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SOME IMPRESSIONS REG A R D IN G  GENETICS AND 
TH E FISHERIES OF JAPAN
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INTRODUCTION

T h is  re p o r t  is b a se d  on  a to u r  o f  J a p a n e se  
laboratories concerned  w ith aquaculture  o r  subjects 
pertinen t to  it, 8-13 O cto b er 1972; and on atten ­
dance a t the  Second In ternational O cean  D evelop ­
m ent C onference, T okyo , Jap an , 5-7 O ctober 1972.

T o u r  in c lu d ed : O y s te r  R e se a rc h  In s t i tu te  a t 
K e se n -n u m a  on  M o h n e  B a y ; P e a r l  R e s e a rc h  
L abora to ry  o f the  F isheries A gency at K ashiko- 
jim a, M ie-ken (D irec to r, T . H ayashi); O cean R e­
search  In stitu te  o f  the U niversity  o f  T okyo ; N ikko  
B ranch o f  F re sh w a te r F isheries R esearch L abora- 
to ry  a t N ikko on L ake C huzenji (D irec to r, K . Ono- 
dera); T ohoku  U niversity  School o f  F ish eries ; To- 
hoku  Regional F isheries R esearch  L aboratory .

BACKGROUND INFORMATION ON 
GENETICS IN JAPANESE FISHERIES

T h ere  has been, in the  past, no overall, concerted  
effort a t applying genetics to the aquaculture  en­
deavors o f Japan  w hich are w ithout dispute the m ost 
ex tensive in the w orld. N ow , how ever, in conjunc­
tion  with a  national research  program  on aquaculture 
it appears that som e special com m ittee on the appli­
cation  o f genetics to  aquaculture is being organized.

Since the adven t o f  genetics a t the tu rn  o f the 
cen tu ry , Japan  has h^d a num ber o f  highly trained 
geneticists, m any o f  w orld renow n, invariably prom ­
in en t a t In te rn a tio n a l C o n g re sse s  o f  G e n e tic s . 
B reeding sciences and genetics are regarded  im por­
tan t enough fo r school children to m em orize the 
nam es o f  fam ous Japanese  (K ihara) and A m erican 
(Sears) w heat geneticists. G enetic  applications to 
breeding have, how ever, been w ith few  exceptions 
in agriculture not in fisheries, the sam e situation  as in 
the U nited  S tates.
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Japan  has had  nothing at least in recen t years 
equivalen t to the sym posium  the R ussians held in 
1968, “ G en e tic s , selection , and  hybrid ization  o f 
fish ,”  published in 1969 (C herfas, 1969), and tran s­
lated  in 1972 th rough  the ausp ices o f  the N ational 
O ceanic and A tm ospheric  A dm inistra tion . (N o r has 
the U nited  S ta tes .) It is relatively  in recen t years that 
th e re  has b e e n  a  re in s ta te m e n t o f  M e n d e lian , 
“ W e s te rn ”  g e n e tic s  in R u s s ia  a f te r  y e a rs  o f  
p ropaganda— serving L ysenkoism  (w hich proposed  
that m ost o f  “ hered ity”  w as due to environm ent). 
P erhaps the  R ussians, w ith  all vested  in terests in 
traditional fields o f  genetics d isbursed , a re  now  m ore 
free to  address the  reestab lished  discipline o f  ge­
netics to  the  new  research  challenges o f  the  tim e 
o f  w hich aquacu ltu re  is certa in ly  one.

In any  com parison  o f  the application o f  genetics to 
agriculture and to  fisheries, irrespective o f  w hat 
n a tion ’s research  program s are  being d iscussed , it 
should be no ted  that ev en  p reh isto ric  man w as w ork­
ing on the cu ltivation  o f land crops and dom estica­
ting anim als. M odern m an, on the o ther hand, is still 
fo r the m ost p a rt co n ten t, co rrec tly  o r incorrectly , 
w ith  leaving m arine organism s w ild. U n iv ersity  
schools o f fisheries are dedicated  to  the advance­
m ent o f  the science and a rt o f  fishing w ild fish in the 
wild. N o  doubt, this is partly  the  resu lt o f m an ’s lack 
o f  day-to-day fam iliarity w ith  aquatic  organism s, 
one m easure  o f  his failure to con tro l the  seas as he 
does land. A lso , the advance o f civilization necessi­
ta ted  the prom otion  and ultim ate success o f  agricul­
tu re  as w ild crops and anim als d isappeared  in its 
w ake. In  the sam e w ay pollution o f  the  seas may 
assure  the  prom otion o f  aquaculture  o v er the span of 
the nex t few decades.

W hatever the background reasons only presently  
is genetics beginning to  be applied to the fisheries in 
Jap an , w hich rank  am ong the m ost im portant indus­
tries o f this island nation. By con trast triploid seed­
less w aterm elons are bred in Japan  from  sterile 
c ro sse s  m ade b e tw een  specia l lines, and  giant,
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highly polyploid apples are sold a t railroad station 
food stands.

U ntil now  th e re  has been  no pressing econom ic 
necessity  in Japan  to em ploy genetics to p roduce an 
organism  b e tte r  able to  perfo rm  in an in tensive 
aquaculture system . A quacu ltu re  could be ineffi­
cient, depend  on cap ture  o f  young w ild anim als or 
gravid fem ales for a  kind o f sem ifarm ing, be labor 
intensive, and still be w orthw hile as a  m eans o f p ro ­
ducing food and obtaining an incom e. T his is no 
longer the case, and the change m ay be a ttribu tab le , 
in part, to rising labor costs and to  increasing de­
m ands fo r high quality  seafood by a  population w ith 
a  higher living standard .

