ThisTABLE, one ean seethat there

are many eases when heritability was iestimat~d main1y for the pur~

pose of bree~ing in'the industry of f1sheries; a1sothere are Some

eases v/hen estimations \'/e,re made from the point of vi,ew of e,xperi

ments with 'animals and the e1assffieation of thei.r lines.' Hith re':'

gard to diversity of species, fish are the mos,t numerous 'a~d, in pare
~icu1ar, freshwater fi~h, 1ike' Rainbow,trout. The,heritability of

their man)' eharacters has a1ready been' established.

4.' Corre1ation of quantitative ehara~ters

The two econimiea11y important eharaeters ar~ often found in

e'ithey' positive or negative correlations. The eorrelation bet\'leen

the phenotypes of hlO ,quantit~tive eha'racters (phenotype correl'at'ion)

is partitioned intoan environlllental correlation and a genetic cor-

re'll1tion, 'according to the cause. •
Ttle genetic corre1ation fnc1udes all correlations expiring from

genetic c'auses. Furthermore, it is considered that there are cases'

,\.Ji fh a c lose 1 i n k'a 9e am 0 n9 t he ,g e ne s g0 ver ni n9 t his c ha ra c te r a nd t hat

t he )' e a l' e 0 t her,' c ase s wh e n" t he sam e 0 ne gen e (a 9r 0 U p) re 1a te s tot he

, e xPI'e s s ion (, f hlO' d i f f e re 11 t c hara c te r s , ( p1e i 0 t r 0 pism 0 f ' gen es) . Co n-

c~r~ing a population cros~ed at random, it, is considered that the ge-

, ne t i c co 'r re 1a ti 0 n, du e t 0 1 i nkag e, wi 11 re ach t he l'i n kag e eq u i J i br i UIlI '.

and that many cases are caused by the pleiotropislll of the genes.
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. il C Coy cl l' 11 ~J t 0 \'I he t her i t i s C il r r i e d 0u t art i f i c i a 11 y 0 r s pan t a neo u s 1Y.

In many cascs of artificial sclection. it is difficult to exclude the

,influcnces of natural selection. Basically. selection is a change in

the frequency o'f the genes. Sinee Uds cannot be measured directly in

t he q l/ an t i ta t-i ve eh ara c t e t~ • t he me ans. t he va ri an ces "an d t he co va r'i

ances of the population at"e used to judge ,the ,effe'cts of such selecti,on

Artiffcial seleetiön is a most ,important breed~~g method and

it has been used traditionally since olden times. ,·The siluation'h.as
,

• not changed even today. Concerning aquatie creatures', manyactu'al

cases were recorded beforri quantit~tive genetics were dev~loped.

T~erri are,quite a few ca ses affecting ind~str~, m~inly of fre~hwater. fi:

viz.: carp, cruc;an earp and Rainbo\'l trout (27). 1I0\'/ever, from ,the

po i n t 0 f v i e \'1 0 f qua n t f tat i ve gen e t ; c s, t her e are In II 11 Y ca ses ' wh e Ti

;,.nperfeetions are found in the genetic' records" that is, the' uncertaintj

of the ~elcction mcthods. the lack of a control group (genealogieal),. .~ .

and no cstimation of genetic gain (selective response) .. In order t~
, . '

carry out ~ selective experime,nt of qua/lti~ative characters,- it' is

more c~nvenient to study the results theoretically, if theselection

rnethod is cl:arified and the eontml group is used as deseribedin

,t he ' f 0 110 \'/ i n9 ; als 0, t here s u1 t s t huso bta i ne d e a n b e us e d f 0r p r e - ,

diction of the selection effects.

Generally. whcn an individual with a desirablephcnotype is

5 ~ 1~ c ted u t t hera te, 0 f P~~ fr 0 m .apo pul a ti 0 n \'I i t h a me an' va l'ue 0 f qua n-.

titativc character as Po~ and the next gen~ration is cultured, thc

cl i f fe t' e nce u.e t \'1 ce n t he me a n va lu c 0 f t hc' i nd i v i duals e 1e c ted, Ps,



-12-

In thc cxpcrimcllt with Rainbow trout, dcscribcd prcvious1y,

Gal1 (3) estimated thc genctic corre1ation, the environmenta1 correla-, .

tion and the'phellotype correlation {using the method of analyses of

the variances~of the body weights after spawning, the number of eggs

spawned, the volume of the eggs alld the size of the eggs (egg diameter),

also the number of eggs per 100 g, of body we.ight (TABL~ 1'.4),'

As'the result, a comparatively strring genetic correlation was

f 0 u 11 d bct \'J eeilt h.e v0 1 um e 0 f e 99san d t hc dia met e r ci f t he e 99S" t he .

number of eggs or the body weight.. Generally, it is considered thate

t hereis a. s t r 0 Tl 9 co r re 1a t ion he t \'1 e e n t he dia met e r 0 f t he e 99san d t he

riumber of eggs 01' the,riumbcr of eggs per unit of body weight~ Howeve~,·

in thc experiment above, the correlation behreen the .diameter 'of the
, .

eggs tl,nd the number of ~ggs \'las found, to be 10w,' Furt.hermore, the

volullIe of eg~Js should be considered in order to ·carry out selcctive

breeding. Concerning the population to be used for experiments, 'it is

considered that an improvement of thc reproduction character alld also

an increase 'of bodyweight, will be obtained.,by selection of the

.,vo"lume of eggs. ,Concerning carp, Noav and HOh.l.farth (10) reported e
e xa 111 p1e s 0 f t he co r r e, 1a t ion be ,hre e n t he' 9 r 0 \'.[ t h rat e S 0 b ta i ne d .by d i f -

"ferellt culture methods; also, Wohlfarth et al, (26) rep6rted examples, .

,0 f a co r re 1a ti 0 n be t \'1 e e n t he abi 1 i ty 't 0 es ca pe fr 0 m sei nesand t he

gro\'-llh rilte.

~.,__!l!:1 i f i Co 'j a12~ ec t i Q,!!.

Selection is desiq~ed to give a breeding rate to a spe-

cific individual, Hhich is different frOn! that of other individuals.

Thc method is called an artificial selection, Ol~ a natural selection;
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l~es(l.olldin!J to thc sizcs and the sclcctive strcngths of various popu-

lations, were calculated (28).

~-:1_-2~~_Ct ..to n e xp~r i..llle!Lt \·d th a Cl ua ti c c rea tu res

Oon~ldson and Olson (29) reported their results rif the se1ec~

.
tion breediny of ~bout six generations'for 23 years with regard tn'

. .
incr:eases in body"\'Ieight, body length and the number of eggs.of Rain-

. . .. ."
'. .

bo\'l trout. Remarkable progre~s was observed in all these characters •

. Also, 'Oonadson and Menasveta (30) catried out selection 'experim~nts

e with Nasul.lOsuke, used for stocking) and reported that the progress

ofthe c ha )" <1 C te r s ( a s, f 0 r ins t a nce, t he 9r 0 \'1 t h rat e) '1'1aso bs e r ve d .

·Ryrnan (31) conducted selection experiments throughout. nine

gell e l' Cl t ion s wi t h re 9a )'d ~0 t heb 0 dy \'I e .i 9 h t 0 f 9u Ppie S 0 f 63 da y s .0 1 cl •

As the basic population for the selection, 597 individuals were used,

t he a d cl i t i ve gen e t i c va r i im c e ~ 0 f \'1 hich ha d be e n s c a r c e 1y dis c 0 ver e d

I>y thc.analysis of variilnces of their sib in the different eXf>eri

ments. Thc selection \'las made in ·t\'lO lines of the body \'Jeight": heavy

. • il nd 1i 9 h 1;. The n um ber 0 f .i nd i v i duals s e 1e c ted was no t co n s ta n t, 1 - 6

fi s h fr 0 mon ~ \'I a te r ta nk (3 - 1 2 fis hof 0 n1y f U 11 - s i b VI e re pu tin 0 ne
.-

\'1() te r t a n k a nd t he n um be l~. 0 f wa te r ta n ks \'I a s .8 - 1 31 f 0 r 0 ne gen e rat ion) .

. The number of individuals measured was 28-566 females and

24 - I) 69 mal e s f 0 r 0 ne gen e rat ion . At t he tim e \'1 he n t h.e dis tin c t ion

b~ t\'I e e n t he mCl 1e san cl t he fein ale s \'lase 1ca r '. t he mal e san cl t he fc mal e s

\'I C' t' C C tI 1 t 11 r c cl s e para tel y . Als o. t he i r 9c ne ti c 9 a ins \'I e r e 0 b t a i n e cl

separlltcly. 1\ summary of the results is g'iven in FIGURE 1.5. The ge-

netic gain shows little difference bet\-/ecn thc males and fcnwlcs.
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a 11 d P0 i seil 11edas e1e c t i ve di f f e I~ e nc e (!\ p) (F I GUR E 1. 4 ). Pis t he

selective strcngth and thc difference, AG. between the mean value of

thc youllger generation. P1' and Po is the genetic gain or the selectiol-1

response. If all variances in the character of thc parental population

are additive ~enctic variances, P1 should agrec with Ps. Hnwever,

~enerally, such a ca se ,can~ot exist, and Pl leans to Po. FIGURE 1.4

sho\... s a bl~eakage se1e'ction, in \.,rhich all indivuduals with more than

a certain value of phenotyp~ are slected. k is called the breakage

point in a sele~tion.

, Therelatiollship between ~G and ~P can be written, using

her i tab i1 i ty (h 2
) a s f oll 0 \.,r s :

e'

~G

2 .,..
h AP :.:. ..•.•..... (8)

Since using ~his equation,. thc se1ection response of one gene

ration can be p~cdicted froln the selectiori difference andthe herita-

bi 1 i t.Y. . i t i s' aus e f u1 f 0 r mu1a f 0 r t he ,d e ve10 Pme nt 0 f s e1ec t i ve b re cd 

ing. The selective difference is expressed by the untt of the ~hal~ac-

t ( . t ) In' case of d,'fferent variances and when dif~ .e \" 9 \" .• c m. ,. e .c. . . '.

ferellt characters are compared, the selection differ~nce is expressed

by ~~he unit of a standar:d deviation, in order to compare the selective

s.t ren ~j t h . ~1 he n t he s,ta ndar d cl evia t ion 0 f t he c h'a ra c t e r i ti t he pare ntal

generation is aP and i = AP/ap, in the case of a normal distribution,

i = z/p. Hhere z is the height of the vertical axis at the breakage

,point in FIGURE 1.4 and P is the selective .strength. Thus, equati.on

(a) can be written as follows:

• ,2 ( )/, G = , () Ph . . • . • • • • • • • • • • • .:. • . • • • • • • • • • • • • • • • • •• 9

i5 a slandardized selective difference, the values of which, c~r-
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TUI'therulol'e, evel'y year from 1966 to 1970, egg col1ecti·ons

\H~ I' e I' C Pe a ted f t' 0 III a pa I' e n t , ta ke n fr 0 III t he 0 r i ginalp 0 pu1a t ion a t

I'andolll. alld wcre used as contl'ol groups for the \·thole (the crossbred

contiol). The selective str~ngth was 15-45%, which was as moderate

as·possible •. in order to avoid a random genetic drift. 43-375 fish

wer e us e cl aspare n t s _ Af t e r t he sec 0 nd gell e r"a t ion, .t h e. par e nt S 0 f .

e ach 1i ne \'1 e r Ei d i v i dcd' i n t 0 2 - 6 sub - 9 I' 0 ups, \'1 hen t he S e 1e c ti 0 n, co 1-

lection of eggs, crossings and cu1tiva~ion of the off~prin9 were

made separate1.y. In order to avoid inbreeding depression as much as
. \e possible, v/hcn crossing, the males and the fema1es ·obtained tram' .

. .
d i f fe r e. n t sub - 9r 0 ups 0 f. e ach 1 i ne \1 e re co lJl bin ed . The 0 f f S pt' i n9 wer e

c u1 t 11 r c cl i n 3- 5 . c u1 t ure 9r 0 und s . The' sub - 9r 0 u·p mc a n val uesand t h0 S e

. in thc culture grounds were corrected by a rnultiple-nursing method

developed in the differen~ experirne~ts {33} and shown in .FIGURE· 1.6.

.'

1\ s s hO\'lll i n FI GUR E 1. 6, s i In il a r 1y tot he· ex per i me nt s des c I' i be d

previ~usly. {9,32}, the se1ection response has a negative tend·ency

vii t h re ÜCl r d t 0 tll e b0 dy \'I e i 9 ht ga ins i n t hell 1arg e 11 cl ire c t ion .

•• I\ccording to Moav (15), it \'las considered that the above re

su1ts were caused by the fact that the population used för this ex- .

.periment reached a selection plate~u, retaining 1arge gerietic va~ia

t ion s 0 f t he c haI' a c tel' a nd. t her e f 0 r e, t he gen e t i· c a n d e v01 u t ion ur y
. -

mechilllisms or" this character Here studied. On the other hand~ it ..
. ,

\;I ij S I' e po r ted t hat t he s e 1e c t i Oll res po nsei n t hell smalllId ire c ti 0 n 0 f '

t hein c I' e'o sei 11 ho dY \'/ e i·9 h t \'Iaso bse r ve cl a 11 cl ·t he gen e t i c rat e re a 1 i z e cl

\'las about 0.3, cOlllputed from the regressions obtained until arouncl

. l he t " i r d . !l e ne r (l t ion. u t. t he time \'1 he n . t here s pOil sece. ase cl •
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110 \'1 e ve I'. l h i $ d i f f e I' e nceis ver,y small. \<J he neo mpare d \'1 i t h t heva r i a 

t ion be t \'l e e n t he ~I e ne rat ion s , I t \'1 a s re par ted t hat t heher i t ~ b i 1 i t y

)~ealized, estilllatcd fr'alll" thc gcnctic gain, \'Jas belo\'l 10%. App1ying

thc anRlysis of variances and considering the fact that a highly s1g

nificant difference was ohscrved in one litter of the line. it is

t h0 IJ 9 h t t hat t he a dd i t i ve gen e t i eva r i a nc es \'I e r e very fe "1 a nd s 0 l1le

other genetic variances roust .be important for the character under'

investigation,

e
i n t h l'e e .d ; re ct ion s. co ncer n i ngin c re ase s i n t he \'I e i 9 h t s 0 fon e y e a r"

o 1d c iU''p b )' e d i n I s r a e 1: 1arg e. s ma 11 a nd r i1 ndom . Ast he' res u1 t. .

the selective effects \<Jer'e scarcely faund in the"'1I 1argell" directfo'n";but
i t \'i a s i n e v i d'e nc ein t hell smalllId ire c t ion. I n
lids experiment, it \'/aS arranged that the original parents of the

populiltion should be kert as a control, from "\'lhich offspring were

b re cl a ~l a i n a nd als 0" i n 0 r der t 0 ex c 1 ud e t hein f1 ue n c e 0 f i n br e e d i n9

d.epression. "the individuals selected from the t\'/O groups

Here crossed. Since thisc'xperiment \'.'as on a small scale and thc

~elcction was for only one generation. thereafter. more accurate

6xper-iments wcre conduct.ed. i"n a similar manner throllghollt 5 generatiot •.

c 0 nc e nd n 9 t hein c r e ase i n t he' b0 dY \'1 e i 9h t 0 fon e ye a r 0 1d .fi s h . ( 1 5 ) ~

FIGllHE 1.6 sho\'1s a sUlllmary of the res·ults. At first. in 1965, the

selection of 30.000 fingerlings from 110 females and2l males, wa~

lnade. From thc follo\'ling yeilr. a group with a lat'ge increasein body

\':eight (lIigh), (I group witha sllwll increrise in body \'lcight (Lo\<J); and-

a control group (lligh Hand Lov-I R), 'extracted at random from each line,

\'lcre separated.

·1
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b II t t " e l- a t i 0 ,0 f t he ho m0 ZY90 te s i nc rease s, \'1 he n co mpar e d \'1 i t h t he

c Cl s e 0 f il l' a nd 0111- C r 0 S s i !l 9 , The d i f fe ren cein t he gen e fr eque ncy

due to inbreeding, whcn c~lI1pared with a case' of continuous random

crossing, is rclated to the inbreeding coefficient (F).

\~hell the frequency of thc a11e1omorphs ·IIA" and ,"a" are II p ''

allel II q " rcspective1y,)n the· case of random· crossi!lg, the. gene fre-·

quency is as follows, accordi!lg to the Law of Hardy,Weinb~rgi

"'. AA Aa : aa = 2
P

22pq : q .

Concel',ning the inbreeding population with inbrecding cocfficient,'F,

thc gell'c frequency' is as fo11ow5:

AA : Aa .' aa = p2 + Fpq :2pq 2Fpq q2 + Fpq.

-e

Fujino (~l,42) estimated the tnbrecding eoeffieient of a
, '

na t u r il l pop u1a t ion 0 fEz 0 awabi, U 5 i n9 t he abo ve' fa c t 5 a n cl t he , gen e

frequelley governing variations in the estera~e isoenzyme, ,Further

more, ,'he eonsidered that the 'appearanee of. abnol'mal shells must have

be~n caused by the inbreeding depression, beeause the ratio of homo

zyg,ocytes is 1ar.ge in the abnormal shells, ca'lled lIleanll (rogaL{n

. Japanese) .

Ryman (4) eompared the recapture rates beh/een families of,
, . ,

SCl 1mo S a 1a l- , 0 f t hel i ne s '\'I hi dl \1e l~ e not i, nb red (the co e f f i c i e n t: .

F=O) ilnd of the inbred lines, the F of \'lhieh i,s kno\'ln. The recapt,ure

i~te of thQ inbred line wa~ s~gnificantly 10w~ even with regard to

the varititions caused by the state 6f' thc rivcrs and years. It was
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Tlli5 selection.experiment was hi9h1y precise and dctailed

i n t hel' e C 0 r ds ; . als 0, i t \'I a s \'1 e11 p1anne d \'I i t h re 9a r d totheb t' e ed-

ing mode and the gcnetic background. Selcction. experiments \'1ith

carp are being conducted ill thc USSR, conccrning their resiitance

. to sickness and also concerning their growth rate (34).

Wada (35) continued the sclection cx~erimcnts of the coef

f i c i e n t . 0 f t he s hc 11 \'1 i d t h, usill gon e 9r 0 U P fr 0 m t he pop.u 1a ti 0 n 0 f

the full-sib ~ln~!ad.9.., \'Ihich had been used previously for evaluution

of thc heritability (22). Wada reported that ther~sult obtained

f t" 0 III t he f i r S t gen e rat ion (s e 1ec t ion fr 0 m0 nly t hell 1at 9e 11 dire c t ion)

almost agreed 0ith the selection re~ponsc of one genera~ion e~tim-. ... . .

atedfrom equation (9), using the heritability computed prcvi6usly.

~_. tn b.re.e~E.!1_La ncl c ro s sin R

Th~ ph6nomen~ of inbrecding depression and h~tcrosis have·

been known since olden times and~ in particular, the latter has been

•

".
applied in breedi~g;· Concerning aquatic creatur~s, many reports are

availahle of experiments, llsing Copepoda (36), oysters (37,38), carpe

{9,13,I4,15,39} and Rainbo\'l trciut (40) .
.'

The inbrccding 20efficicnt shows thc rate of inbreeding \'Ihich

ta ke s pl ace i n ace. r ta i n pop u1a t ion a nd, t he 0 re t i ca 11y, i t i s 'd c f i ncd

as tllc· probability that thc allclomorplls, being combined. arc homo

lo~)ous ",Ii.th thelt' ancestors. Actually. thc coefficient of the ances

tor .• as a starting point, is cons~dercd to be zero and the coefficient

is s1l0\'111 in a relativc degree to it. In a population, in wllich in-

bt'cecling has taken place, the ratio of the hetcrozygotes decl·coses,



5.e,

-21-

ß I ß L lOG RAP H Y

1. Ikuo Yamtldil: Genetics of Quantitative characters. Study 'of Gene_
tics "IDENGAKU KOZA",'222-223; GENETICS,28-29,1974-1975.

2. K. Sakai: Dreeding and population genetics. Population g~netics,,'

edited by K. Sakai and T. Komai, 13-28, Baifukan, Tokyo', 1956.

3. G.A.E.. Gal1: Genetics of reproduction in domesticated rainbo\'l
trout. J. Ani~. Sci., 40, 19-28, 1975. :~ '"

4. N. Ryman: A'genetic analysis of recapture frequencies of r~leasetl

.young salmon (Salmo sa1ar L.); Hereditas, 65, 159-160, '1970.

N. Ryman: An analysis of growth capacity in ful1-sifu families ~f
sa1mon (Salmo salar L.};ibid, 70, 119-128, 1972 .

6. H. Ryman: An attempt to estimate the magnitude of additive genetic
variation of body size in the guppy-fish, Lebistes reticulatus;'
ibid, 71, 237-244, 1972.

10. R. Hoav und G. Hohlfarth:Nagnification through compet'ition of gene-
ti c d i f fe I' e nces i n y i e 1dca pac i ty i n ca r p .' Her e d i ty, 33, 181 - 202 \
1974. .

" 11 '

7. 11. Kossman: II Untersuchungen uber die genetische Varianz der·S\'tischen-
lJIl/skulgraten des :Karpfens.· Theor. App. Genet., 42,130-135,1972.

8. R.~Moav, A. F~nker and G. Wöhlfarth: Varhbility of intermuscular'
bones, vertebrate; ribs, dorsal fin rays and skeletal disorders

_..... i n t he <; 0 mm 0 n ca I' p . ; i bi d, 46, 33- 43, 1 975 ..,

• 9 . R. Moav and G. Wohlfarth: Genetic improvement of yie1d"in·carp ..
FAD World Symposium on Warm-water pona fish cu1ture, FR:IV/R-2,

'1-7, 1966.

11. G.F. Newkirk and R.W~ Doyle: Genetic an~lysis of shel1-shape varia
tion in Littorina saxatilis on an environmenta1 cline. r'lal'ine
ßio1ogy, Bulletin 3D, 227-237, 1975 ..

12 ~ D..1. I nnes. a nd L. E. Ha 1ey : Gen e t i c asp e c t 0 f 1a r val 9 I' 0 \'1 t h und e r
reduced salinity in Myti1us edu1is. ßio1. Bull. 153, 312-321,
1977. .

13. rL I·loav, G. lIu1ata and G. Hohlfarth: Genetic differences beh/een
the Chinese and European races of the common carp-I. Analysis
of genotype-environment interactions for gro\'/th rate .. lleredity,
34~ 32.3-3.1'10, 1975. '

. '

111 • G. Ho h1 f ur t h ~ R. 1·10 uv an d G. Hu1 cl lt.l: Di t t 0 - I 1. HlJ 1 ti -c ha l' ac te r
val'iation. A re$ponse to the diverse methods of fis" cu1tiva
tion in [urope and China.;ibid, 34~ 341-350, 1975.

"



-20-

co n s i der e d t hat t his mi 9ht ha ve bc e n ca us e d by t hel 0 \-/ S U rv i val

rate of thc inbred lines.

So far, thc basic theory and recent res~arch concerni~gthe

genetics of quantitative chat'acters have been de.scribed .. l!nti.l··re

cently;the practical application of quantitativegenetics ha~ been

limited to only one part of the freshwater fish. However, as arti-.

. f i c i alb re e d i n9 an d t he cu 1 tu reme t h0 d 0 f 1a.r va e .ha ve '. be en de ve" 0 pe d ,

appliciltions of genetics to marine creatures are being found. This •

als 0 '(1 ppli e s tot he a na 1y ses 0 f wi 1d pop ul a t ion s, 1 i ke na tu ra 1

sel.ection alldthe problems of evolution. In the future, the import-

a nc e 0 f Qua n t i tat i ve gen e t i c S \'/ i 11 i nc r e ase i n t he f i e 1 d 0 f s t 0 c kin 9

in thc industry of fisheries and in their application to the breed~ng

t he 0 r.Y i n t he a q 1I a c u1 t ure . I n 0 l'der t 0 III e e t t his s i tu a t ion, i t i s

desil'ahle to acculJlulate more genetic information concerning many

kinds·6f chaiacters among.the various species.

\. ~.
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F I GUR E 1: FRE QUENt Y DIS TRI BUTI 0 rr 0 F SHEL L C11 ARA CTER VA RI AT ION-----
OF PINCTADA FUCATA

OB T/\ I 11 ED FR 0 :'1 0 UE PA I R 0 F PAR ENTS (0 NE YEAR 0 L.D )
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-'12. -rujillo, K.: Ditto, II. Excessive homozygosity in deficient
ilnilllll1s; ·ibicl, '14, 767-770, 1978.
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FIGURE 6: PROGRESS OF SElECTION EXPERIMENT FOR WEIGHT GAIN
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FIGURE 4: VARIATION IN POPULATION-MEANS DUE TO SELECTION

parent
generation.

-.lV-

offspring
generation

~. h

.... .. ...,
Ho r i Z 0 nta 1 axis
Vertical axis

~ measurement of quantitative character
correlation frequency

PO =
PS =
P =
Rl --
k :;::

t.P :;::

6G :;::

population-means of parent generation
means of individuals selected
population-means of offspring generation
breakage point in selectiön
selection strength
PS - Po selective difference·
P1 -, Po. genetic gain (selective response)

...--.

FIGURE 5: PROGRESS OF SELECTION EXPERIMENT FOR BODY WEIGHT OF
GUPPIES OF 63 DAYS OLD

solid 'line: 'large direction
broken line:smal1 direction (~yman,-1973, 31) -.



_rAßLE 2: ANALYSIS OF VARIANCE OF HALF-SIB, COHPOSITION OF

SQUARE MEANS AND ESTIMATION OF HERITABILITY

_-29-

---- --------------------------------------,.
Freedom degree Square means Square means com

position

Beb-/e-en fa thers x -- 1 MSS __o~12+Z0 d2+:YZcrs2

·e- Betv/een mothers x(y-l) MS D ,oW2. + ZOd2

Be t\'/een s i b s xy( z - 1- ) M'SW °W2

Heritability from father: h2 '=
40S2

N (JW2 + (1(~ 2 + °d 2J

Heritability from mother: h2N =
4o d2

°W 2 + o 2-+ °d 2S

•
H~ritability from both

father and mother:

~
~~t II \ ;;: '! e."

G H2 is variance in 5~:::;'):-•. b

°S2 is variance be t\'/e en fathers

.od2 i s variance between mothers

=

for X, Y and Z refer to FIGURE 3
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TAßlE 1: ANALYSIS OF VARIANCE OF FUlL-SIB, COMPOSITION OF SQUARE

MEANS AHD ESTIMATION OF HERITAßIlITY

.• ' ......:

Factor

ßet\o-/een
si b 5

. In one
sib

Freedom degree

x - 1

x (y - 1)

Heritability:

Square means

f·1S
S

f1S\1

20b 2'
=-----

°s2 + °H2

Square'means composition

0W2 js variance in sib~

ob 2 .is varianc~ between sibS

i.

. for X and Y refer to FIGURE 2

..

•
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.
Matured individuals,
ratio in., their 2nd
year "

Ditto, iri their 3rd
year

(Estimation.of body
weight and length)

rAßLE 3 (continued)

?
h~ = 0 - 0.09

.::>

"c- 0.01hO =
'2 0.47 0.74 Half-sib, variance t'lo11er et al . 18
hS
h2 analysis

= 0'.00
0

12 month growth
Shell 'height (H)
Shel 1 1eng t h .( L)
Shell width (W)" .
(Estimations of: H+L+W,
L/Hj survi val and s.ett-·

. . 1 i ngra te s 0 f spa t j 0 f
above characters and
H hol e and·. s h~ I I . \~ e 1 9nt s .

.' of 18 months)

Half-sib, variance Ayles20
analysis (from mother

. and father)

Salmen bred in the
Atlantic Ocean
Salme salar

Hybri ds:
Ri ver traut
(Salvelinus fonten~

lis) and Laketrout
(Salvelinus namay
cu sh )

Shel1 5
Crassöstrea gigas

Fish rec~ptu~ed after
2 years in stock,body
weight
Resistance .toVibrio
dlsease

Non-eyed eggs,survi
val rate.
Eyed-eggs, survivnl
rate
Fingerlings, survi
val 'rate
Resistance· to. blue
suck disease

Resistance to mal
forma t ion'

0.22

h2
0.1151±.0570S =

h2 = 0.0747±.0497D

0.06 ± .07

0.09 ± .11

0.41 + . 18

0.76 ± .28

..0.03' ± .07

0.81 ± .27
0.81 ± .07
1.17 ± '.05

Fu11-sib, var;ance
analysis

Ha1f-sib, variance
analysis

,Full-sib, variance·
analysis

·19Gjedrem

,"

Lannan 21

I,
W
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TAßlE 3
HERITAßILITY REALIZED IN AOUATIC CREATURES

. Species

Fish Group

Character Heritability 'Estimation method ßibl ;ography

,
,

;
J:
"

"

Carp
Cyprinus carpio

Rainbo\ll trout
Salmo gairdnerii

Height 'gain
(for 4-5' months)
body-weight,150th day

body-length,1'SOth day

(Estirnatfon cf body
weight and length
on 280th 'day)

1.:2 '_
I'S -

h2 =
h2s -

2·
h =o

0.0
0.2-0.3

0.17 ± .110
0.00 t .068·

0.17 ± .157

0.07 + .101

Selecticn (large)'
Selection (small)

Half-sib,variance
analysis

, 9
Moav & Wchlfarth

Au'l s ta d eta 1 , 16

Body-weight of fish
2 yea rs old 0.20
Egg size of abovefish 0.21
Number of their eggs 0.19 Ful1-sib,va~;ance

'Gal1 3analysis'Qu an ti ty of eggs '0.20
Nurnber Of eggs per
body-weight 0.20
Non-eyed eggs ,morta-' h2

= O. 18 ± .081"
,

1i ty" .,

hZ= 0.86 ± . 141· 0· Mo r'ta 1i ty ,eYed - eg 9s h~ Half-sib,Var;an~e aL 17
.,

cf = 0.15 ± .056 Kan;s et
! .
·

0.27 ± .045, analysis, ,hO =
I,

Fi~gerling~,mortaJitYh§='O.J4 ± w.031
0
Ih6 =0.06-± .012

·e e



Concerning heritability obtained by analysis ofvariance of half-sib, h~ was estimat~d .from the componer
variance cf the father; whereas, h2 was estimated from "the component ,variance of the mother;
(reference to TAßLE 2). 0

I

'"W
I

,
,

, .

Full-sib, variance Chapman 25
analysis (estimation
of regression rela-
tionship beteen pa-
rent and offspring)

Regression relation
'ship between paren~
, and offspri n9

'.

3 (continued) e

0.078

0.239

h~ = 0.24

h~ = 0.93

0.18 + .104

0.17 ± .061

0.10

0.64

TAßlE

..
i

o
T

,.

Sta1k lengthin' an area
wi t"tl rough waves
Diameter of sulcate of
stalk-portion
Stock-portion length in
an area with calm water
Diamete~ of sulcate of
s,t alk - p0 r t ion

(Estimat'ion of characters·
above at 15°C)

( L. 10 ngi cfu r i s )

Laminaria saccharina

A19ae
Kelp
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TABLE 3 (continued)
,

/

·1

·1
i
I

'. '~

j

Pinctada fucat2.. Chara c te r s a f t e r l~'year

Shell Ci e'i 9ht (H)
,Length of hinqe 1ine (L)
'Shen"width (~J)
"Coefficient of she11
hei~lht ~ H: :\.
'e ff···H + b-+h WJ

oe lClent J Tnge
line length:L L \

t H + L + ~'J 7
Coefficient cf shell
\.Ji dt h : ( H )

H+L+yJ

0.32 ± .29
0.05 t .08
0.36 ± .32

,0.58 ± .43

0.57 ± .43

0.49 t .39

Fu11-s;b,var;ance
analysis

I
W
N,

2:Ne\."kirk et a1.

McLaren 24

Full-sib, variance
analysis

Half-sib, var;ance
analysis

Half-sib, var;ance
ana lys'i s

",

0.51

.~

Mortality before matu
ration (-10°C)

Mature b~dy-size tl0°C)..oe

"Sex ratio (10°C)

(Estimations of: above
characteri shell weight
'l'let and dry; also color'
of pearl-layer of 2nd yr.)
Growth of spat (size),
6tb day after,fertiliza-
tion 0.69

. Ditto on 16th day 0.60
Ditto 'on' 6th day 0.26 - 0.39
Ditto on 16th day O.so

2
Maturat~on da~ (10°C) hS = 0.10

2hD = 0.42
, 2
hS = 0.20

. ( 2 )hD = 0.00 "

h2 = O.Ol± .107S
,2 "0 08 111nO = " ± ..

h~.= O.. ll,± .'218

h6 = 0.13 ± .221

(h~= 'O.~Or
2ho = 0.75

Eurytemora herdmani

'American oyster:
Crassostrea virginica

,I,
'';
;

:f
!

.1
i
I

1

,
1

. '\
J
1
!
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f\RTICLE' 2

~~thoI: Kazuo Fujino
Kitazato University~ Fisheries Faculty

BIOCHEMICf\L POLYMORPHISMS AND POPULATION GENETlCS

INTRODUCTIOH
--'----·-Attlle beginning of the b'lentieth century~ studies. of ,the'

"

hiochem'ical polymorph1sm of marine animals were sti.mulated·by the

• discovcry (1 ~2) of thc f.... B 0 blood grollp system .and Forssmanls :an'ti-

gen: tlle blood group of domestic animij1s, discovercd jn 1920, and

also the dcvelopment of studies of the geneti~ polymorphisms of pro

tc i 11 s bY 9 c 1 - e 1e c t r 0 p ho res i s . At f i r s t , . t he s t II die s co nc ern i ~ 9 t he
, .

blood group were commenced in Japan and tho USA, ar~und 1950. These

were fol10wed by cxpansion'~f the studies concerning protein poly-

1J1Orphism" about 1965; final1y, t'hese studies reached an outstanding

develnpment in many cOllntries of the vlor1a(l). The nu!uber ofspecies'

of marine animals studied was about 200, which. greatly exceeds the

11lJ mbel' 0 f dbIn e st i c a n i mal sand 1ll a neo mbin e d . Alt h0~ 9 h pol ym0r phi sm

had been applied to the identification, classification and evolution
. lng'

st~die's of thc bl~ed/populations of fish and other marine animals·.as

anindex-character (2~3,4), these studios generally remained only

w1thill th~ range of development of analytica1 techniques and descr~p-

tionsof the variations of polymorphism. Studies of the biochemic~l

significanceof polymorphism remained ·few.

TAßLE 1 sho\'/s an applicatioll of protein polymorph·i·slIl of thc

b10 0 cl g. r 0 UP toma r i ne .a n i ll1 als, Cl S co mpCl re cl \'1 i t h t he c ase s 0f III Cl n a ncl



-34-

TAßLE 4: PIlENOTYPE CORRELATION (UPPER LINE).
ENVIRÖNMENTAL CORRELATION {MIDOLE LINO AND
GENETIC CORRELATION (LOWER LINE)
BETWEEN THE REPRODUCTION CHARACTERS OF RAINBOW TROUT.

(Gall. 1975, 3)

Number of eggs Vo1ume of eg Body-weight Numberof eggsgs per 100 g. of
body-weight

. " Size of eggs'

Number of eggs

Volume of eggs

Body-vleight

,,-

.15

.20
.09±.17

- .45 ' .
-.38

-.55±.12

.78

.78
.771:.07

- . 19
.01

- .4 6±. 13

.35

.33
.39±.14

.43

.34
.56±.11

.26

.12 •.
.47±.13

.51

.58
.41±.14

-.50 '
-.42

'-.61i"-lO

•



•

•

-37-

ing cOllIbinations ·of antiserums: Anti. S3(03) - Anti .• Y Anti S2' . 2 -

Anti Y2' Ant.i. Y2 - Anti.Y l , and Anti-5 2 - Ant. 51 - Anti. Y2 . Thc

11 UIII be r S 0 f t he i r .all c 10m 0 r phs are als 0 S h0 wn . No d e 1s 5 - 8 s h0 \'/ t he

.basic electrophorctic .pattCt'n of the protein or the enzyme poly-mor

phis\ll~ and they cot'respond to the case \'then the number of allelomorphs.

is two (monomer) and·thre~ (monomer, dimer, tetramer). "

Hhen ·the allelomorphs , dctermining the polymorphism, are

·equal \'tithout any dominant or recessiv~ relationship, th~ number"o~

alleloJl1orphs is n; the number of phenotypes is n(n+l)/2." This

case is shown in models 1,5",6,7. and 8. Since either dominant or re-

cessive relationship is found bctw.cen the allelolllorphs in models 2

a 11 d 4, t he" n um ber 0 f Phe noty pes i s 10 \'1 er. .t ha n i n t he f 0 r mer ca ses .

Ho\,/cve}', in either casc , whether the relationship bet\"/een the· allelo-

mOl"phs .i"s equal, dominant or recessive, the gene frequency and also

. t.he theoretical frequency of ·the phenotypes (i .e. the expected values)

C<.lll be obtaJined from the observed values of the phenotype frequency·

found in the population, aswfll be dcscribed later(.ref.: Hardy :·

Weinbcrg's Law). As model 3 is a sub-type, thc Hardy-Weinberg's Lbw

cannot be applied to this case. Also, as ·this mcidel is not related

dir.~ctly to the fo11o\'1ing study, the explanation fo'r this model is

omi t ted tiere ..

Hhen the elitirc popu.lation is genetically flOmogen"e?us and

also crosses at random, a ccrtain genetic equilibriu~ is establishea

among the phenotypes appcadng .. For example, in the case of models

1 O}' 5 i n F I G· URE 2:l) \'I he n t he . t hr e e p hc noty pes are 1\, a a nd 1\ a a nd \'J hc n

t h c f t' C Cl u C neie S 0 f t h e t\'/O a 11 c 1 0 In 0 t' Ph s, 1\ a n d Cl, d e te r In i n i n 9 t h e s e
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dOlilestic animals. Since thc analytic technique of protein po1ymor-.

phism of the blood group has nOH been devclopcd sufficien.t1y well

andalrcady has been reported in books, in this paper. the basic.as-

rects required for the analysis of population g~netits main1y.are dis~

cl/ssed, ilS' \-/ell as the biological significance of polymorphism. In

a d d i t ion. t he pOS s i bil i t Y 0 f t he a ppli ca t ion 0 f gen e t i c· pol. y m0 r p h.i S In

to the.breeding of aquatic Cl'eatures in the futu're \'1i11 be studied.·

1. Basic aspects Genetics and the Ana1ytical Technique of
_______-,-P...::..o-,-l,'L~2I.E...:.:h..:...i-=s~m=---- . _ •The blood grouping ~f animals is polymorphism classified ac-

cOI'ding to th.e genetic variations.of the imlnunological specifi.city

of alltigenic substances on the surface of cell membranes .of the red

bloodcel1s. The c1assification of the b100d type depen~s upon th'e

.' e a c U 0 11 S 0 f t he a 9 9 1 u tin a ti 0 n 0 r t ~ehe III 0 1ys iso f t here d b1 0 0 d te 11 s

to thc type-specific antibodies in variolJs antiserums.

Ttle polymorphism 'of water-soluble proteins and enzymes is c1as-

sified by the genetic differences in the charge and the size of the_-
. .

1e c ul es. The s e d i f fe ren ces . ar e s h0 "In bY gel - e 1 e c t r 0 p h 0 res i s. a nd by

e 1ci:: t r 0 p ho.' e t i c d i f fe ren ces i n t he pa t te r n 0 f his t 0 c he mi ca 1 s ta i ni n9 .

C0 nc e I'lll n9 In cl r i nc 1 i f e. . t he a na 1y s iso f pol y m0 r phi s m ha s be e n s t udie d

for many proteins and enzymes.

FIGURE 1 shows the basic pattern of the blood types ac~u~11y

observetl in marine animals. also its elcctrophoretic diffel'cnccs.·

. f10dels 1-4 are found. for example, in the Y blood type system of

.!5.at~~~!2.-~l!..?__ I!.~J~~.n-!is· (4). These mO'dels correspond to each o'f the follo\'1-
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111 th i s TAßLE,· Fis an i Ildex sho\'li ng the degree of i nbreedi ng and i s

c'allcd the inbreeding coefficienL . It be comes closer to F :: 1 from

. F = 0, with crossings at random, as the inbreedi~g progresses.

TAßLE2.4 S~O\'IS the'genetic frequency in Hardy-Heinberg's equi-
. and ful1y homozygote populations.

librium,inbreeding/.When using the inbreeding coefficient F, the fr e -

quency of heterozygot~s (A/a) in an inbreedi~~ population de~re~~es

by. 2Fpq, \'lhe.n compare·d. \'1ith' thc value of a Hardy- H einberg's, equi-.,:

'libr'iUIll-:-populat,ion, and tlle f)~equcncies of the homozygotes (A/A a·nd·
.

a/a) incrcase each by Fpq. This relatio~ship is called S. Hright's

equilib~iumcondition and, based on the data obtained from a. popula-:

tion·, it ean be used to estimate the inbreedi~9 eocffieient:.

, Differing from th~ above, thc inbreeding eoefftcient also ean

be.ealeulatedas a possibiljty vlhen thc two,gOenes of the homologous

gene 1ocus. in a spec·ifi e i ndi vi,dua I are preci sely the same genes

derived from the same ancestral gene. Howeve~, the relative de~erip

tion is omitted here (f'lettl~\' et al. ,·5).

~_._~13 i ~l~_9i.f_~ 1 Si gn i fi ~!!.ce 0 f Po 1ymo rr~ hi sm.
It has not· '.yet been clarified whcither or not th~re,~re .any

. .
hiochemi,cal Ol~ physiologic?-l differences in the genetic polyinorphism

ofman ISO r t IH~ a n i mal blood groups or in the protcins and enzymes., .

o fan i·11I als a nd p1a n t s; als 0 wh e t her t hc re are a ny d i f fe ren ces 0 r not

i n t t~ e br e e cl i n9 a nd s u r v· i val 'ra te s . i n t he. pol y 111 0 r phi sm, t hat i s , , \'J he t her

or not· ther,e is an .ad.aptive value. HO\'1ever, rccently, concel'ning thc '.

aquatic creaturcs, thc existences of ,the above· aspects \'lere rcported

one a f te r t he 0 t hc r • The mai n asp e c t s tr 0 m 1;he s e re p 0 r t s a l' e des c r i be d



phenotypes. are each p and q(p+q":l), the freqency of these three phe-·

lIotyp'es is formed as p2A -I- 2pqAa -I- q2 a ~ 1 (FIGURE 2.1). This rela:"

tionship is known as Hardy-Weinberg's law concerning the genetic equi-

1 i ln' i 11 rn .

TAßlE 2·2 shows the method toobtain the gene~ic.frequency from

the observed values of the phenotype frequency arId permits calculation

of the expected frequency of genotypes (or phenotypes) in the case's of

the thl'(~e allelomorphs. In'many t'eports ·concerni!lg thc popul~tions of

aquatic ct'c.atuI'cs. gener'ally t h e, frequency observed ~grees very

Vi e 1 'I w i t h t he e xpec ted fr e q ue ncy . Therc f 0 r e, t heu n1ver s al val i ci i ty e
of Hardy-Weinberg's law 1s confirmed.

In contrast to therandom crossing of thc individuals in a

popul~tiön, as described, large populations are divided, more·tir l~s~inl

smallel' sub-populations, according to the conditions wh1ch ex1st in

. t he a)' easo c cup i e d by t he m. Astheres u 1t. i t ha s ac t 1I all y be ~ n 0 b

served in the natural groups that the crossings are made between

indi'liduals of closer n~lationship than the average in a population.

Tlds is call,ed inb~e.eding a.nd is accompanied by several impo~tant ane
i n te res tin 9 ~J e ne t i c Phe no In e na • The mo s t rem a r ka b1cis a n i nc r"e ase ,i n

the'~lIl1l1lber of homozygotes.

Thc closerthc blaod relationship, the higher the rate of in-

c r e ase 1 n t he num be r 0 f ho III 0 Z Y90 te s .. Sinti 1a rl y tot he e x amp1e s i n

F I GUR [ 2.1., TA ß l E1.3 s ho Ws t hc i nc re ase i n t he h0 In 0 Z Y9 0 te s ( A11\ a n d aI a )

a nd als 0 ci d e c re ase i n t hehe t e ra zy 9 0 te s ( AI a L \'1 h e n a I1 a r dy - Hein berg t s
" .

equil ibrium-population with tv/o allelomorphs, A and a (p=q=O.5) purti-"

c i pu ted tot he. h i 9 he s t d e 9 reein t hein bre e d 1ng, i. e. are 9 u1 a r ,s c 1 f 

fp.rti l"izilt.ion.
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P~\lYIl10l'\J1lisll] of ß.~!.sU\'~2.!!lls varies according to thc age. A similar

p hc n0 111 e 11 0 n \'Jaso lJ Se r ve d i n t he e s te ras e pol y mo r phi sm i, n' t he d i ge s t i ve

cl i ver t i c II 1um 0 f Hall0 ti~ _~.!, s c us ha nna i 'lliQ. (8).

(3) Growth rate or the rate of weight gain'
"

As described previously in (~). according to Mclntyre et al. (7), the·

gro\'It.h ratc' of 'coho salmon,Hith type AA of the serum transferrin poly

morphislll iso highcr tJ1an 'that vtith type /\C. Similar phenomeria Here also

,reported coneerning the sel',um transferrin' po1ymorphism in RainbO\'1

tl'OUt •.~_~l..!!.1.~g~irdncri.i (9)." and also Lake trout, Salvelinus nama-

yeush (10).