EXPANSION OF INTENSIVE AQUACULTURE, 
A PREREQUISITE FOR GENETIC 

APPLICATION

C ertain ly , the  genetic study  o f w ild fish popula­
tions has som e profound im plications fo r fishery 
m anagem ent. G enetic  know ledge o f  w ild popu la­
tions, in addition, m akes fo r m ore jud ic ious selection 
from  such wild populations o f  the founding popula­
tions used  to breed hatchery  stocks w ith  particu lar 
characteristics. T h e  hatchery  breeding o f  special, 
though still undom esticated , stocks fo r re lease to the 
wild rep resen ts still ano ther a rea  o f  genetics little 
considered  in the fisheries. Such m ethods have been 
em ployed in fo restry  and grassland m anagem ent, at 
least, in the  U nited  S ta tes. H ow ever, the  deliberate 
severe  a lteration  o f  the  genotype o f  the  wild o r­
ganism , w hich aquaculturists need to  transform  the 
wild fish o r  inverteb rate  into a dom esticated  o r  cul­
tivated  form , requires, to begin w ith, in tensive and 
fairly successful aquaculture o f the organism . F o r 
th a t reason , it is im portant to note here the curren t 
s ta tus o f  aquaculture  program s in Japan.

A t the opening o f the  O ceanology C onference in 
T okyo  (Second In ternational O cean  D evelopm ent 
C onference, 1972), it w as indicated in a  special talk 
th a t one o f five m ajor projects recom m ended by a 
special C ouncil fo r O cean  D evelopm ent created  in 
Ju ly  1969, as an advisory  organ to  the Prim e M inis­
ter, w as the developm ent o f fish culture w ith under­
sea experim ental farm s. T his is, it w as explained, 
because Ja p a n ’s coastal fishing has declined owing 
to pollution and overfishing, because o f  the  exclu ­
sion o f Japan  from  som e fisheries in their part o f the 
w orld by neighboring nations, and because o f an 
intensification o f the w orld “ fishing ra c e .”  N ew  
fishing grounds will be developed and underutilized

species exp lo ited . Still o f  g rea t im portance , the  
C ouncil believes, will be the sw itchover in the fish 
industry  to farm ing-type endeavors. T h e  necessity  
o f  b reed  im provem ent fo r m axim um  success in such 
in tensive cu ltu re  under artificial conditions seem s to 
be w ell understood .

A t the sam e conference A kio H onm a from  the 
F ishery  A gency, M inistry  of A gricu lture  and F o res t­
ry , gave a  p resen ta tion  on “ F ish  farm ing in Ja p a n .” 
H onm a said th a t in the fishing field, farm ing, along 
w ith  concom itan t m anagem ent and  breeding, has 
been applied in the past only to  a  few freshw ater 
species and to a  few  species o f  seaw eeds and  c ru sta ­
ceans. O v er the years 1962-1966 the governm en t’s 
F ishery  A gency estab lished  five F ish  F arm ing C en­
te rs  to encourage coasta l fishing in the  Seto  Inland 
Sea. T he entire Seto In land  Sea is being considered  
as one huge pond. Several im portan t m arine species 
are to  be p reserved  and m ultiplied. F ry  are b red  at 
the  cen ters and released  to the  prefec tu res fo r raising 
and  releasing. In  this program  fo r the Seto In land  
Sea a  certa in  period  o f  grow th  will be left to nature 
elim inating the  necessity  o f  using cheaper fish fo r the 
farm ing o f  m ore expensive fish.

C atching and releasing fry , as a source o f  seed, 
p roved  en tirely  inadequate . Seed breeding from  arti­
ficially spaw ned anim als is now  the  w ork  o f  the 
project. I t  w as found tha t, on  the w hole, breeding 
techniques w ere inadequate  fo r the scope o f  the  un ­
dertakings. (H ere , genetic im provem ent in rep ro ­
duc tiv e  p e rfo rm an ce  u n d e r a rtific ia l co n d itio n s 
could  lead  to  b e tte r  b reed ing  tech n iq u es in the  
hatcheries as an in term ediate step  in the to ta l p ro ­
gram. N othing w as said o f this.) The main w ork o f the 
cen ter is now  accordingly the developm ent o f  m ass 
production  schem es. A s the  need  arises, fishing ex ­
perim ent s ta tion  and university  personnel w ork to ­
gether a t the center.

It has becom e the policy o f  the governm ent to 
subsidize research  w ork  fo r seed production  to  some 
nongovernm ent public corpora tion  w here they  be­
lieve m anagem ent is be tter. Seed p roduction  is the 
area  to  w hich m ost m oney is now  being directed .

E fforts are now  being m ade to rea r artificially 
produced  fish to  m aturity  in larger tanks so th a t they 
can subsequently  be used to breed  an o th er genera­
tion. W hen this is accom plished, o f course , geneti­
cally controlled  breeding will be possible.

System atic w ork in the release and con tro l o f  seed 
has been lim ited since so m uch o f the p ro ject had to 
be a im ed  a t d ev e lo p in g  se e d  and  b e t te r  seed- 
producing techniques. It w as found tha t, if  young



praw ns a re  p ro tec ted  fo r a certa in  period  and re ­
leased after adapting  them  to  natu ra l w ater, 5 to  10% 
o f  the re leased  num bers can be harvested .

A s a resu lt o f  th is program , praw n has been pro ­
duced  on a  com m ercial scale. A lso  red  sea  bream , 
o c to p u ses , globefish , sco rp ion fish , sea-ee l, blue 
crab , and  abalo ne. T h e  praw n p ro jec t is em erging 
from  its experim ental to a sem ibusiness stage.