(4) Adaptability to more expansive areas

Ace 0 l' d i n9, t ~ K0 e 11 n (11. 12), t he e nzy me a e t i v i t Y 0 f t hr e e typ e s 0 f .t he

seru~ ~st~rase. Es_I a / a , 'Es_I a / b and E~_lb/b, in freshwater fish brcd

raturc.

at hi~lh

Amerie'a,'C(1tostomusc1akii. sho\'ls a correlation to the tempe

Es_I b/ b sllo\'/ed high aetivity at 10vi temperature; 'Es_J
a

/
a

. alb . '
temperature; and Es-l ,at medium ·temperature. On the'other

hand, concerning the frequency of the presence of the three types in
, '

aw11~ popuJation, Ei_I a/a •. th~ activity of which incteascs at high

. 't e mri e I~ at iJ re. a ppe are d wi t Ii 9re a' t f.re q ue'ncy i n t hel 0 VI 1 a t i tu des (i. e .

t he· a r. e a s \1 i t h h i 9h ~e mper a tu:es); bu t Es - I hI b a ~ pe a ~ e d i n f r"e q~ e n tl Y.

Thc relative frcquency of the polymor'phis'l1\ varied vJith the different

latitucles and, in thc hi91,l lati.tudes (i.e. areas \'Iith 10\'1 temperatures),

the frequency,v/as eontrar.y t9 that in thc 10\'1 latftudes. Also, 1t is

,. re p0 r t e cl t hat t here s u1 t s· s ho \'J t he ex iste ne e 0 f 'a n a da P,t i ve Val ue cl ue
.. ..

. ,

, to . thc'di fferepces in thc physiological functiol1s ·of .enzymes {.FiGURE1ft.l-
... '

.,," ..
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ill th~ follO\'ling.

(1) Fel~tilizution rate

Fuj'ino ct <11. (6) compared the observed frequency (0) öf the serum

transferrin of Kats.!:!.~onu~ bred in the Pacific Ocean and its expected

fr e Cl II e ncy (E) 0 b ta i 11 e don t heb a s iso f Ha r dy - He i n berg I S' la vi • The n i t

. .was e~tahlished that) concerning the three phenotypes (2~ 2.3) 3) ). .

t.he OIE value is srrialle·r thall 1 in homozygotes (types 2 and 3), but

tha t i t i.s 1arger th.an 1 in heterozygotes (type 2.3» and' tha tin

bath cases) it comes close to 1 with the inc'rease in bodY . .1 en g
t

h (age)

( T/\ ß LE2.5 ) • This s ho wS t he d i f f e ren cein t her e 1a t i ve s u r v i val rat e S

in the transferrin polymorphislil of 'KatsllYlonus) in .particulat', the pre

sence of over-dominance. of the' heterozygotes (heterosis). That is}

the fel'tilization I~ilte or the hatching rate is highest in.·type 2.3,

'" h ich (\ reh e te r 0 zy 90 te s, f 0 11 0 we d by typ e s 2 a n d 3) 0 rho III 0 ZY90 t es;

while ·lh~ relative· survival rate duri~g the. growi~g processafter

hatchin9 sho\'/S a drastic decI'easein the heterozygotes rCither than'

in -[he homozygotes. FIGURED _shows the adapted va lues in the differe.

pol j' III 0 r phi s rn 5, ca 1c u1a ted us i n9 TAB L E2.5 • This FI GUR E als 0 s ho '" s t he

. diffen~!1ces in the fertil ization rates (01' the ~latchi,ng rates) amolig

t he p.o 1y 111 0 r' phi SillS dur i n 9 t he de ve 10 pm e n t a 1 s tag e .

(2) Survival. rate

McIntyre et a1. (7) observed an artificia11y crossed popu1a'tion of coho

s a 1m 0 n, .Q~~~hy nc hu~ k.i s lJ t ~l!.) .be f 0 res t 0 c kin g. a nd re p0 r ted t hat , i n

th(! Set'lIlIl transfert'in po1ymorphisIIl, A/\,.AC and ce,- both the survivil1

and gro\'lth r'ates of type A/\ were higher than of type AC. 'As described

f
Jl

'-
ev ious1y in (l), the reliltive surviva1 rate of the serum transferrin
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a nd t he abi 1 i t Y t 0 ca rt' .v 0xy gen by t he !1 e /Il 09lob i n pol y m0 r phi S In 0 f

i) hybl' i d 0 f !:.~Jl_~~i~_<;'y"~e l.. lu s__~b..ae 110!Lryt tu s .g~los u s (16») ° the

phenolllcnon of heterosis' has been reported.

On the other hand) it is expected that thc correlation obet

\'feen the polymoq)hism and the immunity to disease~ found in domestic "

animals JfOl' example) theß-typeblood group in cflickens) \'lill be

found fri aq4atic creatures in the nearfuture~ In ge~eral) it is

considet'ed .th·at the correlation behieen biological polYfllorphi,sm.and

the hiolo~i~al characteristics is caused by (1) th~ pl~i6tropism of,

the ge~etic function; (2) linkage and (3)super dominance of hetero-
.

zygotcs. A)so, some scientists of'molecular genetics) population

qcnetics and evolution consider that a specific physiological dif

fCl'ence cannot exist bet\'/een individuals \'Iith, the enzyli'le polymorp'hism

s ho Vtl ng t he s a IIIe cut a 1y s ist0 cer t a ins pe c i f i c bio c hemi ca 1 re u c t ion s .

1I0Hevel;, as shoHn in the electrophoric mobil ity) there are obvious

differences in ttle physiological 'character amo~g the polymorphism

molecules. That iso accor~ing to the diffe~ent physiqchemi,cal ~on~i-

,e, lions of the body fluid (one of thc factors of the body-intet'ior) the

e n zy me' pol y mo r phi sm fun c ~ i, 0 ns fr 0 III i t 5 p l' 0 duc fi 0 n are a a nd mo ve s a t
'.

a di,fferentr'ate of vel'oci.ty to 'another llrea to be consumed." 'It is

~onsidered that ~his aspectto some extent may ~a~se'different,con

centratioris of the enzyme polymorphism; ,and, therefore, slIay,also caus'e

d '1 f fe ren t p hy si 0 log i ca 1 ac t i vi ti es.

Hhcn considering the above) without regard to the different

Ilhysioc'hcmicCll qualitics in the (lolymorphislll lllo1ecules', the opinion

that there is no difference in' the physiological act'ivities arnong

.0
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r I GUn E25 s ho \'1 S t he c xis tell c e 0 f a cl a p t i veva 1 u c s rc pre $ e n te cl by

t h e co lTe J a ti 0 n b c t \'l CCn t h c 1a ti tu cl i na 1 tc mpe}' at u}' e san cl t he gen e ti c

ft'equcncy of the three enzymes of thc American cel.An9uilla "rostrata.

sorbi tol dehydronase enzyme (SnII) ) phosphohcxose isomerase (PUl) ilrJ,d

al,cohol dehydrogenase (AnII) (13). As dcscl'ibed. it" is considered that

thc phenolllenon of the cot'relation bet\o/een the adaptive va1ues ofthe

po 1YtilO r phi S lJl and t hel a t i t ud e s (i. e. t e III pe ra tu re s ). iso ne 0 f t he i rn

portant bil~ic- factors in the stucly ofacJaptability throughout the .more

e~pansivc arcas for the purpose of brcecling.

,(5) Other physiologic:a1 activities

Con.cerning the allelomor~hs ldh IIa B and ldh Ha A of theLDH polymor

phi S In 'i n t hel i ver 0 fRa i nb0 \'l t r 0 u t. Ts uy u ki eta 1. (1 4) bred a ho mo -

zy 9 0 11 S 1 i ne ,by art 1 f i c i a 1 c r 0 Ss i n g a nd co mparcd t hc s "ti mmi ri 9 durab;

ilityexperimentally. As the l'esult)thc mean time, required until

50~!' af,thc fish testcd, of all lines) became exhausted'in a certain

vel~city of flow) is 2.3 times longer in thc group of thc IIa
A

Ha
A

'8 8"tl1<'I1';n thc group of the type Ha Ha ~ Furthermore; concerning Steel-

~~ead (s.,~.!:.?_dromo.u~ Rai,·ribo\'1 traut) from a \'lild popu1atfon, thc thrce e
types lIa A HaA HaA Haß and Ba B Ha~) were compared, simflarly to

thc~~bovc. ·No significint differences were found among these three

ty pes, 0 r be t '" e e n 11 aAHa Band Ha'B. 11 a
8

.'

11 0\" e ver, d i f f e ren ces \'1 e re f 0 und bc bot ee n' t he bo/O 9r 0 ups b red

in different areas. That is, the mean time required unti1 50% of

fis h IH' C d i n t he Th0 mp S 0 n Ri ver be c ame ex IJ aus te cl \'1 as 3. 8 times 1 0 nger

tha n tha t of thc fi sh brcd in thc Vcddcr Ri ver. FUl',thermore. concern-

in9 the oxygcn mfinity of thc hcm~globin polymorphisril of rabbints (15).

"'. ~" ...... """'~v·t"\o.;.""" 't., ........ .; "... . ~, .......:. "''' .. '' ..
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cst.ilulishing spccies and lines. The practical theo.ry and the methods

involved have already been discussed in the' paper, IlBi.ochendcal iden

tificat.·ion of fish species" (4)'.

(2) Analysis of breeding structure, specifical1y inbrceilin

As described in a paragraph of HardY-Heinbe!,g's La\'l,. 'according to' reports
. .'
·co.ncerning polymorphism in aquatic ~reatures,.many migrating fish with. . . . . .

strC?n~J s\'limming staminil,. breed at randoin in la!'ge wild populations~
. .

lIo\'levet-", rec e ntl y, th e overdomin~e 0 f homo z'ygo tes in Hu s se1smy t 11 us

~_Q!.Lf9..~~!!j_?:~~ (20), lobsters (Homarus americanus) (21) and Ezoawabi (Ha

liot.i.~__~_i scus hannai, INO),. \'Ihich are invertebrates, has been reported

frequcntly. Th(~ ovel'dominance of homozygotes means that the' observed

frequcncy in homozygotes is higher than expected, based on Hardy-Wi:dn

be r 9 's L(ni 0 f . g e 11 e t i c e q u i 1 i br i um. HO\'1 e ver, t he 0 bs er ve d fr e q u e ncy i il

heterozygotes is 10\'lcr than expected. Hith r~gard to the cause of this,

the following two cases can be eonsidered.

One is the case of breeding by individuals belonging to several

._ 'sub-populations \·tith different genetic frequencies;and thc other is

t he ca se 0 f . i nb re e d i !1 g by t hein di v i du als des c r i be d abo ve . '1 n . t li e .f0 r -'

mer.ease~ generally it is difficult to check the deviations from the
"

e q lI"i 1 i bI' i um, us i n9 s Cl mp1e S 0 b t Cl i nab1e, u n1c ss' t he d i f f e ren cein t he

genetie fl'equellcies between the popula'tions .is significant.

Concerning these relationships. Fujino (22) made quant'itlltive'

ana 1y ses . I 11 bot h case s, t his Phcn0 me non 0 ce urs \-1 hen t he en t ire pop u-

1a t ion i s not h0m0gen e 0 U s hut e 0 ns ist s 0 f s e ve I'alsmall.sub - pop u1a t ion s .

If this is in evidence, then it is possihle to disti~)gllish thc above

two cases.
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i 11 d i \' i d 11;1 I S \·ti t h d i f f e t" e n t phe n0 I:Ypes. see ms t 0 0 \'I eakt 0 be per s LI a -

sive. Tlle future aceulllulation of relative duta on the above aspeets

will prcivide a solution .

. There ·are. many reports about the relationship' behleen polymor-'

phisli' allel biologieal charaeter, but, as has been deseribed earl ier,

.s 0 rn e 0 f t he set' e p0 r t s c a nnot \'1 i t hs t a nd c r i t i eis III 0 f t h ei r .sampli n9

or their interpretation of data cited. There are many examples of

mCl r i nc 1 i fe. i n \,/ h i e h pol y III 0 .r phi Sill i S co r re 1a ted \'1 i t h bio 1~ 9i e a 1 "

ellaracters. These observations encouraged the use of polymorphism for

selec"tive bt"eeding. This seetion \,/ill deal with the problem of \'1hether

polymol'phism, without adaptive. values, is useful in geneties and· i"n

breedi 119.

( 1) .I den t i f i c a t ion 0 f wi 1d pop u1a ti 0 ns, S peeiesan d 1 i ne s.

'. Hith advllnees in breeding, although some species with eertain charac-.

terist'ics may have been cultivated, the wild populations of these

specics are· still .sourees of genes for making other ne\'l types\'1ith .de
fe r eilt. c hu ra c te r ist i c s . This ha s beend e mon s t rated i n t heb r e e'd i ngof

'agr<!cultllral crops and domestie animals. In particular. eoncerning

aqui1tic creatures, the breeding studies of whieh are still in the

state of infaney, thc volume of knowledge aceumulated systernatieally

about thcm is bound tu affect thc future develo'pment of ·the breeding

studies.

The gcnetic frequcnc'y of polymorphism is useful as an index

for idcntification and classification of wild populations and fo~
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ilhnorlllill shells at'C distinguished from normal shells \·III('n using the

ratio bctween thc weight of the soft tissue and the we~ght of the

e n t i' r e b0 dy (F I GUR E1.6 ) • Ast her e s ul t, t h. e f 0 1 1 0 vii ngas pe c t s \'1 e re

clarified (23).

( 3) The 0 ver d <> mi na nc e 0 f h0 m0 ZY90 t e s i n t he. F z0 ri e \'1 a s

more noticeable in the abnormal shells than in the normal sh~lls.

minance of homozygotes in the same zone .. The differe~ce between bath

9 t' 0 ups re a c It edas ta t ; s t i e a11 y s i 9ni f i c a n t 1e v e1. ß ase d on t he 0 bs er -

vatfon results above, it was reported that the presence of the abnor

mal shelli is a phenamenon conneeted with t~e inbreed;ng depression,
. .

relative to the inbfeeding strueture~ [Life aetivity decriases ~u~ to
. .

inbreeding. As a cause, ;t is considered that' inferior and harmfül

genes, a5 heterozygotes (carrier), in a population \'/1th superiot· and. ,

nOt'mal genes ylill appeal' due to the increase i.n homozygotes accompanied

'.. hy inbreeding.] That i5,. acco!npanying the pt'~9ress of thE7 homozygosis

in al.l gcnetie. loei, by inb,rc,edi!1~'" the reeess.ivc' and har'inful genes

also'hecome hO.lIlozygotes .. Thus, individuals \·dth. 10\'1 physiological
..

activity stand o~t.

. F0 rex a mp1e, i t i S c 0 ns i der e d t hat, \'1 h e 11 p hy s i °ehe mi c a1 °r bio -

. log i c ,a 1 e n v i r 0 nm eilta 1 fa c tor s 'b e c°me wo r s e '-su eh, a s a d rasti c e ~ a !l 9 e

i 11 \·ia te r t e mper a t ure 0 r f °0 d s h0 r tag e d ue t 0 0 ver c t' 0 \'1 d i ng), t heind ; ..:.' ,

v i cl uals \·Ii t h s u c h 1 0 \,/ a c ti v i t Y cl e v e 1 0 P a b not' mci 1 s hel 1 s cl u e t ö p hYs ~ 0 10 

gical disordcrs and malnutrition
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I 11 0 I' der t 0 cl; s t. i 11 9u i s h t he s e tvlO ca ses, t he i 11 V es ti 9a t ion a I' e a

hos to be selected properly, as samplcs must be collected re~eatedly

f rom t he p il ren t pop u1a t i 0 11 • 1he n , _s tu die s are made ast0 \-/ he t her 0 r

not the distr;butioTI of thc genetic frequencies of the samples con

ver ge- t 0 ace r ta i n val ue ; al so, \'/11 e t her 0 r not t hey are d i v i cl e d i n t 0

-,

the same, number of sub.-populat;ons cis expected. - These aspects have

not been studied sufficiently in the report c'oncerning-Hussels mt..tilus

~,~-'!.J.f.~~!.r-!...L~..!.lJ!?_ ' a nd lob s t e r s ( .!.!.Q.~ a r us 'a rri e, r i ca n li s t me 11 t ion ed abo v e •

I n t he f 0 11 0 \'I i ng, t here s u 1 t S c 0 ncer n i n9 Ez0 a \'1 abi ( Ha 1 i 0 ti s 'd i s c u s

!!~..!!..!.~i...,~9J, observed by the author,- as Hell as the;r a'pplication to -

breeding', are descr;bed.

As part of the genetie study of Ezoa\'lab;, using the samples

obta;lIed rcpcatedly from thcir \'Iild population in thc \'/ater-areaa'l'ound

Cl I~en;nsula,located at Sanl'iku~cho, I\'Iate Prefecture'~' Fujino (8)ana-

,lyzed the esterase-polymorph;sm ;n the d~gestive d1verticula and clari

fied the fo11o\'1.;ng: (l)six phenotypes contro11ecl by three equal alle

lomorphs \'lere found i.n thc F z.Olle. The appearance rate sho\-/ed a re-

1Il1l r k a h 1e 0 ver d 0 III i na nc e 0 f I~ 0 mo zy9 0 te san cl als 0 s h0 \'1 e d i nbr eed i ngin e
t hel''; "I d pop u1a t i 0 11 • ( 2) S; x, phe noty pes co n t roll e d by t h re e equa 1

a 1f~ 101110 r p hs ; n t he 1'1' Z 0 nc, \'I hi ,e h gen e t ; ca 11 y i s ; nd e pe n cl e nt fr <> m t he

F zone, and also a, su,peruominance of hetel'ozygotes \'las obsel'ved.

Also, abnormal' sh~lls of little commercial value, which are-

ca 1 1 cd 11 R0 9II i 11 (1 ca n s hell s) ,by fis her 111 en, \'I e r e, i n fr e q uent1y f 0 und ; n

ca tc he s (u s ua 11 y, '1 - 2%); t hes e \'1 C re C 0 mpar e d vii t h n0 l~ mq 1 s hel 1s. :

Fis he 1'111 e n ca n e x t r a c t t he s c a bn0 r mal s hell s f r 0 In t he i t' C a tc he s \./ he n
, .

shipping hy observing the appearanee of thc shells. Furthermore, these

'.
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Ur~lIol'ypes. or nine genetic loc; in each normal she11 (Fujino, .24).

In this TABLE, there are four individual shells wi.th homozygotes at

all t hc i t' n i ne gen e t i c 10 C ik (N 0 s. 2, 16, 17 a nd 20) • I t i s . e xpe c fe d

that 'individual shells \."ith 1- . t 11 . 1 -. f 1lomozygotes a a nlne OCl 0 po ymor~

phism,inc1ucling a genetic locus determining unknown performanc~ traits,

h ave a h i 9 her pro ba bil i t Y tob e h0 m0 zy 9 0 te s t ha not he'r . s hell s, be Caus e ..

the homozygosis, due to inb}~eeding, affe~t~ all. geneti.c l~ci, as \'las

tnelltioned previously.[* At present; no linkage has been found in these

~lene 1oei . ]

As an examp1e of performance traits, the ratio of the weight

of the soft body-portion to the .wilOle bodY-Hcight, SP/BH (FIGUREZ.6),

\'las select.ed anel the distribution tY'equency of this value is sho\'in

in FIGlJRE2.7., 'according to: abnormal shells~ normal shells and shells

\'1 i t h ho m0 i y 9 0 t e s a t a 11 n i ne gen e t i c 1 0 ci. .

. As is obv'iolJS from this FIGURE, the mean value XH of the shells

vii t h ho m0 zy 9 0 te S a tal 1 .n i ne gen e t i c 1 0 c i i s h ~ 9 her t ha n t he 111 e a n val ue

X
N

(Ir Ilor.ma'loshells. This fact shows that the individual shells vdth

homozygotes at a11 genetic loci have greater probabilities of having
.. ' 0 - S lJ per i 0 }'

dominant/genes in the homozygotes at genetic loci, considered to be

polygenes, determining the performance traits,' tllan. the other shells.

Therefore~ genetic improvement is expected by selection and

IJl'eedill~} this type of individual shells.( At present, polymo}'phism is

ehe c k e d a f tel' h rc e d i ng. s a c r i f i c i n 9 pa I' e n t s hell S . T h e s hell s nOe e de d

a n~ n~ ta i 11 e d. bu t t he S hel 1 S' b.' e d bu t not ne e cl e cl a.' e aha ncl 0 ne d . 110 w-

cver. it rnay bc possible to breed selectively without destroying th~
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( 5) F1I j i ,11 Q (8) als 0 c 0 n f i r me d t hat t h e s u pe rd 0 mi n il n c e
\./ a s

of hetc1'ozygotcs/found in the t·l zone of the esterase of normal shells,'

t her e r 0 r e) t he a d il Pt i veva 1u e 0 f pol y ll1 0 }' phi SillS ho VI s a c 0 r re1a t ion, t 0

a ge (T 1\ B1. Elp ) .
co

This isthe sam e p !f0 me non ast he a da p t i v e vl.l Ue s 0 f

"""-

pol y III~ r phi sm 0 f t h e s e rum t r ans fe r r i n i n Ka !:.s U\'IO n u s, s ho \'In i n FI GUR E

2.3, \'1 h ich va ri e cl ace 0 l' d i !' 9 t 0 ~ 9 e .

Hecently, the constituents of the digestive diverticula, of

Ezoa\'labi, (!!~_li~.!:...:!2-_di_,~cu?_~ha'nn~ItW)and al so o'f thei,r sheil musclc,s

Here ilnalyzed further. ßiochemical polymo,rphisms were found in 7 ge_
netic loci: leuein aminopcptidase (lap), t~trazolium-oxidase (To),

mal a tc cl c, hy d r 0 gell a s c ( f.1 d h ), Pho s p h 0 91 uc 0 s e - iso In e ras e ep 9 i }, mal i c

enzyme (Ne), ctc. I n mus t of these, thc overdomi nance uf homozygotes

\'1 a s f ~ lJ nd, c aus e d byi nb r ee d i n9 • Co n s eq ue n t 1y, pol y m0 r phi sm \'I a s f 0 und
, ,

a t n i n c gen e t i c 1 0 c i 0 fEz 0 a \'1 LI b i, i nc 1u d i n9 t he e s te t' ase me n t ion e cl

P I' e v i 0 II S 1Y (2 4) (t his numbe r i s c los e tot he h ap1 0 i d n umbe}' 0 f

Ezoawabi, n = 10).

Fujino (23) adapted the observation results 6f the wild populati·

Ine 11 t ion c cl (l - 5), tot h e es sen t i alpart 0 f br e e cl i .n 9 s tu cl i es 'i n " il 9 r i cu •
.

tU1'al crops, particu~arly C01'n (Fisher, 25). Ile also presented a "Se':'

lec'tivp. bn~eding guide how to increase the producti,on of Ezo.av-labi
ll

(TI\BL E2}). The case wh'en more than one, or many, individual~, comprfs

i n!J olle. \'Ji 1 cl pop u1a t ion , are ~ se cl ase xper i me n tal ma t e }~ i a 1) \'1ass tu die cl •

Hheil e x pe l' ün c n tu 1 mut e l' i a 1 i s u s e cI fr 0 m 0 t her \'l i 1 d pop u 1 a t ion s , .~ n

aCCUlIluliltion ,of systellllltic duta concerning their characteristics is

necded. Thc appl~cation of polymorphism was itudied in order to estab-

1 i s h spe eie s \'I i t h s u pe}' i 0 r per f 0 nna n c c 1 ra i t s, s u i tab 1 e f 0 r t he 5 e 1e c ':"

tion' of parent shells. TI\BLE2ß sho\'ls the examinatioll results of ,the
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lyzed qu«ntita'tive1y (28.29,30). According to these ana1yses, it has

he (' n r c POl' t e cl t hII t t he i JI C r e Cl sei n t he Cl pPeara ncera t C 0 f ll1 a1f 0 r ma ti. 0 ~l ,

t he d e C I' e i.l sei n t her a te 0 f fee d i n9 - e f f i eie ncy, 0 r t h c rat e 0 f \'I e i 9 h t

gaill, and thedecrease in the survival rate were observ~d more notice-

ao1y ·in thc inbrceding grOllp, as compared \'Iith thc outbreedi!l9 group.

It has also been reportcd that thc damage due to· inbreeding

. re~ch~d 24-31% in fish body-weight and 16-22% in the number of sur-

v i v i n9 fis h . As i nbr eedi n9 de pn~ s s ion a ppears in many 0 t her asp ec t s as

\-/ e 1 1 , t his e'f f c c t iso f t € n mo re ex t e ns i ve .

Ihssen (3D) urged the necessit~ in aquaculturc·to avoid the

b Cl cl e f f.e c t ~, ca us e d by t hein b}' eedi n9 d e pr e s' s ion ins ce d pro duc t ion.

1n the fol10wing~a case when parcnt fish (shells), obtained fro~ a. .

\'fild population, are used for seed production. is described: As already

mentiolled, it has been clarificd that there are some aquatic cr~atures

which inbreed in their wild state. This fact shows that, although:

there are some differences, there is a pos~ibility for progress. in

__ i nbreedi ng fr'equency by seed product ion.

"
It is considered that the facts described above show the

necessity.to study genetica11y the p~oblems, including malformation

accompanying the seed production of aqllatic creatures. ßiochemical

polymorphism will be useful as an index, show;~g the inbreedi~g

Pt' 0 9 res s - de 9 re e .

(4) Others.

Togcth.er wi th thc method of cell genetics, bioehern; ca1 ·polymorph; sm

cun, h(' U S e d f 0 }~ ; den t i f i ca t ion 0 f t he gen e t i c 10 c i a'n d f 0 r dr a\-Ii n9
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Pi1 }' e rll. s h (~ 11 5, i f pol y lfl 0 r phi 5 m C il n be t e s t e cl by ta k i tI 9 Cl sm a11 p 0 r ti 0 n

of tissue. u5ingane5the5ia.) In this case, it i5 considel~ed t.hat

XH _ Xn C (I rl' e s p (I nd 5 tothere s p0 n5e tos e 1e C t ion (2 G), t hci gen e t i e

9a in, 0 I' t he s e 1e e t i ve a cl V a nce. VI he n s e1ec t i (I n i s made i n gen era 1 •

1\ 1 so. \'1 i t h t heine r e ase i n t he n um be r 0 f gen e ti e 10 e i . 0 f bio 

ehell1ic('\l polymorphlsms oS an·index, more genetie gai.ns ean- be expeeted.

Using the offspring generation obtained as above, after elimina

t ion 0 f t hern f e }' i 0 r 0 r ha r mf U 1 gen es. a ppea r i ngin fr e q U e nt 1y, d U e t.
re pet -j ti ve lob I'e e d i n9 (s ho ,·m. i n 2 ( 2) i n t he Pr a e t i e e - (I f Se 1ee ti ve ß re e d-

i ngin T1\ BLE2.7) 0 r par t he n(I gen e si s, ne \'I" s pe eie s are e's tob 1 i s he d. So fa r •
thc case of Sr/aN has been deseribed as a selcetive index: A similar me
lhod can be 'adopted to thc gro\'Jth rate and other quanti tative ehal~aeters

.. (FIGURE 2.8) .
. I\s mentioned previously, .repetitive brecdlng lS neeessary -111 or- .

der tu establish speeies. It is eonsiaered that inbreeding in thc wild

pop ul a t ion 0 fEz 0 iHI abi iso Tl e \'1 ay 0 f br e e cl i ngar t i fi e i all y . . I t i s

also considered that utilization of bioehemieal polymorphism ean be

an effcetive supplementary method, Vlhen- the inbreeding strueture is

frillowcd by artificial bree~ing.

(3) Index of 'inbreeding in aquoeulture
,

At preSCHt. in order to proeure parent fish (shells) fur seed produe-

tion. thc followi~g t\'JO ways are followed: they are obtain~d di~ectly

from a wild population a~d also by means of artificial breeding.

~ecently. c~ncerning the inbreeding de~ression of RainLow trout. _il

typ i c il1 c ase 0 f t hel a t.te r, t here s u1 t S 0 f c 0 1Jl par.i s 0 n 0 f t he c hara c 

tel's 1)et\'lecn lines \'1fth different frequencies on; in-breeding" \'lel'e- ana-
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,"

" hell. t he Cl ppli c;) t ion 111 e t h0 d s m1I s t be d i f f e ren t f 0 r t he c ase s '

vIllen thCl"C (Ire differences in the biochcmical and physiological acti

v i t i e s () f pol ymOl' phi S In S a 11 d \'1 he n a da p t i ve val ue sex ist. i. e. d i f fe l'

ent Frolll the method used in Cl neutral case. A neutral case Vlill

play an ilnportant role as an index in the monitoring of the breeding

structure and its effect on wild populations~ particularly concern- .

ing' the inbreeding structure or artificial 'inbreeding in aquaculture.

Thel'efore. no developments in the genetic and breeding studies

_ of iHllJatic creatur'cs can be expected. if only analysis of the phenome

na is realized from anarrow point of view. It is corisidered that

the' o\'el'all attitude must be one of dedication and a multi-faceted

pa t tel' n 0 f s t lJ cl i es 0 n a wi des c ale i s, i nd is pe ns a b1e •

,"



-52- .

chr'OlllOSOJ1lC diagr'cJlllS, lJ:.in~1 hcreruploid, chromosome polymorphisrn. or

P01YlIlOI'pldsIIl in inter'spccific hybrids, as experimental materials.

Fu r t he nn 0 re , i n r e c c n t Ye ars, a co r r c 1a t ion b e t \'l e e n . t he p re -

sence of function and thc activity of enzynles, accompanied by the dif-

_ ren~\ltiJtion oforgans and tissues in their di.fferent stages of de-.

ve 10 r 111 e n t. ha s be e 11 p e l' c e i ve d, a nd als 0 i t s a ppli ca t ion tod e ve 1 0 P- .

me n t il 1 . ~I ene t i c s (3 1 ) .

When looki~g back over the last quarter of a centuary, studies

of biochcmical polYlIlorphism, which started as studies of blood groups

and dcveloped to studies of protein and enzyme polylllorphisms. have

a dv a nc e d !J I'e a t 1y. Ho\'/ e ver, i t i s re 9 I'e t tab 1e t hat s tu die S 0 f pol y -

III 0 t.. p Id Sill 0 fan t ibo die s, i nc 1 ud i n9 t heb 100 d 9 r 0 ups, ha v e 1ag 9 e d .some 

\1 hat b ehin d d ue tot e c h n i ca 1 d i f f i c u1 t i e san d t hel ac k 0 f \'1 e 11 - de f i ne d

pUrpose.

It is considered that the genetic and breeding ~tudies concern-

ing.'illlIllUniLy to'diseases in aquatic creatures. also studies of the·.corre

1 fI t i Oll be t \'-1 e e n t he sei' 0 log i ca 1 c hara c te r a nd t he sen s i bi 1 i ty a s a

re c e p f; 0 ,. 0 f ba c te ,. i a a nd v i t' U ses, are very i n t e res tin 9 and i mp6 I' ta n t

problems ..

In thc future, biochemical polymorphism mustincreasc its

us e f II 111 e s s i Tl t he cI i f fe ,. e n t f i e 1 cl S 0 f gen e t i c S 0 f a qua t i c Cl' e a tu," e s

also in breeding studies as an index-charact~r.
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TAßLE 2.1: BLOOD GROUPS AND PROTEIN POLYMORPHISM IN MEN, DOMESTIC

.~NIMALS AND AQUAT1C CREATURES (Fujino,l)

_I_t_e_m__s -!L t_,l__e_n -!-_D_O_m_,e_s_t_i_c_u_n_i_m_a_l_S_~+ __A_q_U_a_t_i-:-C _

o Anthropology o Evolution ~o Evolution, phylogeny and
o Identification of spe· classification

eies and wild popula- 0 identification of wild po-
tions pulations (fa~ilies) and

species
o Analysisof the breeding

structure of populations
and identification of in
breedinq lines-----------,i-------------+------------+------'--"'-----------

Evolution and popu
lation biology

I
(.,.,

, • '-J
I

Noneat present
pa-

in-

o L'e 9alme die in e
· Identification of

rental relations
.Identification of
, dividuals

o Clinical medicine 0 Clinical veterinary 0 Adaptive values
· Blood transfusion medicine . Heterosis
· Abortion,sti1lbirth • Hemolytic diseases . Correlnti,on between adap-

and erythroblastosis prevention in newly- tive values of serum este
fetalis borns 'ase polymorphism of fish.

· T\'lins, chimera :-....: Ident;'fication of Numeri,goi family, and tem
· Stomaeh cancer and duo' freemartins peratures

denal ulcer incidences 0 Correlation bet\'ieen -. Heterosis found in poly.mo
o AnthrobioJogy , "commercially valuable phism of Conomurex and

• An,a 1ysiso f chrom 0 same chara e t e ~s,Ha1i 0 t i s cl i s cU 5 hannai I n
mutation structure • Correlation 'between' . Correlation between hete-

blood type ß of chic-..... rosis found in polymorph
kensan d b0 dy- we i 9ht I i sm 0 f Kat 5 U\'i 0 nusa nd Ha 1;
and rat ~ S' 0 f : sur vi va1', 0 t i s cl i 5Cü'Sh'anr1"a i I n'Oän'

, egg-laying and diseaseagc
· Effect of heterosis---------+---------------

o An;: mal hus ban dry
• Identification of pa

ren ta 1, re 1a t ion s
· Registration of pedi

grees

Identification of
individuals and pa
rental relations

Correlation between
physiological char
acteristics

-_._------+----

, .
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TADLE 2.3: THE DECREASE IN HETEROZYGOTES WHEN A BALANCED POPULATION'
(p = q =: 1/2) CHANGES TO REGULAR SELF~FERTILIZATION_ ",
WHEN ALL THE OFFSPRING OF 5ELF-FERTILIZATION ARE CONSI 
,DERED, THE G~NE FREQUENCIES ARE NOT CHAMGED BY INBREEDlnG.
THE INBREEDING COE"FFICIENT INCREASES WITH EVERY GENERATION
UNTIL ALL THE INDIVIDUAL5 BECOME HOMO.
CONCERNING THE CA~ES 5HOWN IN THIS TAßLE, AS THE INITIAL
GENE FREQUENCY 15 1/2 EACH, IT 15 EXPECTED THAT THE
RATIO BEn/EEN BOTH HONOZYGOTE5 IS EQUAL, WHEN F = 1.

_ ONE 5HOULD NOTE THAT, HInl REPEATED INBREEDING, THE HAY
IN WHIeH F COMES, CLOSE TO 1.0 BECOMES SLOWER IN EACH
GENERATION.

(Hett1er, 5*)

GENOTYPE FREQUENCY

A,'a c.'a F q
--'---

H2 I 1/4 0 1:2

J!4 i 3:8 I!Z liz.
1/3 7/15 3:4 J!Z

1/16 ! ISi32 7;8 1/2

1/32 I 31:64 15i15 11'2

(1/2)'
. } -(ll~)~ 1 -(1;2)' 1/2

I 2

0 1/2 HZ

7/15

15:32

; 31:51 I
; 1 -(1/2)'

n ; -2:-- i
C>O • 1/1 I

---,-----,--

Gell e ra tjnDL-+-_A/_A_-+- -+_. _
o H4
1 3:8

2

3

•
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TADLE 2.2: CALCULATION METHOD OF T.IE GENE FREQUENCY AND THE EX
PECTED FREQUENCY OF PHENOTYPES FROH THE OßSERVEDFR~

QUENCY 0 F PHENOT YPES I N POL Yt-1O RPHI SH, CO NT R0 LLI NG 3

EQUAL ALLELOMORPHS.
THE OßSERVED FREQUENCY IS OßTAINED SY DIVIDING iHE

.NUMßER OF INDIVIDUALS WITH PHENOTYPES SV THE TOTAL
NUMBER OF INDIVIDUALS INVESTIGATED.
THE SUM OF THE OßSERVED F~EQUENCIES IS 1.0; also,
p + q + r = 1.0.

P H E NOT Y PES

'.

------------- ---_.-.. -. .

l' 2 2 2'3 3 1 • 3_._-- .._-----_._--
Ob sel'V e d fl'(~quency T 1 • 2 'f . 273 j" 1 • 3

Expected frequen.cy ~ 2pq ql 2qr ,1 21'''

Genes' Frequency
O· __ __ .. _ ~. _.-. • --I' ~ ••• _ • '. _ .-. -..•• - ...

..1"·········· p= I + 112 CI; i" j-·-3).

.'\'···········..·..·..·····················q~2 + 1.'2(1·;·i"::3).

A' ,"'" 3 + 1 /2 (~··:·j I-:·3).._.._--_._-_._-



TAßLE 2.5:

-bl-

RATIO BETWEEH OßSERVED VALUES (O) ANO EXPECTED
VALUES (E) OF TRANSFERRIN IN KATSUWONUS

(Fujino and Kang,6)

==__:_~ he~:~ty!:.-~~ ~2 G::: nf;ye -IPhen0 typ es
D.JJ kg - dis t a~n~c~e~_(l..~c.:.:m:":':"")I-. _l•..:..~_. 'l ! '2 • 3 ! 3 ! 1 • 3 ; 4-' .' ; 0I E

_..._._.~;_ .~._~ J~__.~_!_O__:_~_~ _"'- ~l!.~~. !.I.;.~.· ~~d-.:_~
31~~/) 0 0.0 21 23 0 23 19.0 2 ~.O 0 0.0 45 0.000 0.707 0.3920.911.21'0.56

41-50 4 3.5201 :03.3\59 \52.9 2023.0 I 1.3 39S O.OQS 0.7:3 0.2660.961.110.71

51~50 1 0.5 50 6\.3 H 65.9.13 16.9 0 0.3 113 0.0030.659 0.3330.931.120.11

6\-70 0 0.0 53 59.5 50 H.2 8 9.3 0 0.0 \15 0.000 0.7\6 0.2310.971.050.85

71-80 1 \,4 33 33.8 38 35.9 7 8.3 I 0 ..6 SS 0.012 /).676 0.312".931.060.8'



TAßLE 2.4: GENOTYPE FREQUENCY IN THE CASE WHEN THERE IS
BREEDING IN A POPULATION BRED AT RANDOM; IN
CASE WHEN INßREE~ING TAKES PLACE PARTIALlY;
T11 E CA SE 0F Car·l PlETEIN BRE E0I NG.

(Mettler t 5 )

NO IN

THE
AND IN

-=60-

.~•... '

Number of inbred or=~;~~l Genotype freguencv
gen erat ion s : A...·' .-\,0 D!a

OlHa r cl y.. i·[ ein berg . e Cl u i 1 i b r i UIII r-;:"o ; P Z I'q q'

1 and over 2 (Wdahtls ~qJJU.) 1':>1':-0; !>'+F:q zpq-zFpq q'+Fpq
Infinity (comp1etely 1-'=1, />'+:'1 o· q'+pq

homo zyg 0 ti c ) .' ...-_ ...- ....----...-----..--.--..- ...

population)
population)

. ~ .. ."
.'

• - .. - _o~· Cl. Y-.,·

.' .
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TAßLE 2.7: SELECTIVE ßRE[OING GUIDE AS TO HOW TO INCREASE
THE PRODUCTION OF HALlOTlS DISCUS HANNAI.INO

(Fujino, 23)

A. GENETIC ASPECTS
1. Inbreeding in wild populations of Haliotis discus hannai)Ino.

2. Presence of abnormal shell~ called Rogai (i.e. l~an shells»)
i5 a phenomenon of inbreeding depression.

3. Survival rate of Rogai i5 low.
4. Phenomenon of superdominance of heterozygotes.
5. Correlation between.adaptive values of heterozygotes and age.

,-

B. PRACTICE OF SELECTIVE BREEDING
1. ,., a t e r i als ... m0 r e t hanon ein di v i dua1, C 0 mpr i s i ngon e \'I i 1d

population.
2. Selection of parent shells to establish species.

(1) Selection of homozygotes in all biochemtcalpolymorphisms
investigated. '.
Type 2.2 and type 3.3) concerning esterase at M-gen~ locus

(2) High ratio of homozygotes by repetitive inbreeding.
Elimination of inferior and harmful genes. .
Pre5ervatiollof individuals withsupertor cha~acters.

(3) Establishment of species and lines by repettttve inbreed
ing and parthenogenetic development.

3. Hybrids from the breeding of different species ..
By breeding two or more establi5hed species with superior
characters, or li~es, it is possible .to produce and supply
conSistently homogeneous seeds of hybrids with.superior

.characters.



.TABU: 2.6: ADAPTIVE VALUES
NORPHISH IN M

OF PHENOTYPES OF
ZONE OF HALlOTlS

I NO .

ESTERASE POLY
DrSCUS HANNAI,
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,.- ....
\

(Fujino, 8)

SHELL LENGTH (cm. ) P·H ENOT YPES
-~-- Others1 ·2 2 2·3

7.0--- 9.( 0.35 O.S() 0.29

9.5-10.( 0.81 0.36 0.27
-----

10.5-15.• 0.6' 0.33 1 0.27

TOTAL 0.96 0.41 0.32_._--
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FIGURE 2.1: BLOOD GROUP PATTERNS (models 1-4) AND
ELECTROPHORI.C PATTERNS (models 5-8) OF
AQUATIC CREATURES

(Fujino,l)

Blood group patterns

Hodel: /" 1 2 3 I [~

+ + + + + + :+ + +
I + . + . + . :+ +,
I • + + :+ t .
I
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I • +I

I
,
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Electrophoric patterns

r~o cl e1s :: 5 : 6 7 8
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I ,
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TI\ßLE 2.8: GENOTYPES OF ßIOCHEMICAL POLYMORPHISMS IN
LOCI OF HI\LIOTIS OISCUS HANNAI, INO.

9 GENE

*
#

CFujino.24>

all the homozygotes at 9 gene loei

heterozygotes at gene loei

., ....

SI\f'lPLE NUr'WER : Es.~t l."p.s To.M To·S ~1<!h·F :.tdh·S P"i

2/2 i 1 ,'~'~'.. ~ 1/1 2/2 2/2 1/2::

2· 2/2, 1/1 3,"3 1/1 1/1 2/2 2/2 2/2 ·1/1
._0..' _ ~"_"' . __. --- .. __._,1. •• _.

3 2/2 1/1 t/4 1 ,.-
.' .. - 1 /·. . 2/2 1/1

- --- _.' ......-._-_... -_.- ...- --... - -_ ..
2/2 2,'. = 1/2:: 1/1 2. "2 2/2 2/2 1/2::

........ __ .. _._- - .. __ ._ _-- _-_ __ ..
2/2 1/2:: ./4 1/1 1/1 2/2 2/2 I ... ' 1

.._.._--_._-._-_.._---_..._--- --- -_.-_.,
G 2/2 1/1 2/4:: 1/1 1/1 2/2 2/2 1/2:: 1/1

I/I

1/1

1/1

1/1

1/1

2/2' 1/1

2 2

2/2

2/2

2/2

2/2

2/2

2/2

2/2

2/2 . 1/2::· 1/1

2/2

2/2

2./Z

2/2

2/2

2/2

2/2

1/1

1/1 ' 2/2

1/1

I/I .1'/1

2/2

1/2:: 1/1

2/2' 1/1

1/1

2/2

2/4:: 1/1' 1/1

4/'

-------_._------- .-- --- . __.__._------.-_ ....- -

._.........._---- ...__....- ----- -_. - ---_....

I/I

1/1..._ _._- _. --- -_ _.._-;-- _ _. ._._ .2/2

2/2

2/2; 1/2:: '3/3

2/2! 1/1

2/2 i 2/2

2/2 i 1/2:: ./t

........._0 __ • __._-- -_ ---- _ _-- _._. __ • --_ ...

..... -~-_ _ _ _ ------_ _---- ._.--- --- ----_.-.._-_. __ .

.- _----_ - __ .. _._-_.- _-----_ .. --_._------_.._--- ---_.

.. 2/:_I_l/~-=.__~~.__!!~:.. , 1~1_"__ .z.!..~._ .~~ __2/2_'__ t~~ _

3/3 I 1/2::' 4/. 1/2:: 1/1 2/2 :!/2 2/2 1/1'

--;;~-;'v~-'--3/;-; "~72-;-- ~'-;;:;',' 2,;;--~/·1·--·1/2-::'

9

8 I 2/2! 2/2' 3/3' 2/2: 1/1 ' 2/2

19

7

18

16·

17·

11

10

- .._ •• _ •• __ ... ....._ ••• _ ••' ._. • .. __ • 0 --_.·

12 2/2 ~ 2/3:: ./. 1/2:: 1/1 2/2 2/2 2/2 1/1

13 ·--·;>~-1-1~-'·-4/7" ..·-~·;;·;·--;;;-· ;:;;- -;/;--~_';;--1;~'
.---.-----r---... . _-.__.

14 2/2: 1/2:1 4/( 1/1 1/1 2/2 2/2 2/2 1/1

_... -- -------- -_ ... ---------_..---.--- -- - ---_.' .. -_._--"'-" -..
2/2 i 1/2:: 4/4.-.-. -_.. -..-'-"-' _._-_._-_.__.._--_..-_ ......_._._--_.

'---' ... ------ -_. -._- .._- _._.,,---._- - .. ----- --_.- ...---_. _._--- ._.. - ..

. .. ..... -- . - - ...-- . _.- _...._- --- _.- ..
ZI 2/2 I/I I/I 2..:! 2 ' .... 1/1

2/2 I/I ,'''''' 1... '1
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Zl 2....2 1,·Z;: :!'.& ::
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FIGURE 2.3: RELATIONSHIP ßETHEEN THE SURVIVAL RATE AND THE BODY
LENGTH (AGE) IN SERUM TRANSFERRIN POLYMORPHISMOF
KATSUWONUS ßRED IN THE SEA NEAR HAWAII.

AGES WERE ESTIMATED FROM THE GROWTH-CURVES OF VON
BERTALANFFY.
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FIGURE 2.2: EQUILIßRIUH POPULATION.
THIS FIGURE SHOWS EQUILIBRIUM POPULATION RESULTING FROH
A. RANDOM'COMBINATION OF THE GROUPS WHICH SUPPLY GAMETES.

EACH SIOE OF THE SQUARE IS TAKEN TO BE 1.
BOTH THE UPPER SIDE AND THE LEFT SIDE OF THE SQUARE ARE. '

DIVIDED INTO 2 PORTIONS AT A PLACE WHIGH SHOWS GENE
FREQUENCI ES 0F .A GR0UP WITH MAL E GA METE SAN D· A GR0UP

~~ WITH FE~ALE GAMETES (p = 0.6,.inA; and q = 0.4, in a).
TfIUS, 1HE SQUARE IS DIVIDED iNTQ 4 PORTIONS BY A VER-.

TICAL lIHE AHO A HORIZONTAL LINE WHICH STARTFROM THE
DIVISION POINTS AT THE UPPER ÄNO LEFT SIDES.
THESE 4 AREAS SHOW THE RELATIVE RATlOS OF.GENOTYPES
IN THE OFFSPRING OF RANDOM COMBINATIONS Of A GRQUP WITH

SPERM GAMETES AHD A GROUP WITH EGG GAMETES.. '

THE AREA OF THE SQUARE 15 1.'0. THUS, THE SUM OF THE Gs'E-
NOTYPE AREAS IS ALSO 1.0. (L.E. Mettler et al., )

GROUP WITH SPERM GAMETES

,--

GROUP WITH EGG GAMETES

.,
'1~"" I

.t:
-.-..



FIGURE 2.5: CORRELATION ßETWEEN THE GENE FREQUENCY IN THE ENZYME
POLYMORPHISH OF THE AMERICAN EEL ANGUILLA ROSTRATA

AND THE GEOGRAPHICAL LATITUDES.
Olil1iams,13)
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FIGUnE 2.4: CORRELATION BETWEEN ADAPTIVE VALUES AND TEMPERATURES
IN THE SERUM ESTERASE OF CATOSTOMUS ClARKII~ FRESH

WATER FISH BRED IN U.S.A.

(Koehn~ 11)
- .
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FIGURE 2.7: COMPARISON ßETWEEN THE DISTRIBUTION OF
IN SHELLS HITH ONLY HONOZYGOTES~ NORNAl
AND AßNOR~Al SHEllS.

SP/BH
SH[LLS

X
H

AND X
N

SHOW THE MEAN VAlUES OFSP/ßW DIS
TRIBUTION IN THE FORMER TWO GROUPS.

(Fujino,24)
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FIGUP. E 2. 6 : CO RRELAT I0 tl BEHfEEN T11 E SHEL L LENG TH ( L) ArID THE
RATIO OF THE SOFT TISSUE HEIGHT TO TltE BODY HEIGHT
(SP/ßH) IN NOR1·1AL SHELLS OF HALlOTlS DISCUS HANNAI,

INO.
BLACK DOTS SHOW THE SHELlS BRED AT.REINßU ISLAND AND
IN IWATE PREFECTURE.
X SHOW THE SHELLS BRED AT'OKUJIRI ISLAND.
CO NCER NING SHEL LS WITH LENG Tlt S GREATE R THA N 8 . 5 c m. )

THE r·1EAN VALUES OF SP/BH. THE STANDARD DEVIATION, ._
AND THE LIMIT VALUE OF DISCARDS [SHELLS WITH 2~5%

(LOWER LIMIT) AND WITH 5% (UPPER LIMIT) SIGNIFIC-
ANT LEVELS] ARE SHOWN.
IN ABNORMAL SHELLS, THEIR LOWER LIMIT VALUES ARE
ßELOW THE ABOVE LIMIT VALUE.

(Fujino) 24)
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I\RTICI.E 3

Author: Yoshio Ojimil
-_.-.-~._- racul ty of Science .. Kansaigakuin University

FISH CYTO-GENETICS
-----_._----

l.~__ ._.P_~_~_t._~_'2_~__E.!~_=~s.!!_LCl?..P..~ c_~ S 0 f c hromo some s tu die S 0 f fi s h

It was very difficult to find chromosomes in fish and a paraf-

fin section method was used for all chromosome studies. In order to .

Inake preparations for fixation and staining, specific training and ex-

perience were prerequisites. In particular) it was considered that

chromosomes cou1d not be found in any tissues other than thc gonads

of wen (lnd other animals.

For studies cif fish chromosomes) .their gonads ·were used. How-

e v(' r. t he per iod dur; ngwh ich t hesec hl~ 0 mo s 0 mes can be 0 bser vedis ex -

~ tremely brief. Thus. it was considered to bc best to fix a male gonad

Cl b() \.I tOll p. mon t h Pt'i 0 r tos pa \'1 ni n9 . Ce 11 di vi s ion sc are e 1y 0 C C urs . i n

tllp.'gonads before this period; and spel'm ful.1ness) but no cell divi.-

si () ns i.I I'e f 0 1I ncl i n t he gon ads a f te r t his per iod.

1\1so. as the spawning period differs according to the· fish

species. fish co11ection was hard work. Furthermore) as chromosome

P il t t e " 11 S 0 n t h e p r e p Cl r e cl S iI In P1es. III a cl e by t h e par a f f ins e c t ion In e t h 0 d •

\'lel~e extremely small) it \'laS very difficult to observe them. ~iost of
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FIGURE2.8: COMPARISON BETWEEN THE DISTRIBUTION OF PRODUCTION
CHARACTERS IN THREE GROUPS: SHELLS WITH HOMOZY
GOTES OF GENES WIT" SUPERIOR CHARACTERS .• NORMAL
SHELLS AND ABNryRMAL SHELLSJ
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11 (l \'1 e ve l', \'1 i t h s uc h s h0 r t tenn c u1 t ure s, ehr 0 1Il 0 somes c a n lJ e p re 

p(ln~d on1,Y oncc, and it \·/as difficult to abtain a sufficient number of

c e 11s f l' 0 (11 111 i tos i s .

Concerning the chrolllosomal studies of mammalia, recently~ vari-

QUS bandi~g techniques wcre developed, such as G - banding and C-

handing. Thus. not only identification- of every chrolllosome, but also

IHll'tial identification becillne possible. In orde)~ to perform banding

te C h n i q U f:! S, a s abo ve, i t i s ne ces s a r y t 0 0 b ta i n go 0 d ehr0 JII 0 S omalp re 

p(lriltion~. Thcrefore, the author and othersstudied 110\'1 to estahlish

cultured cell lincs from fish tissues and they succeeded in establish-

i 119 ce 11 1 i ne s. fr 0 m ami xe d c ul tu re 0 f sc al e san d f ins ( Ha Ya' s h i. eta 1 • ,

9) (lud fr'OIll cultures of e.ved cmbl'Yos(Ojima ct a1., 10). J\t present,

lIsing the above techniqucs, the chromosomal studies of fish are ad:'"

vancing rapidly from various aspects.

More than 300 research papers'concerning fish chromosomes have

beclI pl'csenled' throughout thc vlOrld sinee 1960. The number of species

1n ves t 'i 9 (l te cl "I a s 727. Si n c e t he nu ll1 be r 0 fall s pe ci es 0 f ·f i s his abo u t

lO,OOn, 1t 15 considered that only about 3% h~ve been studied. Usually,

t h( fis It fa nti 1Y i s d i v i de d i n t 0 ~l! 0 nd rl. c.:!!.!!!.Y..~~ a nd 0 s te ich t I!l~ .

~.Y.r:}9.~_~.~~~1}~~!?- are also included in the fish. farnily. Gosline Cll) divided

I<:J.<i.q.~_!~_2. of O~tei~.b..!:~l.~.~ into 3 lar-ge groups: the lower, intermediate

(lflc! hi9her groups. 'In order to further chy'olllosomal studies of fish,

the author clussified the fish family into 8 groups~ by addillg C,yclo-

stomata, Salachii and also Palaeonisci, Chondrostei and Holostei, \'Ihich

are Q.~!:_(~j_~!~!!!lg.~, ·to the 'above three gl'OUpS. Fish species, the chronlO

somes 0'1' \'/hieh had already been studied. togethcr \'Iith thefrelassl"fi-

c () ti 0 11 S are s hO\'111 1n TAß L[ 3. 1.
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the chrolllosOll1C pa t terns \'Jcre ob:.~rved as dots. 01' sometimes as short

rods. As these patterns WCl'e not pr.esentcd sufficiently well by mi-

crorhoto~p'i1phy. in mos't of thc· cascs they \'/ere sketched.

In 1952, for thc first time, Hsu(l).and Pomerat (2) reported

theit' st.lJdies conccrning mcn's chromosomes, using cells.cultured in

vitl'O. ·fhereaftcr. studies of chromosomes of mammalia developed ra-

pidly. Stuclies concerning the chromosomes of fish, stimu1ated by

thc above studies, were devc10ped from about 1963. During the .earl..

stages of these studies,' the chromosomes \./ere investigated in thc fö'f':.
10\'l in 9 llJilnner: co1chicine was injected into the abdominal cavity and,

4-5 hour~ 1ater, the kidneys anel test~s' were mashed.

Ther e a f te r, t he d I'Y- air met ho cl \'I a s u s e d f 0 r S tu die s 0 f t h e

chromosomes of men; thi s method was aelopted al so to study the ctn'olllo-

somes of the. fish family. Duc to the c1ifficu1ty of preparatiolls fOl'
..

ilnalysis of karyotypes, usin~J the mashin~1 method, no papel's were

H }- i t tell c 0 ncer n i n9 t his III e t h0 d, . Re pOl' t s c 0 n cer n i n 9 Ca r. a s s i u s_ a n d

goldfish by Ojima ct al. (3) in 1966, formed the first studies in tt4t
\·/or1d. ll~ing the dl'y-air mcthod, and also milki..rlg a precise analysis

o f ~ ka }' y 0 ty Pc s •

Ce11s of ftsh .were cu1tured for thc first time by Wolf et al.

( 4) i n 19 () 0 , I n 1 961. c u 1 t ure d ce11 1 i nC S Here es tab 1 i s he d by C1 e lil
,

et (11, (5). 1I0\'lcver, these cel1s Ncre not cu1turcd for thc purpose

o feh }' 0 III 0 so 111 C Stu die s . I n 0 r der tos tu dy c h r 0 In 0 S 0 1IJ es., s ho )' t - te r lJl

cult.ül'c IIIcthods \'1erc deve1oped, such as b100d cu1turc (Ojilllil ct al.,6),

scale cu1ture (Ojima et a1" 7), and kidney cu1turc (Yamamoto ct al.,8).
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inlle'live' ,X-Chl'olllosome in the t\'lO X-chromosomes in men and mice. Chro-

mosomes stilined dar'k1y by t.he C-band stainin~} pt'ocedure are constitu-

tive hetcl'ocht'ornosomes. They are found universally~ telld to delay re-

plicatinn of DNA and conta~n many tandem duplications of DNA: Also,

'j t \"las repod:ed that one portion of the long arm of -the Y-chromosomes
. by C-·band.

of rnell and !]orillas can be stained darklyl. The chromosomal number of

f,~.!:il_~_~!.l~_~, (Funa) is basically 2n, 100.' ßy performing C-band st"aining

on 1~.illhlJna (fQ.!:-~si~~~fatus subsQ..:..), Ginbuna (C. o. 1angsdorfjt),

N'j gOI' 0 h IJ 11 il (~._._._~.:-_,9.!:.~~~!1.Q~.!l.1,.52) Naga b II nu (f.: a. bu~~i_:U ~ a nd Ge ~ gur 0 

buna (~:..:_ ,._~.:._ .~!:!.Y_i~ ..J::..:U, LI e da e t Cl 1. ( 27, 197 8) C1a r i f i e d t hat h/o S hpr t

a )'Ill S 0 f t he sec 0 n d ehr 0 mo s 0 me \'l i t h sub - mc dia n cent r 0 In C res wer e s t a i ne d

dar k l'y i 11 t he fe mal e Kin buna (C ara s s i usa urat u s sub~I~...:J (Ud. s ,,/i 11 be

n~ fe I' red t 0 ast h c In u r k e r i n t he f 011 Ö\'l i n9 ); a nd 0 n 1y 0 ne s ho r t Cl r m 0 f

t he chI' Oll lOS 0 IIlC \'1 ass ta i ne d dar k 1Y i n t hc ca s e 0 f a mal e Kin bu n a

(FIGURE 3.1 a,I».

/\ccording to Kobaj'ashi et a1. (12,13) and .Oji.ma et a1. (14), it

i s k 11 0 '.':n tha t. some Gi n buria (~~.-2.' 1 a ng_~po r.fi i.) are comp ri sed 0 n 1y of

f~males ~nd they breed by gynogencsis, a type of parth~no~enesis. Also,

i t i~' k 11 O\'Irl t h (l t mall y ehr 0 m0 s 0 mes 0 f Gin b II 11 a Cf...:.. a. 1 a n9 s d0r' f i i) are

tri.rJloid.v and 150 ± • and th.e DN/\ cont?nt per one ·cel1 .is 1.5 tillles

thill. ()f rJther speci es of f~!:.E..~.it.!..~~ (Th.el'e are some other groups \·lith

diploidy, h(lvin~J both males (lnd females; and'also s.ome othcr groups

\1 i t h te t t' il p 1 0 i dy, ha v i n ~J 0 n 1y fe mal e s ~ ) Us u a" 11 y) t 11 e r e' are. t h re e pa i r s

o'f hOlllolo!jous chromosomes in a tdploidy; hOHevel', in Ginbuna {f.:....2...

lt:~~g_~~I.~~!:'.L!..U, only t\'lO markei' chromosomes al'C shONn b.y C-band sta.ining

(rIGURE 3.1 cl. lherefu)'c, it is considered that the chromosomal nurn-

be r S 0 f Gin I> IJ na ,(~ __~_l~g~i~ r f i i) ar C not. 3 n an d 1 50 ±, bu t t hat i t
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I\s the lllllllbel'S of species of t!.!~-'.~~L!=.-~!.~.i ilnd Holostei of Ost~.i~.hthyes

a t' e fc \1 • i t i s C0 ns i cl c red t: hat t hey ha ve be e n i n ve s t i 9 a ted s u f f i c. i e n t 1y .

I t. \'/(1 S 0 b V i Cl U s t hat, i 11 t h E? e ase 0 f t hel 0 \'1erg t' 0 U P 0 f Tel eost e i. mo s t

sturlies \-IPt'l'! co'l1centr'ated on ~Y..I~'iniforllle~ and Salmo:-ol)..corhynchus ..

C:oncerllinfj t.he intermediate gt'OUP, the stuclies \'j'ere concentrated on

9_1:y'?-".~~'.~.; and, f"inally, \·lith regard to the highe}' group, the studies of

E~.~~_~~p_,~~f.(L~~J!~.es \'tere ovenlhelming. That is,. the fish group~ which have

be e n st 11 die d Cl 9re a t d e al, Cl}' e eil s i 1y co 11 e c ted an d· co n ve nie nt 1y cu 1
of

t II n' cl; Q Iso, mo s tl t he III are fr e s h\'1 a te r fis h ; t 0 \'1 h ich fa c t s s h0 u 1 d •

added that thelt' orders inclucle many species.

During these several years, the bi1ndi!lg techniques of chromo-

so mr? <;, S 11 dl a s G - ha n'cl i 11 9 a nd C .. b Cl ncl i 11 g, ha ve beende ve10 Pe d rem a r k-

(l b1.y , III (l i n 1y u s i n~} ma II1Ill Cl 1 i a . JJ 0 \'J e ver, t he 5 e tee hn i CI u e s \'/e ~e s c ar c e1y

appliccl in studies of fish chromosomes beCCluse: (l) the cht'omosomal

size of fish is small; ana (2) it was difficult to obtain a stable

In e t i) Ph a's e \'/ h ich c 0 u1 cl wi t hs ta nd ban d i n9 d ue t 0 i nCl d e q 1I a te tee hn i q ue S

i n l hel; h r 0 1Il 0 S 0 llJ Cl 1 p }' e pli rat ion s '. U0 \'1 e ver, a s desc }' i, be d pre v i 0 us 1y, ~

t.ht' cell lines of fish have recently been estClblished and. therefore.

t hel a '. t.,.? r pro b 1el1l (2) h Cl s b ec n sol v ed .

"

1\ t pr e sen t, t he G- b () ncl S ta i n i ngof fis h ehr0 m0 S 0 llJ e s ha s lfe e n

surcp<;sl'ul ollly to a certain cxt.ent. but. concerning thc C-band $tain-

.in 9_ onc after ill1othcr, very interesting facts have been found. Chro-·

IIlOSOll1es contain lJoth euchromatin lind heterochl'Ot:1atin. Heterochromatin.

C<.lll IH~ divided 'into functional heterodn'omatin and constitutive hetl!ro-

eh rOllliJ li 11. In il typ i eill eXClmpl e 0 f the former, tllere i sone "gellet i ca lly
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the origins of l-)akin and Ryukin. HO\-/ever, since the pt'esence of thc"il'

mad~er chrolllosomes,revealed by C-bllnd staini!1g, ayrees "hitl! tbc ca!;c

o f Kin b u.na c.~.-E.-'_~u h.?_·i~:..l, t he 0 d ~J i Tl 0 f Gold fis h In i ~J Il t he fi shof

"t he Kin b una (f.L~~..!:!~ s P..:. ) farn il y, t he 0 r i gin a 1 h Cl hit c1 1. 0 f \I h ich i s

in China. The author \'Jants to visit China in order to study FUlliJ

"(farassius), bred in China .

. 2. Fish chromosomes and evolution

Of the 727species of fish all'eady .reported, t.hc chl'~mos0Ii1al"

n um be r 5 have be end e s c r i be don 1y f 0 r a b"o u t 200 s p e c i es. Co nc e IT.i n9

t her ema i n i n9 s pe c i e 5 ( a ppro x i 111 a tel y 5 00 ) • t he i r kary 0 type s \-1 e r e a na "~

1y z e d . Pre v i 0 us 1y. t he a 1I t h0 r c 1ass i f i e cl fis h f a l1l il i e :) i fI t 0 8 9 I: n IJ p

s ys te ms, ba s i !1 9 t hese. 0 n Go s 1 i ne 'ssy s tein s . In' t he f 0 1"1 O\-~ i ng. t hel'(: ..

1at ion s hip be t \'l e e n c h rom 0 s 0mes a nd e v0 lu t ion -i s dis c·u s s ed, usi n 9 t h(; Se

systems. TAßlE 3.2 sho\-/s this rc~lationship. Concernjn~J fY~.!Q.~.!:2.!!!~!:-~>

the lO\'-lest chromosomal nUmnel" is 2n" and 36 in~QE~!I.IY-.!.i!~~_~_!~!!.!j.• and

the highest is 2n and 168 in P~!.rQ!!~y~on_.~.0:.rin~~~ Inlerestiugly. YE?l"

~ !.Qmyzoniformes, in both the Northern and Southern hemi:.p!wres. ·llave
....."

a polyploidal relationship." Salachii have scarcely"hr:en stud~ed, Onl'1

ll'.species o'f about 1500 species of ~~.1~.Shii have hcen l'eported, TIJe

lowest chromosomal number i s 2n and 28 in !iQ.tt!_~~_..~~T~~.!US.~!~j.~;" and

the ".highest is 2n and 98 in ß~t~..__<:_lQ..~.Q"!~. IIO\'1Cver. rl~~IJ1ts may be

d i f f e ren t. sub j e c t t 0 III 0 res t u cl 'i e s i n t he f II t \Il' e . "( 0 n c t' I' cd 11 ~J fJ}Q"!'!'~

!'.Q.~!e i 0 f !?2!eie !!-tJ.!x~~~ t he' s rn a11 es t c h " 0 rn 0 S 0 lila 1 n U 11\ b e l~ 1s 2Il a n d 36

in Poly~erus__J?_alma~; and the 9reatest.chromosom~1 nlJllJhel~ is 2n (jnd

239 in ~.sipßns~..!:.-!!ac~ar.:t. It is chal'acteristic of !~.2!YI~!~!=I!~. tllClt·

thc chromosomal size is largc. Concel'will9 !!.QJ.Q~t.~~, ,ulll.'l"l\·Jl). 5Ih~cil~~,

, .
.........., .<0<,. " ,_,_ ......_.... '~~~"'"_' .•.~_......... ~_.. " _~ ..."", ," .... y ...., ,."' • ...., ... - ...., ...,.~ .....,.~ ""' .... ,otc I' ''''.._.... ~ ,~_,..,.•_..,._...........-.,....~._"<";"",....... ,...~ ........."••~--~~ l ,'<' "'. ",.,~,."",..;._.•.. ''''_~,'''~"'':-''''_~'''II".,_,~ ,...~ '~.....,_.........,.."'"'_...........~. -"" _ .......... -...- ", _.,---~.,.., ...."'••__....,">-~'."', ......... ~.......,.,.;>~'''''''''t,:'._".,.·~,''''_·,·. 0"
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is c.or'rcr:t to express tlleil" chro1nosomal numbers by 2n and 150 1-. In
, ,

othel" ~i~~·~~..~Li .. thc l1I11rker chromosomes, specificlllly appearing in Kin-

bunn (~"" ~.,: ..,~~.!!.~.P._J and in Ginbuna (C. a. langsclorfii), \'/cre not found.

r.encY'ally, fish are not differentiated sexlIally,and there are

m:l n'y fi 5 h \"I i t h u nc 1e ars ex c h rom 0 s 0 mes. H0 VI e ver, i n a s \'I i r 1 0 f e v0 1u -

tion, piJrticularly of fish of thc lower· group. the presence of thc mar

k e t' ehr 0 III 0 S 0 me S III ay s hO\'1 S 0 me s i 9n s 0 f sex d i f fe ren t i a ti 0 n •

(~oldfish 10ng have been known as a' variety of Funa <fara'ss·i •.

T he i r c h }" 01110 S 0 In l.I 1 nu1lI b er i S 2n a n d 100 i n alls pe c i es; and t h e i r ka-

r .Y ~ typeis t he s a 111 e ast hat 0 f Gen 9u }' 0 b u na (C. a.. C LI V i e r i) ( 0 j i ma e t

(11.. 3). Hllen C-band staining \'laS perfot'med on Hakin. Ryukin, Ranchu.

Kurodemek'in, Chotengan 'and Seibllngyo, it \'las clarified that hlo marker

.Clll'OIllOSOIJ1CS appeared in the females and one in the males, similar to'

the case of Kinbunu (C. n. subsp.) (FIGURE 3.1a,b). Kometto is a

hyhrid frnm a cross.bet\'leen Ryukin ancl Funa (~r~ssius). It has been

r e POl' t e cl t Il a t s i mil a r hy b r i cl s c a n be 0 b t a i n e cl by c r 0 s s i 11 9 Ha kin a nd

HYu kin; San s h i kid e me ki n a nd Fun a; and Kur 0 cl e me kin a n d .Fun a U1 a t S1I i ~ _ •

As pl'oof of these facts. the marker chromosomes appeared using the

C-,bdnd stJining. That is, concerning the female Kometto. some have

bIO Illarke}' chromosomes and others have one • but, "dth regard to the

IOdles, orle marker chromosome, 01' none at all Here sho\'1l1. All the above

relat.ion'>hips are ShO\'/11 in FIGURE 3.2.

lt' is said that the oriqinal hllbitat of Goldfish is in South

Chi 11 il. Ha kin \'1 e I' e t r alls fe rl' e cl t 0 J a pan f 0 r t he f i. r s t timein 1 5 0 2, a 11 cl

latf~t', Ryukin \'/ere also transferred there. At prescnt? wc do not kno\oJ
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1t is considct-cd t.hat the expansion to the r.i~lht side of the

mode in I.h~ distribution of chromosonlill numbers' of thc lO"'ler group-

mi 9 h t b Q C los c 1y r e 1a ted toUr i r be 1n9 pol y p10 'j da 1 .

Hhen compa ri n 9 t IIe (l rm n umbers 0 f t he c h romo sonies in the 1O\'1er,-....
. i 11 te r me d 'i i1 t'e a n d h i 9 her. ~Jl- 0 ups (t he arm n uIh-~ r 0 feh rOlli 0 some S \'1 i t h t he

median anel the sub-median ceritromeres is 2; a~,-!hose \'11th the terminal

~Ild sub-t.ermi.nal centrOI11('l-es i s 1), the arni number in the lOHer gt·oup

1S 91,~) Oll thc average (the average chromosomal·numbet- is 59.6); it

i s !) I ,B i 11 t hein t e r me d i i1 t e 9 r 0 U P (t he a vc r ~ 9 e ehr 0 llJ 0 S 0 In a 1 n u )11 be r i s

4 (i . 2 ); j) 11 d i t i s 5 2 . 8 i n t he h i 9 her 9 r 0 u p (t he ave'rag e ehr0 m0 s 0 mal nu In-

l)pr is 45 ). It is obvious that the atom Bumber in the lOHer group is

1- (' 111 a l' ~ a h l'y h i 9 her t ha n t he s a rn e n umbe r s i n t h.e 0 t her t VI 0 9 r 0 ups, e ve n

i l\ r e 1 il I. ion t 0 i t seil t- 0 mo s 0 malIlu rn ber. Ther e f 0 r e ~ .i t 1 s c 0 n f it- me d

l. hat t. h e t'(~ are In 0 r e c h l~ 0 rn 0 50 0 In e S \'J i t h III e dia n a n d sub - me d 1 Cl' n c e n t r 0 III e res

i n t hel 0 Ne l' 9 r 0 U P t h cJ n i n t he h i 9 her 9 r 0 ups a n d t hat t he t- e are llJ 0 r e

Cht'Olllosn1l1eS "dtll terminal and sub-terminal centromcres in the 'i.ilter..:.·

~ me dia t. e i) n cl h i ~I her 9 r 0 ups, t.1l a n i n t hel 0 \'1 erg r 0 u p .

3, Fish hybl-ids and polyploidy
._~ ..• .-- " __U_ '_~" ••• "."~. '_._. • __""'''4 __ • ---

3.1 r'ish polyploidy and cvoluti.9 n......__..__ ._. -_..- .._-_.---_.._--_...• _._-_ .._--~.---- --
I n cl i s c u s s i. n 9 t hc e v 0 1 u t ion 0 f f i. s, h. t he i cl e a t hat pol y P1 0 i dy .

has (In imp·ort.ant significilnce can oe confi.rmed by many interesting

facts, clarified from sludtes concerning the chromosomes of certain

fish and thei)' hybrids. Thc polyploidy of fi.sh 'is a key to solv.ing·

t her i d cl 1 e 0 f t her e 1 a t i 0 11 S hip 0 e t\'I e e n t he' e v 0 1 u t ion 0 f ve t' t e b }- a t e s

i.I n d .gen e d upli ca t ion ' PO 1 .y p1 0 i dy i n 111 e n, b i 'r d r; ;'; •dr e p t il es isa 1 l~ e a dy
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have he!~1\ reported: ~.l!J~_~_i~lY-_i!... the chromosomal Illlnibcr of \':hich is 2n

·(ll1d 4(;; (ll1{I·I=-_~E~s.Q~.~E_~~_.l~.!:.~~~~tu~.of \'/hich thc chromosomal nllmber is

2 n () nd () g . G() nc e nli 11 9 t hel 0 \'l e}' 9 r 0 U P. t hc s mall e s t c h rom 0 S 0 mal n 1I rn be r

i$ 211 ~I\d ?.? il1 ~n!?I.Q__ !?,y.g.!~~_~~; and thc greatest is 4n and 206 in Caras-·

~.~_Y?._.~.~!,il.:I:.11_~.__l9_!.!.9..~~Q!Jij_. Thc mode of this group is 2n and 50 and it

oc cup i e 5 3 3 :~ 0 f t he \'l hol e 9 }' 0 up . C0 n cer n i n9 t hein t e rille dia t e g.r 0 up •

t he s 11111 11r~ s t n U111 beri s 2n a n cl 18 i n ß.E.b.Y..Q.sein i on c h r i s ~Yi; a ncl t he . 9 re a t -

cst. is 211 Cllld 69 in r.Q2..~~li.i!.._..f~..!..!!1..Q.sa _9~PJL~ne~.i~. The mode of thi.s

group is 2n and 48 and it occupies 38%. Concerning thc higher group.

the smill1~st ch}'omosomal !lumber is 2~1 and 16 in ~Phaerichth~_?J~.!!.~.

!~.~~g..L(Le:..~; anel the greatest is 2n and 78 in .c:.l~!:lJ].~~ua. Themode of

tllis 91'01111 i5 2n and 48 anel it occllpics 53%.

·l.ooking ut thc distribut.ion of chromosomes from the point of

v i e \·1 0 f :. tun cl il }' d d e v i il t ion s. t his val Ucis 2 1 . 9 9 i n t hel 0 \'J e }~ 9 }' 0 u p ;

H.-:W i 11 l. h E.' .j n t e }' media t e 9 rOll p; a n d 4 ..5 4 i n t h e h i 9her 9 r 0 UP . I t i s

() h v i 0 lJ S Lhat t he h i 9 her 1. he e v0 1 Ut i 0 11 alp 0 s i t ion. t h e m0 }' C. c h r 0 1IJ 0 S Ömal

n IIlII b e )' s co n ver 9 e . 1\ 1 so, H h -j chi S 0 b v i 0 us fr 0 lJl t Il e s eva 1Ues. t her e are

~

(Fl'l;lI(~[ 3.3.) The chrolllosollJu 1 nUllIber of f5!.TJ0~.i.y.~ of the lower 9}'OUP

i s ha sie all y 2 n a nd 1 0 0 ~ h0 \01 e ver ,. t he ~ e pol y p1 0 i. da 1 fis h \-/ e r e als 0 C 0 n -

firl1lcd \-/ith 150 ± and 200 L Tllere is a theory that the chromosomal

1 a t e r 2 11 II nd 10 0 d lJ e tot h e i r bein ~I pol y p10 i d a 1 . Suc h pol y p 10 i cl'y i s

as thc above.
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!?~.Y~;:~.~) \'tit.h tctraploidy havc not beeil found in theKanto District.

I\lso, in Ure Kansili Distl'ict, the habitat. of Shirlladojo \'lith tetraploidy

is not the Sllmc river as the habitat of the Shillladojo \'/ith diploidy.

Then! are l1lany c.ases of hybrids \'11.th po(yploidy. Hybrids bet

\-ICClI ~.~.l..~lC!_~Q.l.i.!~_ (salmon bred in the Atlanti.c Ocean) and Salmo trutta

(hr 0 \'1 n t. r 0 u t") isa go 0 d ex a mp1e 0 f . t he p )' e sen Ce 0 f pol y p10 i dy' i n Sa 1 -

monidac. From this experiment of 1945, Sv~dson stu~iedfor th~ first

tim c t h P. asp c c t 0 f pol y P10 i dy bei n9 re 1 a ted to t he e v0 1 u ti 0 n 0 f kary 0 -

l n t he ca se 0 f c r 0 S s i n9 t he fe mal e ca r p .( ~1J~ r i mu s car~)vii t h

thc male Gengurobuna C~.::._~:.__~uvier.iL \'lhen the' .common, edible carp is

user] as iI matel'nal parent, thechromosomal number of the hybrid is
• ~G

thc sum of one half of eilch of1chromosomal numbers of each of the

P(l I' e n t s, 1. e. 2n a nd 1 00 (0 j i ma eta 1 ., 20 )" . Ho We ve )', S 0 Ine ca r p s \'d t h

supe nWllIe ra ry eh romo S omcs (one or h/o sma 11 fra gmen ts 0 f chromo some ,

cilllcd ß-chromosomes) were found recently and it ~as clarified that.

~ I:hese chromosomes are frequent1y found als'o i.n Ir~goi. Thus, when

fCIlla1c Il'oqoi and male Gengurobuna are bred, hybrids \'/i.th unexpected

pol.yp10idy are sometimes ~found' (TAßlE 3.4). In addi.ti.on to the usual

hyhride; i·ti t.h diploidy of 2n D.lyd 100, hybrids \'Iith triploidy of 3n .and

1501' \'!CI'P obtained. Furthermore,the very i·nteresti..ng resu1t that

all hyb.'ids \·tith tdploidy are females \'1a5 recorded.

Ojima et ale (21) obtained a fema1e hybrid of. the fi)'st genera

tion by crossing a fernale ~:..._~-=-_.~~!:.'{.i5:~i \'Iith a male CY'-p-rin~.ErIi!2.;

h e t h C 11 () h t il i n c d t h e f i r s t 9 e ne r () t ion 0 f . t heba c1',-tr 0 S S bY c r' 0 S s i n 9 t h ~

above fcuw1e hybrid i)nu thc mnle L9-..:._~uvi.e."i. J\s a result of studies'

. .
• -- • .,.. ..... "., ......, .... , .... , " •• "--_.....,- ....... , -_ ..··-... ~i ",•• _~-',.~ .--~•.~ -~- ..... --.",.-- • ...,.,,-n ..,~, .,,..- -•. ,.. '-"-""''''---':f'''''\'''-''''-:~-''.~'Io';<"l'"'~' ",...~.~,.,. __ .~_,·,.., ....,.-,.~_,-._ .. ,""'~_C"!'l'__ ~ ~ •• - ......_~". '~"''''''''''~''''''''--'':''i''~'-~~:-''-~-~'!'''~...r-'';:''~''~-!~~f_
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rn n1ilny cascs polyploidy is eithcr letll<l1 (men) or is iln un-

"f? il 1t hy s tat e . HU \'1 C ver. i Tl t hc ca s e 0 f fis h > \'J hen t he fe r t i.l i. z e d e 99s

\'Jere stil11ulilled physiea'lly (Exp.low temperatures) in thc developing .

s 1: a q es. ! her. e11 n uc '1 eu s rc v e'r ses dur i n9 t he ce 11 cl i v i s ion a n cl f u s ion

occurs beLween two nuclei. Thus. there is a possihility that triploidy

01' tett-aploirly \'Ii11 occur. This structurc was provc.cl experimentally

by Hakino et al. (16) in 1943.

In ..Japan, there are interesting fish whi.eh have both diP10idY_
arid tetrap10idy~ cven in the same species. This phenomenon is obs~rvea

in t he~_~ f!.!l_~_.I9~i! .~~ •vlld. eh. was re p0 r tc cl bY Ue n0 . eta1. (l 7 ) • In 0 u r

country, \'te have thre.e sr)(~cies of thc Ge~~obit~: Cobi.tis bhfae.

C. taenia taenia and C. t. striata. As shOwn i.n TAßlE 3.3, the chro-

III 0 S 0 l1l a 1 nlJ mbe }' i s 2 n a Tl d 48 a n cl als 0 2n a n cl 96 i n C0 bit i s bi H u c; t h r e c

systemsof 2n anel 50. 2n and 86 and 2n and 94 in C. taenia taenia;ancl

2n illld 50 and 2n anel 98 in C. t. striata. Subsequent to the karyo-

type analysis,it is appropriate to. co~sider thai. in these cases. the

pa i t' i ngof hJ0 ho molo 9 0 LI S c h r 0 111 0 so Ines 0 Ccu r s, rat her t h a n t he p ci i r i n 9

of four homo10gous chromoso.mes. Therefore~ thi.s i.s expressed as 2n. e
I'ather thiln An. It is also considered that this fact confi.rms the

the~ry of 'Ohno (18). That i5. there are report~ which indtcate that:

tllP. foUt' homologous chromosomes of the tetrap10idy have suffiGient

pos$ihility to have a chiasma; and the.re. is the possibility that the

cxchanfl c of genes Nill oCCllr \'Iith greatfrequency. The1'efore. a.'ne\'l
p (l,t h

evolllt.ional/will develop. due to the exchange of genes .. Tett'aploidy

f 0 nil s hl () S e par a t e p i val e n t ehr o !TI 0 S 0meS. r () t her t h a n il qua d r i v il 1e n t

~Ilromosome • comprised of fpur homologous chromosomes; therefor~.

t.etraploicly is changed to diploidy. I\t present. Shimadojo {fobitis
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\·ti 1., ., <J .' 0 \'1 0." not; a nd \'I he t her t hcY \'1 il 1 be fe r t il e °r not.

for cxample~ an exellent hybrid ean ~e aehieved by erossing a
..

bel u9a o.~~~,~ ....!!..~~). 0 ne tOll i n we i gh t a nd bred in' t heU 5SR, \'ri. t h a

sterlet(~_~.iJ!E.l:Jse.!:-r!:!.!.!.!}~.!2~~). Jlo\'lever, some.ti,mes one may fall to ere-,
, .

ate hyhl'icls by eross.ings bct\.,reen the same speei.es of Genus Aeip·enser.

Generall.v. in many eases. h,ybrids sho\'l the. i,ntel"mediate eharaeters of

bot h rar e n t s .. Als. 0 i n In a ny e ase s, hy br i dsex P.res s not e n t ire 1y ne \</

_ chaructc."S, but partially a eombination of the superior eharaeters of

hoth 'parcl1ts ..As an exalllple, it has been ."eported that there are

three types .of electrop·horie pattO'ns in fi,sh: hybrids: (l) the type

\'tith all .,:omponents derived from the parents; (2) thc type \·dth not

Cl 11 co III po 11. e n t s de ri ve'd fr 0 ll1 t he pa.' e n t s; an d (.3) t he typ e \'1 i t h t he

eOl!lpon~nts der i ved from others than the p~rents. It is eonsidered

1. h II t t hes 1I h j e e tin (3.) i s .' e 1a ted tot he he te I' 0 S i. 5 • I n fa e t, i t i s
. .

diffieult to eonfirm heterosis in animals seientifieally. (In the easeo

plants, it is easy to eonfirm the relations~ip. between the enzyme sys-

_ lern and thc phenotype).· Coneel'ning the gro\'Jth rate,it is'reported

t h il t h'y b I'i ds \·ti t h a h i 9 h 9 r 0 wt h rat e ha ve be e n a eh i e v e cl by er 0 s s i n9

cl i r fe ren t 1 i ne S 0 fRa i nb0 \'J t r 0 utin t heU 11 i ted States. Als 0 , . i t \'I a s
~

}- e p <> r ted t hat. i n t heU SSR. t h e hy h r i ds be hJe e n feIn Cl 1 e s te r 1 e t ( Ac i pe n

r.(..;.!!.seJ:._~'lI.!---'.!~~~~) and maie beluga (f1uso Huso) were tlackCl"OSsed '·dth fe

male be1u,9t\. As a result, fish \'1ere ereated \oJhieh gre\'J faster thun

b ~ 1u (j i) • . ny· b() c k e r 0 S sill g. hYb r i ds c a n be a e h i e v e d vii t hall 0 r mo S t 0 f

cel't.ain desil'able charilcters,' apart from their other useful charaeter'-

ic;tics. It has been reported that. in the USSR, th.e immunity to the

red-spoL disease in Funa (Carassius) is indueed to Carp by backcrossi~g

the 'felllale hybrids, obtained from Funa and ·Ctll'P, \·lith tlie Carp males.
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ur thc clll'omosomcs 111 file hylll'id~: of backrossing', ~t \'Jas clarified

t hat, a p (1 rtf r 0111 d; p lai cl y • t h e tri p 1 0 i dY (3 n a n d 15 G) a p pe are d, a s \'J e 11

as sevP\'ill .13-chrollJosomes. Even more intcresting, it \'las found tha.t all

. h Cl C k c r 0 S s - hy h r i cl s \., i t h t I' i p10 i dy a \' e fe III ale s, \., h ich . isthe . s a 111 e ph e n0~

m~non as in t. he case of hyhrids with trip10idy in the fil'st generati.on

of hyb\'ids, as has already been described earli.er.

~..:_?_..Li~ h hy b r i d s a 11 cl b r e e cl i !1Jl

ß t' e e dill 9 fis h 0 n a 1arg e s c ale . a san i. mp0r ta ntindus t r y ha s _

beed cleveloped in many countries, including the main industriaJ

countries', su~h .as Japan, USA, Gcrmany and USSR. Various studies h~ve

heell calTied out. concerning freshwater an'd mari,ne fi.sll, not only in

.
. ,

o r ci e r t. 0 u t i 1 i z e fis: h \'1 hich ex ist i n na tu re, bu tal so t 0 er e a t<: ne \'/

s pe eie s. a dd i n9 ne \1/ b re e ds tot h0 s e a 1re a dy i. n ex i. s tc nce. Ther e are

sevet'i\l methods to achieve this. The most modern way is to ~reate

hybrids.·
. .

In this fieldof creating fish-hybrids, numerous experiments

have i:\ln~ady been done. For'the first time anY\'/here in the \'Ior1d'5

rccords of hybricls,Gesner (22) crcated a hybrid by c~ossing Koi

(~)'J>.r i .~.~-,,-.-"..'!.!:.rJ..2.) an d Go 1dfi s h. Si nce t hen an d up to dat e, a hau t 1250·

SCiClltists' have cr6ated hybrids, using 56 fish farnilies, 01' 1900 species

The 'Ii UIII h(~r 0 f b i hTi 0 9 rap hi es co nc e I' ni n9 t heses tu die s 9rew tore ach t he

nUIJIOel' of·lOOO. Nany of tllese papers deal \-dth the brceding stuQies

from tIn: beginrling. Hast of them are meant ta be only the records 01".

hO\-1 to estahlish hyhrids. 1I0\'1cver,as'inmany cases, hybrids:-lH';eed \·,cl1.

f l/ r t. he Y' t h0 r 0 IJ 9 h s t udie s a l'(~ I' e qu i }'c d i n t his. f i e 1d 0 f s c i e nce· i n t he

r1I.t. 11 re . r i s his a s u i. tab 1e rn a te r i alt0 . c r e a t e hy br i ds, compare d t 0

o t hc r a n i lJl Cl 1 s . 11 0 \'/ e ver, i t isa 1\'Iay s d i f f i cu 1 t t 0 f 0 re tell \'I he t he )'
oe

t hcerc a t i 0 Il 0 f hy br i ds \', i 111 s uc ces s f u1 0 r not; \'1 he t her t heby br'j d s
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develop (Jlld establish ti pure line of this specics as an exper5men'tal

Cl Cl U u ti c c rr~ il t ure " ru r t her III 0 r e. i t i sex p e c ted t hCl t t his' s pe eie S vii. 11

pliJ'y Cln illlpol'tant role in cancer rescurch or immunol~gical studies il1

t. hc f u t. u )- c . 1\ 1 so. s i nc e ace 1 1 1 i neo f tri p10 i dy 0 b ta i ne d 'f r blll Gin -

bUlla (~..: ..._g.. :....1.E.!1_9...~.q2~fii.) keeps the kur,yot,ype s.tability for a longer

period (ohout tvw yeurs). this species is a·ls.o.useful material for '.'
. "

bio log i c II 1 s t lJ die s. a t i III e - co n. s umi n9 p r 6ces s ". T h. i s . asp e c t. ma y be re -

lated to the fo11o\ll1119' Hhen thc culture of the di.ploidy c'ell ·lil1e.-

t t'i p10 J eI y gen 0 III e s Cl rem0 res' tab 1e t ha n t h0 s e vii. t h d i. p1 0 i dy. gen 0 In es.

11 0 \'1 e ver. t here Cl S 0 n f 0)' t his ha s not be c Tl c 1Cl r i. f i. e d ye t .

.~ .~_~__~.!:..t 1 f i c i a1-.1.n cl ~ ce_I!!..~ nt 0 !-.E.Qly p10 i dy

"Concerning thc inducellient of polyploi.dy by means of tel11pe}~iltllre

shod: _treatment. in 1943.: f.1akino anel Ojima C16} clarifi.ed cytol~gica11y

t.he IllCChtlnism of .the creation of fish \'Iith triploidy. formed by fUsion

of th~ sper~-nllclcus and the egg with diploidy nucleus, the diploid,y

of \'/hich "'/as induced by" r·efri.geration of the fertil i.zed C~rp eggs during

t h e,.. •sec 0 11 d ma tU}' a t ion - cl i v i sion .

lhereafter. in 1969 and '9~l, Purdom (i3.24) reported his study

o r i nduc i 11 9 _pol y P10 i dy i n.!:l e l.!Y 0 ne c te s _p 1a t e~~ and ~) a t ich t ~)' s . f 1esu s

b'y t hel 0 \'1 te IIIper Cl tu res tim III a t ion" Ac CO)' cl i.!l 9 t 0 his s t II die s ~ t he

he s t l~ C S Irl t s ca n bc ach i e v e d \'1 hell t hel ci \'1 te mper a tu l" es"0 c k- t r e a tm e nt

sttlrts .15 lIlinutes uftcrthe fc}'ti1ization. in O}"dCl~ to induce triploid)'_

I n f ~ C fi, i n 1971, i t - \'1 a s re pOl' ted t hut tri p10 i dY .\'I a s f 0 tl n d i n nein"' y .
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Jn fish-bl'(~eding, the utilization of hybrids belongs to the

field of qcnctic engineering. the rneaningof. v/hieh is a skil1ful, arti.-

ficiiJl ll'catlJlf.'nt of fi.sh chl'ol!losomes.

~ .J_ ._Gy.!1_~9.~ n~s i s

~ynogenesis was discovered by rescarche~sstudyi~g thc frog"·

development about 60 years. ago. Recently. Ginbuna (C. a. langsdorfii)

\·tidely COIllII!On in Japancs.e rivers and lakcs, became well knovlrl for .th_·
. <1.11

9Yllogcnc:.is.Gynogcnesis is1effective means to establish the inbred

1 i nc s () f fis h . Ha ny ehr 0 m0 S 0 Ines"0 f Gin buna vii t h gy n9 gen e s isa r e tri

p 10 i da 1 iI n d ±150 ; t he e 99s s pa \'1 ne d by fe mal e s are a c t i. va ted by sem i -

nation and stimulati.on of the sperlll of other species. Unually the dip-

loidal eqgs dis~harge thc first and the seeond polar hodies during the

Illil t u I' a t ion - d i v i s ion. a n cl t hc ehr 0 m0 S 0 rn a 1 num be r s d e c re ase by 0 n e. h a 1 f

oft h~ IJ r i 9 i 11 a 1 n um be r s . Il 0 \'I e ver, i n t Id s c ase, a f t e r t hEi s perm- sem i -

.r.l<ltion. t.lie. nuclear .division, sirllilar tO.a mitosis, occurs in the eggs

and apolar body with ±150 chromosomes is discharg:d. Thc h~ad Of.~

thc illvading sperm does not swell and does not form,male prenutleus,

but stilY~; as a cOlllpact head until the division of clea'vage, and it

ne ve." f uses \'l i t h t he fe 1Il a l'c pr e n LI c 1 eu s (F I GUR E 3. 4 a, b) .