T h e  praw n com m only cu ltured  in Japan  is P e n ­
aeus ja p o n icu s. I t  is one o f  the m ost expensive o f 
seafoods in Jap an . A rtificial cu lture  techn iques fo r 
th is species have been  developed o v er the  last 10 yr 
by fisheries biologists and  p rofessional aquacu l­
tu r i s t s .  D e s p i te  a  n u m b e r  o f  te c h n ic a l  and  
socioeconom ic difficulties in the com m ercial p ro ­
du c tio n  o f  p raw n  in Ja p a n , it is ev id en t to  the  
Japanese  th a t an increasing dem and fo r praw n and 
shrim p will stim ulate the developm ent o f  its culture 
as an industry  w herever in the  w orld it is at all 
feasible. C ulture  should be particularly  prom oted  in 
the  un touched , w idely ranging sw am plands in the 
trop ical zones. H ow ever, p resen tly  in Jap an , poor 
cu lture  techn iques, defects in the presen t system  o f 
intensive cu ltu re , laborious rearing  opera tions, ris­
ing land costs , and  unfavorable rearing conditions 
owing to  pollution m ake fo r unstable and costly  pro ­
duction  on praw n farm s. A  decrease in artificial p ro ­
duction is anticipated . C ulturists w onder w hether 
praw n farm s can even be m aintained in Japan  in 
com petition  w ith  m ore productive en terp rises. Y et, 
an overw helm ing dem and continues to  exceed  p ro ­
duction even  though at the  T okyo C en tra l F ish  M ar­
k e t a  kilogram  o f  live praw n has been sold\ for as 
m uch as 8 to 30 U .S . dollars (Second In ternational 
O cean  D evelopm ent C onference, 1972).

T h e  praw n fishery, ju s t  as the  shrim p fishery in the 
U nited  S ta tes, m ight well be the  fishery th a t w ould 
b e n e f it  m o n e ta r ily  m o s t q u ic k ly  fro m  a w ell- 
in tegrated , sensibly supported  genetics program .

E xperim ental studies on  the hybrid ization  o f  the 
freshw ater shrim p are being carried  on at the T okyo 
Fisheries U niversity  (U no and F ujita , 1972). C ross­
es o f  M acrobrachium  n ipponense  Q x  M . fo r ­
m o sen se  c? and  rec ip ro ca l c ro sses  w ere  reared  
from  the larval stage to sexual m aturity . M orpholog­
ical com parisons o f  hybrids to each  paren t w ere 
m ade. T h ese  interspecies crosses w ere achieved by 
exposing the excised sperm atophores to 50% seaw a­
te r for 15 to 30 m in, and then  attaching them  to the 
ventral tho racic  part o f  the  fem ale o f  the  o th e r 
species ju s t before she spaw ned. Such hybrids could 
have ad v an tag es  o v e r non h y b rid s  fo r in tensive

aquacu ltu re  under artificial cond itions, o r  fo r “ col­
on iza tion”  o f  a  new  area  in the wild.

POLLUTION AND INTENSIVE AQUACULTURE 
WITH “ SEMIDOMESTICATED” STRAINS

Possibly , even  before  b reed  im provem ent, w ith 
concom itan t genetic  ad ap ta tio n  to  the  cu ltivated  
s ta te , aq u acu ltu re  o f  som e “ sem id o m estica ted ”  
form s will becom e a success w ith the d isappearance 
o f  the ir wild progenitors from  Ja p a n ’s coastal w a­
te rs , o r w hen these  wild form s accum ulate enough 
contam inants to  becom e unfit for hum an consum p­
tion. O y ste r seed production  has been elim inated 
from  around  the C ity  o f H irosh im a w ith im plications 
fo r the entire fishery. Y et, while pollution o f  wild 
stocks and th e ir  dem ise by m arine con tam inan ts m ay 
m ake som e aspec ts  o f  com m ercial hatchery  p roduc­
tion  m ore a ttrac tive , too  w idespread  pollu tion  w ould 
ren d er even artificial production  in natural seaw ater 
virtually im practical. T h e  Japanese  regard  the  fu ture 
success o f artificial cu ltu re  to  be intim ately tied  to  a 
resolution o f pollution problem s.

APPLIED AND BASIC GENETIC RESEARCH  
TO SUPPORT FISH BREEDING

F o r  m any years  Jap an  has em phasized  applied 
research  in the fishing fields. A  system  o f  ex tension  
services fo r the fisheries is well estab lished . In  the 
U nited  S ta tes the Sea G ran t P rogram  stresses ap ­
plied research  and  ex tension  serv ices, bu t Japan  is 
looking in the  opposite  d irection . U nlike the A m eri­
cans, the  Japanese  have m ade near m axim um  and 
efficient use  o f  applied research . N ow , Japanese  
scientists actually  carrying ou t the  w ork  and  their 
research  adm in istra to rs alike are o f  the opinion that, 
to  increase  fu rth e r the  p roductiv ity  o f the ir fisheries, 
m ore basic research  is required . In  the  p ast, such 
research  has been  largely confined to universities 
w here it has not been well funded and  to special 
national institu tes. Basic research , they  believe, is 
necessary  to  develop  reliable m eans o f  carry ing  reg­
ularly large num bers o f  fish from  egg through sexual 
m aturity , and th is in the  face o f serious pollution. 
Such w ork should be deliberately  associated  with 
breed  im provem ent p rogram s, and the Japanese  
recognize th is. E ven  if they  did no t, som e useful 
genetic selection w ould occu r inadvertently .

Food and d isease appear to be presen tly  regarded 
as m ore im portan t constra in ts  on aquaculture  gener­
ally  than  lack  o f  specia l b reed s. H o w ev e r, the



Japanese  regard w a te r quality—pollu tion—as the 
cu rren t m ost serious point to consider in establish ing 
aqua-farm s. In  considering th is ordering o f  pollu­
tion , nu trition , then  disease, then  genetics, in term s 
o f priority , it should be noted that:

1) G enetics will no t succeed in accom plishing 
m uch o f  anything if the  anim al, to begin w ith, is no t 
reasonably  easy  to  culture;

2) b u t th a t g en e tics  can  in an  early  s tage  o f 
aquacultu re  con tribu te  to the  developm ent o f  types 
b e tte r able to utilize artificial foods, resist disease, 
be m ore vigorous, and develop good gam etes;

3) so nu trition , d isease , and genetics should no t be 
regarded, e ither in the U nited  S ta tes o r Jap an , as 
th ree  separa te  research  en tities—they  overlap.

STORAGE OF STOCKS AND COLLECTIONS 
FOR BREEDING PURPOSES

A  d ire c to ry  p re p a re d  fo r d is tr ib u tio n  a t  the  
T w elfth  In ternational C ongress o f  G enetics, T okyo , 
1968, lists im portant genetic stocks o f p lan ts and 
anim als and  m icroorganism s being m aintained in na­
tional universities (O shim a, 1968). T ohoku  U n iv er­
sity , F acu lty  o f A griculture, is nam ed as holding 
o y ste r  stocks, bu t no o ther fish stocks are listed. 
T h ere  are plans fo r establishing future “ s to rag e” 
cen ters  to m aintain genetic stocks. F ish  are no t m en­
tioned  in th ese  p roposals  fo r storage o f  genetic  
s to ck s  p rep ared  by c lassic  gen e tic is ts . “ S tocks 
w ould be m anaged by an expert geneticist so that 
uncontrolled , random  breed ing”  o f  the closed stocks 
w ould not resu lt in genetic changes in the stocks 
m aking them  unrepresen ta tive  o f the  genotypes of 
the w ild populations o r cu ltured  lines from  w hich 
they  w ere sam pled fo r preservation .

JAPANESE GENETICISTS

In  th is sam e d irectory , nam es o f 944 Japanese  
geneticists are registered. O nly four are cited  as 
involved in research  on fish: one w as listed at the 
N ippon  In stitu te  o f Scientific R esearch  on Pearls, 
tw o as working on the genetics o f  sexuality  in fish, 
an d  one  on th e  g e n e tic s  o f  in v e r te b ra te  sex- 
d e te rm in a tio n . A n ex h ib it, “ G e n e tic s  in A sian  
c o u n trie s ,”  a t this Tw elfth  In ternational C ongress 
o f  G en e tic s ,”  featured  research  on the origin, dif­
feren tiation , d istribu tion , and breeding o f a num ber 
o f  plants and anim als especially  associated  w ith the 
life o f  Asian peoples; nothing was included on fish.

Japan  w as rep resen ted  by one o f  six m em bers o f

the  F A O  ad  hoc W orking P arty  on G enetic  S elec­
tion and the  C onserva tion  o f  G ene tic  R esources o f 
F ish , w hich m et in R om e in 1971 (F ood  and  A gricul­
tu re  O rganization , 1972). T h e ir rep resen ta tive  w as 
K . S u zu k i, C h ie f  F ish  C u ltu re  S e c tio n , U e d a  
B ranch  o f F re sh w a te r F isheries R esearch  L ab o ra­
tory , N agano  P refectu re . T he rep o rt published by 
th is panel is an  excellen t sta tem ent. It is m ostly , 
how ever, o rien ted  tow ards freshw ater fish. In  this 
rep o rt the  case  for w idespread  utilization o f genetics 
in the fisheries is pu t m ore strongly than  p resen ted  
here w here em phasis is on genetics in the  to tal per­
spective.

JA °A N ’S NATIONAL INSTITUTE 
OF GENETICS

Japan  has an excellen t N atio n a l G ene tics In sti­
tu te , w hich consists  o f 10 departm en ts and w as es­
tablished in 1949 as the  governm ental in stitu te  for 
fundam ental stud ies o f  genetics. O ne o f its first di­
rec to rs w as the  now  retired  H . K ifiara, w orld re­
now ned w heat geneticist. In  the  N ov em b er 1972 
edition  o f  N a tu re  devoted  to  “ Science in Ja p a n ”  
there  is an article by K ihara, “ A ctiv ities o f  the N a ­
tional Institu te  o f G e n e tic s .”

O ne o f  the  m ost active groups is the  D epartm en t 
o f D evelopm ental Population  G enetics. T h e  w ork 
o f  this group is curren tly  all theo re tica l and  no t a t all 
concerned  w ith  fish. T rain ing  o f th is s taff though 
could  be well utilized in fishery  research .

T h e  silkw orm  is a m uch used organism  for genetic 
research  a t th is In stitu te . G ene tic  m utations in ter­
fering w ith the feeding p a tte rn s  o f the silkw orm  lar­
vae are being stud ied . Such m utations no doub t also 
p re sen t them selves in la rvae  o f  m arine in v erte ­
brates, as the oyster, which have delicate larval stages 
often  difficult to culture. S tudies on rad iation  and 
chem ical m utagenesis are being actively pursued 
using the silkw orm . E m phasis is on dose-rate  ef­
fects. (This is a  very  im portan t area. T h ere  is a 
necessity  in ternationally  to  clarify effects o r  lack o f 
effects at very  low doses o f  rad iation , som ething 
m ost difficult to  carry out experim entally.) W ith em ­
bryonic d ea th  as a  criterion , rad io -sensitive and 
rad io-resistan t stra ins o f silkw orm s have been iso­
la te d , d if f e re n c e s  b e in g  6- to  9 -fo ld . U s in g  
D rosophila , induced m utations affecting viability 
ra th e r  th an  sim ply inducing le thality  have been  
found to occu r 40 tim es as often as lethal m utations. 
T h is w ork in the  field o f m utagenesis m ight be d i­
rec ted  to w ard  estab lish ing  con tro l s tan d ard s for



m arine contam inants as they  affect the  lethal gene 
load and reproductive cells o f  breeding fish popula­
tions. R ecen tly , w orkers a t th is N ational Institu te  of 
G enetics have developed a  very sensitive te s t sys­
tem  for the detection  o f chem ical m utagens in po l­
luted environm ents.