E~J 9S 0 f Gin bu na d c ve 10 P by p hy s i. ca 1 0 reh em i c a 1 . s ti III u1'a t ion

other th~n sper~ ~ntil thc stage of dtscha~gi~g polar bodies; but they

n~ ve I' cl c v e 1 0 p tot he s t~. 9 e 0 f c 1 e a vag e. "T h u s. 5. t i s C 0 n s i cl e l' e d . t hat t hc

sem i na t i () n 0 fot hel' sPeeie s i. s ne ces sary f 0 r t he .d i. vis ion 0 f c1eil vag e .

Since all the cggs hatched become fcrnalcs, thc cnti.t'c population com-

p r i se. f i' s' h \<1 i t h ho m0 9e nes. 1\ t Pres e n t, $ tu die s are co nduc ted t 0 .
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1 i z e d c 9 q S \./!'.! r e b l' 0 U9 h t bi1 C k tot he c u1 t ure te 1IJ per a t ure 0 f 32 l) C a nd

t he it~ C!I 1t 1I re \'1 a 5 co n tin IJ e cl. Val e n t i als 0 us e d t herat i 0 0 f t he si ze

o f e r y t hl' (l CYt e n uC 1e i. Ast her e s u1 t, t he pol y p10 i dy i nduc e d i n t he

fi nger 1 i 11 q S \'/ll S 0% i n t hc co n t r 0 1 9 r 0 U p, 29 7~ \'I he n t hc s hoc k- t r e a tm e nt

was done ~t 4"C. 75~ at 11"C and 10% at 38°C. Altho~gh the poly-num~

bers of polyploidy were not describcd clearly, ,since it.was 6bse~ved '

th;"lt ther(! are h/o kinds of polyploldie-s {\'1ith the ratio of the voiume

of et'ythl·uc.Yte nuclei being 1.5 - 1.6'times of the normal diploidy;

(\ 1 S 0 he i 11 ~I abo u t 2. 1 time s 0 f t he n0 r In a 1 ), t her e, are h i 9h pos s i bi 1 i t i es'

that the:-e polyploidies \'Iill. be triploidy or tetraploidy .

. Concerning thc types of polyploidy appeari~g, the problems re~

nlllin prililarily in relation to the ch'romosomal numbers, not counted

direclly. and, secondarily, in relation to the states of eggs after

\.hp tp.ml'p.ratul~e shock-treatment, In other \'lords, thel~e have been no

cy~nlogical basic studies. such as studies of the discharge of polar

bodies or the period of cleavage division.

Ojima et al,(197ß, 26) obtained triploidy by exposing thcfer-
'~e ., .

ti 1 i ze d (' ~HI s 0 f Ca l' ps t 0 I 10\'1 t emper a tu re 0 f OOC f 0 r 10mi nutes, te n

llIinutes after~ fertilization (FIGURE. 3.~). Ten minutes after fertiliza

tion. the second maturation-division is in the developing stage,from

t.he metilphasc to thc anaphase (FIGURE 3.6 a,b,c,d). Hhen thc eggs'

\./ C )~ c' e xpCl S c d a t 0 () C dur i n ~1 t his per iod, t hc d 1. v i s ion 0 f t he sec 0 ncl

polar' hodyvrC>..s stoppcd duc to the 10\'1 ternperaturc .. Thcn, reversely,

Olle diploidy nucleus is formcd by fusi~lg h/o dil!J9hte)'-chromosomes.

By fusill~l this diploidy and the sperm nucleus., .Hhich has alrcady in

vaded Uw egg, thc triploidy is formeu.
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I 0 0 X 0 f f"i n9e r-1 i n9 S \'1 hi ch\'I e rc~ Iw tc hed a f tel' t r e a tin 9 t hem i n t h c· s ea 

\;1 1I t e" a t .1 ho 1I t 0 (I C.. f 0 r l hr ee - an d - 0 TI e '- ha1 f h0 1I r s, s t art i n9 15 lJl i. nut e s

a f t e r t he f e l~ t i 1" i z a t ion . 110 \'1 c ver, i t fa il ed t 0 i nduc e t he tc t rap 1 0 ·i. dy

bY t hel 0 \.,r t (~m pera tu r c ~ hoc k - t rat rn e n t dur i. n9 t he d i v i s ion 0 f t he f i. r s t

clcavag:~. T~lese polyplo'jdies \'/ereconfirmed not by the chromösomes,

but hy thc phCllotypes of s.pe.cific ·characters. On thc assumption' that

t her (l t jobe t \'I e c n t he gen 0 me S 0 f t he ~ 99 s \-ri t h pol y P1 0 i dy, i. nd u c e d bY

t.he low l.cmperature shock-treatment, 'and the normal sperm is 2: 1,

tho ir po 1yp10 id i os \'1Ore os t i ma ted from the mo rpho log; cal eha ra c ted sjijlS

,(such as pi~Jlllents and vel'tebral number's) of P1curonectcs platessa an"

Platichthvs flesus.--_._•.._--~_._ ... ~. _.~-_..~-----

1 hCl t i s, i f t he f i nyer 1i n9 s 0 bta i ne d fr 0 111 t h e ,e 9 9 s, 0 f P1 eu r 0 nec
!,f2.~__ p,!~J~~.~,.~~-, fert i1 ized by the spcrm of E..l atif.!:!.!!!Xs-f.l es~ and· treated

b'y t hel (l\'l tc JlI Pc rat ure s hoc k - t r e a tm cn t. s ho \"l t hein tel'media tee ha ra c

te r ist i c s be t\'I ec n t he c ha ra c tc r ist i c s 0 f t he hy br i ds. res u1 tin 9 fr 0 m

t.1I e c 99 S 0 f P1e U l' 0 ne c t e s p1a t e s s a , \'1 h ich \'l e ren 0 t t r c a ted by t hel 0 \;1-_.....-..._-~.- --- ------ - ..- .._-_.-------
telllperatul'C shock-treatment,and thc sperriJ of Platichthys flesus, and

t he c ha "(J c te r ist i c S 0 f fJ_~.u.-!:.9..!.!...e c_~~'l a-!-~ • .i t i s co n s i der e d tti Cl t e
these fi!;h might have triploidy. Furthcrmore, s"i.nce the size of nuc-

, '"letJs in polyploidy \'till be largcr due to thc poly-numbers of poly-

ploidy i:lduccd. thc polyplo"icly \'/ilS jud~]ed by comparing the size of thc

er-}'throcyte nuc1cus. (gcne,~ally,' thc ratio of the nucleus 'volume bet-·
, .

\,ICPIl lhe dip10idy and tY'iploidy is 2: 3). In 1975, Valenti C2S)

,'cporled t.I;e ,'csul t of thc studics of thc polyploidy inducecl by' thc

tCl\1pernt. IJnJ shock-trcatment to th.e eg~Js .of Til~~~~.!:.~~· I\ccording

t.o him_ after this treatment. at. not only lo\'ltempcriltures bllt also

(l t h j ~J hel' te III per il tu res (Il <) C. 1-1 Q C. 38 0 C) f 0" 1 S' 111 i nut es an d als 0 f 0 r

60 111 i 11 1I Les, Still' t"i n9 a f t e)' 1 I\. mi nut es a f te r f Cl' t i1 i z a t i on, t h e fe r t'i -
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f\ 1 S (l, t he 0 }' e t. i call Y. \'l he n t he f e }' t. i 1 i z e cl e 9 9 s wi t h cl i P1 0 i cl Y

\'1 e r e t n~ il ted hY' t he cold - s hoc k cl u r i ny t he cl i vi s ion af'cl ea vag e ,

t. c t t· a p 10 'j cl i e s we t· e i. n cl u c e cl • F I GUR E 3. 7 s ho \'I S . t his 111 e C ha n i Sill dia 9 ra llJ -

Illat·icillly.

1 t is expected that the breeding techniques of fish by mea.ns

of chromosomal engi.neering will be deve"loped furthe}~ in the"future.·

AnY\'Jay. i t i5 considered that the accumulation of cyt~geneticaily

ba s e d s t \I die S 0 f fis h \~ i 1 1 be t he ke Y af fee tin gei. t her t her i. s e 0 r ~

fallof the breecling in(Justry of fish in th~ future.

.' .---------------------------------------



------------------------------------------~-------------~

~; •
Tf\ Bl E 3. 1: FIS H SPEeIE s. tHR0 ~to S0 r~ ES 0F ~~HICH HA VE. SEE N STU0I E0

"

Class . Order Numbers Reported Number of spec;es

31
32

199
315

25

8
3

2
6
2 '

Petromyzoniformes
.~(yxi ni f 0 r me s..::...;..----_._---'--------------
Lamna
Rajiformes
Chimaera---

Salachii

Cyc1ostomata
•I
I
1
1
~,
1
!

Dil?-!.!.eusti . __-::.L.::,.e,L.p..:..idos i r e.;...n..;..i.;...na,;;:..- -.:- 5 _

Chondrostei

Ho1ostei Le pis ost e i f 0 nl1 es
Amiiformes .,------

La,wer Group

144 6880
16 520
19 1000

3 144
14 320

3
113
2 215

,
\0
W
I
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29. '11-24 (1971).
R. ,). V0 1c n t i.: I n cl u c e d pol Yp1 0 i dy i n T i. 1 a p i a a ure a (S t. ein d ach ner)

hy mcans of telllperatur'c shock t.reatment. J. Fish Bio1.,7,

~il9··~)2ß (1975).
Y. Ojilllil and S. ~1i)kino: Trip1oi.dy induced hy cold shock i,n fCloti-
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TAGLE 3.2: RELATIONSHIP BETWEEN CHROMOSOMAL NUMBERS AND FISH GROUPS
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FIGURE 3.1: CHROMOSOMAL PATTERNS BV C-ßAND STAINING

a : Kinhuna (Carassi uso auratus subsp,) !? (2n=100)

b: Ki'nbunu (Carassi"us auratus subsp.)
t (2n'= 100)0

c: Gi. nbuna (C.a. 1angsdot'fii)
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lAßLE 3.4: CHR0t-10S0r'1ES OF T.RIPLOIDY (ALL ~) AND DIPlOIOY

\H11 CH APPEARE 0 IN THE FIRST HYßRIO GEN ER1\T ION 0 ß -

:TAINED BY B~EEDlNG FEMAlE CARpS AND MALE 'fUNA(CARASSIUS)
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FIGURE 3.3: DISTRIBUTLQM Of CHROMOSOMAL NUMBERS' LN THE THREE
GROUPS OF TELEOSTE!
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FIGURE 3.2: TUREE CASES OF r·1ARKER CHROr·l0S0HES APPEARING IN KO~1ETTO
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FIGURE 3.5: CARP'S CHROrWSOHES OF TRIPLOIDY .fO RNED BY THE LOW

TEMPERATURE TREATMENT
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FIGURE 3.4: CYTOLO~ICAL CQNFIRMATION OF GXNOGENESIS
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a: Insemination hy sperm

(C. a. langsdorftt)
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FIGURE 3.7: NORMAL FERTILIZATION OF FISH EGGS ANO THE fORMATION

OF POLYPLOrOr SY THE lOW TEMPERATURE TREATMENT
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FIGtJHE 3,6: FORMATION OFPOLYPLOIDY NUCLEUS INDUCED TO CARP EGGS

BY THE LOW TEMPERATURE TREATMENT
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a: Metaphase during the ~econd rnaturation-divii~on. right after
s p t\\~n in 9

b: Insemination by s.perm and discharge of apolar 'body (from Inetaphas~ to
anaphase) ~

c: Reversal af a polal~ hady, \'/hi.ch \'las discharged. by the low ......
te mpe I' a tu re t r e a tm e n t

d : A dip 1oi dyn uc 1eu s· i. s f 0 nn e d bY f us t n 9 t he pol a r b 0 dy . re"7 '
versed. and the egg nucleus
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I\qUi'ltic envlronm2ntalisLs, ·investigatin.9 contalninant effects on repro

duclion ilY non-gc!netic r.l2llnS (as in physiological anti cu1ture:cxperirilentsL

concllH!e thllt n~pr'odllttion seems to be olle'of U~e most sensitive measur~s of

clll~o~ic .sublcthul effects clcllrly meaningflll in nature (Sprague 9); R'osenthal

(''.l~d Ald~~rc1ice '10» •. Fishery biologists conced~ tl:at generally little is
..

kllown about even thc natural factors in the envil~onment tha"C cont~ol morta1it,y

- of 'gnme-togS!nesi s -and"cl cavCigc and thc importance of regular division, ~f normnl
, . ,

clll'om05010es .to continued normnl development,i t mi ght be expected 'that cytology. . '., .
i' • ..'

and cytogencti cs coul cl contribllte to. Undel~stundin9 t~le successes amt f"il pres .

in dcvelopment of-fish cggs, hoth in nature'and in lnboratory exper~lTlellt'ltion.
"

• By so c1oiI19, these suhdisciplines of gc~etics Hould ulti.mately heln eluciclilte .
thc rpsul t of superlmposing detriment.«l e.Ffects of marine contUlnin'll1f:s pn

natlwnl pop\llntion fluctuat'io.ns.

lIds Jlilp~r dcscribes thc adaptnf;.ion of prllcticu! ,cytolo.gical und cyto';
. .

!}l!netic tnethocls* tö thc ~tudy of clllb}"yos of fish.cggs col1ectcd at seu ~'lith

oth'er zooplankton. Initial data on J\tluntic maC7kerel~ Scomber stornbrus,

cmbr:yos fl'om cfl9S co1.lected in surface \'mters of the henvily polluted NeH
. '

York '~'ight ili~C p}~esentcd and discussed~ along Hith some result~.of asecol1d' .

U-ig!lt cn;ise. HC\'1 methodologies 'are introduced employing the yolk-sitc

* For i:l l-cvicH of thestatus 'of thc' chromosome cytology of the Osteichthycs

. see nohel~ts 12) and for USSR "lOrk on thc embryo cytology, of '~borntorj'- .

spm'lIlcd fish see r'ligalovskllya 13)

. .
• ~ .. " '!'O- - .... .._._..., .., ••_.-.a-....__.-.~ .....-........ _.:.."._..",....~~__"""""""....... .,~~ ......"'..,,"":..~: .........."'......~,
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/\ H1" Je!. E /1

/\ u t hOl': 1\. .e r 0 5 l.> y L0 II !1 \-/ cl 1*
IJ!.IFS, NOI'theast Fisheries Center, Hilford Lahoratory
Nilford, ConnecticlIt, USA, 06460

CYTOLOGICAL AND CY~OG~NETIC STUDY OF FIS" EGGS
DEVELOrkNG IN OCEAN SURFACE WATER~ AND lN MIGRATING fISH

The ·life cycles of important commercial species of pelagic •

be9 i n i n t he s ur fa ce. \'/a t e r S 0 f t he 0 c e an \'I i t h t he s pa \-/11 i r. gof ye tun fe r-
. .'

tilized E~99s llrrested at metaphilse or telophase 11 of meiosis. Gameto-

genesis is a genetically vulnerable process and this genetic vulnera-

hili t Y i s i nc r' e ase cl .f u r t 11 e I' 0 nc e t he e x t ern il 11 y fe r t i. 1 i z e d fis h e 99s

e nt e t' e Cl t'l Y cl e Cl vag e .( Sol bel' 9 , 1; Nu 11er, 2 ; an d Nur a kam i , 3 ) • Sen s i ti vi ty

oft IJ e e 9 ~ S 0 f fis h t 0 i nd uce d 'Illll ta ti on a p pe ars sec 0 ndon 1y tothat 0 f

t he ll1 0 s t sen s i ti ve In arnm al i. arie g~} (D 0 n 41 d s. 0 n an d F0 s, tel', 4; Pol i kar po V,5 ;

Pur d0 III iJ 1\ cl t~ 0 0 cl IHl il d , 6 ) • " e a vy rn eta 1san d c IJ 10 r i n Cl ted pet r Q1e um hy cl r 0 -

cilrhons are concentrated in the oceani.c mtcrolayel' (Duce et ale 7'; ~.

Mclntyre ß). 'Tlle Qcean surfacei.s also dtrectly exposed to atmospheric

poll(Jtallts. Dut'ing thei.r incub.ation, future recrutts to the commercial
~

fish~ri~s float passively as buoyant eggs in surface waters, if n~t in

t he nd C t' 0 1ay e r i t s elf. The p.o s i t ion 0 f fis h .e g9 s i n t h e wa tel'· co 1U11m

mII x i Jll i zes t heil' r i s k 0 f set' i 0 usex POS ure 0 f sen s i ti. v e e a r 1y d eve 1 0 pment

stages to both cell toxins and \'Ieak mutagens (as heavy metals), commonly

. f 0 U11 d i n pol 1 u ted se a VI a te r .
_.._----_.._ .._.- ..__._------_._-- ----_._._-----

*.
Na c ke t' e 1 S t ud i esandille t h0 cl S 0 f de ve 10 pille n t ha vehe en s u pp 0 r ted hy t he
na d n c [: c 0 S Ys t e msAn CI 1y s i s r r 0 9 r' a 111 a nd t h e No r t h e ast Fis her i e s Ceilt e l'

oft he Na t ion a 1 0 c c a n i c a nd A t 111 0 SPher i c Admi n ist rat 1. 0 n ~ LI S De p Cl r tm e n t
of COJOrnerce.



is Jcc:ornplished \'Iith'orclin~r:y se\'ling necdlcs '\lhilc .cg9sare Vie\'led undcr p

lO~"'-PO'.IP.I~ di~secting micro:;cope. For disscction the egg is puslted into il

gl~oOVe etchcd onto the edgQ of a glass microscop~ slide glued onto a Petri

dish llSccI to ltolß cggs intcnclecl for dissection. About 60 embryos can oe
,

rcmDved per' hour fram the approximately. l-mm diameter Atlantic tnacl~erel cggs.. . .

Pdot~ to staiping for.squashin9> crabryos are treated post-fixation in
. .

'l5-60~ llcetic acid for abou't '15 minqtes·. A .single intact embryo is squllshed

undcr cl c~verslip,on a microscopc'slide in Cl feH drops'of,a' solution"pf 19

pal'ts of .stanual'd aceto-orccin to \'J)l;ch 1 part of proprioni.c acid tltlS been

adcled.· UCilrly perfect rnonolayers of cells are achieved' \'lhich allpw vislItlli-. .
zatioll of (~\'el~' mi~oses in the embryo (Fig. 2) •. Usuil11y> tour empfYos can".
be squClslwd ontu one s1i de \'/1 thout !1lDn~1aycr pi cces of d; fferent cppr.yos

. becomiJlg mixed. Development stages from early c1eavagc to thc 1at~ tuil-free

embryo stage havc been succe~sfu~ ly prepal'cd in thi S' manner•. ~ni 'fClrlil monq':"' .

layers of the cntire cmur,}'o nre mqre difficult to achieve at ~he tClil-pud und

1atel~ sttl!)CS though such cmlyryos are still useful.

lhc )'olk-sac membrane) \'lhich develops fraIn blns'toderm cel1s at gilstru-. '.

lation (sec,> for' cxmnple> r:l~E\'Jen l'l)L .\'1as:·fau~q to o~ a~ exccllent source·of

1argc mitos ing cell strom gastrulat-ion through at least the ta il-free embryo

. stage (Fins. 3-5). Large thin ectodermal- and cndoderma1-derived cells of

thQ sac.JIlembrane readily spreud out on the slide. Prophase nuclei measure"

'15 to a11110s t 20 mi crons across,> and metaphase gfOUps 10 to 15 tnicrons across_

Telophilses measure 20 to 30 lllicrons from spindle pole to spindle pole. ' Pro- .

llIetilphasc chromosomes are .often so \'/ell spread ubout tbe cell as to make

illmos t ulllleccssary any pretrcatmen~ \'lith a c-mitotic agent for the purpose of



. .Thc potenti 111 5 of these r.~thotlolog'j es are 1ndi catccL

1.1~~i;:t)l~Llnp. of tbc f"ish cSJ9> uml \/ltich displny .th~ .cl~rori!o5.orr.~ configuratlon

"f pt-csp<\\H1~~d ,eggs.

. .

Fish e!J9s iire col1 ectcu at ~ea \':ith other pl a.nkton in neuston nets
.

(0.9 /n rrun mesh) tO'..}e~l at thc Hater, surr"acc and/or bongo nets. (0.333 and

0.505 lnm \lI~sh) .tm·H~d ut specified dept!ls •. Ta uvoiu possible ullmage to the-. . ."

cggs> tm:· time 'is 1irnited ta a mllxinlurn of ..20 ninutes' c:mI tm'1 speeU.to 1.5·.
I:nots.- ·:·Collec·tions. shoul<..l be made il1 a manner similar to \'ihat \'/oqld bc. .. ..

·.fol.lm.)?<! lwre cggs. to oe lJsed for cultur:e •.. [99S should rer.iain Hel.l ,~erated tI,
ns -ihe~l are tm'led through thc \'Ia,ter, and ·use of a flo'..; meter Ciln record

... .. . ..
flo~'1 o{ \·}ater through llets dUrl 0.9 each tO'tl. After collection, _the Hnsod:ed

•• ,,:! '.. '. .... .

plllnktoo,-is ilntncdiately fixed in u 1:10 dilution of neutralized formalin.
. .. . .

o. • \. , • ' •

·· ..Jhc·usual ptlucity ()f grossly deteriorated eggs i5 attributed to their falling,
'. ",.' . . .

out- or :the \'1at~4..,coltlmn in agreement \'Iith,' the observation of .fish culturists .

thnt "r1Y'j ~l!l" cggs drop to the bo~tom oOf cul 'lure contoine~5.' 'R'ip~ C99S m'~

5:~t::iPp·ed ft-Oiil 'r-ish 'cuught on 'theii· spm-ming grounds.

fb:eü 'in the dilüte n~utrill formalin.

These are illso,itnmed''iatcl,y
"

'" ... .... ...... '
fr:fJuentin g .the sampling ar:cu, and' time of .year. Egg5 of desil'cd species tl1Hl

elevel Orlll~lIt: sta~;e, fr,?lO cl eavilge to 1ate embryo:> are then sorted ort of the

planktoll sCllJ1ples. J:Jnbr.yos ill'e~lissectecl (l\'wy from th~ egg ri1embrap~s and

latJOr:atodcs employing gross egg ,1lId'larval characteristics:> kno\"t1~dge of fish··

.
'In the l~lboratory:> chClract~ristiG'fish eggs are picked oU,t of. the planl~ton~

fot' spedes identi'f·ir-atiOl;·ilccording to stanc!ardi7?ed procedures for'plankton .'. : ... . . . .

. . .
storcd in vluls ilcco~ding to dcvelopment stllge ilntI sp~des (Fi9··1)~ , lljssecthm
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'.

t·

lnitial.,o..9~:CJl n~sllfts Df U-e?J;~ot\lr}J.. '7tl* cruoise collectiDn ur Atlllntic

~'i\d:el"el, s.r"!JDJ-,~.r. .s.c.ornbrus.~ c.9Sls fr'Drn the rte~'1 York ßi911t

Uith thc first collection at SCil of fish eggs' (\'lhich proveu to bo almost .

cntircly Scornb~I. scombrus) sarnpled for cytological study> an effort: \'las. maue'. . . . ..

to check (';,.1 c('l)'ly dcvelopmental stages.of the ·mac·kerel.cmbryo pr~per for o

their relative desiraboility from the cytological-cytogenel:ic'inetllodqlogic qnd. :... ... .. ..
infonlmtional ·standpoints~ ·llot a11 .devclopme~t·ill stages of a Si~gl~~speCies .

al'e represented in 0 equal numbers at all samp"c statio.~s> and a1: some stations

certain sti..\ge~ can Lc missing. An effort \'Jas made to colle.ct data at the

~lastt'ula-early cmbry~ stages at most station~ \'lhere Scomber eggs at these,
develop~ent~l st~Oge~ \'lcre. pr~sent. f\t the ti~e this .\'lork \~as done the mettlOu

'. .
o •

for pn~spli\-med e9g5 v/Us notyet developed> und the valueof the'yolJ~-sac

melnbratle ';5. ull excelJent source. of mi toti e eon Fi gurOations still,' not rccogni ze?

Even though seeminglY' int~H;t Olld n~rmal in the undissected
O

egg,. the
• ... .. .. ". .# •. . .. . ' ... •

gl'eiltes t porti on of 4111 cl eavage .(Stage I) 'cmbryqs Has' in vuriolls stag~s. qf
• 0

cy tol 09i c<11 deterioration or 'cytogen~t:ie disurroy irrespective of ~arpplc.

Still .there \·ms °stution vuriatio~. frOrTl Q too114.4% c.if 'these cmbr.}'o~ \,(ere

'. judged vi "b1e "nd ~ilp·ab1~ of. further pormil1 di vi si on· (see bel o~) : CnrPlIlOSome. '..

divisions \o:ere easier to visuulize in morulu' (Stage 1I) embryos ano'in blastula
o •

. (Stnge J II) embr.yos'. Both cytological deteriO}'iltion and cytogenetic disarray

occurrcd."less o~ten'ut'Stog~s I~ and 111 tlmn at St~ge 1•. At gastrulati?".. . .
(Stage IV) tllere \,;as a large drop. in the incidence of dism-derly mitoses. the .

fn?st abnormal embryos rr:~sumabli r;ot gustrulating~. .

* Sililing ycsscl of the Sailing Educution Association> l'loods J101e~ pnssa

. chusctts 02543.
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k:H'j'Otypi n~l, .o:aryotypi I1g of fish cg9s offers fasei nati n9 poss ibi li ties in

stock identificiJ.tlOlh as Hell as ill pollutio~ studies.) ~ rIo mitoses hav~ been

obscr'vecJ in. thc yolk-sac rnel:"brane cells of ·tha fc\'l hatehed yolk-sac larvi\e .

t.hus fat' eX~Hnilled.

. To· pn~pure the sac' mel,bl'anc for c,ytogeneti c. s tudy;) .thc enUre sac \'Iith. .

c'lIclosed .volk is rcmoved from thc chorion and the embryo disscctcd a\'lay_
. "

The sac Hith yolk~is then 'flattened"onto the slide in.thc orcein stain, as
'.

1arge. numbers of pre-di ssected sacs together presents

~n fluids other than formal i n iso bei~g e~plore(L ..~ .

iso the-en:lll'Yo. ··Stor.age..of. .

sorne---pl'o.bl P.lilS,. -' ~nc.l-s torage

.! PrCSpi\Hned,. unfertilized e99s ·are tarn \·dth a dissecting needl~' and YQlk

conten~s.JJ)'essed out. Thc entire cJ!orion iso flatten~d onto a rnicroscofju slide

in the acid-stain solution. Tlle meiotic metaphase'll and earlier- cl]rQfJ1PSOlne
. "

confiQu;b.tion of the fully }"ipe or "1pening e99S i.s associated \'Ilth the microi.
\ . .,

pylllr oiiclling ttll~0119h \'Ihieh the spr.rrn ent~rs thc c99 (Fig. 6). Firs~t the

. Irt i croscor~ 51 "ille i s scanned far the rni cropyl e > and t.he area about i t thfm

c~H'efull'y eXiJmined at different levels of foeus for the l~elatively smal1

'm~~ioi:'ic cOllfigllrution CFig. 7). Although these configilrations 'are smal1> at

least in the mackerel egg) they offer the distinct and convenient possibi11ty •

of" detecti ng in gravi d fema le fish chromosome tl~ansl ocations and chromosome
'. .

bre~tk5ftolll rliakines"is of meiosis through to perhaps telophase n*..

.
* CytolofJical-cyt.oge~etic mcthodology for the fish C99S is to be \·/r·itten for-

puhl"ication - A. Crosby LonfJ\-Iell )t1. Kubinski, and D. Perry_
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latcr-stiJge crr:bryos. though retilining the gr~uss appear~nce of~ for examplc>

öl tail-huc1 elllbt''yo~ might oe comprisecl in large part of cells in01'e reminiscent

(lf Cl gastntla embryo.' This liltt:cr cOTlclition iso attributed to the de- ° ,

differcntiat·ion··of cclls in seriously stressed embryos_ Blastula"anod lnorulu'. .
" .

cmbryos.sometojrnes contained.a single lurge cleavpge cel" l'Jhich hadof~iled .

•
to .clivide fUt"tlter•.

In iHlOther pl unkton coll ection 'of mackerel eg9s ft-om a 1ater (Annandcil e
0.. '

'77t cruise into th~ lIeH York ~Uight" (see Discussion) 17,065 mitoses \'Jere
- .... e 0 •

. examined.in-30.'1-.Stage·VI. (tail-buel) yolk sacs fram 12 sample stations. Not... . .

". .
Sacs from wel1-developing. .

'.

unexpectcclly) the state of yol k-sac cell sand mi toses corresponded \'l~11. to
\

. the state of t.he embryo cells and mitoses.
. .

In~ckerel emhryos averaged 50-70 mit~ses. [1ean statJon percent abnorrral mitoses

'.\°1ll.S 6.1-12.0 fell' u11 out one station, \'/hidr hau 20.7% of its yolk-sac mitnses
\

nbnonnCl1: , . ..

....... ,

Cytologicul and cytogenetic measurements \'Iere summarize~ in mortality-'

Stati on'-ancl ,u'ca Vilri i.I ti Oll in initial s tudy of cytoloqi cal-cytogcneti c elevelop

!!!:~_llt. of eml~ of the· North I\mericul1 Atiuntic mackerel in s~e \'mt.ers of the

Nc\-! York ßight

Nicroscopic clata Hcre ootained on 50 of. 51 ~tations on a total of mor~

tlwn".4.030 embryos sampl cd in surface \'Iaters of the rJe\'I Ym-k Bi ght> nay 7-18:-

197·L

.~.......

mOl'ibun~IÜj' ~sUmi\tcs for the d'ifferent c1evelopment stages from cleavage (I)
• °

lhrough the' tail-:-fl'ee embr.}'o stuge (Vln at"17 to 35 different stations.

Criteria fot' cleavage (Stage 1) viability Here that the e.mbryo no~ be in a

stilte of cytological dcteriorution; tlwt there oe at least'one mitosis; 'lnd

tlla t ollc-fi fth ()f the Ini toses be Burmal. Criteri a for morlll a anel Qastrlll a
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Telophase ilTcgulitr1t~e$ tlppeur to be the best numericitl indicator of

. "

c,Ytotoxicily. mut:Clgenicity. and tilitotic index in the embryo itself. l hey

LIre readily olJserved (Figs. 8 and 9). P,u,ticularly at the morula "anq blastl-qa
.. . . .

~tagcs (Il and 'fII) thereare high inddences (oft;cn >50%) of chromo~Q!Jle ":' '. "

bridging. indiC:otive of chromosom~ stic}dness duc to general Cytotoxici~Y ",,::
.'O .: .. '.

and/or chromosome- breakage and tl-anslocation~ Laggard chrqmosomes and '

.
end V cornldlled; ,for Stages VI and VII the rnean of 23 stations and 6.~1 embryos

disodented d~rornosornes ou'tside thQ 'mitotic spindle are not 'uncommon at

telophase. "Incidencc of abnol~al t~lophases drops fit gastrUlation {St~ge IV)". .•

'-Thcre-apPCtll--also-to.'be-feHcr abnormal tc19ph.ases at the ta"il-bud and tail-free

crnbi'yo stage's' (VI':'VII)" than at' gastr~114tion and just after a"t St~ge V (cilrly

embryo)." -Ihe me~n of, 35 sta~ions ~;ld ~45 embryos· \la~ 12.3% for Stage~ I'V"

" \'I11.s,5.9%. "
. , ... ". ~

. .'
\ ~

, Ver.}' s"trik'ing \'Iere the \'lide,~iffe~enf:esinnumber, of mi~osing cons per

,"

, . "
emin'yo ilnlOng stat; ans for a11' stage eml)ryos avail abl e•. Compl ete cessatioo". ' ... .

of div'ision \'/aS nöt' uncorr.man in same efnbr,Yos.. nean number of telophasesper:

erllbryo vilried from astation 10\'l of 0.3 to a high of 93.7 for Stages IV-V

for 35 stations anu 845 embryos. For Stages VI-VII va'riution was from.O to

,,:.
" .""

1\1so stril:ing \,ltlS the de-differontiated nature of cells irr later-stp.ge' -... -.

110 'fal- 23 stations and Eiß1 embryos."- .

. ."

Clnbl"Yo' mi~lht be characterized by spindlc-shaped or othen/ise contortcd ~lIc'ei

embryos, nt certain stutions or the fClplty premature differcnt'iatioll' of cells. . . .' . ."

in early-stayc cmbl'yos. (Sec Fiy- 10.) " For exarnplc. a Stage 11 (I~orllln) "" ""

normall)' t'ypical of LI Stogc'V (corly embryo) \'lith advancing cell tli'ffcrentilltio'n.i
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b.el\./ecn mOl~tality-moribundity for thc several development stages anq telophase'.

'numbers \,/ere significant overalL 1he associations be.t\:leen .Stage·l mortal"ity-.
moribundi ty und otfjer 'stage es timates \'icre 'Heaker thall associations betucen

other stuges~ (-Although technically, the most sen~~tive) Stage I '(el~nVßDe) is
. ,,'" .. .. .

the most. diffi'cult methodologieally and als'o must be most subject, ta rnaternal

inf.luence - naturul and 'in regard to ~ody ·conta~inant.lo.ad.}
. .

, ~amples fronrthe several statiöT1s- varied \'lidely in egg viability (0 to
.. .- .. .......".. .. .... .. '. .. .

. 100%): a~::.ealculated_h·~re 'und also ip divi·siort.r~te as 'indi~ated ~bove~ i'lo;e
.. . .....

··:stationS7·Here--represented in Stages. fV~V (gastrula-early enibryo) mprtality-
.. .. .. ....... . .. '''. ~ .;" ". .. ..

'morJ,bunqity data than ·in. thc. ease ?f other stage data. Hortality-plOribundity
.. .j .. .. .. .. .. " .."". . .. ....... :.. '.

d~t~ f~r Stag~s iv-v \'lere äva~lable ?n ~ (7l':'1%) 'of. the stations.." For th~se
• .! . ."." ..

·..st'ations.,\,/hi eh ~i<J not have data for Stages' IV:"V rnortal i ty-moribu~djty ~ in-:

"'formai:io'n, from' other' development stnpes \'/as' used to ~stimate' the :~Bantity·,k.
. \ \ ...', " '1 . .

. ,.In·~general ~ .variances .from the reg're;;sion equations \'le~c larger than ,"
.. • .'O ".. • ..e.. "..

. ·those 'för \'/h; eh direet estimates eoul cl be mc:ide. To improve overull acctjrpcy... . :

Stein estimate~ \'rere, eonsequently u.sed. 1his technique 1S deseribed by

" Ef~on and l,iorris 17) ~ 18)~ and Dixon '19). F.i"gure 11 sho\~s 'graPhic~ilY 'the .. ~

'. Stein estimates' computed for Stage~ IV'-V mortali.~Y-·~Orib~ndity 'f~~ ,'th"c :
. . .. .. . .. ...... ..

several sample stations..: Estimates for the several stations. over thc Now ..
.. ..'O .. .. •

." 'Oe .. .... •

York Bight vilry uidely as seen in Fjg. 11. Stations \-lith least calculatetl
", • .. .."....... ..' ... • .'O

. m6rtal i.:ty--rnoribunditytend to be either about the periphery 'af tne large
; . . .."

.. .
* This \'1as clone by llsing the regression cquation \'rhieh included the CJata

knm,m for thc stati~n as the independent" vari abl es. Var; ance es'timatcs

of 'the e$tirria~~d percent dead or JnO~ibun~'\'/ere "obtain~d lI~ing ~he bi~'~mial
• 'l • • . • : ... .

'variance if dat~ were available~ an~ tlle cstimate of variance fro~ tlle

regression ii uds \'las tJsed as ~l)e ~stimate (Snedecor and Coc11~an 16»).
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.
(St~9~S II und III) viubility \'12re that the .ci:lbryo not be in a sttlte of

cytologicu1 detedorution; that mltoses o\'e~ the cmbryo'be orCIcr1y; that
'. .. ..

50;~ or r::ol-e,of th~ t~lophases bc' normal;' ~md thut t'llere oe at least.15, '. . . . .. ..

'.

"

te1.ophuses in ~ri embry~~ Criteda ·for gu~tr~la-e~~lY embryo (Sta9~~ ~y-y). ".

und for tal1 ....bud allel Üdl-free cmbryo.5 ·(Stages VI-VII) uere that 'ple embryo
, . "', . ,. .-'

.' ...
not· oe in a ·state of cytologi cal· deterioration;·that· Jts chromosorl!e> l1pt.·. . . .....
be i'n u general' stute of P}IY;iOl0giC~1 st~ckines's over th~'entlre ·~mbryP? ' .

that it have ·at least one telophase. llhen the late; stage.s st~died> VI find'. . .',

VII:> \·/Cre all deado~'morib'undthe~e \'Jus' an ~b'libUS trend fo: ali :~a~licr.· .
stag'es to be' dead ~r moribün~~ m·gh vi abil i ty of early str.;ges \·;eni a', ~ng" .

.Oo .' ~ '.. •• .. , '. •• '. • : : • ..

\'11th total viabi1i'~Y of Stu9~S VI 'aper VII. . Grossly ~eteriorating fish Grins

ilrc not cxpected' to remuin in thc l-lilter' coiu~~> and the ~ortaliiY~~Or~bun~ity
cstimatcs pr~sentcd herc are basecl p~ the ~ärli~st ~in:di~~tions of '~!1l~endi~g,

'. .. . .. ..' . '.. . .. . .'

crr.bryo death~ They nrc nn cstimatp pf differential station charactcrist'ics .

in respect tq m;-~l~~rc' embr;os~~ Tfl~-Y' ~r~ rqt ~ ~e~suremcrit of r8}~1 P;~ .~ '•.. "
'. ..' .' . . : : ..',. ..... .. '.. ~ ;-. . . .

ilbs~l ute egg filor~~11ty a~ t~e stat1qp? nl thollgh they infcr th~t ~~I~h tJiffers.
• . • .. : .. ..' . . • .. t .. .'. • .. ' ..

by station 0: st-qFion group: . ~eeTijP1e 1 for basic stuti.sti~s pn",lhe d~tit "
S W:1n\ari es • .... ~... I '.. .' • ~ : • 4t

. . .. . , . ..

Usin!j station-combined data> cQrrelation coefficicnts \';cre- complited for
,. . ..

. ,

:.. .e-:-_ .... '0.

a~d for. the mean number of tel oph'lscs pqr embryo ~nd percent embr!.os \'ii th

th~mortality-mor~'bundityestimtltes for Stages I,> 11> III> IV-\[> flnd Vr":VII>. :.. .

<15 telophases·at Stages IV-V an.u ~tfl.ge~ VI':'VII (Table 2}* .. lho associ 51ti'o'ns .
.. ! .

-;. All statistical "twalyses \·;ere performed by Dr. T~ lIo1forcl «nd H- 'Johrison>
. .. . . ~. i'

Department of' Biometries> Yule ~f1:iversity School of Epidemio199Y ilnd

Public Hea1th> Ne\'1 lIaven> Conner.ti~u~ 05510.
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'Hudson River Canyon (Area VII) ,faiic(! to dif,~er ,signifi,cantly from the group
. , .

cf stutions in the northeast ßi.ght periphery (Area V) \'lith lm:lest r~nked
. .. ..

. . .
mortnlity. Areas 1) II) and !II) in closest proxif!1ities to major dYlJ1ps1t~s~

"

. .
as se\'1ilg~ sl~dge and acid Haste) amI tre Hudson Ri.ver runoff> did not QlffCr
from thestation' group ~1 ong fleH' Je~se~' (Are~ VI) ~ This and th'c' clos~ ~q.tcil

, . ,

of' mortality in Area yln t9 the so~~ll and east of th'e' dumpsites '\'rltlJ that'

: '

••••
of the dumpsitc Arens 11 and 1II ar~. in agr'cemt:mt \'Iith the. general southH~sterly

'. circlilati~n ~f \'I~te~~n·the HeH'York ~ig~'t (H~~~r Resou~ces'Engineers) Inc~ 21h.
Discussicn

. .'
must bc thc sharply differing \'tater qualities at the Bight statiorl? \'Ihere.' thc ~. .. .'"

" ,

. ... ....
~ All mackere~ spn~ning in. the Bi ~ht) \·/hi c'h mllst n~mber in hundre'ds O'f

. tho~~~~d~7 come'fr'om the same.sout.l~·e~I1'contingent'of,NorthAmerica~ I\tlnntic
• .- • : - .' •• • • >

mackerel \·;hich feeq in the relativelY cleull Gulf of, l-laine,during s~mmer months

• and'" iye'\he rest of the: ye~r in, offshore' ci eaner \'I~ters''(sette lq)i>' tl~ß .
.. ..... .... . ..

usual habitat and surnrner feeding' 9roUflds of tpese mackcrEn und a1sQ tllCh'
. .. .'. . . , " ..

patte~'~ ~f migration into'nnd throug~' thc ßight (s~tte 15» mak~it likcly

that ;tatJons'sa~pledare unifonm ~n regard to thc contaminant bod~ burdens

._. of f~sh spm-ming at them... This;s 'probabl; cspe'Cially sb ~clative t~ \'lhat ;

,mackerel eggs st~died ~lere \'lere spaw~ed ..
~

Since completing this first stuc!y of Atl~ntic'mackcrel cggs cpllect~d
•• .. ..... ...~.. • .. . ." ; t - •

on the Hesu'/ard '74 crui se into the HeH York ß'j ght) a second cruis!=!,
• t :"

..... "

. '

(Annandale '77) "JaS especially plunned and conducted in the llight 'fpr the. . . .
purpose of taking concomitant samples of mackerel' cggs) chembb:y sp.mples=! '

. .- , .
and physi cal oceano~raphic measurements·.. The southern conti ngent of North

, .
American ~comber scombrus largely confine thcir 'spawning to thc UCI'1 York

I

i
I
i . , .

! .'"\~_~~:~.:"'~~~"-""-"~-:-"""~----:--'~'~~-;'~~~:~~-"---:-'.~-:--:-~~'.'-"<_"''-'''--'..'f~~~''~''~''~''~'~~~.~~$''. ..ca~-.~~_~~'r:.~~:~~'~~'t~~~~~:-?~~.:77:~~~;~;~«



area studied or a10ng Long,ls1and. that is. gcncrally most distant fram"
. .

coas ta1 zones and dl/mps i tes.' Because of the close correl ati0!l of the

severa1 measures made·on the eggs· froli} the Bight> and·the use' of other

stage data to cQ~p.4te estimates of mortality-moribundity for deve19pment
;. . .'

Stages rv":v> thesq estimates on ·the gast~ula-earlY embryo stages are
. .. ... . - .

reg~rded as ref1ecting re1ativ~ overall viabi1i~y for all the carly. devel-
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. . ..
, Sample stations\~ere grouped iq relation totheir geögrilphy~ proximity

.. ..
to major dumping areas) emd general )'later circulation patterns (\J~ter

',Resourccs Engineer?; lne. 21». 1\ f~\~ stati~ns \-lhi~h dirl not' fi/int~ ~ny
pa~ticular g}~O~pi:1~ H~re not'included> such as ·u station at ~n' inl:~t along

. . . ~ . : .

Long lsland. Difff!rences beh;2en tt!~ vadous groups' H'ere evaluat~:~ u~i~9
. . . ...

(.

opment stages.
..

•
. nonpararnetric te~t~ b~sed on ordedrig 'of the Ste'in 'estimates of e~g~' .

; ...
mo}'tql ity-mori~.un~ity for Stages.. lV-V • The Kruskal-Hall is tcst. 's~a

CO,n'over 20» \'Jas used to test \'/he}r~r ~her~ \'wre o~~rall diffcrßrf.~S· 'in .'.
. . . . - ".

mortality-moribundity amöng the arc~s. The overall test o~ diffßrenccs. . '. : . .
among :the areas \'las.statistJeally significant (T = 20.73> P<O.OSr. The

averag~ rank for nach area is 5hO\'/'1 in Table 3. H1th the ~xception of the" .
.

Long lsland coastal area «long \'Jhich a eurrent ef' clean \'/ater flows (Hater
21) . . '

Resoliree Engineers> lne. L 'the four of the eight station groups \'/ith
.

l~ast mortality, \'tere rn"eist di5tant from coastal zones and from major d!lmp-

si ies ..

All pai r-Hise tests \'lere performed to investigate \'~hieh uren~ seem_to
.

contril.>ute to this overall differcm:e. Results are given in Tahle 4. Only

the Leng Island ceastal group of stations (Arca IV) und the group about thc
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'.

from about Cape Hattera~. 'Laboratory s tudi es on other fi sh have de~~n

strated teiP.perature-salinity optima Ylelding the highest percentage Qf

viable hatch (for cxarriplc~ Hestcrnhugep e~ ·al. 23); Al'derdjc~ and F!:wrester 24))~'
. . . r·· .'.

HO\'lever:> in natul'"e' there must be a phy?iol ogi cal· a~aptat~on to \'lU~ers ·th.rouSh '

· \'/hich fish' s\'liin. Grouping of m~ckerel. tytOl~9iC~1-CYt~ge~eti~ a'~ 'grQss' . .

abr:lOrmality da:ta according to temperature:> salir;iti~ o~ combinatiori~ of tlle '. ' •. .
h/o ,d·oes,.not appear·to, offer any rea'dy or compl·et.e explanation of th~ \-Jiq:q . :' .: '.

: .. • ". ..oo .. •• .. ...". oo·' .: .. • 0. .. ...

variüt'ion-in ·Cytolo.gical1Y calculated mackerel egg viability or \'liqe varln-' .--. ". .. .... . ~ ..:: :. -
... tion' in'~äny of'the' ?eve}~al measured faciors consi dered separately... ;r'loS'~., ,.,

.. .. .. .. t ..

lik~lY; 'temperatUl~e"änd saliJ)iti a~t in nature in syne,rgism and/o~ pötuQQn- ~,
"; ..." .. . .. • ..:" .!.."