T h e  D e p a rtm e n t o f  C y to g en e tic s  is study ing  
chrom osom e polym orphism  in populations o f the 
black rat around the  w orld. W ith em phasis on the 
Japanese  population, the aetiology o f  D o w n ’s syn­
drom e in hum ans is being studied. E xpertise  is c e r­
tainly available then  for breeding-related cy togenet­
ic work.

M icrobial genetics is also being pursued . Training 
in such a field could be the basis fo r studying disease 
organism s o f  aquatic  p lants and anim als.

In  the  D epartm en t o f A pplied  G enetics, rice is 
m ost extensively  investigated  - aquatic , m arine o r­
ganism s no t a t all. A  w orldw ide collection o f  rice 
species is m aintained; there  is a  com plete collection  
o f  w heat and  its relative species.

OYSTERS OF JAPAN, SPECIFIC USE 
OF HYBRIDS AND HYBRID VIGOR

T h ere  is a  very real separation  o f  C rassostrea  
gigas, com m only called the Japanese  o yste r, into 
several d istinct races (Im ai and Sakai, 1961).

T h ere  m ay even  be a  variation in the  chrom osom e 
num ber in som e Japanese  populations o f C. gigas. 
T his is a t variance w ith all the recen t reports  of 
A m erican w orkers (review , Longw ell and Stiles, in 
press). H ow ever, all the C . gigas  sam pled in the 
U nited  S ta tes for chrom osom e analysis derive from 
seed im ported  from  Japan  to the  U .S . W est C oast, 
and  m ost o f  the  spat exported  from  Japan  has been 
taken  from  one particu lar region.

C . gigas  is co llected  w idely in Japan  in the  shallow 
w aters on the coast from  H okkaido  to  K yushu. Seed 
w ere , un til re cen tly , co llec ted  m ost ac tive ly  in 
H iroshim a, w here oyste r cu lture  is said to  have 
begun 400 y r ago. T h e  M iyagi d istric t is nex t in 
production  to H iroshim a. M ain seed-producing beds 
in J a p a n  a re  H iro s h im a , M iy a g i, M ie , an d  
K um am oto P refectures. T he M iyagi P refec tu re  is 
fam ous fo r their export o f  oyste r seed. T h is is m ost 
likely w here m ost seed im ported  to the U .S . W est 
C oast has been originating. H irosh im a culturists sel­
dom  bought o y ste r seed and seldom  exported  their 
seed to  o ther prefectures o r countries.

T here  are 20 different species o f oysters in Japan , 
all edible. O nly th ree  o f  these are o f d irect econom ic

im portance, C . gigas, C . rivularis, and O strea nip- 
poná.

I t is believed th a t C. laperousi and  C. ariaken­
sis, native Japanese  oyste rs, rep o rted  som e years 
ago by K obayashi (1954) to  have fou r m ore ch rom o­
som es than  C . gigas, are really C . rivularis. T he  
species C . rivularis is no t cross-com patib le w ith  C. 
gigas  (Im ai and Sakai, 1961). C onfusing here is the 
fact th a t A m erican  m alacologists regard  C . laper­
o usi and C . ariakensis  as m erely form s o f  the  vari­
able C. gigas.

C . rivularis, im ported  w ith seed o f  C . g igas, has 
been p lan ted  in Puget Sound and, accord ing  to  G alts- 
o ff (1964), has estab lished  itse lf there .

Som e o f th is  taxonom ic confusion in classifying 
oysters m ay stem  from  the ex istence already  o f sev­
eral hybrid-type populations in the  w ild. N oth ing  
w as learned  in Japan  regarding the opinion o f  som e 
U .S . w orkers th a t C . angula ta , the  Portuguese  o y s­
te r, and C . gigas  are the  sam e species.

L e s t an  u n d erstan d in g  o f  th e  n a tu re  o f  th ese  
species be regarded  as e so te ric , it should  be pointed 
ou t th a t such m uch publicized benefits o f  genetics, 
as m iracle rice, resu lted  from  a  com bination o f  tw o 
species o r varieties. T h e  characteristics o f each  of 
these  types o f  rice w ere clearly  know n and under­
s tood  by the  b reed ers  w ho test-hybrid ized  them  
initially along w ith  m any o thers w hich w ere not 
“ m iracles”  at all.

P a rt o f  the  vigor o f  C . g igas  relative to  the  m ore 
sensitive com m ercial E ast C oast A m erican  oyste r, 
C . virginica, m ay derive from  a  slow though steady 
rate  o f  in trogressive hybrid ization. T h a t is, by the 
addition of o ther species genes to C . gigas  on a  small 
scale over a  long period. I t  could also  derive from 
larger scale hybrid ization  in various o y ste r popula­
tions in the m ore d istan t past. B oth  o f these  p rob ­
abilities can  be checked  experim entally . T his is 
basic research , o f  course, bu t it w ould prov ide som e 
inform ation on how  im portan t hybrid ization pro ­
gram s are in developing vigorous hatchery  stocks. 
Such w ould rem ove som e o f  the presen t unavoidable 
guessw ork  as to the  usefu lness o f  w ide species 
crosses.

Spat o f C . gigas  are now being shipped to F rânce 
from  Japan  for planting on oyster beds once popu­
lated by C . angulata . T h ere  is a chance o f  natural 
hybridization on the wild beds in F rance  betw een 
im ported C. gigas and the rem ains o f the once plenti­
ful C . angulata  populations. T hese two species read­
ily hybridize in the  labora to ry , the hybrids survive 
and are fertile  (Im ai and Sakai, 1961).



It w ould be hard  to  overem phasize  the im portance 
hybrid  vigor will have in developing hatchery  lines of 
oyste rs, lobsters, scallops, fish and o th e r m arine 
food anim als, and algae. H ybrid  vigor is so im por­
tan t because, unless artificial seaw ater is used , w ater 
pollution will alw ays be a th rea t to the  com m ercial 
success o f  a  hatchery . B ecause a  ha tchery  m ust 
carry  its p roduct through its m ost sensitive larval 
stages, in sm aller num bers than  in the  w ild, and in 
one spot as opposed  to m any in the w ild, w ater 
pollution can have a m ore d isastrous effect in a 
hatchery  th an  in the field.

W id esp read  u se  o f  a rtif ic ia l s e a w a te r  w ould  
necessita te  the breeding o f lines com m ercially p ro ­
ductive in such  a  m edia. D rastic  changes in the 
genotype w ould m ost probably be necessary . T h is is 
n o t a  genetic  im p robab ility  by any  m ean s, bu t 
aquaculturists do not give the  idea m uch thought.

LABORATORY VISITS

E ven though there  has been no general, broad 
program  o f  fish o r  aquacultural genetics in Japan , 
som e fine genetic research  has gone on in various 
fishery  laboratories. T his w ork has no t yet had a 
great deal o f  im pact on the general fisheries. I t  is 
re la ted  here along with com m ents and  discussions 
regard ing  aq u a c u ltu re -re la te d  gen e tic s . T h e  re ­
search  cited  is a sam pling o f  the sort o f  w ork th a t will 
m ost likely be conducted  in the fu ture  on a  larger 
scale.

Oyster Research Institute at Kesen-numa on 
Mohne Bay—Oyster, Scallop, and Abalone

T he O y ste r R esearch  Institu te  at K esen-num a 
(chief researchers now  H . K an-no and T . Seki) de­
veloped, under the leadership  o f T . Im ai, m ethods 
fo r the artificial rearing o f  the  Japanese  oyster, C . 
gigas. T his Japanese  w ork paralleled the  p rio r work 
o f L oosanoff and D avis (1963) o f  the M ilford Biolog­
ical L abora to ry , now  part o f  the N ational M arine 
F isheries Service. F rom  the K esen-num a L abora­
tory  also cam e a  breeding study on C . gigas, w hich 
included the effects o f  inbreeding, hybrid ization  be­
tw een  m em bers o f different geographic races, and 
interspecies c rosses using the Japanese  oyster as one 
o f  the species paren ts (Im ai and Sakai, 1961). A ddi­
tional aquaculture and  breeding inform ation is con­
tained in a recen t book edited by Im ai e t a l., 1971, 
“ T hrough  cu lture  in shallow seas (progress in shal­
low seas cu ltu re ).”  T his book is now being tran s­

lated from  the Japanese  th rough the ausp ices o f the 
N ational O ceanic  and  A tm ospheric  A dm inistration . 
A t least fo r som e considerab le period o f  tim e adult, 
fertile hybrids o f  the cross C . gigas x  C . angulata  
w ere m aintained at the K esen-num a L aboratory .

T his Institu te  is now rearing the E uropean  oyster, 
O strea edulis, w hich does well in Jap an  as a  hatchery  
species. T h ese  oysters are sold as spat to  grow ers 
and m arketed . C . angulata  is also being reared . N o  
genetic studies are now  being conducted  on  the oys­
ter.

T h e  se a  sca llop , P a tin o p e c te n , is a lso  being 
raised. T h e  scallop fishery  still depends on the  cap ­
tu re  o f  juven iles, no t on hatchery  rearing. H ow ever, 
at least in M utsu Bay annual catches of P. yessoensis 
fluctuate  w idely. T h is is a ttrib u ted  to a  natural in sta ­
bility o f the reproduction  o f th is species. N atu ra l 
reproductive instability  w ould m ake th is scallop  an 
excellen t candidate  fo r rep roduction  in the  hatchery . 
Som e o f  the scallops are know n to be functional 
herm aphrodites. U se  could so be m ade, for bo th  
experim ental and com m ercial breeding w ork , o f 
their rapid inbreeding potential by self-crossing.

R esearch  at the  K esen-num a L abo ra to ry  is now 
concentrating  on  the  abalone. T he m arket fo r this 
m arine gastropod  is excellent, and there  is an  urgent 
need to  m ass produce the young. U nlike the  situa­
tion  fo r the  o y ste r and  scallop , m ass co llection  o f 
wild abalone is fairly difficult. Y oung abalone escape  
from  the  co llectors, and in the ir natural hab ita t, they 
shelter them selves under boulders o r  rocks. T o  in­
crease  p roduction  it is, therefo re , essen tia l to pro ­
duce the young artificially.

In  Jap an  10 species o f  abalone are found. Only 
fo u r o f  these  species co n stitu te  th e  stap le  food 
products—H alio tis haliotis discus kannoi, H . dis­
cus, H . sieboldii, and  H . g igantea. O f the to ta l catch  
H . d iscus kanno i supplies 58%.

A t p resen t, no genetic studies on abalone are 
being conducted  at K esen-num a. H ow ever, th e re  is 
in terest in possible genetic causes o f  the  less than 
desired  percen t survival o f  the  young larvae, in the 
chrom osom es o f  the abalone, and in genetic resis­
tance to  disease. D isease is an tic ipated  as a  potential 
serious problem  in the very  intensive system  under 
w hich the abalone will be reared . T he in tensive sys­
tem  includes a period o f  grow th in the heated  w aters 
o f a  nearby  pow er plant a t Shiogam a. A n  above­
ground  runn ing  w a te r  tan k  sy stem  co n ta in s the 
abalone at this tim e, and a hatchery  w ith  experim en­
tal facilities has been built at the pow er plant near the 
tank farm .