· i5m' Hit;h :ttle contaminants enhancing, pr ameliorating c:ontaminant cfip.~i:s 'pn;:
.. ~.. . . :" .. ,;

the e.ggs an~ eVEm the add.i tive and sy~~rgisti c effects of cont~minr.nts \rlt11'

· one':an~t~~r. 'l~ester~hagen et iU.~ 23) :descri'b~ the ~ombin~ci effect~/Pf '~~q-:"
.. .,.... ",.''. .": ." '. .. .: .~.'

mium und sal inity on development .and ~urvjval of garpike (ßelone bel one~ .. )

eggs in 'tl:~ laboratary: The eff~ct~ ~f tempera~ure and sÜlinity ur':tpe ~l~otic. '... .. ".' .... . . " .. ..
level are of interest and understandipg thern may be.of use in its·elf. 'In field

studies of pollution:> h~'d~ver:> theco~Pl~'cating' effects of th"~se' ~~'tu~a~""v~ri~
.. ~ : i .. .. ~.. ..

. "
. "'.

strategy.

..
abl es mi ght b~ d,esirably removed by "consi dering ~he'm in" pla"nning' spmpl ing' ..

. '. ". .. .. .. .' "" ...

." o.

":.: It is unlikel~ that eithe!", ternperature or 'salinity \"ould, a.ct ~s· Cl ,rn.Lr~agen
.. :... .. .... . ... .. ........ ~.. .." " ..

at the narrmol temperatu~e .extremes qc~u~ring in nature." .Concentrq~io~ 'th'en ~
. .. '.. . .. . . ~ .' ... .. '.

on more specific mutagen; c events in· tJw chromosomes of the yol k ~ac~' ~s " '
.. ; ..' '. .. ", l' .....

"opposecl to the less speci fi c cytology of' tiJe embryo proper~' caul d 61 irninat~
. I .

same problems in"intcrpreting field c)ata. 'Jo'ined into a membrane'three or so
. . .. .. ~ ..'.

layers thick at thc most~ sac cellst, ps they encircle the yolk~ should be in
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ßight {Sc~tc·15)L plciking }mpossibl~'thc'sirilplc camparisan of cg9s in thc
. ' . .' ': ~

gcn~rally pollutcq 13ight to some comparati.vclY icss-poilutcd ~rca ~~~5ide

of it. 'rlicrol~ycr and subsurfacc \'/atc;r and plankton Hcre surnplcd fo.r flei:\vy

metal an:\)yses (analyticul ::hemistry by Dr.· G. H. Hcaburn~ Nationul par~ne

Fisheries sCl'vice Laboratory:> Charleston> ·South Carolina) and for ~n~lysp.~ .
. . . . . . . ~ .. . ~:~.'

of ~clect par-affinic:> chlorinätedo: amI arom~tic hyd;ocarbons (unalytical . ". . .. ~ .' ... .. . . . ..

chemistry by Dr~ H. NacLeod~ National Harine Fisherie~ Service Labprat:ory f ."

Scattlc) lIashington). A total of '3~613 dissected embryos \.~ere' in ~~. " .:
. " . t., '

cytological-cytogenetic study and 4~315 embryos in a stuqy.of gross develop-

men,tal ·abnor.~alitics" As in the ?4~~11ection:>.mac~crele9g~ Show~~ l~ide •

station ~ariabiiity~,\'lith the severftl'cytological and gross develoPfl1~ntal... . . '.
'. . ."

factors measured ovpr several early embryo development stages show1n~ '900~ ,
. . . . . .." .. .. .' ... .

c·orrespondence. Three' of upproximatelY fifteeri dit"fercnt sets of. che~istry .
• • : ••• • l

samplc's \·;ith much lligher cOhtamfnan~ lev~ls than the ·oth.ers corr~SnQnq~d t'~ ,:
.. . ."" :. .. : '.. ... . .... .

thc threc biologict\l samples in \'lhich mackerel cggs shm'1ec.I nearly totql ..
• tI 'e

mortalit;-moribtindi'ty as calculated ~Ytol~9ic~liy and cytog·enetic~il:Y. ~T}1o
. .:... . . ." . .. ....~: .. . . .

independent s~a~'ist1cal studies are cprrently unden'lay cvaluating '~he . .'

corresp~ndelic~ be!'lj~enl>iolögical'~~(l fhemjca~ d~ta sets;..and a1~9.'~ilklrq ;": ,'.
into consideration station temperatlJr~ and salinity*. ,•. ! , •..••: ••

Atlantic mackerel tolcrate a rattler \'lide range: of tcmperiltu~eHoq··.. '" ..' ,

saii~i~y>-·s~~wni·ng· at ~ temperature ~~~ge of about lO-15°C and ~a '~~iinit; ....

Of'~bou~ 26.0-35.p 0/00 (Johnson 22)}~ uo;th 'American Atlc:uitic m~~}~~;el . '

. spawn along the coast' and along·Long Islanä as they migrate northHqrcl
.. \

* These data> along \'lith the full rcsplt~,of thc cytological-cyto9~riej:ic'Ftu~y
. , .

of the Heshlard '?4 crl!ise> are to pe, ~'lritten for publication - ~. Croshy .

Longwell> J. Hughes:> and D. Perry •.

' ..-.:-:-"_.~"'_~"'.' - :...:. .
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.intir..a te proximity tp \'lhatever contumipants the egg inbibes und the yol k

retains.

Uhile thc methods described here }'lere developed because of a l1eed fpr.

field data,. particularly in the Ne\'l York B,ight,. all methodology is ~irectlY

".
'.. .

and even more eas;ly applicable to eggs collected in·laboratory experiments. '

~ith fish and'their' gametes. A füll ynderstanding of the factors 9q~ernin9
. .., . ",,- .

reproductive. succe~~ in important commercial species seems possible ~~lY

C,. through a cornbination of field data on the cowm.rcial species, and.l~horatory· "

studies on often at least ~elated spe~ies. Not only have fish been lqrgely

b~passed by moderncytogenetics, the yertebrate egg has until rec~rtlY b~en
. "

little studied cytologically·and cyto~enetica11y due to unavailability of .

mammalinn eggs in large numbers. The fish egg) so well suited to 'cytogenetic
~. .

..
study of its yolk-?ac membrane and cytological study of its embryo? pffers

. . .. :, . . ~ ~ ~ .~.. .

s imul taneollsly neH possi bili ti.es for ~xperimeJ1ta~ ,:ssay and fi 71~ 1T1Q~1 tori n9

of the impact of ma~ine ~ontaminants," and f~r increasing bas"i c k~Qi-":i ~qg~ pf..' . . ~ ~. ; :
" .

the earliest vertebrate reproductive phase. '~ince t!le ob'ject: of ~Hch st~ldies

can be important resource species·,. t~e chromosomallY sensitive early stages

( of which are incubated in polluted surface waters ~f·the sea and' also readili
i

sa~pled in plankton) the matter is of timely importance and practicaluse.

:.
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T~ble 2. Correlati~n Coefficients of Cyt01ogical.Cyt;ge~et;c,He'asures on Atnm~ic ~iückerel Embryos in'thc Ne\:, Yar};,
.' ..... .."

Stage II ,,,St~ge III ' .:,' Stages IV-V":' , " Stages Vl-Vll
~1orula J' Blüstula ' Güstrulü-Eürly Emoryo ' , . " Tüil-bud - Tüil-ft'ee Embryo

% 'X log % I, .; ;. I 109 %
NortaHty- Mortality"; r'lortality-. I No. %(.1~ ',': 'Hörtality- No. %<15
Horibund; ty 11oribundity. Horibundi ty Telophases Tel opnüses, f10ri bund; ty, Telophases Te 1ophase:

Stüge ! 
Cleavage
can üdv.
next stüge - .471

., .

- ~587* ' ~.66.6** .599*,*

. '

"

I-.549*: q

I. ': i ' ,
.... .
, -.702** .683**' . -.035*

*P~O.05; **p <iJ ,01 j ***P<O.OOl,:.

,. '
.789**'

.494 .

... ',' .'

.719**

.... 727**~

, ..

..

-,476

-,478

. . ',609**

. '

. . '.

,,772**

, "

..

, .'
, ',647*

, .718*

.' .

~~29*** , -.683*~·

. .

.
" '.

"

••

, ',., "64**, , " ",0 .

. '

...., ... , , .

, ..

. "

.838***

, , '

.,' .

.• 836***

" ': ,

...

' ..

.,

..

'. ",

-.832***

-:904***
"

"

o. ,

" I

.,792***

. .

.877***

' ..

.. -, . "

. " ....

" ,

"

, ,, ..
. "..

"

. '

.896***

, ,.,. ".'

.'

"

.'

%<15
t"el ophases' ,

.10.·
, telophases.

.stages lV-V - '
Gastrula- '
Earl)' Embryo

log %
mortality
nloribund; ty

S'tage I! ":
Morula
%mortülity
r,lori bundi ty ,

,Stüge 1II -
..Blastula

;.:; mortnl i ty
'JUOribundity
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Table 1. Basic Statistics for Cytologicä1-Cytogenetic I-leasures on Atlan1:ic: Hackerel
Embryos in t~F N,eH Yor~ Bight* ., ' ' ..

No. of Heim Standard Hinimurn Naxlmum,Stations Deviation

:-
, . . . ~ . -.

31 8.9.':. .11.0,' .
. .

. 0.0 44.4· .
'.. .

"

.
'17 56.8 36.5 .- 0.0 10p.Ö

..

24 62.1 34.2
.

. 0.0 ,'·100-0. ' ,

:

.' . . .
30.5 .' 32.8 0.0 100.0
34.2 28.3 0.3 " '93 ..7
49.1 32.9 0.0 100.0 . .

". ..

**Sample size - 'total ~11 stations: Stage i·- 1589
. Stage 11 - 374
Stage FI -.' 541

*Uesh'1ard cruise;o l1~y 7-18> 1974.
• "0.. ..

.
0- .-. ~ -.:.

..
. 100.0

. 110.0 -.,
100.0 ....

. .. .

. ,"." ,

.-... .. ..

0.0
0.0
0.0

. .

, Stages IV-V" 845
Stages VI-VI~ '.: p81

37.7
37.2

. 39.1 . ' ~.

,

32.8
35~5

50.6

23
23
23

35
35
35

Stage I - Cleavage
~ \'Ihicn could advanc.e
to next stage

Variable·.k:k '.

Stage Ir - Morula
% dead or moribund

Stages IV-V - Gastru1a-
Early Embryo

% dead or moribund
mean ~ telophases
% \'11 th<15 t'e1ophases

Stages VI-VII:- Tail-b~d -
Tail-free embryo

% dead,or moribund
mean # telophases
%\'lith-<::15 te10phases

Stage 111.- Blastula
% dead o~moribund

(

c' '

I

I

• t". ... "" - ...
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Table 4. Pai r-Hi se Comparisons of ~tages ~V-V Gustrula-Early Embryo

: ·Nortality-Noribund~ty. Kr4s~al-Hal1is Test (T) ". . .

Geayraphlc.·
I J1.. III IV V Vl VBAl~ea'k *.- ~ ~

• Ir .. .. -:12
! .

'.•24 . .III, •55 ...
IV, 3.76 2.94 , 4·f.H;;,*

, , . .:

v\. 3.86** 4.50*";'- 5.QO~;':- . •80
... . .

.' .. V'I .
.0). .04 :1.91 7.1U'\-* .5.73r.;\-"

. . .. •
"'VII' 3.09 2.88 2.78 .36 2.47 8.47**

VIII 1.05 .57 .•53 4.81 ,'-;* 5.73** 5.59** , 3 .. 63

*See Fig. 11, for area subdivision of the studied portions of the New Y()rk :
Bight. , . . " .. ' .'

-125-

**" P< 0.05. " . '" .* •.'
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Table 3. Kruskal-Hallis Test for Differences .in Predicted

Estimates of Stages' IV-V Gastrula-EarlY Embryo
Morta1i ty-Bori bundi ty*' ., , .....

Average Ranl<ed f10rta1i ty**

Geographi c Area*~

-124-

, .1 II , III . ' IV V VI: VII VIU

31.0 3Q.p 26.4.' 10.9 5.2 33.4 14.7 ·23.4
, ;

*Overall Test for Differences: T = 20.73 indicates a significant
differeryce pet\'leen areas: P<.O? . . ,

**Large ranks penote higher morta1ity.

*"A'*See. Fi 9. '11 for' are.a subdivision of the studied portions ·of the
fleH York Big~t.' .:
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TAßLE 6.9: MORTALITYOF THE THIRD GENERATION OF THE PURE BRED LINES OF C. GIGAS BRED
~

IN VARIOUS REGIONS AND THE FIRST GENERATION OF THEIR HYBRIDS
(Imai and Sakai, 1)

Cu1tu re Gr 0 und· Pure bred '1 in'e 'G,

Hokkaido Miyagi Hiroshima. .

.. ,·,··"··'·H 'Y 'b 'f 'i'd F,.

Hokkaido x Miyagi x Hiroshima
Hiroshima . Hi.roshima ...x ffiyagi

Hiroshima x
Hokkaido

Uzu Gay
(48. 5-49. 2) 19.6 16.9 8.5 6. 1 23.6
~1egawd.. Bay
(48. 4-48. 12) 13.9 20.0 36.7 17.8 16.3 50.3 6.6
i'1angokuura ßay
(48. 5-48. 12,- 12.5 22.4 40.7 10.0 15.3 24.1 21. 8
t·' a t 0 Ya ßay
(48. 4-48. '12) 85.2 88.2 50.0 51.8 46.6 46.7

Pure bred 1ine G3
Hokkaido Kumamoto'

"H y b r '; d F]

, 'Ho k ka" i do x Kümamoto Kumamo to x Ho kka i do..-:...:.:...::...._-

Oominato Bay
!'1egawa Bay
Hangokuura Bay
Hamasl1ima
Kagami-cl1o
Gig Harbor

23.7
54.7
48.8

100.0
98.0
38.4

24.6
38.0
40.8
65.2
71.0
44.8

19 •1 .
42.0

95.4
95.3
17 . 2

24.5
26.0
31.8
94.3
98.0
38.0

I....
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TAßlE 6.8: GlYCOGEN CONTENTS IN THE FIRST GENERATION OF

PURE ßRED LINE OF HOKKAIDO BREEDS AND KUMAMOTO

'BREEDS OF C.GIGAS AND IN THE FIRST GENERATION

( ::,
I

OF THEIR HYßRIDS
tI~ai and Sakai. 1)

:: ~ :: ~:--,---r---.---;: ~:-~ ~: ~ -.~ ~ ~:-~ ~ -. ~-~ -.-
ground . Hokkaido Kumamoto

--~---------------~-------------tt

. H y b r l ..d F1 .' .

·Hokkaido x Kuma- Kumamoto x
.. nioto Hokkaido

. (7)·

Oominato Bay 16.3% 6.3%
t 10.7% 13.2%I

Nega\'la Bay ·13.6 . 8.6 I 12.5 10.9

t1angokuura Bay 3.2 2.5 - 3.4
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TABLE 6.7: SHELL LENGTH OF C. GIGAS BRED IN 4' REGIONS

(~ .. ] shows the who1e weJ~ht. g.
(Imai and S~kai, 1)

c:".:..':.

• tO

0
g 0

"0 .'- -4-'

.'- '.- ..c: 0

tO Cl t/)

~
~ tO 0

~ >, ~ E

0 -.- ',- ;:l

;x: ~
;x: ~

P

GI (27 months)

G, (29 monlhs)

G) (9 mon ths)

GI (2\ monlh3)"

-.---------..,------ --------
i~~mm I li;mm :~ mm i - mrn

121.6::::5.6 i 1l9.~:!:2S.' - 9J.6:!:U.3.

133.0:!:21.2 :. 118.\=17.3 10-).'=\2.0!
(2.1.9:=56.0); (179.9=53.9) (1~5.3=35.0).

59.1::11.1: 50.9=)0:9 53.9'::8.·1 i
(9J.6±i1.Sj: (6;U:=2IU) (32.2:=7.7) ~

13\.8:!:\9.0 89.0= 9.5' 8J.~ 1:9.5
(163.6±29.3) i (65.9::10.6): (~6.6±9.6)

* Cu1tured at Oominato; others were cultured in
Me ga \'1 a Ba y .

P:Parent generation (wild type):

first generatton
second generation
third generation

pure 1ine
ditto

ditto

." :...•. __._-..,.:._ .. -':.. _.
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TAßlE 6.6: COI·1PARISON OF CHARACTERS OF C. GIGAS BRED IN 4 DIFFERENT REGIONS (Imai and Sakai ,1)

seicep, S
tCllarac er . "

" , 1 Hokkaido . Miyaqi Hiroshima Kumamoto

Grov/th fastest ' , , , fast ' , . . ' , 's 1ow slowest
Size largest bH'qe small ~m(lJ1est-S he 11 depth - -sffafrö-W- i"'Tft"eTTIr- .<tL e be t 1'1 t;; I;; 11.. -.- .....

. Hokka1dö:H;röshima deep . ' deep

Ratio beh/een If1psh and VI ho 1e VJe i 9ht s smal1est small . , . , '1 a rqes't larqeI

Degree of smooth- Iness of she 11 flat somewhat \liavv ' 'considerably wavy considerably \'1 avy
I

Shell color grayish-white
I

intermediate betv/e en bla'ckish-purple blackish-purpleI, ,

I Hokkaido~Hiroshima
' . . . . . . . .. or brOVln

110 r ta 1i ty high in the I high in the southern high in the ,north-
'southern ar'ea . ' . 'a're'a' ' , . ' , . ern' area 10w in all, Elaces

1-Spawning period ea rly later than i n Hokkaido later than in Hiyagi earliest

J (matureeggs are
found during the

Hinter)

I: '

'.

, 1

, I

. .. ' '.
, ......
~

N
I



TABL E' 6,.5: PHENOTYPE FREQUENCIES AND GENE FREQUENCIES FOUND IN
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C'".;~
..'

••

LEUCYL- ß-NAPHTHYLANIDASE OF MYTILUS EDULIS

r- N

0. 0.
::s ::s
0 0
S- S-
Ol Ol

Q) Q)

r- r- r-
0. 0. ttl
E E +.>
ttl ttl 0

V) V) I-

phenatype (genatype) frequencies
1-1 o (0.2) 3 (0.0 3 (0.5)

1-2 5 (4.2) 2 (U) 7 (8.9)

0" 3 (3.~) 3 (5.6) 6 (8.8)
~ :~. 1-3

1-' o (0.1) o ( 0) o (0.1)

2-2 25(21.5) 24(14.3) 49(35.4)

2-3 27(34.8) 13(35.0) 45(10.4)

2-4 1 (1.0) o ( 0) 1 (0.9)

3-3 18(14.0) 3J{21. 2) .(9(35.0)

3-' 1(14.8) o ( 0) 1 (0.9)

4-' o ( 0) o ( 0) o (0.0)

"
~ Gene frequenci.es

1 .050 .068 .059

2 .519 .420 .469

3 .419 .512 .468

" .012 0 .0P?

1) -0.31 -0.491 -0.333

Sample Graup 1 \'las eallected from the \-/a te r 25 em. fram the lOHest
\'Iater-line;
Sample Group 2 \'/a s collected from the \'Iater 1 Jn. fram the 1awest
\'1ater-line;
( . . . ) sho\'l thc expccted values.

. - . ," . .. . - ,,". . ': . . . ~ - ,", .
• .- -"-~_.•.-, ,>T' • ~'.•~., -, _"• ..'tC ~ ~.•,'!" ~~ ~."",-",\\c"-",",....",.,:""•.•",, '-:?:-':">"'"~."



-190-

TAßlE 6.4: GENETIe POLYMORPHISMS OF ENZYMES AND EXCESS OF

HOMOZYGOTES IN 2 SPEeIES OF CRASSOSTREA. MYTILUS

AND ABALONE.

I

( (lJ

r- tIl
·w

('CI '4- .....
Otll ..c:

tj- w 0- •0 W.jJ ('CI

VI uo ~

VI VI.c c::t:n t:n

w ~O- w>, 0

E w~ +.>N .....
>, ..00 VlO r-

N EE .,... E ..0

t: ::JO XO .....
llJ Zr- llJ .c D co

21)

21)

21)

21)

21)

-0.33

-0.18

-0.39

-0.12

+
+
+
+

3

3

2 +(6)

3

Crcssos!"a tirg;"iea---·-----·--·-----·---·-- _. ------..-----..

AAT-1' ,

Est-3 5
LAP-2 5
f'G~!-1 6

GPI 4
Osl"a l"r;Ja ~ '>'

AAT 3

GPI 2

LAP 2
~IP 2
PG~r 2

Fir,elade /"cala (Gou!d)

L\P 6
Halioll's djsws "anlief

Est-F
Est-S

Slrombl/S l"h"allus
GPI
SOD

En z yme s: PGM: Pho~phoglucomutas"



TAßLE 6.3: GEN ET I C POL HlO RPHI SM SAN 0 EXC ES S 0 F HO NO ZYGO TES

IN ENZYMES OF C. GIGAS.

-189-

C
'
"

e,

•

VI
VI
aJ

I UVl
C!J XC!J
r- aJ-lJ
r- 0
ro lJ.- Cl

'r- 0>,
4-u 4-VI N
00 0.1:: aJO

0- UE
VI VI VlS- t::o
aJ S-e.; s-o aJ .c
E aJ:::: QJE -lJ
>, .oe.; .00 VI'+-
N E~ Er- 'r- 0
t:: ::J ::J X 0 Bib110graphiesLU z "'- LU

ATT 2 { 0 31)

3 31}

AC!' 1 1 37)

AK 1 5 + -0.26 ' 31}

Cat 1 2 37)

Est-2 1 5 31)

Est-F 1 .( 38)

1 .( 38)

L\P 1 5 + -0.29 31)

7 3 39)

7 ? 37)

~mH 2 { 0 31)

6, ? 37)

MI' 2 { 0 31)

2 ....,
1 2 33)

PGM 1 6 31)

~
1 4 40)

:. GPI 1 .( + -0.15 31)

SDH 1 3 + -0.37 31)

SOD 2 0 31)

2 { 0 39)

2.. _--_.-
Enzymes: ,\CI' : Acid ;>hosp!:atase

.\K : .\<le:l}·I.lIe kin:lse
Cat : C:ltabse
Est : EstN:lSC
MP : ~Ill~c!e protein
PG~.! : Phos:lho-:lucomulase
SD!! : SorLilc>J dch>'drogl'n:lSe

Refer ta TAßLE 6.2 far ather enzymes.
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TAßLE 6.2: GENETIC VARIATIONS AND"EXCESS OF HOMOZYGOTES IN THE

E. NZHIES 0 F THREE SPECI ES 0 F i1 YT I LUS. "

t .. ) S hO\'1S the numbers
of a11e10morphs.
gene frequencies
of which are be10w

0.01 ,

VI
VI
(J)

I U
(J) X
.-- (J) VI VI

.-- OJ (J)

ro ~ .J.J 'r-
00 ..c

~ 01 0.
0 OJ >, ttl

VI U N ~

VI ..c c 0 01
s...c. (J) E 0
(J)~ .J.J0 'r-
.0 0 VI ..c .--
EE 'r- .0
:JO X~ 'r-
Zr- wo D cn

(J)

c:;
(J)

(.!)

'r-

VI
.~

(J)

.0
E
:J
C

u
o
.--

VI
(J)

E
>,
N
c:;

LU

,.

.lf)"tilus ~du:is

AAT

AP

GPr
rCD

LAP

MDH

ME

6-PGD

1

1

1

1

?
1

1

7
1

1

1

Z

7
:2

2

?

3+(2) +
2

•
3 +(4) +
3 +(. 6)

•
:2

3 +
3+(2) +
3+(1) +
3 +(2) +

o
(2)

. { ~

2

2 +(3)

-o.n

7
-0.13--0.n

-0.33

-0.10--0.21)

34)

:!9). 30)

:!9), 30)

23)

23)

2~). 30)

23)

35)

20)

29). 30)

23)

29). 30)

23)

29). 30)

29). 30)

29). JG)

23)
M. californianuJ

GPI

LAP
~lDll

.ll. d.miss"s

7
?
7

-1+(1) +
6 +

2 +(3)

-0.30~ 0.39

-O.Sl~ 0.03'

19)

19)

19)

SOD 7 J + -0.092-0.197"

~E n zyme---Nam"es-'~-'"'A"I\T : A:Jparalc aminotransfcrasc
(Glutamate oxalo3cclale tra09amidase)

AP : Amino pepti,lasc
GPI : Glucose phosphate isomcra~e

JCD : !socitmte dc'hrdro::cna9c
LAP : LcuC)"1 )-napt!;rbmidasc

J.clIc)"1 ,J-napthrbminc h}"drolase
(Leueine :t:ninopC;Hid:l5C)

:'IOlI : :'>\:llate dehrdrngonasc. :-lAD o:<idorcdllct:lsc
~IE : ~blic enzymc

(:-'lalatc (khrdr",:enasc. ~Anl' oxidorc-Guctasc)
6 P(;O : 6· phosl'ho;:lucllse llch>",lrll~enasc

SOD : Supcroxide dismlllase
(Tt~traz,.lilllll .)xi<lasc)
(Tetrazolium rcJuct:lsc)

36)

* Excess of homozygotes
mature shell groups.

** Excess of homozygotes
of the tidal interval

found on1y in young she11 groups, but not in

on1y in the sma11est group in the uppcr portion
zones.
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COMPARISON OF THE RATES OF GENETIC VARIATIONS BETWEEN

MARINE INVERTEBRATES AND A FEW OTHER CREATURES

(

My/i!u) .Julis .
CraBos/na J:1'ccs
Crcssostua lir;;ir.;ca
}/on/arus am~r;CJnus

Limulus polyphorlus
Dro,op!lita ",dauogast~r

/>[us muuul.u ,,,us(ulus .

}/uman

.~ I
lf- u 0
0 0 E

.- 0
VI ..c:
OJ Q.j

-I-l t: lf-
(;j OJ 0 VI
S-. tn OJ

U
Q.j ''-

-0 -I-l .c
c·,... co 0..
ttS.t: S- (;j

0- S-
tIl· S-. OJ VI cl
S- o tnOJ 0
OJ E ttS+> ''-

..0 >- S- o
E.- OJ Oi .0
~ O' > >, .~

z: 0- e::t:: N CD

-----_...... _._---_ .._-.. - _.- •.._---
7/14 o. :;.) 0.193 29).30)

11/15 0.;3 O. :!1;) 31)

8/17 O.H O. C"5 +rt 21)

5/41 0.11 (I. (·33 3~)

G/~5 0.:5 0.t61 33)

8/19 O.H 0.119 33)

12/'1 0••9 0.C91 33)

20/71 0.~3 0.067 33)
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seeds. procured otherwfse. will be widely adopted. invo1vin~ various

er ea tu res. i n 0 r der tos uPP1y s ho r tag e s 0 f seeds; ;' n 0 r der t 0 i, nduc e
, '

spccies of seeds more suitable to the ~c~logfcal characterfsttcs of
, the

the fishing grounds; or tn order to improvc/~enetics of wild popula-'

tions. Actually'. the implantation of oysters and scallops is nowbetng

ca r r i e d 0 ut co In merc i all y 0 n a 1arg c sc ale ~ Thc, ;mp1a, n tat ;,,0 n 0 f C.'9i~

on th~ west coast of thc USA ts a commercial1y succ~ssful venture.

B0 we ver. co ncer ni !1 9 t he im 0 1a ntat i: 0 n 0 f f..::-lti92 in fra. nce. t he'reis

. '1' ,the . 'd '. fa l11gh probabl lty to causc /' gcnetlc estructl:on 0" Port!Jguese oyster s •

\'1 hich pro duc c t he F2 .hy br i d5 by c r 0 s s i n9 , ea s ; 1y . Bi, s tor i, ca 11Y fa 1110 Use
Europcan oyster grounds ha~e dec1ined one by one~since 1940. However.

t he s tr eng t hof f~i~tas i s du e not 0 n1y t 0 i t s gen e t i c chara c te r s •

but also it is duc to thc seed production techniques used. like the

strengthen;!1g treatment of seeds. Each' speci~s has its own character

i.stics. It is considered that the invertebrates. \'IlÜch. generally are

found widely. comprtse the charact~ri5tic local populations. as is

t he ca s e 0 f t he 10 c Cl 1 pop lJ 1a t i, 0 ns 0 f ~.9.. i gas. All t he fa c tor s 1 istcd

(~. abo ve . are val Ua b1~, r e 50 ure e'5 i n t he. gen e t 1. c bre e d'i. !1 9 s. t udie s . Nhe n t he

outbreeding or the artifici.ally procured seeds are ti.s·'e· d' 'in wild_

populations. the coriservation of wild populations in the artificial

"or ~ild conditions has to be conducted at the same time.

, '----------------------------------------.
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rates and to combine thc superior characters by outbreedi~g. the know

1e d9 e 0 f t here 1a t ion s hi, P be h/ e e n t he i. nc \' e ase 0 f he te r 0 zy 90 t e.sand

thc gro\'/th, the kno\'~ledge of t.he characters. govel'ni!1g grol'Jth Cas sho\'Jn

in AAT in oysters). and thc knowled'ge Üf the lJeri.t a bi,li.ty and thc "

genetic ~ain in each charact~r,are rapidly be.ing accumulated. Also,

it ~s possible to produce' secds ~ith bett~r cha~actcr~ than thc wild

sceds, depending on the adv~nces in gen~ttc breeding studies andthe

subsequent devclopment of the artfficial seed procu~em~nt, 'In order

to adoptthe ttrtificial seed procu·rcmcnt •.... of genctic

breeding, thc program and analysis are prercqutsitcs. 'It 1S consider

ed that thc widcly uscd artificial secd' collcctton will accompany thc

developmcnt of, genctic breed'i.~)g studies and will bc' of I?ractica1 use

i;-\ the future.

on t hc . 0 t he 'l~ ha nd, .1." t i s, co ns i der'e d t ha t t n .t he f u t u l~ e. S 0 me

genetic-breedi~g studtes and the resultf~g measures will be riecessary

fOl~'the crcatures, for wh.ich the 'artifi,c;:a,l seed' eolleetions have not" bCf

/,:,>,. adopted~ The reason bei.!l9 the' i.ncr'case: 'in hurnanacti:vities, like,
\.

settlements of varfous types of coh~tfuction in thc ~ea. ineluding

equipment for eatches. the increased production and culture; also

t h~ fa c tor of \'l a te r po 11 u t i.o n, ,a f f e c t i ~ 9 not 0 n1y t hc' s i z e ,a nd t he
. ,

structure of wild populations, but also th~ genettc ~onstituents and

thc' phenötypes of these. popul at"ions. Acc'oinpl i.shments. i.n the control

and measures of gen'eiie breedi~g studies" of wi.ld populations are,

necessary in order to adyance i.n thc' 'fi.eld or ha,vi~g suffi,cienci'es 7of'

creatures of ecoriomtc ~alue.

I mp 1an tat ion 0 f t he art i f i ci 'a 11 y pro cu red see dsan d t he \'I i 1d
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the other hand. hpwever) it is also considered that a method of cateh-

ing marine invertebrates grown in the wild will be adopted in the fu-

t ure \'Ii t hol' \'I i t h0 U t re gar d tos t 0 e k'i n9 t he art i f i c fa 11y pro e ure d s. eeds. -
or seeds obtained otherwise.

The quantities. of the seeds, proeu~ed mainly artifictally)

must be increased to mateh the quantities of \'li.ld seeds~·th.e SUPPly of

\'1 hi e his not e 0 ns ta nt du e. tothe .va r i ab 1e e nvi r 0 nlJl e ntal e0 nd i ti 0 ns. •

Thc higher the inerease of thc seeds artifieial1y procured) the more

involved are. their. genetie characters and eharaeteristics) the more

life activities and the better ch~raeters economically can be expeet

e d fr 0 m t he see ds ; als. 0, in'· 0 r .e "S ui tab 1e. 9~ ne t 1. e e h(ll~ a e t e r s f 0 r

eaeh fi.shing ground ·\d·ll be }'equired, as \'fell as "better methods of

eulture and of inereasi~g the produetion.

Thc increase of homozygotes, caused by the inbreeding, bei~g

ha r in f u1 toma r i nein ve.r tebrates, \'1 a's e 0 nf i r me d bY t h.e· cy t ~ 9ene t i c _

studies, the cross test and the analysis of poljmorphisms in 'the

wild populations.'

An artificial seed procurement on a l~rge scale is an experi

ment for genette breedi.~g studies also on a large seal~. Differently

from thc seeds produced in the \'lild by large parcnt populations) 1t

is possible to produce: genetically very inferior seeds by al·tifieial·

erossi~gs. As thc rcsült of thc' possibility to increas'c the su}~vival

. . ~ , "'.
" ' , '..,,'. " .~ .. ,.. ..-,. ~' -,~ .. '. ',--- ._.-

..
--.__ ...,.,.,~,._.,",- .•. ,,~. ,.. - .....~.: .. -~ .... , '-,-,
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their phenotypes were divided into faetors by analysis of thc varianee~

and were quantified. Heritabi1ity i5 thc ratto betwcen the vartance

duc to genetie faetors and the' enti.re vayianee. lolhen it i.s close' to 1,

the possibi1ity of a genetie eharaeter is large. It'\s expeeted that

eharaet~rs with heritability larger than 0.2 ea~ be improved by sel~e

tive breeding. The effeets expected from the ~eleetipn ~reshown in

. the column of expect'ed s.electi.ve effeci's {TABLES" 6.10 and 6.11}. ·"The.se..
val ue 5 s ho \'1 t he 'q uan ti ti e s ga i ne d by. q ne. 'g e noe rat i.o n 1!'l t he·· 20%. se1 e c t i ci n

,':"
0\.. ' of the shel1 s.

Vic\'li~g thc re.su1ts. obtained, some of th.ein 5ho\'[ heritability

1arger than 1, hut it is considered that ther~ rnay be errors in some

f i 9 II res . 1-1 0 \\I e ver, i n gen e r a1. man y c hCl r Cl c t'er s . s h0 \'1 h ~. 9hc r he d. tab n ity

t ha n e xpe c ted. 1fthehe d t Cl b i'l i t Y 0 f c ach. c h.a. r a c te r c a n be e s tima ted ,

t he. gen e t i c c ha. ra c t'e r s a 11 cl t he' c hara c te r·s. a f f e c t oe d by t he e nv i r onme n t ,

that is,. thc charactcrs whieh can be affeeted on1y by the improv~ments

of the fishing. grounds and cultivation methods,o can be distinguished.

<2")0 In this respect. i.t is. expe.cted that theev·aluati.on of heritabi.1ity

e \.Ji 11 pro m0 te not 0 n1y t heb re e d i !1 9 s tu die s. ob ut \'1 i.l1 als 0 pro v i d e .

i. mp0 r ta n t 9u i dan ce f 0 r bre e d i n9 a nd cu 1 t i. vat i.o n s tu die s .' Fur fh e r m0 r. e '.

it".is desil~able to organise experimentally on a 1arger scale the.se

studies, adopting the various theories and methodsof analysis.

In order to increase the production, culttvation andeventual

use of marine invertebrates', the followi~g are co~sidered to be most

important: availability of seeds and the cultivation and control
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A remarkable inbreeding effect onCrassostre'a ·viJ:.9inica. was

reported (27). In t~e tull-sib cross, 63% of their ~9gs were not

fertilized and only 3% of the fertilized eggs developed normally.

While, in the outbreeding, only 13% of thc eggs were not fertilized

and 70% of the ferti1ized eggs developed normally. Also, i.n the full-
'. "

sib cross lines, many casesof parthenogenesis were found. The occuf-

rence was 10%, but only 0.5% in the contro1. 'In another case, it was

re p 0 r ted t hat i t \'1 as 29%, buton 1y 7% in t h e co nt r 0 1. The s u r vTv a. 1

rate during the swimmi~g period of larvae 1.n t~e full-sib cross is

This dtfference increasesone sixth of that in the' outbreeding 1 i,ne.s.

in the later developi!19 st~ges of the laryae.

3.3 Ge~etic a~d enVironmental distributions

•
T he e nvi r 0 nin e ntal co nd i, t i: 0 ns 0 f t he f i. s h i,~ 9 9 r 0 und 5 va r y, de 

pending on the years and the sites. Thef~fore, 1.t cannat easi:1y be

clarified how much each character,in particular a quantitative ch~rac-

t e )', i s c 0 nt r 0 11 ed b'y t he, gen e t 1. c fa c t 0 }' ; h0 \'I, 9 r ea t are. t he gen e t i.c

C~" d i fferen ces, be t\-/c'en th.c, samp 1 cs; a,n d also ho \'1 muc h.' 'a rc thei, r c ha. ra c ters

affected by the environ~ent. ·Rcc~ntly~. Cl. theri~y of selective breedi~g,

1I s i n9 pop u1a ti 0 n 9 e. ne t i. es, ha's beend ey'e 10 Ped, \'{ i. t 11 ex Ce11ent 'r e s lJ 1t_.
i n a ni In a1 hus ban dry . This t he 0 r y a na1y zes t he 9cnc t i c a nden vi. r 0 n-.,
mcn~al distribution of all characters and provides important guidance

for selective brcedi!1g.

On thc basi.s of this theory, Lannan (24) and Wada (.25) studied

. L 9 i..9il2 a nd .!.:ic til~ (TAßLES 6. 1. 0 a nd 6. 11 ). . Th . .e procedurcs wcre ~fmt-

1ar for both species (28)' aft. e r s evera 1. 9r 0 ups \'/ ere C}' 0 S S edan d t he. i. r

offs pr i !l 9 \,' e r e c u1 t i va ted i. n t he s anl e . .conditi.ons, the di,stri.huti:ons of

. .
. -'--"--'-"-"--<'-~~- ,"_'" .- -,

. . _. ...": ~ "- ; ...... ...
" ..---... ~"" .. -- .' -'-"-".~ .,-~ - ," "
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3.2 Inbrec'ding a'nd outbree~ing

Va rio us c hara e t e r ist i es 0 f 10 calp 0 pul a t i, 0 ns 0 f 'f~ i gas are

observed clearly in the 1 - 3 generations of pure-bred ltnes in the

di f f e ren t fis hin 9, gr 0 und s > and i t is 0 bv i 0 U s t hat t hes e e ha r'ae te r i s, t i cs

'are caused by genetie fact~rs. All eha~acter~ of the first generation
-

(F l » obtained by crossing. show the inte~medtate~h~racteristicsof

both parents {FIGURES' 6.4 and 6.5; TAßLES 6.8 ,and 6.9). Similarly>

the taste h'as impToved by crossing with oysters bred' in Hiroshima.

In the first generation (F l ) of the hybrids> ~he mortality is low ,when
. ....

compared with that of the pure-br~d'lines~ ~xcept tn the case when the

Hiroshima breed was used as a ,maternal parent., Also heterosis was

found in this case (TAßLE 6.9).

In the second, generation (F2 ) o,btai,ned by crossiTl9 Fl >.

without isolation of any ch:a,r~cters>,ltke mor.phs>' a distri,bution

simi1ar to F1 was demonstrated. This shows that, ~irnilar to various
. ,

quantitative' char'acters knovlll. generall~"th.e' morphs and, glyeogen con-

tents are not coritro1led' by only one,~ene>'~ut are ~~htro11ed bj

polygenes •

ConcerniTlg many ani,ma1s> ,it ha's bee.'n' reported tha,t the i,nbreed-

i, ,n 9 de pres s ion > 9rad uall y dec re a s i n9 t he '1 i. f e 'a e t i. v i, t i es) in,'9ener a1 • :

i s ca us ed bY re pet i t i ve i nb re e di ~ 9 . Us i Tlg'f~gr~. a f u11 si b:.. c r 0 s s

was made for three ~ene.rations> ~ut no obvious lQweri~g of the life

aetivity was found. Howeyer> ,the fourth, generati.on' cou1d not be obtain-

ed inany of the lines and) wh~n a crossi~g of differ~nt populations, of

the,third, generation was made> a tendency to rec6~er' the health c~arac-

ter wasobserved. . ..~
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Bath thc \'Ihole bady \'Icigh.ts and the soft. body-portion \'/c.i.ghts

are heavicr in thc northern brecds with statisttcal sJgnificancc. as

demonstratcd in all test fishing grounds, .fram the Tohoku }~egion to

the Ariake Sea. Thc fatteni~g indcx* is larger in the southern breeds

\,/ h ich ha ve de e p s hell s. ,H 0 \'/ e ver) i t issmall c r i n t he Ku mam0 tobr e e ds )
than

\,/ h ich ha vc gon a cl s e vendur i n9 t he vii nt er) '/ t hat 0 f t he Hi. r 0 s h i ma br e eds .

Glycagen contents differ in the test r~gions. The Hiroshima breeds

sho~ed the highest content of all other r~gions, followed by the' Mtya

gi. Hakkaido and Kumamoto breeds.· Conce~ni~g taste, the. Hiroshima

breeds are decla}~ed oven/helmingly to be the best, as demOnstra,ted b.
the panel test; whi.le the "1iy~gi. and Hokkai.do breeds a}~e. said 'to be

the v/orst. The Kumamoto breed. \'tith its 10\'/ glycogen content;'occupies. . . ,

s ce 0 nd p1ace. Ho We v'e r) .i t i s c 0 ns i de re d t hat n0 qua n t i: t i es' 0 f. 91~'c 0 -

9c n. re 1a ted tot he d c.ve 10pm e ntal s t ~ ge s· 0 f ,t h.e s tor~ ge ti s s ues.'. a f - .

fee t t heta s te cl ire.ct1 y. ,b ut . t hat 0 t her fa c tor s \'l hich' 'a f fee t t he ta s. t e
, ,

comprise a wide range in the ~outhcrn breeds. [~.Acco~di~g to thc matu-

ration (spri!19-sumlllcr). the., egg spa\·tni!1g (summc'r) and the dcvelopmcnt

(~~ . of stol·~g~·tis.si1,~s·... ~.t.h_e~ 'chCiracter'i.stics and thc \'/c.ights of thesoft
.....

b0 dY po r t ion 0 f 0 y s tc r s va r y, 9re a t 1y. . Asan i. nde x tos ho \'1 t he S 0 f t .

body pOl~tion. generally the fattening i.ndex (c,onditi.oni!1g index) is.'

us~d. as shown in the fol10win9 ~quati.on: ,

.dry wriight pf soft body pcir~ion

X 100.
vo1ume insideof shel1

When measurirg the growt~y the weJght with seasonal variations i5 not

u s e d. b u t t he ,s hel 1 s i. z e. 1 i k e t he s re 11 1 e!l 9 t h. i s .u s ed . ]

.~.

·~·4. • • 4 ..~_••__._._... ._., _
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o f e 99san d a c t i ve s pe nD e.vc n i n t he c 0 1 d 0 f H~ 9a \'1 a ß ay d1I r i n9 t he

\'l i n t er. 0 n t he 0 t her ha nd" 'f,::,-:,g i .9~?_" bred i, n B0 kkai d 0 a nd Hi y ~ 9 i ,

maturc during the period from carly to mid summer. Thc follicles of

mature gonads are fu11 of evenly homo10gous eggs and spermin laigc. . . . ~ . .
qua nt i t i es. This iso bv i 0us 1y d i f fe r 'e n t f }'0ni ~9..i9 a s br c d ins 0 ut h-

ern r~gions, thc reproduct;ve ce11s of .which are very few in some de

ve10pi!19 st~ges and areconta.ined in the fo1fi,c1es,·.spacea i.n a cert-

ain manner.

Since 1961 ,1arge quanti.ties. of oy'sters havc' pcri,shed in Ha-

t s 1I S h i maß Cl. y . I t was co n S. i der e d t hat t h fs \'.! a s ca us c d bY a phy s i 0 10 ~

9 i c a 1 a bn0 r 111 a 1 i t Y re 1a t e,d tot he ma tu rat ion a nd t he ~9 9 s Pa \.Jn i!l9 i, n

overnouri shed condi tion5.', HOHeve.r, the' marta1 l.ty of 'C~ 'gigas ored

in Hi.roshima was found to be, 14%, usi~g the, llh.a!1g1~911 test in t1a.t5U-

s h i ma Ba y a t t he sam e 'p e ri 0 d .' Thi 5 \'1aso bv'i 0 U 51Y sm ci 11, \'1 heneompar e d

to the 40% mortal ity of ·L.tLg~, .bred· in Hiyagi. rt is th0!Jght that

this is c10sely related to the fact that most .of the boqy of '~.~.9i..9.~

bred i. n Ni y ~ 9 i \'Iaso c cu 'p i e. d bY ma t ur' e 'e 99 s i n 1a-r 9e .qua n t t t 1. es.all a t

ollee, but .~.:_.9.i~ bred in Iliroshima were not occup.ied by thc mature

tI gonads all at once (25).

moto, ~heri cultured in M~gawa Bay, followed by tho~e'in Hokkaido, Mi-

y~gi a~d ~iroshima (TAßLE 6.6). It is considered that this order is

not in ~greement with thc. ge~graph1ca1 ~tstriblltto~ and relates to

thc tendency of multi-maturation and to thc' temperaturcs necded for

ma tura ti on·.

.'.~" ... •... .. .. .....: .'.~ _.. ." . ~ • •• ...... .. .... ....~. " '..:; ..._111 ~......., ... " • .... ;.;.....
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Quantitative charucters and eeontimica11y important cha}'acters

of marine invertebrates have been studied on1y by Imat and Sakai (1);

als 0 bY La nna n (24) c 0 11 cer n i' !1 9 L9i.~ a nd Ha da C2 5} co ne ern 1.!1 9

Pinctada.

'.
3.1. Loca1 and r~gional genetie ~ifferentfation of population
. . . .. . , 'group's ".' , '.' '," . '.' ' '.' , . " ..

Ima i a nd Sa kai (1.) cl ar i f i e d t he" gen e t i. c d i f f ere nti a.ti 0 n. 0 f. 10 -

c. ca 1 pop u1a ti 0 n S 0 f 'L.9:isiCl s by art i fi ci a 1 fe r t i 1 i z a ti 0 n andar t i f i. c i al

collection of see'ds. Hh.en' 'L_9i9as, bred in Hokkai.do, t1iy~gi, Hir0-e

shima and Kumamoto, ,and 1 - 3,'gen'erations of purc-bred shells Hcre cul

tivated i~ thc ~ame conditions, the shel1 morphs, the flesh weight, the

rat i 0 0 f t he fl es h \<l e .i 9 h t tot he \'t hol e b0 dY \'1 e .i 9ht, a nd t he. 9 r 0\'1 t h

showed differences of a certain pattern, coincidi!19 with the ge~g~aph

ica1 distribution of the she1ls. Also, as the result of the lIhangi!lg"

test in several fishi!19, grounds, oysters bred in the northem regions,

1 i ke B0 k kai d0 a nd t1 i y ~ 9i, a da pted \'1 e 11 tot he fis h i !I g. gr 0 und s, 10 ca ted

in cold water at high latitudcs, but showed a high morta1ity rate in

the fishing grounds located at lo\'ter latitudes. Oysters bred in Hiro

shima sho\'/ed a sl.ight1y h.igher mortality rate in the fishing ~round~
at~.higher latitudes. Oysters bred in Kumamoto wer~ healthy, even in

~ ,

the cold \'tater r~gions.