A t the  Iw ate  P refectu ral R oes and  F ries D istribu ­
tion  C en te r the gam etogenesis o f adult abalone w as 
observed , as well as the norm al developm ent from  
fertilized egg to  c r e e p in g  stage larvae (Shibui, 1 9 7 2 ).

O nce the artificial production  o f abalone in Japan  
progressed  to the  com m ercial scale, in te rest de­
veloped in the po ten tia l o f  in terspecies c rosses. A t 
C h iku ra  B ranch o f  C h iba  Prefectu ral F isheries such 
hybrids w ere m ade and studied. T h ese  were betw een 
H . discus and H . gigantea; betw een  H . discus and 
H . sieboldii; and  b e tw een  H . gigantea  and  H . 
sieboldii (O ba, T oyam a, and  K aneko, 1972). All 
w ere reared  through m etam orphosis in the labora­
tory . H atching, fertilization abnorm alities, and shell 
form  and struc tu re  w ere com pared  to  the paren tal 
characteristics. Such hybrids could have advantages 
ov er nonhybrids fo r in tensive aquaculture  under a r­
tificial conditions, o r fo r colonization o f a  new  area 
in nature .

Som e hybrid ization  w ork w as also conducted  at 
^ ^ i e  K esen-num a Institu te  (J. W . M e B eth).2

Pearl Research Laboratory of the Fisheries 
Agency at Kashiko-jima, Mie-ken

R esearch  is confined exclusively to  study  o f  those 
m ollusks used  to  culture pearls. W ork is ultim ately 
d irected  a t im proving the quality  o f  th e  cultured 
pearl. All the research  appears to be basic. I t  seem s 
th a t, because the science and  a rt o f pearl culture are 
well w orked ou t, these researchers have m ore free­
dom  to pursue fundam ental w ork. T here  is a  persis­
ten t near 40% m ortality  o f  the pearl o yste r, Pinctada 
fucata , in the  tray s and racks used to  hold them  in the 
pearl farming. M ortality  appears to be accep ted  as 
part o f  the business. T he dem and fo r pearls has 
dropped  and there  is now  a governm ent restric tion  
on the  am ount o f pearl farm ing to  be conducted. 
T h ere  are no p ro jects aim ed at breeding d isease re- 

^ ^ ¿ s ta n t  o rgan ism s, as th o se  fo r th e  com m ercia l 
^C ra sso s tre a  virginica in th e  U .S . m id -A tlan tic  

states.
R esearch  is being carried  ou t on the artificial cul­

tu re  o f  this pearl o y ste r’s m antle (A . M achii, pers. 
com m .). M itosis and cell proliferation have been 
o b ta in e d  in v itro . A m e r ic a n , E u ro p e a n , and  
Jap an ese  w orkers can all generally a ttes t to the fact 
that success in inverteb rate  tissue cu ltu re  has been 
m ost elusive. A  persisten t m easure o f  cu lture  suc-

2 Com munication through Japanese staff m ember acting as 
D irector at the time.

cess w ould find application  in num erous fields o f 
fishery  research . I t  w ould apply to  w ork on  this 
epidem ic M SX  disease  o f  the  A m erican  o y ste r, 
w hich ju s t  abou t d evasta ted  the o y ste r  industry  o f 
the  U .S . m id-A tlantic  s ta tes a  few  years ago (Sin- 
derm ann and R osenfield, 1967).

Som e inbreeding and som e hybrid ization studies 
are  being conducted  on the  pearl o y s te r  (K . W ada).3 
A lso , som e stu d ies  have been  co n d u cted  on its 
chrom osom es in spite o f  techn ica l p roblem s caused  
by the  presence  o f  so m uch yolky m aterial in the  eggs 
(K . W ada, see foo tno te  3). T h is la tte r w ork  will 
p robably  be published soon. It seem s th a t som e re ­
search  effort will be d irected  in th e  fu ture  tow ards 
study  o f  biochem ical polym orphism s in the  wild 
stock.

Ocean Research Institute, University o f Tokyo—  
Genetic Polymorphisms o f Wild Populations

In  the  division, Biology o f  F isheries R esources, 
studies are being conducted  on enzym e variation  in 
fish populations (N um achi. 1972a).

Shortage o f  genetic m arkers has been  a handicap 
in the  s tudy  o f fish genencs. N ow  variation  in differ­
en t enzym es can be used  as genetic  m arkers by em ­
ploying gel e lec trophoresis  follow ed by histochem i- 
cal staining m ethods. T h is m ethod m akes possib le 
an exam ination o f  the  s tru c tu re  o f  a  population  o f  fish 
in genetic term s. Identification  o f  self-sustaining 
su b p o p u la tio n s o f  fish is a  m o st b asic  p rob lem  
in fisheries m anagem ent.

Enzym e polym orphism s reflect a  m utation in the 
structu ra l gene o f  the  enzym e concerned . A  few  
years ago variants o f  enzym es w ere  regarded as rare 
even ts . I t  is now  know n th a t such  varian ts  are  very 
com m on in m ost enzym es in various organism s. A n 
increasing  n u m b er o f  e le c tro p h o re tica lly  d is tin ­
guishable variants has been discovered in fish, as well 
as in o ther organism s. M arine m am m als, such  as 
w hales, dolphins, and  seals, all con tain  five lactate 
dehydrogenase form s. T h e ir enzym e “ p a tte rn s”  are 
sim ilar to  those  o f te rrestria l m am m als, including 
man.