The quantities of ~ggs spawned and the fatteni!l9 index, relating

to thc production of seed and flcsh oystcrs. showed dtfferenccs in 10-

calp 0 pul a t ion s. . ·h~9i-9.~, bred in sou t hel' n r ~ 9 ion s a 1\-1 ay s have y 0 U !I 9

productive cells on their follicle epithcli,ulll; .th~y fOl'm gonads thro~gh·

out the year; and tcnd to spawn cggs many tilllcs in one year.
, . . .. In a typ-

ical case; ~igas '~ bred in Kumamoto, can producc' ~ 'small quantitY
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i t ha s als 0 be e n l'e p0 r: ted t h Cl t no 1'\ AT - 1 typ e S l' e 1 (l t e to t he he t e r 0 

zygosity of. gene loci cf the other 4 enzymes.'

Results concerni~g shells have been descrihed so far; reports

about shrimps are increa.si~lg. Concerr:li~g Ameriean lobstcrs '(Hornarus

americanus) bred in eight r~gions. Traecy (32) analyzcd 28-41. gene

loei for eaeh sample. group and reported that thc overdominance of

homozygotes \'Jas found more in thc sample. groups obtained offshor'e,

and, especially, in one sample group obtainedin Maini, whieh showed

a n ex e e s 5 0 n a s.i 9 ni f i Gant 1e ve1. Co ncer ni ~ 9 t his fa c t, alt h0 ~ ghit

is eonsidered that the lobster populations are divided by eatehes,

there was no proof of this."

. . ... .. ." ...'. .. ...... .,. ...... .. .
3; Genctics of gua'ntitat.ive·characters' 'a'n'd 'breeding

Chara e te r s are us 1I all y e 1 Cl S s i, f i. e d i. n t o. e. i. t her qua n t l t a. t i. ve 0 r

polymorphie' charaet~rs. Like the variations ofenijme ~oleeules,' the

variations of several morphs are ealled pol.ymorphi.slil..**; while i.n the

ease of variations beh/.ee.n indivi.duals·, whe'n th.e:y are 'co'nstant and the

chal~aeters ean be measured only by quanti.t.y 01' b.y numbers,the.y are

called quantitative elülraefers. As' quantitati.ve cha'racb:~rs, there are

varJeties cOVeri!lg from morphol~gieal cha'racters (ri.ke body le!1g~h,

weight, skin color and the patehes of domestic animals), the rates of·

growth and numbers of ~9gs spawned, to the ~roduetive and M6ehemical

characters. HallY economical1y alld commereially impol'tant cIJaracters

are qua n t i tat i ve eh ara c te r s. [ ** Pol y m0 r phi s.m ~ 0 r j. gin a 11 y, pol y m0 t' phi sm

was used to express phenotypes 01' morphs. 'Sinee thc population studics

using enzyme variations 01' b100d types have advanced, ~olYll1orphisrn i.s .10'

defi ned \./i th re ga rd to. gene frequene i es. -] ..

. ' .~.. '. '. ....., ... -,.'... '. '., -. .. . ..' .:. ". . --," .." ~.~. _._. _._ ~ ~ --.~-_." .._~-_._ .._-_. _._-- .,~ -_.- -~_._ "" ~ ~--".__ ~._ .. ,'" ~.~ _-~"._ .., _.. _--_.' ..-- --- __ ~".- _.P-_ _'"'~ _~-__ ,.".-......- _ ~",,_.,._~_ ~._.~_~_._.__ ..-. .., _."
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pulations*. In this case, the rate of. genes. \'I.hich \'li11 be hornozygous

and thc rate of harlnful gen·cs. in the homozygotes for every generation

must differ greatly, depencling on thc individuals. As shown on thc left

side of FIGURE 6.3, .tn some eases, dcpending on thc individuals. all

gene loei are 'oec'u'p'ied by homozYgotes; but in other eases" no 'homo-

zygotes are present. It is considered that the homo- 0: hetero-zygo-

sity of individuals, ex~ressed by the sum of the polymorphic enzymes> '
. .

c'
show the homo- or hetero-zYgosities also in many, gene, groups (genette

background). Hhen the, gene, groups of a eel'tai:n "tndivi dual are more

horn 0 z,y 90 t i c, i t sg r 0 \'1 t h i' s POOl" a nd, gen'e ra 11y, i t per i she.S. I t 'i. s •

e 0 'n s i der e d t hat" i. n t his' c a 's e, t he s e 1'e c t ion d0 e s not dir ec tl y re1a te

to the polymorphism of enzymes, but to, ge.nöme.s.,' '[* Previously, 'the

deviation duc to thc equilibrium in the numbers of heterozygotes \'las

s ho \'Jn a s D == (Ii0 - 11 c ) / He. Hhe n t he 'i nbr e e d f n g fa c tor i s F. t he : 0 b

servcd number' of heterozygotes is expeetcd to be 2pq(1-F) == 2pq-2Fpq.

Therefore: D == [2pq(l-F) - 2pqJ/2pq == ~F. D ts equal to the inbreed-

i !l 9 fa e tor s \'/ he n i. t s, Sy mb 0 1 i s c ha n9e d . D val ue s i n TAB L ES 6. 2) 6. 3

(t-.., a nd 6. 4 s hO\'1 - O. 05 - - 0 • 55 ; hO\'1 ever. ,t he 'i. n b r e e d i !l g fa e tor s '0 f

half-cousin erosses, eo~si.n or sib erosses and the parent-offspri.!lg

erosses are 0.031, ~.063 and 0.25, respective1y.]

On the other hand, there are ,some cases,' \'/hen the polymol'phism

. of Cl single enzyme. like AI\T-1, reliltes to the, growth (FIGURE 6.3,

right side). 5ingh and Zouros(2l) reported that· it is diffieult

to eonsider that the AAT - 12 (p == 0.619), allelomorph \'Ii,th the hi.ghest

fr c Cl uc ncy i n t hc po pul a t i on •' ha s Cl 1i n k? 9 e t 0 a h u. r mf lll., gene \'1 i t h

eomp1ete dominance. on thc basis' of data fram other cases. Theyalsö. '

4
r c p 0 r ted t hat i n cl i. V i, cl U il 1s \'Ii t h ho In 0 Z Y90 II S A1\ T - 1 . g'r 0 \'I \'1cl 1 •

.'

'Then,

, .' ~ . • ..... •• _ ••••" ;o; • .J. ••• •• .: ••0 .' ~," .....
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are' (20,21); also that, with. lean shells, homozygotes appear with

greater frequenc>, thah that of heterozygotes' (22).

The following are corisidered to be the causes of the excess of

homozygotes: 1) errors due to collection methods; 2) the'existence of

Null or silent ~lleles· 3) there are differences botween the adapt,ed
J .

valuesof genotypes, therefore, gaps are produced in the. genetic .equi-

librium by selection (23); 4) a population comri's~s; several ·s~~-po-.

pulations. therefore, there is a Wahlund effect. caused by the mixture'

of Iarvae released from parent, groups with different. gene frequencie~

(19); '5) inbreeding or selective crossing in thc same lines (21).

Recently, 5ingb. and Zouros (il) reported interesting studies

of these problems. C6ncernt~g C. Vii9fnfca~ collec~~d at a plac~ on

Pri,nce Edward Island and cultured fot~ o,ne. yea.r; 'fi,ve polymorphi.c en

zymes were analyzed andthe res,ults are shown 1:n FIGURES 6.2 and 6.3.

'As one can see in TAßLE 6.4;C: v'i,rgirlica Sh.O\·/S' a s,i.gnificant ~xcess

(~. of homozygotes in 4 of 5. gen'e 'I,ocr; e'xcl'uded i.s one, gen'e locus, relat

cd to AAT - 1. Therefore, the presen~e 6·f m~ny homozygotes. shown in

TABLES 6.2.6.3 'and 6.4,' cänriot be ~xplained by co11ection errors.

A1S9. it is not co~rect to assume,tha~ the Null or silent a11el~appear

in var~ious enz'ymes of only shells or marine i.nvel'tebrates.

I n t he case 0 f Pcr' i~ ton, 1i ke 0 y s t er s, e \' en i f t he \·1 a h1und

effect \'tas caused by thc settlement of larvae, groups as a mass.jlroduced

by a cross of thc shells settling ne~t to each other or near by, or was

caused by the mixture of more than h/o groups of lal~vue, 1t is though·t

that there are considerable numbers of cases ofinbrcedi~g in the po-

'" ~--_.... -------
__ .•.•.•~". _ .••. _~ __ ~~_~ .. ~ •• _•• , ·,.~ "'.~ •• ·I~ ••"·•• ,.~y_ •.••, t,." ,.. ,. , " '.'''''_"'- ":v '">;.~- _~._~ •••• , •••• ~ -_ .. _ ". r _.
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which were procured from the coastal wall of Yamashfta Park in Yokohama.

on t he ass um pt ion t hat Ha r dy He i nbe t' gIs l a \.J ca n be a ppli. e cl tot his po _

pulation, the expccted values of all phenotypes were ca1cu1ated from

the gene frequencie~,obtatned, shown' in parentheses in rAßLE 6.5.

Hhen compari,ng the observed f,igures \·Jjth the expected values for each

phenotype, the 'öbse:ved fJ.gures wer'e larger for Iiomozygo,tes, as in, the

cases of 2 - 2 and 3 - 3; but the fJgures were·sma11er than the expect

ed values for heterozygotes, as in the Cilses of, 2-3, l-Z"a'na 1-3: The

differences between both fJgures are signiftcant, when they are ch~ck=

ed by the chi-squared test. Therefore, when these dif~irences are

'sho\'111 as D = }:[(110 - He)/He], the values obtained are slloNn in th~

bottom line of TAßLE 6.5. Ho alld He are the observed and expected

values of heterozYgotes,res~ectively. When the observed values ~gree

with the expected values, D = 0; but in the case ~f an overdominance

of ho m0 Z Y go tes, t hat i s, \'1 hen he t e r 0 Z Y90 te s' a t' e fe \,/ e r t han t he ex pec t 

ed values, D will be negative.

TAB LES 6. 2, 6. 3 a nd 6. 4 s h0 \'1 t he e xi. s te nce' 0 fan 0 verd010 i: 11 ance

of homozygotes on a s~gn'ficant level and also .the v~lues of D. In

general, phenotypes, coi.ncidt!19 \'Ji.th the expected yalues. a.re found e
. .

many biol~gical pQpulati.ons, ,lik.e fi.sh.TABLES 6 .. 2, 6.3 'a,nd 6.4 sho\'l

that there is an excess of homozygotes, but that there are short~gcis

o f he te r 0 Z Y9 0 t c s i n t hc vCl rio U s , gen e 10 c i. 0 f s hc.11 pop u1a t i,o ns .

Co ncer ni .n 9 t he e xces s 0 f horn 0 zy 9°t es, i t hil s bc en kn0 \:lll t hat:

1) an cxcess of homozygotes is found more often in young shells than

in matured shclls (l'9); 2) \'/hen .shells are studicd in the. same placc~

it is found that the bettcr their gro\'lth. the more .heferozygous they

.. ..".: ~ . .... ...~.'_.. ' '" ........ ' _.. -... _. . ..' ..-, - ....... '.~ -.... ~.
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to unimorphism. The remainirg 7 gene loei are unimorphisms. The aver-

age rate of heterozygotes. is 0.198. Thi's f)gure is .quite h).9h> \'Ih,en

compa\~ed to other species, similar to the' case of ·f~-.-9.i.9a.s. 1t is

considered that such h.i'gh variabilities are 'related to the differences

in enviionmental eonditions and geographical locations, which change

radieally. for instanee, the intertida1 z~nesand other coastal areas .

H0\-1 e ver, s i nces ta r fis h a nd s na i 1s 1 i ve " .. , .i. n de e p s e a s,. i ~ e. i. n' a .

stable environment. also have a similar vari.able, feature' to' thos'e in

TAßLE 6.1, it is hard to explain th1s variable faetor on1y by.envtro n

mental causes <.17,18) .

Coneerning bivalves and snails, Jike 'Mytilus;:Crassostrea , , .

, .

C~·,

•

and abalone," found a10~g the eoasts', thc enzymes \'li,th polYlllorphisn;s~the

numbers of, gene loei re.lated to these enzymes; and the numbers of

allelomorphs are summarized in TABLES' 6.2, 6.3 'and 6.4. FIGURE 6.1

s ho \'J S t he' dis tri, b ut ion 0 f t he n um be r s. 0 f all e 10m0r ph S ~. n e ach gen c 10

cüs. taken from the ~bove TAßLES.· Soli.d 1tnes show the distrtb~tion

of thc total data (excludi~g alle10morphs wi,th frcqucncies. 10\'IC'y, than

0.01, v/hieh are sh.o\'l,n in pa,re.ntheses in theTAßLES} .. 'Broken lines
. .

s ho w t he dis tri bu t ion re pres e n ted by t h,e fewe. s t num be r s 0f all el 0 nlO r phs' )

\'1 i t h d i f f e ren t da ta' co ne ern i.!l 9 t he sam e.. gen e' 1 0 c i, • Ave r ~ ge 'n um ber s .0 f

alle10morphs are 3.34 and 3.16 for each erise ..There are a little over

3 all~lomorphs in a polymorphie gene loeus.

I t isa mo s t rem a r ka b1e fa e t' i. n t he gen e. t i e pol y m0r phi sm S 0 f. .

shells that the overdorninance of homozygotes' ts found i~ high frequen

eies. TAßLE 6.5 sho\'ls the freqüeneies of phenotypes Cgenotypes) and"

thc gene frequcn,cies of Le·ucyl-ß-naphthylarnidasc·'in Nytilus 'e'dulis
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and fislI. Furthermorc~ these studies have been dcvcloped in various

other fields~ like population geneties and moleeular population. geneties

(16)~ Studies of marine invertebrates from this aspect were activated

suddenly~ after 1970~ partieularlyafter 1975 .

. '

TAB l E 6. 1 s hO\'1 S t he mai nt enancera te 0 f enzymevar i a t ion s i n

eaeh speeies or population. When summarizi~g the results ofall speeie~

studied so far~ polymorphisms* were found in near1y 30% of the' g~ne loei:

(' and it is generally eonsi.dered that t.he rati.o· of heterozygotes is 10%~

on the average. [* Eventually~ harmful. genes shoul d be bani shed by 4t-
leetion from populati.ons. 1I0\'~ever'~ sometimes thes.e. genes remain in

populations with. gene frequdneies be10w 0.01, ~ue to the bal~nee bet

ween the selection and mutations. Thc case when more than onc allelo-

'mol'ph eo-existS\vith a h.~9her· frequency (>0.. 01). than e~pected in t}lC bal

ance bctween the mutation and thc wild se1eetion~ is ealled polymor

phism. Some scientists ~orisider more than 0.05 is necessary.] That

i s ~ . i n ,n i nd i v i ci ual. t her e are di f fe ren t ki. nds 0 fall e10IUO)' Phs (he te-

/-~ r 0 Zy"g 0tc s) i n 10% 0 f t he. gen c "·1 0 ci. This f Jgureis. In uc h hJ. 9her t han
\.."

expeeted .. The strueture whieh maintains. genettc polymorphism with such

hJ. 9 h fr eq ucncy iso f e0 'n ce'r n tomany s c i ent i. s. t s. a nd t his ha s 'b een •

studied eontinuollsly from various aspeets and is sti.11 studi.cd· even

at prescnt. From TAßlE 6.1, ;t is elear that marJne invertebrates

have genctie polymorphisms with high frequency', as generally eonsidered

at prescnt, and some species have even h~gher frequenci.es thu.n the

above figures.

C0 ncer ni !l ~l "1-1 Y t 11 us·· edu1 iss ho \'I n i n TA ßL E 6. 1 ~ 7. gen e 1 0 ci, 0 r

50% 0 f t h c tot al 0 f 1 4 1 0 ci 0 f t his s p c eies \'l h ich hCl vc be e n s tu tI i cd.

ar(~ polymorphie. Among these, it \'las found that the'''rate of hetero

z y 90 tc s (a 11e 10m0 )' phs) .va r i es fr 0m hi 9h,~ r 0 und .0 . 02, 'v hich i s cl 0 s e



:.

I t ha s bc en kn0 \'Jn t hat 1n man y c r ea t ures. 1 i ke Dr 0 s 0 ph11 a. ehr 0

mosomal variations occur and are maintained in the same species. accord-

ing to the geographical or seasonal changes of thcir environment (9).·

purpura lapillus, a type of snail, has polymorphism. n ::: 13 and n :::: 18 •

. which 1s related to the environment of their habitats'" Also. it has

~ been reported that. since thcse'two types can be crossed.·snails w1th'

vario~s chromosomal numbers between both types are reproduced and the

Simi 1arly; no chromosomes of 'oysters vary behle'en thei.r. genera

or between thei.r s~ccies and tndividuals; also. thcir. nufubers are very

s tab1e . Ho \,/ ever, i n .~....:.:~ l' r g' i n' i ca. bred i n L0 ngIs 1a nd Sou nd. a bn0 r In a1

chromosomes or abnormal nuclear divisions !Jave been found \'Iith great

frequency (12). It i5 considered thai these'abnormaltties may have

been caused by poisons due to watcr pollution •

• 2. Geneti c polymorphi~s:m~ of 'enzynies'

8y skillfully blending t9gether. gel-electrophoresis. isolati!1g

protein moleeules with precision. arid the st~tni~g mathods specific t~

enzymes, developed in systems-chemistry in 1963; M~rkert ("3),. $ho\'I ct

al. (14) and Boyer et al. (.l5).demost)~ated clearly the genetie controls

o f LOH (L a ctat e de hydr 9gen ase iso Zyme s r a nd t he.i."r va r i. ati 0 ns i: n man Cl nd

cows. Since then. studies of the variations of enzyme.molecules have,

advanc~drapidly with particular regard to mammals (man), Prosophila.

• • ... : J:' •

·-:__;>t""'.:I'~';-'-'~~"~1'1' • ' ( ",...,. 'i:' __,~ ln,· "".~ ".,",.:~ '''; ,*''-c'.'' -~ ~~.:_ r";;. .- _~. ~ -.::~,'" ~ ,~,~~ ,- ----- -~-.,'r~.~~-,,~~.,.. ~, ,. ;.,,' ....;,•.•~.••_' '~~ , _.,. ""'c"'<"'"' '; \~,~-; _..,.':,..;..'" ..,_c,,,. ,.".,._. ,..,'- ,-, .:"0 ",.".,.. .. • '.'
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population-genetics and breeding-genetics. Ilere, these studies are

summarized and int)~odueed~ as v/ell as the future and the meaning of

the genetie breeding of marine invertebrates are deseribed.

1. Cytogenetic studies

Cytogeneticstudies constitute an important basis for breeding
, '

and genetic stuclies. There are already studies coneerning bivalyes ,

C' like oysters and some snails. Oyster spats are released in the inter

mediate stage, dllri~g the maturation division, bet\'leen the prometa-

pha s e a nd t he met ap hase I. L0 n9 \'1 e11 eta1. ( 3 , 4) de ve 1 0 ped a met h0 e
of 0 bs e Y' vi ng c hrom 0 S 0 mes c1ea r 1y a nd i n deta i 1 bY rem 0 vi ~ 9 ,t he fa t s 0 f

yolk granules, llsing thc micro-soxhletextraetion method. These seient

ists reported that the chromosome numbers of 'Cra'ss6stre'a virginica are

n = 10, and that chiasmata are ,found in their chromosomes. Thereafter,

chiasmata \Hre found also: i,i1: bivalent chromosomes during spermatogenesis.

Thcn, it was esta~lished that males and females 'cross over during game-
"

togenesis. Oysters cross we1l betwecn species'; also~ some oysters,'

like Crassostrea ~~ and C.' 'a'ngu1ata', easily produce second generation;

of hybrids. Chromosome numhers Of.~O~~ types of the GenUs' 'cra5S~

in the oviparity stageand Genus Ostrea in the larval stage are n = 10.

No~ton 1y 't he c hr 0 In 0 S o!TI a1 nu mber s 0 f 0 y s te)" s pec i es, ' butal so t he i, r

shapes are so similaf, that their types and, genera cannat be distinguish

ed bytheir shapes (6,1,8). Menz~l (8) studied 4 families Qf bivalves

and reported that all species in thes.e fan1ili.es have the same. ch.romosoll1e

numbers. In so far as it is possibleto know now, it iso considered

that less chromosomal differentiation occurs in bivalves at the level

o f cl ass i f i ca ti 0 n bel 0 vp· fa mi 1 i es !t
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ARTICLE •. 6

Author: Kenichi Numachi
Ozuchi Marine Research Center
Institute of Oceanography
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".

. "

• I N VER T E B RAT A

Marine invert~brates. like oysters. abalones and shrimps. are

commercially import~nt everywhere in thc world and. therefore,are tar

get creatures for reproduction. cultivation a~d catches. These marine

creatures are found along the coasts and inside the bays. More and

more every year. they are being reproduced in cultivation; and their

seeds are being supplied by artificial seed col1ectors by man.

t;.~ Cultivation of these creatures will be developed even further. usi~g

'-..

measures to promote the II cu ltivation fisheries ll
• the objective of.

• \'1 hich isa be t t e r pla nned re pro ci uc t ion an d . mo re e f fee t i ve us e 0 f

t he fis hin 9 9r 0 und s . Ho \'1 eve t'. t heb r eed i. ng an d. gen e t 1. c res eare h 0 n

aq~a-creatures. as wel1 as all other measures involved, are l~gging

very mueh behind agricu1ture and anima1 husbandry, both of which have

been ~tudied for a long time.

Imai (1) and Loosanoff (2) have studied genetics and the breed

ing of oystet"s (C. gi~) since the 1940's. Also. in the last half of

the 1960's. and early in the 1970'5, L-9.i9as have been studied inten

sively with the view to' improving cytogene~ics. genetic~biochemis~ry.

. ._.. ~ ....., ~ ._"-"------=-:.;.--...----
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FIGURE 5.8: RESULTS OF RECIPROCAL CROSS EXPERIMENTS OF RED

AHD GREEN TYPES OF SUSAßINORI(PORPHYRA YEZOENSIS)
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FIGURE 5.7: RESULTS OF SERIAL CULTIVATION OF WILD, RED AND GREEN

TYPES OF SUSABINORI (PORPHYRA YEZOENSIS), FERTILIZED

SPONTANEOUSLY
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FIGURE 5.6: CULTIVATION EXPERIMENT WITH THAlLUSES OF THE GREEN

TYPE OF SUSAßINORI (PORPHYRA YEZOENSIS)'

a: maternal algae. thallus with dapples of the green type
section (dotted areal and the wild type section.

b: maternal algae pi~ces) taken from the green type section

c: cultivation method of maternal algae pieces

e:

d:c' germination of thalluses and trichomes. generated from
maternal algae pieces

thalluses of the green type generated from maternal
algae pieces

f: carpogoQe (ieft). antheridium (center) and carpogone
generating carpospore (right). formed in thal1uses of
the green type

•
g: carpospores

.
h: trichomes of the green type.forming sporangium

i : shell-spores

j: thalluses of the green type genera ted from shell-spores.

'·e
A

{f&j
r·':::'~,\
(.:.:-::).

Vt'
\
'.,:,
,::.} .
:.. ", )

':'J
V

• - _.. - •• __ • _. I



"h

<3

FIGURE 5.5: RESULTS OF SERIAL CULTURE OF CHIMERA THALLUSES WITH SECTIONAL ,DAPRLES,CON-
,..

SISTING OF THE WILD TYPE SE~TION (BLUE SUD) AND THE RED TYPE SECTION (RED BUD)

pF SUSABINORI (PORPHYRA YEZOENSIS)
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FIGURE 5.4: BIO-VISUAL LIGHT ABSORPTION CURVES OF THE WILD AND

VARIANT TYPES OF THE TRICHOMES OF SUSABINORI (fOR-

PHYRA YEZOENSIS)
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FIGURE 5.3:
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FIGURE 5.2: STYLES Op CHLMERA THALLUSES WITH SECTIONAL DAPPLES

Of SUSABINORI (PORPHYRA YEZOENSIS)

H: \'1"i.1 d ty pe se c t 1'on

R: red type sectton

G: green type sectton
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FIGURE5.1. CHIMERA THALLUSES WITH SECTIONÄL DAPPLES OF

SUSASrNORf (PORPHYRA YEZOENSfS).

'W: \'Ii.l d type s-ect ton

R: red type sectton

G~ green type s.ectlQn
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considered that the,'red and, green types. of Susabi.nori,(Por'phyra' 'yezo-

e ns i s ) are co n t r 0 11e, d b.y a s i mp1e" re c'e s. s i: ve mut a nt. gen 'e \·Ii, t h 'd iJf e t' 

ent, gene loci. 'rt "las ,exped'mentally confi,rJne,d t,hat the color heredit1

of Susabino~i occ~rs. as a nuclear tnhe~ttance thro~gho~t the ~nttre,

"

life cycle.~ Also. i,t \'las. co'nfi,rmed ex'peri,rnentall.,y thal th,e color ty~e~'

of the ehimera-thalluses with sectlonal dapples' ~re.~enerated from

he terozygo te- tri c h'ome s.. "Furthe,rmo re'" a va.ri.a nt 0 f th.e. green tyP e.
. .

isolated from the'chimer'a thalluse,s \'15th da,pp~es.· of. green type s'eetions.

G-::.- alrea,dy is i.n eulti.vation coinmerci'ally. Th.e'ch:a.racteri,sti,cs of th.cse

variants. are:' h.igb. irnml~nity to the disease of "red-decomposition"; •

the dry products of thi~ type are h~ghlY flayorful; and their sweet-

ness i,s stro~g.

I t i s des i ra b1 e tod e ve1 0 P f ur t he}' t h,e', gen e, t i. c an d cu 1 t i. vat ion

studtes of the color types, deseribe~abo~e. and. at thc s.ame time. tol

ereate new speeies by crossi~g and eultivati~g on the basts of the

studies and aehiev~ments made so far ..

• •

..

--~._-'---~-~~-~------~-~------~--------



heterozygote-trichomes. and these chimera thalluses covered' ~four of

t he co 10r ty pes i s.o 1a ted i. n t he.· 'f i, r s t, gen er a t ton 0 f t hall uses. .but '

each comprised two or three ~olor types. Co~cerni~g the chimera tha1

luses \'Iith sectiona1 dapples of hlo color types.' all six combinati.ons

of the two color types. predtcted the6retical1y. we~e observed. Fur

thermot'e, it \'las clari.fied that the formation of the ch.imera th.alluses. . .',
..... ' .

with sectionaldapple~ ts not heritable.
.......

..~.. ".'

Miura (4,12) reported that chimera-thalluses \'Iith sectional

dapples are formed by a mutation of nutritive c~lls in the thalluses .
..

• HO\'1evet',. consideri!1gthe re.sul ts of the' ab.o·ve, cross experiment. and

the fact that the freque.nc'y of these' c1dme.ra,-,thalluses'reached 80%

in cultivated populations,.~t is not appropriate. to assume that the
I

chimera-thalluses with sectional dapples are in fact formed b'y a

mutation of the nutritive cells.

I

•

Similarly, ~ith r~gard to the formation of dappled chimeras
............... - .. . ... . ,

(mo~~ics) of 9gonori '(~r~til~~ia), established.b'y. VanderMee.f ·t7}. '

it is considered that • .i.n the.· 'ca se. 'of Susabfnori. (~o;~p'hYfa··';e·;~:e~~·i.~.).

the ch'imera-thalluses \·iith 'sectional da.pples·,are· forme.d by' the. germi-:

nation of spores with two or foul' nuclei of different color tlpe~.

wht~h are produced due to the' mitosis 0ithout the cytoplas~i.c fission

in the stage of mei6si.~ of the·.heter6zygote-tiich6mes,

According to the resul~of t~e reciprocal ~r6ss experime.nt

described, usi~g the re.d a.nd. green types, ~.t was cla.ri.fi.ed that, in

the 'crossi!lg of the' monQecis.m - Nori.• the helel~'ozy'gote-,lr'ichoines'(hy-

brtds). can be isolated. usir g th~ color variants as ma~ker~.
..

It \'las

. .. . .' '. ".: ., _..~ ,:.. ~' ~:. ," ;" . , .'



-152-

these trichomes of the \'Ii.ld types sho\'/ed tlLC i.s.olation of the color

types in the first. genc.ration of thc thalluscs, ,i.t 1.s: consi,dercd that

these trichomes are heterozygotes'. Am0!19 ,the:color t'ypes isolated,

the red and green types are apparently.of the same. ,color type as the

, .p are nt s, a nd i t i s ~ 0ns i der e d t hat t he ye 11 0 \'l .a nd vii 1 d typ e s are re c 0 mb i

nations of thc t'ed a,nd, grec'n types. Since. th_e,' ch.rmera:~thall uses \-dth

scctional dapples compri.se a' combi."nation of th.e, ·re.d·L grcen~ '1 i1d or', :"

yello\'[ types, it is considcrcd that thc'co'lor types of .the chimer,a-thal-'

luses vlith sectional da.pplcs areshowt!1g i.s.o'la,tton of the color types

si milart0 t he t hall u s. es' Wi t h 0 ne Si!1 g1e 'c 0 10 r ty pe. ' Thi. s .;, sol at i o.'
of the color typc of the. parents a.nd of thc, color type of the recom

bination into foul' kinds of color types show~ that the ~e~ and green ty

pes are contt'ol1ed by a si.mple. gene \'I.i.th di.ffercnt. geneloci for each

of the colors. Als.o, since' the, color types of .the heterozygote-trichomes. .

' ...
for the first time in these cross-ex~eriment~.

isolati!1g foul' of the color types, are thc wild types', i~ is. corisidered
thc red and green types at'e rccessive; and that

that/the thalluses. of the yellow type are ~ reco~bination type with

genes of both the red and, green'. types; as v/el"l as. thc' thalluses' of·

the wild type, which are a fe.combin~tio~ type· witho~t both the'r~d and

. green types. TIJe yellow type was a color variant. generated and isolated

,<'

Duc. to th.e, 'v~.ge.ta t i. ve.rep rod uc f;'on 0 f S'u·sa.b i.. nori: '(Po rphy'ra' 'ycio-

"erJs i s) 1 i, bera ti !19 monospores trieutra 1 spo re,s') du r i.!1 9 th e' p1umu le. pertod,

it is difficult to obtain the isolation ratio of th~ ~olor types accu

ra tely. The}'efore, i t has not yet been' cl a.ri ti,ed \'/hethcr the. gene

loci of the red and, green types are i.n, the same. C!J.'t'Olllosome., or in di.f-
..

ferent chromosomes. Also, .in this recipfocal cross ex~erimcnt, the .

chimera thalluses \·lith sectional :dapples .\'lCre. generuted from only the



Hhen the red types \'lere uscd .as matc}'nal a~9ae> red and \·/i.ld

typ es \"1 e r e gen c rat c cl i. n t he' f iy s t. gen e rat i.o n 0 f tri, c h'o 1Iles. I n t he f i r s t

generation of tha'lluse,s'~ on1y the red types' \'Ierc. produced from the red.

types of the triehOme.s; red, .green~ \'Ii,ld and yello\\' types and the chimer,
.' . .

•

. \'Iith sectional dapples' \·/ere. ge.nerated from ·trieho.mes .of the \·tild ,types ..

Host of the chimeras. vii fh secfiona1 dappl e.s have. t\~O .di.fferent color

types,' having rece'ived them from the red~. gre.en·, \'d,ld (;nd yello\'{ t'y·p~s~'

In some cases, the chi,me.ras h.ave two different color types .and.'the same.

color type oceupies two seettons. Also, ~ometfllles th~ chimeras have
. .

three different color type.s. In these ·cross. e.xp~ri,ments> in all the'

reciproeal cases, tri.chomes· of the. \·tild type. \'wrc. generatedin addition

to the same color typc aso the.' matcrnal a)gae,·Th.en, fron! these tri

chomes~ the \"tild~ .red>. gre,en and ycllow type.s· and chimera.s \'Iith sec

tiona~ dappl~s were. ~enerate.d.

. .

From t here s u1 t s 0 f t he abo ve l' e e i pro eale r 0 S S ' exper i me n t s. ~ i t

\'las 'clarified that~ in all reeiprocal Cl'OSS' eases,' in the first. genera

ti.on of thallus'es, ther'e are h/o types of trieh.omes: th'e trieh'orll'e; \'/hich

generate only thalluses with. thc ~ame color typeas th'e color type of

• t he ma te r'n a 1 a ~ ga e :i. n t he f i, r s t. gen era t ton 0 f t he. t hall uses; arid t he .

tri~homes whieh gcne.rate. .the wtld t ye.d~.~re.eh and ye.llow. types und.
"

ehi.lneras withse.ctional da,pple.s of these. eolQr t,ype.s.,· 'Since the tri.

ehomes wh~ch genera te thalluse.s wit~ the same color types as ·thc color

types of the maternal ~)gae show the samri color type~.as th~ maternal

algac, .it is eonsidere.d that these tri.chomes are a~parently homozygotes.

a t tri. buted tos elf- fe. r t i. 1 i. za ti 0 n • 0n t I).e 0 t h.c.r' ha nd ~ t ~l e t }' ich 0 me s

\'1hieh, gencrate the .\~ild, .red" green and ycllo\'1 'types" and etdmeras \'Iith

sec.tional dapples sho\'! the same color types as the \'1ild types. Si.nce

, . . . ..

I-~~,-:~,:,-~-:., ... ,." ....._...~-:.~~"-.--_ ... .:-_~..._,.. _~,.;.'"' ..... --~~~' '-'~ ....-< ":~'~''':''--'''.~'~~-~•.• :' .....:,.'''"'~.~_•.._~:-:-._.:.•.:..,~_:"~.~-~, ....,,.-::-'~,;.~:;:.;..":'?;~7-~:p·
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•. 0.

'2.'4 'E xper; men·t '0 f a· 'te d pro calc 1"0 s S. 'o'f the' red 'a n'd '.rr.ree!!.
. types, ~l4)

In order to analyze the genes of the color types of Sus~binori

( P0 r phy r a ye z 0 e ns' i s ), re c i"p r 0 cale l' 0 S sex pe. l' iJn e nt s 0 f t heredan d. ~ re e n

types were conduct~d. Nor; are fert~ltzed by settli~9 of the sperm,

liberated from the ~at~rnal body! on the ferttlizatton cone of the

carpogone {~ggL matured i,n thematern'al öo'dy,. The fertili.zed carpo-

gone generates several carpospores.· Si'nce not all sperms are capable...
of movement, they are moved mainly by ~he f10w of seawater. The thal

luses of thc different color type~, whtch' ~reviously had been culti- .

va ted s e para tel y, ,\'I e l' e pu tin t h'e sam e co n t a. i. ner' \'l. he n t he i r . ma t urat.

commenced and Here cul tivated to 'maturity .. Si.nce Susa.binori (PorQ.!!.y-

ra ye z 0" e ns i ·s ). are In 0 n0 e cis, Ylri c, i f t he ca l' POS po l' e s are co 1 1ec ted fr 0 m

the thalluses of all color types of the cr6s~-combinat~ons alld are

cultivated for their followi~g, generations, th~ ieci~rocal cr6ss ~x-

periment can be cOllducted at the same time. In this experiment, they

\'1 e l'e cu 1 t i va ted fr 0 m t he f i r s t, gen e rat; 0 n 0 f t he t }' i. c h0 me s tot he f i. r s t .

. generation of the thalluses. The'~esults are sho~n in FIGURE 5.8.

In the case Hhen the, green types wel'e used as m~ternal. a~ ga~

green and Hild types were. generated' i.n the firs.t', generation of thalluses

"On 1-y gre e n type s were, ge nera ted from tr i. c hornes of thc. green typ es'; . a nd

the green, red, v/i.ld and yellow types and the ch,i.. rneras \'li.thsectional

dappl es \'fere, gen'era ted from trichomes' of the: \'Ii 1d types. Host of the

ch.tmeras·with sectional dapples have two different color types~ h~ving

reccived thern from thc.. green, r,ed, \'lild, .oryellow types. in 'sori1e cases

t~e chimcras havc two different color types and the same color occupies

t\-~0 sec t ion s .
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On the other hand, the triehomes,which generated the same color 1
as that of

.pe/the materneil aJgae, colo}' t,ypes, other than the maternal and the chi,-

meras \'Iith secti,onal dapples 1.'n the first, gene,ration of thallllscs •.
ShO\-led eons; stently the, \dl d type' \-11 thout any rel ati on to the color

type of the mater'nal a)gue. It iso co'ns.i,de.red ,that thi's result :s,h.O\'l.S

that the isolation of colo}' typ~~ ta.kes place' 'i:.n the 'fi.rst. genefati.on,

'of thalluses .. Ther~fore, it sho\.~ed,'.th..a,t the, t:ri,~ho'mes' of the fi.rs't·

generati.on , \'lhi,ch: i,sQlated th,e' color ,type,s i.n the., fi.rst, generation

'of thalluses', were heterozygotes. A1so, s i.nce.' a 11 th.e hete.rozygote.. . '

• trichomes were the wild tYP,es,' both the. red 'and. green types, are reces

s i ve tothc ...li 1d typ e, . From t his re: s u1t, .i. t i.~' 'c 0 nsi, cl e re cl t hat bot h

t her edan d, gre e n typ e s -a reInut a n t s co'n t r 0.1 1e d' bi a s' i'!TI P1e 'r e ce's s i. ve

gene.
, '

Furthermore, ,duri,n'g thi,s cul ti,va,ti,on e.xperi.me,nt,' the chimeras.. . . .

•

. .
...dth 'sectional dapples, were. generated onl,y from the.hete.rOzygote tri.-,

chomes'. The c?lor type.s' comprisi!1g chi,meras \'li.th.,se.~t{onal dapPles' ,

matched tn color the c~lor types isolated in the first generation of

thalluses. Tt i~ considered that this fact roust b~ closely related

to thc struct~re of th~ ch.imera with ~ectional dap~j~s:~

Concerni.!1g all th.e thallllses of the ~t1d,. ye.d and green t,yp~s,

fertilized spontaneous1y,i.f the isolatton ~ecl~riism in the first, gene

ration of thalluses can~be ~larified. USi!19 their color types as ma!

kers, the combination' types of the crossi!19 in thc fi,rst generation of

tri c ho mes ca'n b~ 'n S s 1I me ci . I n t his c 1I1 t i, va t i. 0 n ex pe ri me nt ,on1y t he '

follo\'li,ng crossi!1gcornbinations \'lere found to be heterozygotes: the

\'Ii.1 d type X the" gre.en type; the red .type X ,the \'1;,1 d type; the

green type X the wild type; and the wild type X thc red type *

(* not s ho \-111 i n FI GUR E. 5. 7 ) •
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the chimera with sectiona1 dapples were genera ted from trichomesof

the wild type. Thi~ chimera with sectional dapp1es consisted of a

combination of the wild and green types.

From all these results, it was established that: concernin~

"

the first generation of thalluses in this cultivation, in all cases,

of thal1usei of the wild, red, or green types, there are two kinds o~

trichomes: one kind is trichomes which generate only thalluses of the

( same color type as the color type of the maternal alga~; and the other

ki nd i s tri c h0 me s \,/ hi c hg e nerate t he same co I 0 ras t he mate r na 1 al 9~

a different color type from the maternal, and also chimera .thalluses

with sect~onal dapples. The trichomes generating only thc same color

type .as the tha.t of the maternal algae in the first generation ·of

thalluses, showed constantly the same color type as had the mater~al.

ai ga e ~

Concerning Nori, it is considered that its chromosomal n~mber

i.s 2n in' its trichome, but that it is n in its thallus; and that
(::....,
\:: ".- meiosis takes place in the trichom~. If this assumption is correct,

the resu'lt of this cultivation sho\'ls that: the isolation of the colO_

types did not take place in the first generation of thallu~es, .gen~-

rated from trichomes of the same color type as the color type of the

maternal a~gae; since trichomes of the first generation are of the

same col.or type as the color type
..

of milternal algae and a.ls.o of
. ,

the same color as the color type of the first generation of thalluses,

these trichomes are homozygote~. Since Susabinori (Porphyra yezoensis)

are monoecismic, it is considered that these homozygote trichomes are

genera ted either .by self-fertilization or by cross-fertilization with

other algae,having the same color types.
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2.3' Seri"a·"·c·ultivlltion of thallüsc's' 'of thc '\'lfld, 'rcd 'alld
.grc.en types, bred spontancous.1y. (13)

Thalluscs of thc wtld and green types were collected from a

natural pO!lulation which !lad them togethcr. The thalluses of the.red

type were co11ected from ~ natural population whicll compr~sed wtld

typ es , in\'I hich t he. red typ e wa sf0 und mi xe d • Us, i !1 g these t h'o 11 uses

. for each color type, ~ serial cu1tivation was made. from'the fir~t ge-
. '- :, .. - .' '.' .-.:~ : ~.. .:~':~"

ncration of trichomes to the first. gencrati.on cf tha.lluscs. It \'las

found that all these tha11uses had fertilfzed spontaneous1y and ma
l·
\..... tured i.n the naturally-bre.d population, Th.e result of th.e serial cul-

• tivation iso sho\1n in FI"GURE 5.7.

In the case of thalluses of the wild type, in.the first gene-

ration of trichOmes, only the \·dld type \'las. produccd. In the fi.rst
'.

generation of thalluses, only the wild type wasproduce~ from the

trichomes of the wild type; als~ the 'wild and. green types and the

chimera tha1luses \·lith. s'ectional dapp1es \'/ere generated from ~·tri···-·: ~

dapples consisted of a combination cf thc. \-lUd and.·green types. In

t he ca s e 0 f t hall us. e. s.·Q f .t he. red' type,' .in t he. first. gen era ti. 0 n 0 f
. \'/il d

trichomes :';~thered a.~d/types were produccd .. In the fi.rst. generation

of- thalluses'~ on1y the red type \'H1S generated' from trichomes of the red

type; and the red and wild tyPc.s; also the chimera with sectiona1 dap-

p1 es \'lere. genera ted from tri ehomes of the \·Ii:l d type.. Th; s chi mera

wi t h s· ect'i 0 na 1 da pp 1 e s e 0 ns i. s ted 0 f a. c 0 mbin a t ion 0 f t he \'l i 1 d .and red

typ es. I n t he ease 0 f t he t h0 11 uses 0 f t he. 9r e en typ e. i n t he f i. r s t .

. generation of trichomes,' .the·. gr.een and'\'Iild types\'I.cre-produced. In the

first generation' of thalluses, on1y the. green type \'JilS, .generated fram

. tri chomes of. the g\'''e'e'~ type'~' and ..:t·t~e::~i;~ee·n ä~fd<\'ln d ":t~'pes;, .~·~:s"'·'\./efl "as: ~

( .. ~::-.'

•
chomes of the'wi1d ~y'pe.· All these ch.imera-th.alluses. \'ll.th 'sectional



-146-

consisti~g of the \'Iild and, grcen types.' Usi!lg this small, leaf po~tion

as thc maternal a)gae. a sedal cul ture, '\-/as made. The yrocedure and

the resultsof the cult~re are shown in FIGURE 5,6. This small leaf

portion produced thallus and tricho~e germinations. Thallus must be

formed by means of r~generatio~ of nutfitive cells of .the smal11eaf

porti6n to aspare '(monospore or neutral spore} and its vegetative p~o-
,

p~gation. Alsri. it ts cohsider~d that the tiichomes must be the re-

s u1t 0f germi na t ion 0f t he' s par es (c ar pos po res L \,/ hich \,/ e r e pro duc ed

from carppgones. ~fter r~generation of the nutritive cells of the leaf

portion to spores and sperm; followed by sexualreproduction between '
. . ' ' .

t hem . Bot h t he t ha11 u.s e,san d tri c hornes. 0 bt a i ne d fr 0 m t his sm a11 1ea f

portion. sho\'led the same color types as the', gre'en type section of the

chi mera - t hall U s Hit h sec t i, 0 na1 da pp1es ~ \'/ hich \'1 e re i n t he materna 1

aJgae. 'Furthermore. thc tri chomes Here, genera,ted from the cul tured

thal1uses ,by self-fertiltzation. Then. this was followed by generation'

of thalluses (f.rom the above trichomes). The li_fe cycle'of the_green

type variant \'la,s. thus completed by cultivation. Thro~ghout all the

•
In this experiment. ~o dappled chimeras were

, "

br i, 11i. ant. 9 re en c0'1 0 r .

formed.

-',

,stages of thts 1 i.fe c'y'cre.",bo"th the trfcromes and thalluses showed a

From the results of the above described experiments. it was
, .

co nf i r me d t hat t he, 'g re en typeis a her i tab1eva r i a t ion a nd. t her e f 0 re •
, .

that d~p,pl.es of the. green type are dappled chimeras. Also. for- the

firs.t time. the, green type variant was isolated duri!19 this cuitiva

tion experiment. furthermore.it was clarified that thc method of

isolation of the ~olor types by ~he ~ulture of a sma1l leaf portion
, '

with only nutri.tive cells corresponds to a type of clorial cell cul-

ture. and this method is effective in isolating a pur~ line.of Hori.'

, "

-_.•-.~_,..-..., ..,.- - "~ r.; ~'"'~:-,··:···· ~',--- ._~ -~,

.....
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color chi meras . Al so) a. genet i c phenomenon of the color types of Su-

sabinori (Por'phyr'a ye-z·o·.ens·is) \'/asassumed to be as .folloHs: since thc

color types of all successive generations after the first. generation

of thallus~s) obtained by self-fertilization. ~greed with the color:·

types of the first. generation of thalluses. it 'was consider~d that a

purc line of thecolor type could b~ ereated' by self-fertilization.
. .

Also. since' in the first generation of thallus,e.s.· both the same color

type as' the ~aternal color type and a different color type from'the

color type of the maternal a.1gae \'Iere obtained • .it \'Jas considered

that aseparation of the color .types \'/aS taki!19 place and. thercfore.

tha't thc heredi,ty of the' color from th.e, tri,chome.s. to the thalluses '

\'las a nucl ear i nher; tanee _,' On thc other' ha.nd" si nce in the fi rst, gene- '

ration of tri,chomes. ,only the same color type as th.'a,t of. the matern.al

a.l ga e. was, genel~a ted ,eons i s ten tl y. i t \'las, thO~lgh.t tha t the hel~ed i ty

ofthc co 10 r typ c f 17 0m t hc t hall us c s tot he t r' ich0me s, \'/ as a cy top 1a s 

matic inheri.ta'ncc'. 1I0\'lever. since it \'laS confi.rme.d experi.mentally that

tlle heredity of the color types was takipg place becaus~ of the nuclear

inheritll.nce thl'oughout th.e entire life cycle; ,it \'/lI.S realized thut the

assumption of th'e color hcr'cdi ty from thc' .thalluscs to thc tri,chomes

\'1as a cytoplasmatie 'i.nhe·ri.ta'nce \'ias' not ·corrcct". Furthe·rmorc.' ,in tllese
, . in' . . ,.

cultivation experi.ments. si.nce/the fi,rst generatton of trichomes., genc-

rated from the fed typc. it was clarificd that a wild type was also

ge~ratcd in addition to the red type. it was alsQ concluded that the

genetic phenomenon described was an 'experimental error.

2 _2 . Se r i a1 cu 1 t i va ti0'n . 0 f .chi mc ra- t hall uses'" .s' e"c t ion a1 l_y_ .da~
E.lc cl. co ns ist i ngof ,\'111 dan d 9re en typ e .' po r ti 0ns {l sr-

A small leaf portion with only nutritive cells wa~ cut off from

t he 9 re e n typ e sec t ion 0f t he chi me r cl - t ball us \·Ii t h sCi c'ti cl na 1 da pp1~ s>
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2 • 1" 'S er i a'1 c Ü1 t i va ti 0 n 0" f 'c h i nier a - t ha11 Uses ,; sec t ion' a 1 1y"da p
1 e d .. cons ist i II9 o' f t he \'1 i 1d· a nd red .typ e s'" fe r t i 1i ze d

~2..Q.n ta neo us 1:[' .

Spores (carpospores) of the wild and red types were isolated

from various parts of the aJgae and then culturcd to obtain a first

genel'ation of trichomes. Spores'were isolatcd from tJiis first genera

tion of trichomes and were cultured .. Then, a first generatiori of thal-
.. -0. .. .... .

lu~es was obtained. Since Sus~binori(Porphyr~Yetoensis)is monoecis-

mic, v/hen such a plant is isolated and matured, .lt can be self-fel,ti

lized. Therefore, the first generation of thalluses were isolated

i non e p1 an t, cu 1 tu red unt il mci tu rat ion an d s.elf -. f er t i 1 i zed. ,F r 0 In t.~

first generation of thalluses, the second. generation of trichomes was

.generated. Then, from the second. generation of trichomes, thc second

generation of thalluses \'las generilted. Thus, serial cultivati.ons \'lere

achieved. The results are shown in FIGURE 5.5. Thus, in the fi~st

, gen e rat ion 0 f tri c h0 mes:) t he \'li 1 d typ e p 0 r t ion. gen e rat e cl t he \'I i. 1d

type and the red type portion generated th.c· red type. 'In thc first

generation of thalluses, from' this firs.t'. generation of tri.chome.s,. both

the \'lild and red types produced the \'lild type, .the red type and a chi-

me ra \'J i t h sec t ion a1 da pp 1e.s . In. FI GUR E 5. 5) .t he chi. mer a s are not •
. .

s ho \'l n . I n t he see 0 nd. gen e rat ion 0 f t r; c hÖme s ~ ..g e ne r at e cl fr 0 m t he f i r s t

•generation of thalluses, whi.eh \'H~re self-,ferti.li.zed, the \'/i.1d type \'las.

genera ted fram the ~tld type and the red type was. gener~ted from the

red typ e . I n t he see 0 nd gen e rat ion 0 f t he t hall uses '. 9e nera t e.~ fl~ 0 In

t he sec 0 n cl gen e rat ion 0 f tri c ho mes:. t he \./i 1d ty pe. 9e n e rat ed t 11e \·Ji.l d

type only and the red type genera ted the red type only.

From t 11 e s e res u1 t s, 1'1 i ura (4, 12) co ne 1uded t hat t he PO}' t ion

of the red type .was. due to. genetic mutation and that the dapples \'lere



",

-143-

at the maximum and minimum light absorptions ~greed well with tfle case

of the red type; . however, the lJ9ht absorption rate was drastically

decreased at thc third,peak.

Only when these color types are studied from the point ~f view
-

of the biavisible lJght absorption curves, is it considcred that the

red type is 'a qualitative va~iation to the wild type;
" '

the, green type

is a quantitative variation to the wild type; and the yellow type is

a qualitative variation to the wild type, simtlarly to the case of

the red type, but it is a quantitative variation to the red type.

The above characteristics of the 1~9hi absorpti~n curves in

thethalluses and tiich6mes are not affected by ~ge, the body-portions,

t he. 9r 0 wi TI 9 per i ci ds, 0 r t he, 9r 0 \-li TI 9 10 ca ti 0 ns .

·2.' Geneti c's o'f the 'color· 'typ'es

In the followiTl9, the results of the cultivation experiments

C' are described~ They \'lere conducted for the analyses of the, genetic

_ . mo des 0 f -'va rio us typ es 0 f co 10 r ; a. nd als 0 ana1yses o. f, gen es \-/ hich \'1 er e

found in· the thalluses and trichomes. The thalluses of Mori, generate

tri~homes by means of sexual reproduction; the tiichomes genera te the

thalluses ~grrin by means of asexual reproducti6n. Since the meiosis

occurs when the asexual reprodictive cells are formcd in trichQloes, a

haplophase is found duri!19 the period of the thal1us~' but a diplophase

is found duri!19 the period of the trichome~

_' , ' '." .- i'.·. '.~,,'" '\.~.":'\-·'~o.·.'t :_
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kinds of ch~m~ra-thalluscs, scctiona1ly dapp1ed, as wel1 as tha11uses

with various kinds of color types can be found easi1y in the naturally

bred and cultivated populations.

1.3 ßio-visiblelight 'absorption ClJrvcs öf color type~

Although thc color types of 'Susabinori(Porphyra 'yezoensis)

canbe observed easily macros~opica1ly, especfally wh~n thc samples

are grown in the same conditions, this cah also bc confirmed accuratc1y

(' , by recordi~g thc bio-visible lJght absorption curves of thc thalluscs,

and tri chomes. He used a sel f-r~gi steri,~g spectropho tometer (6).·

Thc bio-visible l,ight absorption curves of thalluse.s and tri.chomes •

are s h0 \'1 n i, n FI GUHES 5. 3 a nd 5. ~, wh ere, fr 0 m t hc s ho r t e r 1i 9ht - wave

side, the first peak was due to chlorophy)l-a and ß-carotene. The se~

cond peak was due to ß-carotenc and phycocrythrin. The third peak.

I

(.

was, due to phycoerythrin; thc fourth pe,ak was 'dueto phycocyanin;'

and thc fifth peak was due to chlorophyll-no The differences between

thc wild type and thc variants arc found mainly in the thtrd peak,.duc

to phycoerythri n, and also in the fourth 'peak, due to ph'yc'ocyani n .

That is, concerni~g the red vari~nt, the maxtmum lJght absorption

oce ur red a t 568 nm u. nd als 0 a t 54 3 'n m i. n t h.e. ra!1 9e 0 f t hel i. 9ht \,'1 av_
of the third peak, but·the minimum abs~rpttQn w~s at 558 nm. In the" .

ra nge 0 f t hel .i 9ht \'1 ave s a t t he f 0 ur t h pe a k, t heInax i In UIII ab s 0 r p'ti 0 n

was at 622 nm, which compriscd '3 nm difference from the value of the

wild type to thc longer wave side. Concerning the green typc,.~thc

maximum absorption in thc ra~19c of thc light \'lilVC lengths a.t thc third

an d f 0 tn~ t h pea ksag r ced \'w 11 \'J i. t h t ho S e 0 f t hc \'Jil d ty pe. Thel i 9ht

a bs 0 r pt ion rat e a t t he t hi r d pe ak \'1 as re!TI a r ~ a b1Y 10 "1, bUtbcc il me hi 9h

at the fourth peak. Concerni~g the yellow type, thc ljght wavc le~gths

~ - ..... '.... ,

. .
' __ N_ ••~~_• .-,.;__.,_ .......... , ..~_"._..... _,.._~_.......""",'........._",....~" ••~_ .~_"""".:_,,_•• ,c__••
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formed at each color portion of the dappled thallus~ these cells can

be cultured separately in the follo\'li~g, generati.on. As a result~ a ::

thallus with the same ~olor type as that of the parents can be obtain

ed. From this, it is considered that color types of dappled thalluses

are determined genetically and thc dappled thallus is a ~ype of chimera
. "

( mo s a i c ). ,C 0 ns e'q uentl y, t he se da pp1ed t ha11 uses are ca11 ed 11 da ppl.e d

chimeras ll .On the other hand, in a'dditi,'on "to ~uch dappled chimcra " "

thalluses, sometimes spotted or striped~. green, p~rti.ons appear s\'leep

i~gly through thc central .portion of thallusesof the wild type (14).

Therefore, when the different color'types appear secti.6nally in the

'.

thalluses, they are called - chimera-thalluses with sec~ional dap-

ples; and when there are stripes, ~hey are ~a1led

luses with striped dapples.

chimera-thal:"

(

•

In both thc wild and culturcd populations, the frequencyof

chimcra-thaTIuses, sectionally dappled, ,is hJgh, but thc frequency of

chi me r a - t hall uses wi t h s tri pe d cl app1cs are ve,r y 10 \'-1 • r·lo s t 0 f t he

chimera-thalluses~ secti.onally dapple'd~ .found i.n culttvated populat'1ons,

are composed of thc wild and red types~ ~ut very few of thern ar~ of

the, green type. pre,sently, whi'le color vari,ant~ can be bred select

ively, the frequencie~ of vari.ous color types i.n natural conditions

are not yei known. HdweYer', it has been found that inthe cultivated
, .

populations, thc freq~ency of thalluses of thc red type 1S high and

that of the green type 15:' extremcly low. 'These freque'ncies corres

ponded,to the frequcndrs of the ch,imera-thalTllses, sectionally dappled,

of the green and red types.' The chimera-thalluses \·Jith dapples, cons'is,

ting of the yellow types and al~o thalluses of the yel100 type have not

ye t be en f 0und i n vii 1d- bred pop u1ati 0 ns . 11 0 \-/ ever,' n0y.r'- a - da ys, var i, 0U s
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tom. The thallus of the green type sho\'ls bright. green throughout the

entire body, also from the top to the bottom. resembli!lg Aosa (Ulva)

and Hitoegllsa '(r-1onostroma) of f..!llorop·h~~. However, since the. green

type is rather purplish. it can be distingutshed from the t\'lO species

of Chlorophyceae. Hhen mature. this type ShO\'IS .a yello\'l-bro\'ln color,

.specifically in the reproductive cells. The thallus of the yello\'l type

shows a yellow~green color throughout the entire body, fr6m the top t6

the basal part. The colors of these variants can easily be distinguish

~d in the thallus.if cultivated in the same conditions.

•.On the other hand, in the case of trichome~ a trich6me of the

wild type shows, generally blackish-purple or b~ownish-purple colors; .

the red type shows red or reddish-purple colors; the green type shows

a dar k 9r e en- pur p1e c010 r ; a nd t he ye 11 0\'I typ e s hO\'1 S . a ye 11 0 \'1- 9re en

color. Even in the case \'Ihen thc algae are, growi!lg while shells are

being drilled*, ,ifall types grow in thc same conditions, the differ-. .

ences between thcm can be recognized eusily. (*Trtchomes gro~ while

invading by drilli!lg the calcareous portion of shells; however, they

also grow without this chemical substance.)

•
1.-2 ThaTlus viith u'dappled 'chinieril" (3;4)

Inadditton to thc th~llus with bnly Qne type 9f.~010r. as de

scribed, there are thalluses with dappled colors, consisti!lg of two or

three color types. Theoretically. the dappled color type. cons"isting

of four colors. can also be formed; however, this type has not yet

been discovered. In most of the dappled thalluses, as shown in

FIGURES 5.1 and 5.2. each color portion is divid~d clearly into upper

and lower portions. or cllrreifarmly. Since the reproductive cells are

.~.... . ~-~-'--~'--'-_.~=----~-~--,:-
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to confirm the effects of the crossings. Since the results of these

crossings can be cOllfirmed directly, if the genetic variants of the

color types are used as markers of the nuclei, it is considered that

the color variants of Nori are of great importance for cultivation .

studies in order to investigate the creation of the variants by cros-
".

sings and also in order to learn the genetics of populations.

1. Color vari~nts of Susabinori (Porphyra yezoen~i~)'

(.,

e

(

•

1.1 Col Cl' "types

Yuda (11) and Miura (11,12,13) have reported that in the color

types of Susabinori (Porphyra 'yezoensis), there are red, green and yel

low color-type variants; and also a wild type. Among these variants,

the red and green types are due to spontaneous mutation. The yellow

type is a recombinant variallt, derived'from the trichome of the heteio

zygote (hybrid), generated by crossing the red and green types.

The experimental materials and the isolation of these variants are

described in the paragraph on. genetics.

In Nori, there are two states: a thallus state, which can be

seen macroscopically, and a trichome state, whtch t~ like a mold and

is ~microscopically small. Its life cyc1e 1.5 completed b'y. generati!1g

the trichome from'the thallus and then generating the thallus from
" .

the trichome states. The wild, red, green and yellow types are observed

not only in the thallus but also in the trichome states.

The thallus of the wild type shows a greenish-brown-purple

C010l~; its basal part is greenest. In contrast, the thallus of the

red type shows red throughout thc entirc body from the top to thc bot-
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..-
Oobaasakusanori and Narawasusabinori were obtaincd by selection

and cultivation of algae with a higher ratio between the length and

\'I i dt hof t hel eave s, a f t e r iso 1a tin 9 t hel arg e s i ze a 19ae. \'1 i t h 10 \-1 St e -

rility, a featul'e \'Ihich appeal~S accidcntally in Asakusanori and Susabi

nori, by cultivating their trichomes. It is char~cteristic that both

speeies gro\'l fast. in a straight line and are high yielding.

In recent years, as mentioned above, the results ofstudies of

C... breeding of·useful marine algae have been yied/ing data steadily·. In

this'paper, the author describes studies of the color variants and ge

netic studies of the color types in Susabinori (Porphyra yezoensis)_

~s apart of cultivation studies concerning Nori and conducted by

theauthor and others.

(

Van der Meer (7) reported exeellent genetie studies of a mut

ant \'Iith the color type of marine algae. This author änd others (6,7,

8) condueted genetie analyses of spontaneous mutants of the green type

and artificially-cr~atedmutants of the red type in two kinds of Ogono

rt(Graeilaria). He established that both types are formed due to

simple reees~ivc genes, oecupying different gene loei. Furthermore,..

the.authors elarified genetieally the strueture of thc dappled chimera

'"(mosaic),the gynandromorphisrn, and the mosäic between sporophytes and

garn e top hy te s) us i n9 t he e0 10 r va r i a n t s a s rn a )' ke r s . The aut h0 r san d

othcr seicntists are greatly indcbted to these authors for the -results

of their studies.

In thc studies concerning the crossing of Nori, although there

are pilot studies I:>y Suto .(9) and Yuda (10), indirect ... mcthods were used

.......... _..._------ ._-----
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ARTICLE 5 (Part 11)

Author: Akio Miura
Tokyo University of Fisheries

".

PRESENT ASPECTS OF :AQUACULTURE AND ITS FUTURE

(;

e
Among ~seful marine algae, the following species have been cul

tivated and used commercia11y: Laminaria No.860 and NO.1170 (1), pro-

cured from China; Chondrus T4 from Canada; and oobaasakusanod (Po.'-

,phyra) and Narawasusabinori (Porphyrayezoensis) from Japan (3,4,5).

Laminaria in China and Nori in Japan a~e used as edible marine algae,

while Chondrus in Canada is used as a source to extract polysaccharide,

called carrageenin. Carrageenin is a type of paste and is used widely

a s a ,f00 d addi ti ve . ß ut :: t he bIO s pec i e s 0 f Lami nar i a \'1 e r e cr ea ted öy

s e 1ec t i ve c u1tu r i n9 fr 0 m a ...Ii 1d' pop u1a t ion . Thel i neo f La ud na r i a

c.; No.1170 was selected by X-ray treatment from a line already estab-

e lished. Compared with a wild population, it is characteristic that

Laminaria NO.860 grows faster and larger at high tempe~atures;, there-

foie, it is high yielding and thc cuntent of Thyroid is higher.

The No.1170 species has similar characteristics to No.860,'but its

water content is low.

The :Cho ndr u s T4 isa s te r i 1e gam c top hy te a nd \'1asse1c c ted f.' 0 Jll

a .../ild population. Since its content of Kappa-Car'l'age'e"nin is high, its
i5

vegetative reproduction/good, and it grows well in a tank, it i5 a 5uit-

able species for cultiva1ion.

._ •._. " ......_........~ .... _~" • "'-.A .... · ... _·. :.~ ... "",-_:, _ \.;:~ : ... ~".
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.. . . .
Graphi c rep~~esentation'of Stein e~timate5 of 'c,Ytol 09i cQ:1y - .

. . .. ..
cytogeneti ca17y appraised morta1 i t,Y-moribundi ty of gClstru1a-ec;r1.y

embryo (Stages lV-V) eggs o'(A't1qntic"iilackerel in' the' He\~ oY;rk··night:..
. :.- ... .

eircl es indi ente. station posit.~ons. Shaded portions of circles sho~~
. .

.the petcent embryos dead. or moribund. Stati-ans are gl~ouped I-VII~
•• • 0" •. ... ..

for the purpose of stutistical tl~euttnent (see Tabl es 3 ,md 4). Ail"
' .. "'. " .

stations \'lere 's~mpled on the l·j~y 7-18>. 1974 cruis~ of the 5ai1. n9 ;.
o • •

: .0'

•
..' ')
l·

:.
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(

Figure 10. Div)sion-ab-f:steo> abnopnally d~ffe.rentiat.ed> rnonol~yered.

c:"!1s of a bJ'-1stula embryo of an Atlantlc f:l~Ckel-el egg ~r~m plankton_

63X light ob~ective.

."



I.

Fi gures 8 and 9. Abnormal telophases in 9ilstrula err.brYos of Aqantic .

l~ilCb~l~e1 c99S fl-O:JJ pl ankton slw;·1ing d'i spl aced and 1aggard CprOilj050;n;:s>. . .

-- I .... oJ -

(

e

an~ chromatin bridges.
.. ..

63 X fight objecti.ve.

.
•• ~', •• > •..~._ ..~••• , .. , •.",.~ .....,~~._, • ,' ....... ,•.• "'.~.'lC.~"'"...,".A"',,..•·,- •• ~.,\ •..,"'·'"'··~7- ....... ,....-..• ,-. ,•. ~ .•.~..~_ ..:--.'. - ..~ ._" ~" .....'''-._ ...._ ••••~_ .........,..''.....:-•.•"., .~_r-'·'·" ..· ,.. ."... ·......'.' .....n·,....,',_ ••,,,,..,..,. ~'.-.,,, "-'.~ ••.••"- •.•_, " .• ....,-•., ••• '''-
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c·
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0 e/)

..':':. .. ":'. .. ..
Fig~re 7;:- l'letttp~ase 11. d~romo;;omes of'a !'ipe pre-spaHned eg"g str1'pped from'

~n Id:lantic l!1Cld:erel on its spa~'l~ing 'migration to th~ lfe~;I York .
.. .. " ...

Bight~ . 63X light obj~ctive.

•
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·Spa\-Jn1ng migration. 63X light obJective. '.

Figur-e 6. Portion of th~ chorion of a prt?-spa\Y~ed Atlantic macker.ei eg9
.. .. .:. . :

'~hm'}Jng the micropyle. E99 \·;as stripped fram °a" t'ipfr fish' on its
• 0 •

c
e
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·e

Figure 5. Abnormal telophase \11th LI chroffiosoiile bl'ldge "in the Y~lk-sac

-'.
mernDrqne"oJ an Atlantic mackerel eg9 from plcmkton_ ·63X - light

. ohjective. .~
,. :. ..

...
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Figure--4. Abnormct1 met~phase in' the .)'01 k-sac merr:~rm';.e- of Atl antic lIlack~re1
'. .

. ·...~·e!Jg froiTfplankton_. T\'10 dn'Olllosome:;; have·fa..iled -Co or1ent on the. . ."(

e . mitotlc spindJe_.. 63X ..-1 i ght objective.·. .
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.'.
Figur2 3 •.~ '·Pror~e·~aph.ase c.hrOir.DSpmeS in th·e·'yolk-sac Iil2mbran~ of im l\t1antlc .

. .~. . . .. .

. . ~ ..::._.• :-·;~~d:e"r-2'1 eg9· from pl ~Ilkton•. Hot preb-eated \'Jitn «ny' c-mftptlc
.. .

.. ·ugent-. lurge~t. c~ro:nosomes about 6'~ in length_' 63X .light

. objective..

•
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•• '! ..
•• • • t ..

Fi!]ure 2~ flormally mitosl119 cells in monolilyer' spread of ci b1A~tJ-t1 ~ ~plbr.\-'o
• •• •• I· :. ,

. of Atl aqtic 'mackere1 egg '·fram plankton. 63X· 1i,gh·t Prj~ctlve~

...
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fi 9ur~ 1.· Undissect~d J\~lunti c muc~erel e99 :fri;fjl pl ank.ton at r.l~r41q st~9c. ...
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(

.
. to botto;;}. At lo~';:::r 1eft at· arrö~'1 i5 a· ~orula· embr-.Yo dissected. . . . .
'free 'fron} its egg; . Intact egg about:1 Ti',,-:t in diameter.

:.
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TAßlE 7.3: F1 HYßRIOS OF SALMONIDS WrTH HETEROSIS

..
. ..

\
-.I

Faster than Iwana

Intermediate between
. parents

Faster than Iwana

Sameas Sakuramasu

. 'G r 0 w t h

.same as above .

Higher than both parents. . . . . . . . . . .. .. .

Braiwa.

Kav/asakura

Kawaiwa.,

N a m es. Survi.val ability

6
"ditto x Sakuramasu

1·Brown traut ~ x Iwana .0

K I · +awa masu ~. X \'1 ana 0 . . ., .

Higher th~n both parents
. after fin~erling period;

______. --'l-l.c;..w.~,!.e~.ct:-·__.-------.-__

ditto x Himemasu 6 Kawahime same as above

Combinations

ditto x Kawamasu 6 T1.g er t r.o ut .High~r thanboth parents Sameas ßrown trout

Faster than Sakuramasu'

Faster than both paren
after two years of age

Bra sakura Higher than both parents
after' fingerling period;

____________.• _'.wOu...;VlP r hat eh j 0 9 rat e
t

X Amago 0 ßra amago Same as ßrown traut up
',to .one·.year af age {*},

x Sakuramasu 6ditto

ditto

+ßiwamasu 0 x Iwana 0,.

Sakuramasu ~ x Biwamasu 6

Bh/a iwa

Sakubiwa

Higher than both parents
,after ,fingerl in9 perio.d;

" JQ\oler batcb;ng rate

Higher than both .parents

Same as parents "

--_._-
\

.'

Faster than both paren:,
. I

"

: ..

,
,

\~-'-----

. .

{*} Higher than parent
spectes after two
years of age.

,,
I: '

f
~
I

"I
~.

o t
t

I f:,
NI'w •.
{.i1f
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TAßlE 7.2: THE SIZE OF MATERNAL PARENTS AND THE NUMßERS OF EGGS

SPAWNED DURINGTHE SPAWNING PERIOD OF SElECTED PARENT

GROUPS OF RAINßOW TROUT
(Donaldson. 40)

..c::
+l U

C"
t:: •.- •, .", QJ ..c::
s.. :::-0
tt:l QJ
0.4- +l

0) 0 u Fish Numbers of
rn c 4- QJ

length co 11 ec t.-.QJ 0 0 V) ..- .~ggs.,... 0)..- (ern) ed
' ..

4- +l V) rn 0
0 u s- QJ U

QJ QJ ., I I

s- ..- V) .0 ..c:: QJ s- I +l s- I +'
ltl ..- <1.l E V) s- ClJ QJ s- V) ClJ QJ s- V)

QJ 0 rn . :J.,... QJ > rn tt:l ClJ > rn tt:l QJ

>- U o::x:: z:4- ::: 0::( tt:l .....J rn o::x:: tt:l .....J rn

._--,.---------_._---
19U······ 2 12 36.3 39.0 1.653 2.121

19t5.... •• 2 39 41.9 48.0 2,Oll 2.931

19·18..•..• 2 78 .1. :! 50.0 1.953 3.09~

1950·..••• 2 129 35.5 45.5 1.315 2,097

1952·..•·• 2 51 40.9 45.0 2.115 3.810

1953...... 2 27 38.9 43.5 2.032 3,631

195.· .... • 2 47 H.6 51.5 2,317 3,960

3 36 50.5 57.0 4.0U 6.10$

1955...... 2 23 50.7 56.5 3,8~4 5,123

(.:;r-. 3 23 59.6 61.0 5,029 8,350
. ~- ......?~

1955.... ·• 2 8~ 49.0 53.5 3,231 5,915

3 9 59.2 65.0 6,149 7.311

1951· .... • 2 58 46.4 55.0 . 3.161 9,639

3 U 67.<1 12.0 7,111 !l.HS

1953...... 2 57 57,6 66.0 5,617 9.017

3 2 73.5 74.0 15,767 16.839

1959.. •· .. 2 39 60.0 63.0 5,224 6.950

3 6 70.2 73.0 S,639 11.530

1960·.... • 2 63 59.6 68.0 5.132 8.263

3 6 70.S 72.0 9,030 11.136

1961··.... 2 29 52.9 59.0 4,S09 6,333

3 5 67.1 71.0 9,on 13.515

1962...... 2 73 57.8 68.5 6.0S0 13.107

3 20· 66.1 12.0 9,li6 16.4dl

1963· .. •.. 2 83 52.S 63.0
3 3 67.6 10.S

1964...... 2 43 59.1 66.5 ';.1191 ~.: 15

3 12 61.0 71.0 9•• ';3 13.dl

19'35·· .. ·· 2 81 S$.5 65.5 6.~;' 11. ;:;

3 30 63.3 13.0 11.55ö lr). i~l)

1966...... 2 131 57.0 63.0 7.i?3 l~.:;l

3 "? 63. 7 74.5 13.30)\ :~l. :.!!
.>~

1967...... :1 3'; ~0.7 67.0 7.335 !:. ;:);
3 ::9 61.2 73.5 11. (0')0) ::.>. ~:'l

1958...... 2 ;0 50.4 66.0 9.:59 :~. : 11

3 S 63.1 ;Z.O !l, 'ia .:!. :~3
~- ..-----



-233-

TAßLE 7.1: RESULTS OF CULTIVATION OF VARIOUS SPECIES OF CARP

AND F1 HYßRIDS WHICH SHOWED HETEROSIS. FOR TEN MONTHS

(25°C ± 1°C)
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FIGURE 7.3: . SURVIVAL RATE OF OFFSPRING OF HXBRIDS BETWEEN

KAWAMASU (Sf] AND IWANA (Sp)
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FIGURE 7.2: GROWTH CURVES OF YAMATO-MIRRORF 1 (YAMATO ~ x MIRROR ~~

AND PARENT SPECIES
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FIGURE 7.1: BREEDItlG NETHOD AND ßREEDING FISH SPECIES IHPORTANT

TO AQUACULTURE
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using X~rays or Gamma-rays and they are already in practical u~c (87).

However. concerni~g fish', the effect of radiation on the formation

'.

of their morphs or on the survival rates are still under investJga-,

tion (88-90). The studies of these aspects concerning fish should

be developed more in the future.

, ' ,---------------------------.-------------

,"
'.
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other hand •• not,only water temperature. but ills,o l.i.ght periodici,ty

i. s r e1a ted tot he mCl t urat ion a nd s pa \'I n i ngof f i, s, h. .t he hab i tat 0 f

\'I hi, chi s i n t he cold e, r \'1 aterz 0 nes. Th.u s,. .fö r t h i. s ty pe 0 f fis h; i, t

is necessary to control both the water tem~erature and ,the lJght

periodicity.,

With regard to domestic animals and ~gitcultural crops •.th.ere

are organizations for preseivation. for breeding and for distribut{on

( of ne\'l lines, ,in addi.tion to the lines \'Ihreh' are already in existen~

including the orJginal species. But cdncerning fish. there are almost

none of suchorganizations anywhere. Particularly, co~cerni~g the ma-

rine creatures.~ince their medium is the ~eaand it is more difficult

to \'lork in this medium and more care is reqtiired. \'Ihen controlli~g

thern every day. Unless. fish lines are pres~rved and controlled pro-

perly. ,eve~l if new populations \'Iith exce'llenf ch.aracters can be creat

ed. they \'Ii 11 vanish. 0ith.out becomi~g of valu~ ~o~merci.~lly.

(~. If reproducti,on ce.lls (sperm) can be 'pres'e.rve.d permanently e
astate ready for fertilization. this i~ more. desirable tha~ preserva

tion of the parent fish. in order to advanci bre.edi~g. Rece~tly,also

co~cerni~g fish. studies of preser~atfon by freezi~g sperm have been
..

advanced (83~86). The effects of these' ~tudies are expected' soon.

Also. it is considered that the' development of this te.chnique is use

ful not only in a cultured ~opulation. ~ut as one of the measures for

the gcnetic·variatfons.of wi,ld populations. catised by changes tn the '

environmental conditions due to artificial tnterferen~e.

In thc case of ?gricultul'al crops, some ne\'1 s.pecies \'Iith ex-

cellerlt characters have already been created by inducing mutarts.
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Efficirint production is always demanded of all species und

all the time; hO\'lever, .man.y other desirab,le charaeters vary a,eeord

i~g to the species in demand, or the ch~ngirg timas. Therefore, it

\'Ii 11 be important in the future to 'ereate ~ new population \'Iith some

desirable characters on the, basis of thc initial datu procured by

\-/0 r 1d- \'1 i dca na1y ses 0 f gen e t i e pol ym0r phfs ms i n In any po r U1at ion s •

In order to adyance breedi~g, subsequent. generations should

be chcckcd. Gener~)ly, many fish n~ed a lo~ger peftod to reaell their

maturity in eomparison wtth domesticanimals or ~grieultural crops

i n t he na tu ra 1 co'n di t i, 0ns, 0 f . tein pcrat e 0r r 0 1a r "Z 0 nes'• This, fa e t

is rcsponsib1e for considerable delays in thc 'dcvalopment of brecdi~g

studics of fish. For example, carps usually need at least 3-4 years

for their maturation; th.us; i.t takes' at le'a's,t· 9 ''years to. complete'

experiments whic~ 00uld cover three generation~. Also, since the

medium of fish cultivation is water, 'it ts very dtfftcu1t to eoritrol

thei'r' eultivati,on th.r'o~ghoUt long periods of ti.rne,.Therefore, in

the s tu dy of breedi.~g, 5. t i s .ye.ry i, mpo rta.n t to S horten the 'p eri' 0d

of maturation. From the results of the exreriments by the author,

con~erni~g ea~ps, th~ followi~g w~~ el~rifi~d: it beca~e possible
i'

fot' both male and fem'ale 'ca'rps to spa\'lI1' and fertUize their eggs, \-li.th-
. . .

in ten months after hate~i~g by serial cultures' at 26°C; also,

maturi carps can spawn ~ggs throughout thc year by control of the

tempc~aturc (not 5n print yet). From thes~ ~esUlts, in order to de

velop the breeding of ·fish, thc habitat of wh,i,ch. is tn\'larm \-/a·ter·,

i,t i,s ncecssary to provi.dc 'faei'liti'cs, .where, üater temperature, as

we.ll ass pa vll1 i n9 " ,e a, n be. C 0 nt r 0 i 1edan d vi he f' ·e.< t hc y 0 U n9 f i, s h c a n be

br 0 u9ht uP tothe par ent s t ~ gei n a s ho'r t e. r pc r io d 0 f .time • 0 n t he
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phisms rif wild populations have reeently eommenced .. It is a prere

quisite to aceumulate data procu~ed by basic ~tudy and, in the future.

fish reso~rces must be eontrolled in thi rJght way.

Among the eulture-populations," carps have been cult~vated

throughout history and are already reared aS are domestie animals.

Coneerning rainbow trout,.breedin9 studies iee~~tly ha~e been' develop

e d ext ens i ve 1y . Ho \'I ever", co nce. r ni n9 mo s t" 0 f t he 0 t her i.mpo r t an t

( s peeie s i n aq1I a cu1tu re, 0 n1y t he w~ 1d s pe e fe s" are bei!l g" cu 1t i va ted . •

On1y recently, ~äs'it become possible to reproduce the~e species in

artificial conditions.

Breedi!l9 studies h.ave not yet commen"ce."d.·" In arttfi.ci.a1 condi":

tions,it is obvious tha.t th.e wild s.peci.e.s are at a. di:sadvant~ge, wh.en·

eompared to species se1ect~d for cultivation? as in the ~ase of carps.

Therefore, ~~ is 'important to~establish reproduetton techniques for

these species as soon ~s possible~ then, to deveJ~p analyses of gene-"

tie polymorphi"sm$," tQ tmprove lh.efr seTecti.on and cr'ossi!lg, and~

finally, to create a speeies whieh can be ~rodueed effeetively, even

i. n art i f i. c i ale 0 ndi t j 0 ns. Als 0 ,". m 0: r:"e e f f i eie nt re pro duc t ion vii 11 be

po~~ible byselection. even if suffici~ntly developed reproduction

teehniques are not now ava·ilable.

In the ease of earps, as mentioned previously~ there ?re cul

tivated speeies wtth exeellent genette eharacte.rs. Sinee these speeies

were selected aeeidentally, their numb~rs are limited. It is presumcd

t hat fis h \·Ii t hex celle nt" gen e. ti cehara c fe r S," bu t no t ye t dis e 0 ver ed ,

must exist somewher~ in nature. Thu~ ft is also "important to keep

searching for them.

I
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breeding are present for a langer period. thcy tend to overpopulate

and theit' body sizes are still small at the harvesti.~1g period. Thus

this phenomenon is one of the problems to be solvcd in aquaeulture.

100;~ 01' ncarly 100% of the Fl hybrids. resulti.~1g frolllcrossi!1gs of

different spccies of Tilapia. are males.' It is considered that this

fact is very eonvenientfor the control of fi.sh densi,ty in a culture

pond (60-62. 80.81) .. Among the val'i.ous hyb.rtds; mentioned previously

by SuzlIki' and Fukuda (47 ;69:70). mo.st of th.e.m· behl.een. the Genc\'a. \'iCre
'-,''e sterile. or sexually neutl'al. Only a fe.\'! fi.s.h fnatured. HO\'lever. s.ince

their gonads were small, .thc. numbers of ~ggs spawnedwere extremely low

and the quantities of s.permwere very s.mall ~ and. even' if thcir eggs

\,tere fcrtil ized. th.cy could not survive afte,r' the ·cyed-period. In

these steri.le, hybdds •.the ratio of the.· \'1eJ,'ghf of the U1i.b1e portion

(the flesh \'/ithout thc' 'i,nte\'naJ o!'gans) to the' \'1.e.i.gh.t of the fi.sh body
. .

is remarkab1y 1arger than the same ratio of parent species' (TAßLE'7.4).

Also. ~heir si1veri!1ti continues thr~ughout thair e.ntire 1i~es and thetr

f1esh color shows a deeper pink than that of the ~arent species. Theyi:e survivc for over 10 ye.a·rs a,nd thc'ir body \·I.e,rghJ re.ach'-e·s more than 7 ~g.

(82). Therefore. th.e first generation hybrids are ~ore desirable as
..

edible fish than the .. 'exi,sti.!1g speeres. Furthe.rmQre. even if they are

stocked baek to nature. it is considere.d that there is no danger

"s i m"il a \' tot hat i,n t he. c Cl s e 0 f t he hybr i. ds be h~ e e.n s pe c i. es. a s ha s

already been ment;oned earlier.

5 .. Devel op~~ntin tb,~.:i.~~tlJre

Concerning ftsh.it is jmportant to develop not on1y th~ brecd

i ngof cu 1 ti va ted pop u1a ti 0 ns .' butal so t he gen e t 1c .e 011 tr01 0 f. Ni. 1d

populations. Studies relative to the analyses of gcnetic polymor-

...;....._... -.. - ...._--'-._-'---:.--------.:...----.:...----1
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the hybl'ids of these species are nell.r1y intermediate to both parents.

HO\'1 ever, i n a ppeara nce, i t i, s d i, f f i, cU1 t tod i. s t i, !1 9ui. s h t hes e h'y b r i ds

from the parent species, from the F2 hybrids or from the hybrids ob

tained by backeross breedi~g (70,76).

-
Concel~ni ng other sa1monid fish, there are many reports that

the survival ra te of the hybrids F2 or the hybrids by backcross breed-

i,ng i s much 10\'ler in the ear1ier period than that of the parent species

(48,49,77-79). Thus, when transp1anti!19 fish, it is necessary to •
acqui~e'sufficient data concerni~g the'existince of close1y related

species, \'Ihich may form undesirable natural hybrids, and also concern-

tng the existence' rif their spawni~g areas.

If the Fl hybrids of Yamato and mirror ca,lps ,tYamato-mirror),

a1ready mentionecl, are stocked' because of thei.r fas.ter. gro\'lth rate

and thcir resistince to diseases, the ~trror carps w~th.irregu1ar

s cale s , unp cl l'll. t'll. 61oe t 0 J apan e Se,are 'a 1s 0 pro duc ed i, n t he \'d 1d . The f 01-

ßt'; lo\'li~g fact is even more Un~es,i.rab1e th.an th.e ca's.e: of mi.rror ca'rps,?_.:

carps with irregular s.cales, introduced' to Japan in 19Q5, and constder

ed to have undesirable factor N, have been stocked ,not on1y in the

ponds for cu1tivation, ,hut a1s.0 ion brooks,. Subseque.ntlY, they sprell.d

e verY\"I he re i n Ja pa II • This ca n be ca 11 ed gen e 'p 011 ut ion.

Whcn crossing different spccies, dependi~g on the combinations,

sterile ol' monogenie hybrids F1,can be ·pl'oduce'd. Hhen Tilapia are"cu1

tivated in tropical areas, \'Ihere v/ate}' temperlltul'es su.itablc for their



..
tinalis (73); Ya.mame x Am~go (74); lind ~lve"i.nüs~vi~s x Yarname

(.7 5 ) • The F1 hy br i ds 0 b, t a. in ed bY t he' art i. f i. c i. a 1 c r 0 s s i ~1 gof KaVI ama s u

( br 0 0 k t r 0 ut) a nd Ivl ana (S.·'fOn tin a1i s) and als 0 be tvl een Ya,rn arn e (C tw rry

trout) and Am~go (Biwa trout). as already des~ribed, can be bred well

and pro duc e F2 and als 0 hYbr i ds by ba ckc 'r 0 s s i. ~ 9 . .The' hat chf~ 9 l~ a t es

of these hybrids are much lower than those of F1 and the parent speties,

and also their survival rates. after thc fi~gerli~gs period, arG lower

than those of the parent species, as sh00n· in flGURE 7.3(70).

gametes of different species having fcvI opportunities.to link'\'lith

each 0t her becaus e 0 f t he d i, f f e ren t cl is tri buti. 0 n 0f c los e1y re 1a ted

take place in nature (71.72). In Japan. ~uc~ bybridization in nature

took place due to a breakdo\'w' of the s~gr~g·ati,on syst·em; this has been

reported bc.t\-Jeen salmonid fish;· Salvelinus· 'p'luvius x Sa1velitius fon-

rivers and lakes from natural causes, sometime~, hybridization can

.species and also because of their different ~pawni.ng periods and

spawning habits; even if fertilization takes place betwcen the dif

ferentspecies. the hybrids Fl cannot survive or? tf thcy do, they are

sterile (68-70). Howev~r,if the ecolpgical segregation systems bet

ween different species are broken by artiftct~l· causes, such as the

transplantation of close1y rela~ed species with dtfferent distribu-·

tion, the construction of dam's. or the' destruction of the banks of•
.: ..

Hy br i ds F1 ,\'llli c h s ho \'1 he te r' 0 s i s. ha ve advant ~ 9es \'1 hen cu 1tu red

in po~d~. Stocki~gin nature of these hybri.ds is not desirable as

t he i l~ 0f f s pr i ng, vii t h a 10 \'1 e r s ur vi val rat e 't ha n t he pres ent s'p ec ·i es,

m~ght be produced in nature in thcfuturc. It is also considercd not

dcsirab1e not on1y to stock thc hybrids, but also to stock brook trout

in the water territory of !v/ana ·(~luvius). or tra~sp1ant J\m~go (Bh/<1
. . .

t r 0ut ) tot he \'1 a te r te r l'i tory 0f Ytun ame (C her r y t r 0 ut ). . t·, 0 r pho , 0 9 i ca' 1y ,

. . . . ..... ~"_."" - ' - .._ _•.~~ _--_..'----
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eeonomie advalltages have been ereated by erossing sterlet and belugas

both of whieh belong to aeipenser (54-57). Sterlet live in fresh

water. Beluga live in the sea and return to fresh water streams for

s pa wni n9 • The i r hy b r i ds ea n adap t a nd 1 i ve e i t her i n fr es hVI a t e r 0 r

salt water. Their growth rate is higher than that of sterlet and they

grow well even in ponds whieh ha~e poor nutrition. Female beluga take

16 years to mature; and male beluga take 12 years. However, it takes

be 1uga - hybri ds ..( .

4 years for male bel~ga hybrids ·to mature arid 6-7 years for female'

e·

With regard to other fish, the seeds of whieh ean be eolleeted

artificially, rnany outbreeding experime~ts have been condueted. Con-

cerning sunfish (58,59), tilapia (60-62),obuffalo (63), ehannel cat

fish (64) and Moroko (65), ~t has been r~ported that ~he hybrids F,
showed heterosis and that they grow faster and larger than the parent

speeies. Purdom (66) obtained triploids by subjeeti~g t~e hybrid eggs

.bet\'leen Hirame and Karei to 10\'1 tempet'atures. Their gro\-Ith rate" \.,ras

. ("'0' faster than that of diploids . •
3. Transplantation, ~toeking and \'Iild-hybrids

The increase in the yield of Ayu and Salmonids is attributed

to their tl~ansplantation. HO\'lever, sometimes hybrids are formed in

the ~ild by transplantation alld they affect wild populations undesirably.

It is usual in the wild for there to be geographical or brecding seg-

rcgation systems alllong thc different species of fish. Thus s it 1S not

natural for thern to have hybrids (67). Also, in thc ease of fish,

o'

there are obstaeles to thc formation of natural hybrids due to thc

\...~.
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Te r a 0 . ( 48) c r 0 s s e d s a 1 In 0 n a nd Hi In ema s u a n d }' e 1 e ase d t heil' F1

i ntot he S h kot s u La ke . The F1 ~} r c \,/ fa s te r t ha n Hi me rn a s u) bu t t h e hat -

ching rate and the f1o~ting rate of F2 and also of the hybrids obtili.ned.

by ba c k - Cl' 0 S s i n9 s \'1 Cl' e l1J uc h 1 0 VI e r t ha n t ho s e 0 f F1) orthe i, r par e n t s •

It takes 5-6'years for lake trout in Canada to mature. Duri~g this

pet'iod) they are subject to, great damage by Pc't"roniyz·oniformes. Splake

trout) a hybrid bctween lake trout and speckled trout tbr~ok trout)

which have a shorter maturation period) but mature in three yea~s wheri

they are cultured in ponds.. ' ·They. grow \·tell in lakes and 'are recommend-'

ed in place of lake trout (49)50).

2:4 Other 'fish

Yello\'l ta 1.1 , eels.,· Ayu '(Plccoglo'ssus)' and Tai are cultivated

in large numbers in Japan and they are 'important species for aquacul~

ture. Amo~g these, the reproduction techntques for Ayu and Tai have

been developed in recent years.· 'With r~gard" t~ Yellow tail and Eels)

the yields of \'Ihich are th~ largest or next to bet~g the largest, the

~ tc c hn i q ue s f 0 r t heil' }' e pro duc t ion ha v e "n 0 t be"e 'n' d c v'e,l 0 pe d ye t (F I GUR E
'-

7.1») and on1y the wild types, ca~ght in their natural surroundi~gs,

have been cultured. For thes"e fi"sh, the' breedi!1g i.s presently impos-

5ib.le. Yields of Funa (Caras"si.us) are rather' 5mall. compared to those of

other fish; hO\'leyer, sever~l variants are used at present, such as

Kin bu na (C" a' u rat u s" 's~.) , Gin bu na .( C.' a. 'la' n 9 s d 0' r f i i) a nd Gen 9 0 

r 0 b una (C. 'a·. "c' uv; e r i) (5 3 ) •

Rcce~tly, in thc USSR, thc ~atural environments of some fish

ha v e be end e s tr 0 y e d by t he co ns t r uc t ion' 0 f PO\'I c r p 1 a n t s . I n 0 l'der t 0

obtain new species which can adapt to new en~tronments",~ybridsw1th
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fully observed. In recent years~ the demandsfor species orJginally

bred in Japan have illc}~ea·sed. \-fhen these speeres are cultivated in

ponds~ the gro\'/tlJ rate is very 10\'1 eompu}~ed to that of rainbo\'J trout

a t 1a ru e ~ Cl nd als 0 t hey (n~e s usee pt i b1e tod i se ase s . Suzuki an d Fuku da

(46,1[7) crossed 62 combin~tions ofSalmonids, bred in Japan and abroad,

in order to improve their characier~ genetical1y. Hybrid F1 by these

, ero~sings were cultivated until they reached 3 yeurs and 9 months of

~ge, in constant conditions of \'Iater temperature, flow speed of water,

oxyge'n cont'ent, amount of food for cOllsumption and the de~sity .'of f'h.

At least 9 combinations of these crossi!19S, sho\....ed h.eterosis and Here

less suseeptible to speeific diseases; also, ~heir survival rates were

hi 9her t han t h0 S e 0 fany par ent s pe e fe s.. af t er t he per iod 0 f f i !1 ger1i !1 9s

(TAßLE 7.3). The. gro\'lth rate wus eithe~ fuster than that of the parents

or e Cl ua1. f 0 r. ex amp.l e, 1\... a 11 a (S <11 ve 1 i n1I S 'p 1uvi us) bre d in Jap a TI, ha s '

vlild characters, ,is diffieult to adapt ·to artifieial feedi!1Q and,their

growth' rate is slo\'l. ßut they are resistant todiseases and their sur~

vival rate is relatively hJgh. On thc' other hund, Kawamasu {brook trout

,:}~ , wh i e h are s i mil art 0 h/ ana by c 1ass i f i ca t ion and mo r phol ~ 9i call y, a _ t

easily to artifieial feeding,.~row faster than Iwana, but are ~usceptibl,

to diseases.· Jlybrids F, obtained by erOSSi!1g h/anu and Kawamasu shO\'led

rerparkable resistanee wdiseases. Their survival rate \'las higher than

that of both purents., .they adapted easi.ly to arti.fici.al feedi!19 and

they. grew mucb faster than Iwanu. The fact thut the heterozygous fish

show a stronger resistanee to specifie diseases suggests that the sus

ceptibility to discase~' 1s a rccessive tnheritance, similar to ·th~ case

of the hybrids of carps, previously described. These hybrids F1 may

have mo r e a cl va ntag es \'I hen cu1t i va. tc d i n p0 nds, .C 0 mpar e cl tothe s pec i es

ulready in existence.
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Ever si nc e ra i nb0 \'1 t r 0 ut \'Ierci mp0 r ted f 0 r t he first t i. In e t 0

Japan in 1907, the spawni~g time has become earlier. At the Freshwater

Regional Fishery Research Laboratory at Nikko; the' spawni~g sllowed'the

maximum at the end of Harch in the year of 191.1, but it"'showed the

maximum at the beginning of December in the year of 1964 (41). A simila

phenomenon has been observed at ~he Ooizumi Experimental Laboratory of

the Tokyo University 6f Fisheries(42). ·This change is probably due to
. . '.

the result of selecti.on, \'fhe·n fish obta.ined ·from ~9gs"spa\·med early

ce, every year, ''iere used as the. parental fish for tli,c'fo1lo\'ling. generati.on.

Also, since a~ong rainbow trout of the same ~ge, thefish of larger

size mature earlier (43). their ~ggs, spawned earli,er·, hatch' ea}'lier

thafi those spawned at a later period. The ft~gcrli~gs start their feed

1ng earlier and have grown larger· by thetime thej r~ach their spawni~g

period. Thus, theil' spawni~g period commences earlicl'.,

Consideri~g the~e observations,' ,the phenomenonof spawni~g at

an earlier ti.me is due to environmental fact"ors \·/hi.ch affect the.·. growth

«.e of trout, such as the types andavailabili.ty of food, .thc. qua1ity of

the \'Iater and the \'tater temperature, in additi.on to the. genetic factors.

A similar phenomenon an early matutation is known to oecur

t 0 }1a s uno s uke, by er 0 s s i n9 t he fis h \'1 hich ma tu red ea r 1y (4 4) .

Crossings between differe.nt speci.es· of Salmonid have

been performed in Europe, USA and Japan (Suztiki,. 4~). Howcver~ there

have been only a few e~tensive studies of the cases wllen Fl and their

offspri~g have been kept under the same conditions as the parent species

for a long period of time and'when the econo~ically effieient characters!

s u c h ast h e. 9 r 0 \'I t h rat e a n d t he· res ista nc e tod i seil ses·, have be e n ca re -
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thetr breeding is still in'

'.

C'
, '

a primitive stage compared with that of carp, even in the case of rain-

bow trout)which are bei~g cultivated most extensively at present.

Co~cerning rainbow traut, the characters required in them have

b~en until now: an increase in the egg,' numbers spawned, earlier matu

ration, earliercollection of ~ggs, bettel' metabolic ~fficiency and a

higher, grovJth rate. Lewis (37),bY selection'from the ordinary rainwo['
nonnally

trout, obtained a line which spawns in November [this trout/spawnsearly

in the spri~g]. At the 2nd year of ~ge, the spawni~g rate of this new

line \'las 98% compared to 53% for the parental line. 'Also, at the second

year of ~ge, the number of eggs spa\'lned increa~ed to 1,693from 123 in

the parental line. Millenbach (38) also obtained a line which showed

a higher spavming rate at the second year of ~ge. He observed that,

\'J he n t he s e tr· 0 ut wer e re 1ease cl i ntos t r earn s " t he t i, In e 0 f mat urat ion

overlapped thestart of thc fishi~g season and the color of these fish

turned blackish; however, a~glers prefe~' rather immature fish hut with
. .',t he s i 1ver - \0[ hite c0 '1 0 r. , F0 r 23 'y ears, Don a1ds 0 n and 0 1s 0 n (3 9) a nd

Don a1ds 0 n (4 0) ha ve be en s e1e c tin g ra i n b0 VI ' t r 0 U t \'1 h5 c h c0 me up t her i 

ver inside the campus of the University of Washington. In 1944, the
i

aver~ge le~lgth of these hJO years' old trout was .36.3 CIlJ., the larg est

being 39.0 cm.; the numbersof eggs spawned was 1,653, the largest

nU111 berbein 9 2, 1 2'1. Thel e!l gt hof t he f i, s h a nd t he nu111 ber S 0 f ~ 99S s Pa \0[ r

cd incr~ased ev~ry year .. In 1968, the 1ength of two years old-trout

reached 60.4 cm. 'on the aver~ge (the largest being 66.0 cm.); ~nd·the

number of ~ggs spuwned increase4 ~o 9,259 on thc avcr~ge (the 1argest

numuer be;ng 18,144) (TAßLE 7.2).
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they are unattractive to Japanese because of their irr~gular lini~g

o f scale s ; t hey are di f f i cu 1t t 0 co0 k be ca use 0 f t hei }-. 9r eat erb0 dy

height; they are easy to catch but have 10w pu1ling strength, etc.(36).

I\ssuming that, amo~g the various speci.es of carps. species A

ha s a fa vor a b1e eh ara c t e r 0f dom i na nt i. nher 1. t a. nc e an dan unfa vora b1e.

'character of recessive i.nheritance; also assunli.!1g that species ß has a

different favorable character of dominant inheritance and a different

character of recessive .inheritance, by crossi~g A and ß, it may'be

possible to produce hybrids Fl with both favorable characters and

\'l i t h0ut bot h unfa vor a b1e c ha ra c tc r s . 0n t his .ass um flt io n, Suzu Id a nd

Yamaguchi (34) tried 9 crossings amo~g the s~eci~s' described above.

1\y br i d F1 ( Ya.ma t 0 x Mir r 0r) be hlcen fe mal e Ya.ma t 0 ca r pan d mal e In i l' l~0l'

carp; also hybridF l (y~m~to x German-scaled carp) bctwe~n female Yama

to an<! male Germari-scaled carp, stlowed heterosi.s .. In particular, höte..:·,

rosis was remarkable in the first crossi~g. This hybrid shows a bettel'

gain from food consumption and a h~gher . growth rate than not only. y~

moto carp but also the mirror carp (TAßlE 7.·1, FIGURE 7.2). 'Also, this

hybrid is resistant to specific diseases and has r~gular scales. Thus,

this species can be iecommended for cultivation in the future.· F2 of·

tlth; hybrid has a simi1al~. gro\'lth rate, comparable to F1 , hut is more.

susceptible to diseases and has 10wer met~bolic efficiency. Also. F2

is dividcd into scalcd carp and mirror carp in the ratio of 3 to 1.

ThercfQrc, only F1 is <!csirablc for use as food.

2.3 Salmonids

Compa.red. to" carps. the cul tivati,on of Salmoni.ds has a rather

short history. It \·tas only after thc 17th ce.ntul-y that, the breeding

',,,0:
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hybrid is adopted in many cllltllre grounds. Hhen ropsha cat'ps are i.n

bred) their resistance to disease is decreased; 'but when they are cros-

s e d \'I i t h ca r ps bred in' t heU kra i ne) a hi 9her. 'g r 0 \'1 t h rat e arid s t r 0 n9 re -

sistance to diseases are sho\'ln as the result; the survival rate is

then also higher.

Studies eone~rni~g seleetion and erossings have mainly been

direeted to gro\'lth rates or immunity to 'diseases. However, no ,research

C a ppears t 0 ha ve be end0 neo n t he f 00 d ef f i eie ney . C'u1 t uri !l 9 ca r PSi',

Japan is effected mostly tllrough feedi~g and the aspeeti of th~ir high

rat e 0 f. 9r 0 \'l t hand 111 e :t abo 1 i c e f f i c ie ncy are 0 f i mPOl" ta nce. Yama t 0 - ca r ps

and Asagi-carps, both of which are 'Japanese breeds·, the \'Iild and 'scaled

carps. which are German breeds; and the mirror carps were cu1tivated

in various environment~ and compared by Suzuki and Yam~guchi (34) and

by Suzuki et al. (35). In all environments. both the metabolie effi-

ciency and the growth rates were in the followi~g order: mirror carp >

scaled earp > ,Yamato carp > ,Asagi earp> .\'Iild earp. The mirror earps,

,(? are t heb es t s peeie s \-ti t h r ~ gard t 0' t he mc tab 0 1i c e f f i eie ncy a nd 9ro. h
"

rates. On the other harid, ~ild earps. considered to be the original

species of carps, showed the lowest values in both rates. When culti

vated in runni~g water at 25°C, thc increasc in the weight of thc mir

·ror carp was 7.3 ( i ~ e~ that of the wildcarps and thc metabolie

effieiency \'las 1.6 times t'h'a-X of \'fild carps (TAßLE 7.1). Also, the

surviv~l,rate of wild earps is low und er artificial conditions,~nd, genc

rally. it is difficult to spa\'ln them. These facts sh00 that, \'Ihen culti

va tin 9 fis hin art i f i c i ale nvi r 0 nme nt s. t he' \-1 il d typ es ha ve a 9h? a tel"

dis a d v il n tag e t h il n t h e ,0 t her s e 1 e c t 'e d s p e c ie s , JI 0 \'J e ver, t he mi l' r 0 r ca r p s

have also' many disadvantages) i.e.: their suseeptibility to diseases (35)



was not selected, was 30 - 81%; while the mortality of the offspring

of the selected group was on1y 2 - 15%. Prokhorchik (2~, by se1ectiori

of·cu1tured carps· bred in the ßeloruss Republic, obtained carp lines

with higher growth rates, higher hibernation rates and high~t yields

per hectare than those of the origina11y c~ltured carps; also higher

thah those of mirror carps.

When fewer numbers of parents are used in repetitive selections,

more of the offspri~g b~come homozyg6us. Therefore, .it is considered

that there is a risk that infer'ior; umlanted characters \'lill become

phenotypes. In the second. generation of offspri~g from a pair of carp

parents, the increase in weJght is lower by 10-20% than that of the firs

generation; also, the survival rate is lower,. but the abnormally-

s ha pe dca r psi nc r ease. Ho \./ ever, t her e are ca ses \'I he n he te r 0 s i s i s

caused by outbreeding (21,22). Carps have intermuscular bones. These

bones are dis1iked by man. Recently, usi~g X-rays, the relationship

between the numbers ofintermuscu1ar bon es and the fish variations,

(.(f!:,.., al so behleen thc 'numbers of back bones and the intermuscu'lar bones

• have been studied (23,24). However, the creati.on of speci.es \'li.th fe\'1er

bones has not yet been ·achieved.

~ There have been many cases of heterosis in the gro\'lth or· in the

resistance to disease, when carps of different species have been crossed

frequently (25-33). Kirpichnikov and his co1le~gues (29~30) reported..
t ha t: t he F1 hy br i d (r 0 ps ha ca r p) be t\ol een a mi r r 0 r ca r p bred 11l Po 1a nd

and a wild carp bred in the Amur River (a strong river with low tempe-

rat Ul' es) s hO\'1sah i 9 h 9r 0\'1 t h rate und er s eve l' e \'1 ea t her co nd i t ion s i n

Russia, as well as h.igh resistance to "ßauch\'lassersucht". 'Thus, 'this

.- ..-·----~-~-------------..:.-.~_:.:....-:.:....------I
I ~; ..~....r>r,",~,-;- ." .. ,.• ~....• -.,_ .•.•., ~' _"' ""',,. ..~, .,,''"' .. ,''"'' -.,. ~~_ ,- ~~_.._, ,~"""',..,,,... ~ <~",..-~.. ~,.""", "l<' ',~.",.," '~ ~.' ,~_ , -,·"' '.", ••. 'a_ ' -....~._~ O!O> ·• ....r,.· "", ,.,..."",..,."'.~ ·r~_\."?.""';',;~ ,."l*"'·,~""::;· ·....;,'""')',.-:"''"'''''''~'"'Vt<'t;\'i<".'..;,...,...-:

. .''. ''',, ' .. ~. - ,.. .. .
,. " :~. '~:.. ,.:



•c:··

-208-

t hey. 9r e\'1 fa s te r t han t he Ja pan es e bre e ds . Als 0, i t ha s be en re po r ted

that the hybrids Fl resulting from crossfrg the German and'Japanesc

brceds, grew excellently (14, 15), Thereafter, hybrids of these two

breeds were distributed everywhere and, evennow, the characteristics

of the lcather earps, mirror carps and lirie carps are found in the

edible carps and Nishiki carps. Such carpswith irregularscales are

not favored as food by Japanese, who have tho~ght sinee the olden time~

that carps should have scales. It is doubtfu1 whether theearps

which were transplanted and ca1led 1eather carps and mirror carps,

were the same speeies as the carps described previous1y. However,

since both the 1eather and 1ine carps are fo~nd at present, it is cer-

ta i n t hat t he .s pec i c S \'1 i t h t he N fa c tor, dis adva nt ~ 9e0 U s t 0 c u1 t i 

vation, must have been transplanted.

The body heights of the cultured speeies bred in Europe are

higher in relation to ..·their body 1engths, than i:s th.e case. \·tith other

Ho \'1 ever, s i nce t heb 0 dy he i 9ht i s e as 11 y a f fee ted by c nvi r 0 nm ental

species. Tllis phenomenon is considered.a genetic character (16,17):•
factors and tllere i~ no eorre1ationship between the body heJght and

the growth rate, it is considered a risk to use thc body height as a
.,

se1ection-indicator (18,19).

Apart from breeding earps by actunl experience, the seleetion'

studies pf crossi.!19S have also bccn followed intensely, part-iclJlarly
th~ . .

since World War 11. Schaperclaus (18) injected into carps/live virus

of "ßaucll\'/aSSersucht ll
, Hh'ich \'las causing. grcat dam~gc toeal'ps .in thc'

Eu r 0 pca n cu1tu re - 9r 0 U ncl s every ye a r ; he t hen s e1ec t e cl t he ca r pS \-/ hi ·c h

Nere not infected hy this disease. The mortality of the group,Hlrich
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the·weight, the heritability beeame extremely 10w (0.10-0.15). It is

said that mirror earps will not be affeeted nowby selcetion (7,8).

I nEu r 0 pe, e a r pS \'l i t h fc \,' GM S eale s ha ve be e n pre.fe r red f 0r co 0 k

ingand selection has been made for this purpose. Carps are di~ided

into the fo110win9 4 groups, ace~rding to the types of scales they

ha veo. ' The f i r s t 9r 0upis a 0 s ca 1edca r p \·li t h s ca 1e s 0 ver i t s wh 01e

bady; the second, group isa 1i ne earp \'li th 'one 1 i neo of' sea.l,es ,a 1ong
.....

eaeh ·side laterally and on~ line of seales on both sides of the dorsal

fin; the third group is a mirror earp with large-sized scales on1y' on

the basal part' of its dorsal. fins and on a portion of itstail base;

and the fourth group is a leather carp whieh searcely has any seales

on its body surface. These types are controlled by t\10different fact

ars. Ifwe assume that thc faetor related to the appearance of seales

is Sand the faetor rel~ted to the lack of seales is N; then, S is

dominant to N and i s inheritecl aceordi!1g to Hendel 's Law ( 9 ) . Facto- .

ors of a scaled earp eomprise nnSS or nnSs; in the case of a 1 i ne 0(. carp, NnSS or NnSs i s true; in the ease of a 1ea the}· carp, Nnss; and,.....

in the ease of a mirror ca rp> nnss. The NNSS. NNSs, NNss are lethal

and fish with these seales cannot survive .

..

Of the above four types, the mitror carp and the sealed earp

show the highest growth and survival rates. Mirror carps particularly

are recommended as species for c~ltivation in Europe(10,11,12i13).

In 1905, 4 female leather carps and 1 male mirror carp, bred

in the Eisch River in Germany, were transplanted to Japan for the first

t i In e . Theseca r ps vii t h irre 9u1arscale s \'/ e r e ca 11 ed ',' Gel· Inan ca r ps 11 a11 d
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merciul species are creuted in the above manner. Today,. these methods

have been. systematized due to well developed scholastic studies, even

in the field of agriculture. Many of the present species used in culti

vation and breeding werecreated by our ancestors, who gained their ex-

perefience by repetitious selection and crossings; qUickl, detecting

spontaneous mutants (an "accidcntal product) by careful daily observa

tions, and then culturing these mutants. Recently. in the field of

agriculture, the following were also considered to be important breed-

( ing methods: after inducing mutations artificially, pOPulationS\.tith-

desirable characters are created from many variants; sperm from popu

lations with specific characters ar~ preserved permanentlyand used

when required. Usingsuch methods, the breedi~g of cultured populations

of fish is now reviewed in the followi~g.

In the past, for people who lived inland and could not obtain

marine products easily, carps were an important source of animal pro-

(":: I te in. Thes e fis h ha ve beeneu 1 t i va ted s. i nce aneie nt time~ a nd~' am 0 n~

fish, the method of breedi~9 thern has advanced most. The origin of

carps is in Central Asia. It is said thai, in China. carps were culti

vated 2,400 years ago. At first, wild carps were ca~9ht and culti-

va ted. an cl t here pro d1I C t ion te c IlIli ques ha ve al s.o be en 1 0 n9 cs tab 1 i she d . "

In the long history of. breecli~g, our ancestors developed the brecdi~g of

fish species by repeated selection, as they did with domestic animals.

At prcsent. tlll'OU"ghout lhe entire world. rnany local variants of species

are known.

Am 0 n 9 t hc se, t heb}' ce cI i!19 0 f mir r 0 r ca r p ha s b ~.c n ad va nc e cl

mOit. As thc result of thc selective poli~y for populations to increase



".

ThU$) each genetic polymorphism of populations has to be analyzed fl'om

all p'oints of view. Then, on the basis of thc data of these analyses)

creation of a new populationwith the desired characters) responding

to requircments)is the objective of actual breeding cultured populations

.
The methods of breeding such populations do not differ greatly

from the methods which have produced excellent results in the field of

agriculture. As shown in FIGURE 7.1) the start of tulturing wild crea

tures is followed by establishment of the reproduction techniqucs which

are suitable for them in the artificial environment. The genetic ~oly

rnorphisms of each cultur~-population are analyzed and a ncw population

with desirable characters is created by selective brceding.This new

population could becorne a commercially valuable species directly. Fur

ther,more) two different populations are crossed in order to give the

required characters of both populations to their offspri~g; or) in or

der not to have the undesirahlc characters in their offspring, but

presently found either in both populations or in one of thern .. If th~se

goals can be achieved successfully) commercially useful species'cm be

created. Also, sometirnes, hybrids Fl of different species"rnay be

'either sterile or rnon~genic. These phenomena are sometimes adopted

in the commercial fields. When new populations w1th desirable character:

are"'created by crossing, they are distributed immediately; the indivi...;. '

. duals \·ri t h ' e very pos s i b1e combin a t ion 0 f t heva rio us. gen et i c s t r uc tu res ) ,

isolated from the F2. generation) are then cultured.

Most of thern are heterozygotic. From thern) fish with desirable

characters are selected and the F3 lines are established. Then) the

genes become homozygous) caused by continued selective breeding.Com-

_;:,""",_ _y_"'".. • - .< ,·,..t~'\· .~" .•. ~ ."'._~ ~""'~~_.,~_,V"- ,ff' ~.'l".'<'-, ""::".Ui-_~,,"~, JIl'Il"!< ,,,,..~ ~-,--~,..,,---,~ ,.--~, ~" ..:..-.. ~"....;.:...::-:.:::.::-.. :~:.:,-.::'" ."-_....;. ~,."'-,, -.:, ~".~--~~'~-,{,., ~~." -- "":.~..:.~ ;..~~.~-~"":~..:...... ,,<~~~~,~~":'~~~
>~•• ':,"', "~' '. "



1. Genetic control of wild and semi-wild populations

The fish yield from wild populations, which are not controlled,

is far greater than the yield from cultured populations. Therrifore,it

is necessarj to increase wild populations with' specific geneticchar

acters by protecting them or transplantJng them; while it is also

neeessary to increasc the catches of fish populations with disadva~ta

geous characters. Dnce a wild population is controlled by man, it is

not a purcly wild population anymore. However, for convenienee, ~uch

tö
Since early in this century, in order/identify wild populations

and local groups and also in order to 'clarify the reproduction resour-

ces, mostly morphologieal. and eeologieal studies havc been developed

on the basis of data on the resources. However, studies ofwild popu-
. .

lations are fewcr, when compared with studies of cultured populations.

Recently genetie studies have beendeveloped of.the populations of:

tuna (1),' eod (2,~,4) and salmon (5,6). Due to the ~dvaneement in

biochelllical techniques, evaluations o·f. ~ienes' or genotypes of wild p'u

lations are being made intensively, using isozymes.

2. ßreeding 'of cultured populations

2 . 1 Pur pos e a nd 'm e t ho ds 0 f br ce di n9-

ßrceding is the creation of a biological population wiih ~enetie

characters which are desirable toman, who then groNs and increases it.

Therefore, breeding is closely related to industry. The rcquit'cd char-

actcrs vary, depending on thc kinds of creaturcs and the ·changing times.

. .'
. '_",'" 'P"'~__~'''''_''~'''''''''._''''__ ' '- .-.- _._"~_\'_~ ·''''7''·''~·'-·~··.·· ''":." -.--.- -~.•.,.-•.-..-- ~" ~"""
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FIS H

At t he tim e \'1 hen 11 c i vi 1i za t ion" had not beende ve 10 ped, i t

was never thought that man c~uld control fish, except specific species)

like carps. Today, fish are in·demand not only for rnan's food) hut

also as food for domestic animals or as food for culturing fisH. Fish'

have been overcaught due to the great ~rogre~s in fishing techniques

and the natural breeding grounds of fish have been destroyed due to

the environmental deterioration. Therefore, the natural resources

for fish are decreasing .. Having in mind the varieties öf food habits,

this also applies to sport-fishing, a stabilized production of fish

by cultivating various species is indeed needed. Therefore, as fish
. .

resources are being depleted) it is necessary to develop a systematic

method of control) based on a genetic' analysis of wild populations.

Horeover, in .order to produce fish populations \'lith utmost efficiency)·

using cultivation and not just trying to improve its techniques, it is

import~n~ to create new populations with all the advantages of·.ge~etic

improvement of the species. Consequently) the present state of fish

breeding and the problems involved with fish studics for the futu~e

are reviewed and discussed in this paper on the basis of the aspects

referred to above.

' •• " •• 1
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FIGURE 6.5 SHELL COLOR oy THE FIRST GENERATlON OF PURE-BRED

LINES Of C. GIGAS, BRED IN HOKKAIDO AND KUMAMOTO~

AND THE FfRST GENERATION OF THEIR HXBRIDS

lImai and Sakai,l)

c· . l:'nearly'whole shell is white
2: partia1ly black
3: about one half is black
4: mostly black
5: whole shell is black
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· * Ho kka i. d0 G3
· **Avel-age value

· ***F 1 Hokkaido x Hiroshirn

ce

FIGURE 6.4: DISTRIBUTION OF THE SHELL LENGTHS OF THE THIRD

GENERATION OF PURE-~RED LINES OF C. GIGAS. BRED

IN HOKKAIDO AND HIROSHIMA, AND THE FIRST GENERA~

TION OF THE HYDRIDS BETWEEN THE HQKKAIDO AND

HIROSHINA BREEDS
[Imat and Sakai. 1)

,

I:'~" . *'~l nh
~~: ** . DJlcl

,. ' ••5 ;~ $5 95 105 115 e.c

~r *** rffil .J r;=UlL~,
~:.o 55 "J) :.) 1\5 ~.5 JI)5 11~ r.";1

I',
;~I- ****: . ****F 1 Hiroshima x Hokkai.
~,'

\ol

~~ '----t._~--L..;'~';• .L-tL~;.I-..J.-.;...L.J.-.;;~.L-!-.;;1"""""-";;..,-,

~t **jlU:::J . *****Ili.roshima G3

) .&5 ;:5 05 ;5 f';'n



'.

(

FIGURE 6.3:
GENOTYPE A~D WHOLE BODY WEIGHT.OF C. VIRGINICA

Left figures show the average weight of shells
\'1 i t h. 1, 2 , 3 0 r 4 he te r 0 Z Ygo te s i. n· 4 gen e 1 0 c i. ,
relating to Est - 3; PGt, LAP and PGM.

Right figures' show the genotypeof AAT-l and
t he \'1 e i 9 h t .

.
L: Groups) the whole body w~ight;~f

\'/hich is.·beloH 1 g.

H: Groups, thewhole body weight of
which is over 4 g.

Numbers show the numbers of shells
(Singh and Zouros, 21)
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FIGURE 6.2: DEVIATIQNS QBTAINED FROM THE EXPECTED VALUES

OF HETEROZYGOTE FREQUENCIES fN C. VIRGINICA~

DIVIDED INTO 4 GROUPS (".:;l g.~·4-6:gq .6~8.g.~>8 g.L

ACCORDING TO THE WHOLE BODY HEIGHT

(Singh and Zouros, 21)
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FIGURE 6.1: DISTRIBUTION OF ALLELOMORPHS IN THE POLYMORPHIe

GENE LOCI RELATING TO THE ENZYMES OF BIVAlVES AND

SNAILS FOUND ALONG THE COASTS.
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(Hada. 25)

TAßLE 6.11: EXPECTED VALUES OF HERITABILITY .AND THE EXPECTED

SELECTIVE EFFECT OF SHELL CHARACTER OF PINCTADA

SY ANALYSIS OF VARIANCES
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TAßlE 6.10: EXPECTED VAlUES OF HERITAßIlITY AND THE EXPECTED

SElECTIVE EFFECT OF·CHARACTERS OF C. GIGAS BY

(.

ANALYSIS OF VARIANCE
(Lanna.n. 24)

(
:.~,.,

••. r,.

"

CQ)
S- o Po "0
0 I .... >, Q)

S- U ~ .J-) .J-)

S- Q) roo u
>,GJ .... s-c Q).J-)

.J-) Q).J-) Q)Q)Q) o...u
.,... "0 Vl U c..c ::J XQ)
.... s- Q) QJ 0... .... Q)lt-
-r- co "0 't- CTl ro lt-
..0 "0 QJ'!- Q) > '!-Q)
ltlC .J-) <LI .J-) Cl 0
.J-)ltl U C<O
.,... .J-) Q)Q) os- Q)

S-Vl 0...> S-Q) .J-)

Q) . x·,... <0> ro
:c +1 w .J-) o...~ ~

Shell \'Jidth (H)
._._..-:-.....~ .. _.... ~. ----------_.~.:.# ..._.""' '''-''- ._----~--

.SI ± .01 1I.lmm 33.70101 33~;

She11 hEdqht~H~ 1.11±.05 S.7mm 10.10101 81

She1l 1ength L •SI.J:. 21 18.90101 52.10101 36

l +H+H ...••.•..• .93= .23 35.30101 96.50101 33

l/~l . ........... .31!: .18 0).76 .SB 11

Hho1e body \'Ieight (TH) .33±.19 7.9g ::9.7g 21

Soft body \oJei 9 h t ( t1~1 ) .37=':.20 2.0~ 6.3g 32

NH / TH .•..•.•..• .46=.22 ".22 .:110 11)

larvae surviva1 rate .31±.06 .31% 3.51%-- 9

Sett1ing ra te .09:.08 .. o:~~ ".45% 0.5---------_.._-------------.
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Kawamasu ...•.....
l\'/ana .•.•........
Brawn traut .
Sakura traut ...•.

(tJHime traut .•...•.

.". . Kawa - s a kura . . . • . .
Ka\'la-hime.......•..

Tiger traut ...••..
Bra - i \'1 a •.........
Bra-sakura .

* f is female .
fm i s neu t}' al
95% reljable

.._--_._------_._--.
f 23- 813.9±85.. '·· 186.0::11.9'·

f 21 ~76.9±39.2 9;l.7:!:1l.2

f 25 43-1.7:: 30. 8 89.2 :8.2

f 25 311.6::30.5 57.5±4.2

f 19 562.S:f:2S.0 146.3= 10.6

f 23 321. 2± 58.2 23.6::4.7

{f 16 458.4±79.0 35.6±9.1
fm 2 649.0 45.2

f 24 505. 4± 46.1 34.4:!:3.3

f 20 ~51.1±2Z.8 34.0±3.8

{f 19 06.8 i 73.2 29.1 :~. 5.8
Cm 6 261.5.1.138.2 16.2 l: 7. 5

limit

157.8'= 16.1··

8S.6:!:11.~

16.1 =7.8

51.2±3.8

91.8=5.2

5.1 =3.1

7.9±8.6
o

0.5±0.1

2.6:!:2.1
o

79.0.1:1. Q

79.5:!: 1.2

81.1=1.1

74.0=1."

n.4±1.1 (P<O.OOI)

92.1:!:1.5 (P<O.OOI)
93.0

93.2':0.2 (P<O.OOI)

92.5.1;0. I> (P ':0. 001)

93.5 ! 0.' (p. 0.00 I)
93.8 I 1.11



I
QUESTIONS, ANSWERS AND GENERAL DISCUSSION

-237-

Chairmen: S. Sudo
Tohoku U~iversity, Department of Agriculture
Y. Nose
Tokyo University , Department of Agriculture
K. Fujino
Kitazato University, Departmentof Fisheries'

{~ .
Y. Talli9.uchi (University of Kochi, Department of Agriculture):
According to data on carps by Moav, selections, performed in order to
increase the growth rate, showed negative results. What was the cause
of these results? Was it caused by inbreedin'g?

K. Wada (Pearl Research Laboratory):
As the result of natural ,'sel~ction during the evolutionary process,
and also as the result of the artificial selection in the breedi~g pro
cess throughout the lang history in Europe, the incr~ase in the growth
rate reached its limit. Thc manner of brecdingwas devised not to have

i nb r ee di !1 9 . Ho Wever, i t i s not cer ta i n \'I he t he l~ i nbr eedi ~ g \'1 as .a c. tu a.11 y
~) avoided or not.

K. Suzuki (Fresh\'later District Fisheries Research Laboratory):
The chromosomal numbersof carps or Carassius vary depending on the .
useof either Osmic Acid or tissue culture methods. How daes it can
cern thc ca ses of other species of fish?

Y. Ojima (Kansaigakuin University, Department of Science):
Same s~owed the same numbers, using both methods, but others s~owed a
little diffel~ence. {l)Chromosomes \'lere observed, using 'mashing \'1iJ.Y.

Why air-dry methad was not used? (2) It is necessary to show the normal
karyotype of fish, uscd for thc cxpcrim6nts, as a control. What do

you thin~ about this? (3).Is pollution in New York Gay still getting
\'10 r se? 11 hat abo ut t heva 1ue S 0 f CO Dan d ß 0D?
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Sudo (Tohoku University. Department of ~grtculture): (1)

Is t~e quanti,ty of phy,coerythri.n. contained, i.n the. green and y,ello\'1
types of Nori.less than that in the wild type. or there is none at all?

(?): Also. did you observe the absorbance of phycoerythrin. extracted

and purified?

Miura:
. (1) The quantity of phycoerythrin. contained in these types of No~i. is
5mall. (2) Mr. A5hida of Tokyo Untver~ity ts now workt~g on these

absorbances.

Y. Nose, (Tokyo University. Department of Agriculture):
When you obtain the- seeds of,Nori. how much attention do yau give to

the resistance of Nori. as mentioned previously?
~

Miura:
P~esently. thi~ is not of great interest. However. this'problem is

actually bei~g studied in some districts.

K~jino: (Kitazato Uni.versity, Department of Fi.sheries}:
The day before yesterday (dctober 7). Mr. Sudo mentioned the differences
of the gene frequencies of the isozymes, dep~nding on the r~gigns 0here
Nori were produced. Are there similar differences amo~g the color

polymorphisms. which Mr. Miura studied?
Sudo:. He no\'1 have a plan to stüdy this and the resul t is expected 'soon.

Miura:
Co~cerning the biochemical field. presently Mr. Ashida of Tokyo Univer-

, .
sity is stud~ing this. He can get ~ccurate results later.

Sudo:
How to breed agar which are diploid 'and have many chromosomest. (Such

as Wakame. excludi~g N~ri).

Hiura:
At present. selective breeding might be the most effective. Ön theothel
hand. since the exchange of combinations and crossings tak~splace in

'..... . . ,.., \ .. • >. ", ,.~ .. ~ .. ~_....... --...;.....,,~~ ". -.....~~ -...,. .. " ....
. ...-. ~.. . ,. ·"-~'7_~.",_""",

• ....._._:.- ":~._.,, ..~. ::._......~. __ ~ ..~ ....:,..•.J,r..:-...,._.: ~~~: __.;.:·:~i~·:"::.",.;,._ .. ~·
, ..•. _,,,.,,.,,., ..,,,,.;,,,,':: ... ~ .: '::'''"'''':';;h':'':''',._,:.~.:,.,;...; ....;_;..··,." ..~~~~~~~;""".*,.;;,~,-;._(_
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Nori. Wllich is half-diploid and with few chromosomes. it i5 p05sible
to create mutants by crossing them.

Fujino:
Please explain the causes of the excess of homozygote~ in many gene loci
of various aquaereatures. as shown by the slide-pictures.

K. Numachi (Tokyo University. Institute of Oceanograph~:

The f 0 11 0\·1i !1 g ca uses a re co nsi.der ed: (l) er r 0 r S' a t t he co 11 ec ti on stage;
(2) existence of zero.or Null. genes ;' (3) seleeti~n based on the dif

ferenee of adaptive values among the genotypes; (4) Hulilund effect .
to the structure of sub~populations; and (5) inbreeding.'

Nose:--
As is the case of abalone. studied by Fujino) ,hetel~ozygotes of isozyme
pol ym0 r phi sm s 0 f 0Ys te r s s h0 Wed hi gh. 9 r 0 \:/ t h und s ur vi val rat es. I s i t
easy to ereate mijny young shells w1th these genetic constituents?

Numachi:
In order to discover the enzymes related to' thegrowth and survival
rates. such as AAT-I, in oysters. there is no other way hut by repeated
experiments. Havi!19 'accumulated the data of basic ~tudies. the fol

lo\·1i!19. generations ure then ch.ecked.

Fujino:
Hhen the characteristics of polymorphisms of specific enzymes. such as
the heterozygote dominance. are clarified. young shel1s with the~e, geno~

typ~s can be casily created in abundance: For example>presently. in
the case of Ezoawabi. in order to analyzc thc polymorphisms of cnzymes.
it is imposslble to gct small picces of body ti.ssucs \'li.thout sacrifi'ci,ng

the animals used for experiments.
HO\'Jcvc·r.· the fo11owing manncr can be recommended, For instance) the

a
frequency of polymorpllisms of/\'Jild population. bred in Ekiko area of. ,

I\'Jate Prefecture. has been clarified. Therefore. when males and females. .
are obtained from this wild popqlation at random. tllQ probability of

creation of desirable combtnations can be piedicted.
, .

From t he a na 1y ses 0 f t hc 0 f f s p r i ng. pro duc cd b Y t 11({s Cl combin a t ,1 0 ns. t h.e

." t
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types of pafent species uscd for crossings can be found. Then, the
seeds, \'lhich \·dll produce undesirable co'rnbinati.ons, ean 'be eli,minated,
but the crossings of desirable combinations wi1l thcn be repeatcd. ,
Also, a" better way to develop the technique of co1lecti~g ttssuc pieces
is to use elcctric knives and anesthesia, Hithout sacri,f'ici!1g animals.

" Suzuki:
There are some cases when chromosomal numbers vary in the same species
of oysters. Are their phenotyp~s different, d~pending on thetr ~hro

mosomal numbers?
(ja.',,.,

Numac'hi:
Chromosomal polymorphisms are ,found not in oysters, but in 'Purpura
lapillus. Their forms vary,depending on the chromosomal numbers.

Fujino:
(1) can Fl hybrid,' obtained between species, be used in nature?

(2) Generally, is i,t d{fficult tosucceed in creati~g F2 hybrids, :'ob-,
tained betHeen species, and hy6rids by back-crossing? For example,. '. ~

in Sendai Bay, hybl'ids between Ish,i:-garei. and Ka\'la:-garei can be found."
butinduc i ngof, gen es 0 fIs h.i. ,- gare i tot h.e' pop u1a t ion 0 f Ka\'la :- gare i
can scarcely' be found.

Suzuki:-'--
(l) Transplantation and stocking is us~ful in thc w~tcr districts with-
out. the species Wllich have ,alread~ existed and can ereate wild hybrids,
such as lakes and rivers witho~t any area~ for spawning.

" .. . '''.

(2)' Generally, since in many cases the F1 hybrids; obtained behlCen
different species, are infertile, or their F2 cannot survive, their

*ever offspri~gj~~~dly*created. However, in the case of Kawamasu (river
trout), a,nd I\1ana, it is possible to produce them. Nany fish, Hhich are
considered to be,the h~brids betwcen both of these, ~re found in thc
ri,vcrs in Japan.

T. Harada (Kinki University, De~artmcnt of Agriculture):
There was a me nt ion t hat n0 bre ed i, ~ 9 s tu die s, 0 f Ha mac hJ (ye11 0 \,/ ta il )

~ave been made.' Howevcr. the F, hybrids were produced,byus by crossing

, ~.. ....-: .. ~. . ..
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Hamachi and·lliramasa; Hamachi and Kanpachi; and Kanpachi and Jliramasa.

Also,. the F
2

"and h~brids by back-crosst~g were obtained. Similar

experiments, using Madai and Ishidal, are being developed. Some re

sults have been reported at the ~eeti~gs of th~ Japan Fishery Society.

Kato (Freshwater Region Fisheries, Research laboratory):-- "

Selection of useful_ characters of rainbo\'I trout \'/aS performed and their

i nbr e e d i n9 \,/ a s" re p0 r ted t h r 0 ~ 9 h0 u t 2 - 3: gen e rat i. 0 ns. • I t i $ co n s i. dere d

that thc effectivenes$ of s.election was eröved. At present,. ~oncerni~g

the ~gg num~ers"and the diameter of ~ggs, no tnbreedi~gdepression wa~

s~o\'ln.. HO\:ever,. ~ince t~ere is no theoretical' ~asis f~r th~se sele_ "

t10ns, 1t 1S cons1.dered 1mpropcr to repeat· the 1nbreedl.ng,. 1n order to

keep these characters improved. When repeati~g the inbreeding of only

excellent individuals,. the inbreedi~g depression mJght be prevented.

Fujino:

It is considered that th.e. i.nbreedi.ng .depre.ssiQn i,s due 10 the. appearance

of heter.ozygotes beh/e.en the inferi.or,. .harmful. genes and the superi,or,.

normal. genes'; they 'act as carl'i.e.rs (phe.notype. iS,'normal) in populations;

and the appearance of hete.rozygotes. i.s caus.ed by" th.e increase of homo

zygotes due to inbreedi~g.

Concerni~g speci.fic characters, .i.f no infer·ior. harmful. genes, ca.usi~g

inbreeding depres~ton,. extst originally in the population,. or if they

are e 1 i mi na ted' by art i f i. c i als e1~ c t ion ~ .n 0 1. n br'~ ed i. ~ 9 d e pr c s si 0 n taa
. ... ..'

place in this spectfic character. A book co~cerni~g artificial inbreed-

1. ~gas a br e e ~ i !1 9 te c h'n i. q u. e ha s be e n \'1 r i t t e n . Asan a c tualex am p1 e ,

please refer to aseries of reporis concerni~g !nbr~e~t~g andse1ection

usi~9 rainbo\'J t't'out (Inst'itute of Fish Gen·etics,. StaÜ~':DQPa:rtment, USA}

_ (28',.29).

Hada:
~

Some ani~als.(mice) are stro~g ~ith f~gard to inbreedt~g,.

(chickens)' ar:e \"Ieak. Th.ese Jn~cha.ni.sms. are. not cl"ari.fied.

breedin9, this phenomen~n has to be considercd.

but othe.}'s,

. 1.n 'actu'a 1
"

'Fuj i no : .

As mentioned previously,. the appearance or non-appearance of the in-.

breedi!19 depressi.on concerni~gspecific characters depend upon whe.ther.:'
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1nfer1or)harmful genes) wl11ch are allel~morphs related to the appear~nce

ofthese' characters)' are tncl,uded in the population or not. Theit exis-'

tence can be predicted on the' basis of prior investJgations of tlle

11 f 0 und a t ion s t 0 c k. 11 0 f br e e. d i, n9 res 0 ure e's '.

The polymorphisms of, enzymes are used differently) depending upon'

\'Ihcther it is the case \'lith adaptive values or a neutral ca-sc. There,

fore, concerning ariy, specics of creatures) {s thcre ageneral way,~o

elassify and o.rgani~e, a,11 eniymes into ei,ther types?

Whether the,~enetic variations. inc~ud~~g polymorphisms of enzymes,

show the neutral or adaptive values. depends on the correlation between

the genetic background of the population and th,c' envi.ronmental condi-,

tions of the area where this partieular population is distributed.

Whether or not the adaptive values are prescnt in a specific polymor- '
, ,

p~ism can be judged ,from the relative ~ata on speeific wild po~ulations

a ndon art i f i c i alp 0 p1I1 a t ion s. Ho \'1 ever, co ncern i !1 9 t he same pol y In 0 r 

phism) same stlldies have to be done of each wi,ld population. It i's

i,mpossible to predict the' types of polymol'phi.sm o'f different enzymes.-. .. . .'
Pr(5Oltly. the volume 'of data on this aspect is insufficient to develop

general methods of classification and ·o.rganization.

Hhen revie\'Iing the spe'eches, presented 'today, questions. anS\'lerS and

general discu~sion, the main field of, genetics and breeding studies

of aquaculture are divided into the follo\'lin9 bio parts. Thc' first... . .. .

par t i s, gen e t i c e 0 ntr 0 1 0 f t he' e r ea t ure s, t he see ds 0 f \'1 hi e h c a n b,e

pr.oduced by aquaculture. The second part covers the. genetie rontrol

of wild populations. In the first ~as~, specics. used for aquaculture,

ar~.studied. The theory and manner, which have been developed for

flowers) trees, ~gricultural crops and hllsbandry animals, are ci6stly

being adopted., Sfnce' the numbers of species of ,a'quatie ereatures are

la.rge and thc~r evolutionary d~grces 'vary, it i5 important to organize

t hc sub j e c t san d t 0 e s tab 1 i s. h t he co r re c t . goal s f 0 r t hes tu die ~.' ' These

relatc'to eithcr th.c "Resou'rces of hreeding" or "Breedi!lg t.echT!i.ql!es".

In order to aecompl ish ~his. task,' theori.es and methods are needed for

the folloHing: morphol~gy of crc~tures \,iith important performnnee

traits; quantitatlve, geneties'; studi,c.s' of physiol~gica~ charactcri,stics;'

population, genetics; studies' of hiochcin'ical cha'racteristics'; and cytQ-

genetics.
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Co ncer ni !1 9 t he sec 0 nd ca se, t he s tu dY b'y A. C. l 0 !1 9'\./ e 11 abo ut t he e f 

fec~ on wild populations by water,pollution, de.alt!19 with ·the aquatic

res 0 ure es, i, s q u i. t e "u n.i, que, . Als 0, asp 0 i~ nted 0 U t bi K. Suz uk i., t he .

possibility of effects on th~ spccies already in existence by trans

plantations and stocki!1g hava to be laken lnto consideration.

At this' Mee~i!lg, the prob,lems concerni.!19pre..servation of.geneti.c re-

sources were s~arcely presented or discusse.d'. lt is clear that these

, pro b1ems have tob e. 's tu die cl' i neo nj unc t ion \.Ji t ha. dv t.\ nces' i, n t hebr e e d-

i n9 s t udie san d t he i. rappli c a t ion s . Co nc e,r ni !l9 t hi. s sub j ec t, t he ale ...
c re a tu \" es:· : have beend i. y i de d i. ntot hre e 9r 0 ups :

(1) crcatures usefu1 for thc culture;

(2) wil~ or semi-wild' creatures; and

(3) creatures used for experiments.

The problems concerning these creatures ~ave already been organized*,

an d t he d1s C us s i, 0 n abo u t t hem i. sexpe c ted i Ti t he f u tu re . '(

[*K. Fujino: Prescrvation method of. genetic ·re,s.öurccs co'ncerning

a qua, ti, cere.a tu res. Aqua c u1 tu re, .3;1 7- 21 (1 978) . ]