N um achi (1 9 7 1 ,1972b, c) has specifically reported  
in the literature on in terspecific  and in traspecific 
variation o f  enzym es in fish species and  on analysis 
o f the genetic con tro l o f such  enzym es in fish—on

3 Personal com m unication from a fellow staff member. K. 
W ada was away a t a fisheries m eeting at the time the laboratory 
was visited, so m ore precise information on this work was not 
obtained.
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elec trophoretic  variants o f cata lase in black rock- 
fish, S eb a stes  inermis; genetic polym orphism s o f 
tétrazo lium  oxidase in black rockfish; genetic con­
tro l and subunit com position o f lacta te  dehydro­
genase in Pseudorasbora parva  (a cyprinoid  fish); 
duplicate genetic loci and  varian t form s o f  m alate 
d eh y d ro g en ase  in chum  sa lm on , O ncorhynchus  
keta , and rainbow  tro u t, Sa lm o  gairdneri.

E vidence has im portantly  been provided fo r the 
tetraploid condition o f  salmon. This m eans that salm ­
on, like m any higher plants, basically have four o f 
each  chrom osom e instead o f  the  usual tw o each 
found in norm al diploid organism s. D iploidy is the 
com m on sta te  in the  anim al kingdom . F u rth e r ex ­
am ination  o f  the evolu tionary  p rocess o f  salm onids 
rem ains to  be done. A lready though recognition o f 
the  tetrap lo idy  o f  salm onids should be o f  intrinsic 
im portance in genetic studies. B ecause o f the te tra ­
ploid nature o f  salmon, big salm on obtained by selec­
tion  are  no t a  good general exam ple o f  w hat m ight be 
expected  by sim ilar program s o f  breeding using truly 
diploid species. T etrap lo idy  lends itself particularly  
well to gigantism .

Study o f enzym e variation in species transp lan ted  
and farm ed in the  no t-so-d istan t fu ture will be an 
im portan t m eans o f  stock identification, and o f de­
term ining w hether desired o r  unw anted hybrid iza­
tion  has occu rred  in the w ild betw een  the local and 
transp lan t type. T h is will be no sm all jo b  since the 
p resen t m ost effective utilization o f different genetic 
charac ters o f  various populations is still by tran s­
p lantation  o f  populations and species suitable fo r the 
environm ental conditions o f  the areas in tended  for 
farm ing (N um achi, 1972a).

A no ther application o f enzym e varian ts to genet 
im provem ent o f  aquatic  organism s may be as mark 
e rs  linked w ith  econom ic ch a rae te rs . E conom ic 
charac ters are usually polygenic and  so are im possi­
ble to study  by sim ple M endelian genetics as are 
distinct, qualitative, m orphological characters.

Nikko Branch of Freshwater Fisheries 
Research Laboratory on Lake Chuzenji

Breed im provem ent is now  regarued as one o f the 
m ain problem s in the fre sh w a te r fish cu ltu re  in 
Japan . Som e selective breeding is underw ay at the 
N ikko  B ranch o f  F resh w ater F isheries R esearch  
L abora to ry  (for prelim inary w ork on Sa lm o  ga ird ­
neri see K ato and Sakam oto, 1969; K ato , 1970). 
E xtensive hybridization studies have been carried  
ou t and reported  in the literature (Suzuki and K ato ,

1966; K ato , 1967; Suzuki and  F u k ad a , 1971, 1972). 
M ost likely, such  program s will be stepped  up as 
b reed  im provem ent is s tressed  in the fu ture . _

It is believed that no fish populated  L ake C huzenji 
until 1873 w hen som e local people vo lun teered  to 
stock the lake w ith  such  fishes as the  ch ar and  carp. 
Since th a t tim e, m any species o f  salm onid fishes 
have been  stocked  frequently  in the  lake. T h e  eggs o f  
Salvelinus fo n tin a lis , the brook  tro u t, w ere  im ported  
in 1901 from  the  U nited  S ta tes  and fry re leased  in the 
lake.

I t is well know n th a t d istinc t species and genera  o f 
fishes hybrid ize frequently  in nature . A  considerab le 
num ber o f  natural hybrids has been  reported , e sp e ­
cially in the  freshw ater fam ilies—C yprin idae and 
C astostom idae; also, in Perc idae , C en trarch idae, 
Poeciliidae, e tc ; and im portan tly  in Salm onidae. 
N a tu ra l hybrids seem  to  occu r m uch less frequently  
in m arine fishes. In form ation  abou t na tu ra l c rosses 
is m ost useful in determ ining the rela tionsh ip  o f  
groups o f fishes. M

N atu ra l hybrids betw een  S. pluvius, the  J a p a n e s ^  
char, and S . fontinalis_w zYe  co llected  from  a  brook  
flowing in to  L ake C huzenji. T hey  are estim ated  to 
constitu te  about 12% o f  the  population  at the area o f  
the headspring.

G ro w th  and survival ra tes  o f artificially p roduced  
hybrids betw een  S . p luvius  and  S. fo n tin a lis  w ere 
studied from  6 m o after fertilization until they  w ere 2 
y r old and com pared  to the  nonhybrid  paren ts . T his 
w as to determ ine the ir relative suitabilities fo r pond 
culture. Best grow th w as in S. fon tina lis  followed by 
the hybrid, then  by S. p luvius. Survival ra te  w as 
highest in the hybrids. All the hybrids and S. fo n ­
tinalis cam e to m aturity  during th is tim e, bu t a  third 
o f S. pluvius w as still immature. Flybrids w ere fertile 
and, in fact, p roduced a  significantly larger num ber 
o f eggs than  did the  nonhybrid  parents.

W ith the  hope o f  d irectly  utilizing the inform ation 
obtained to  increase annual tro u t harvests, hybridáí 
zation experim ents w ith 62 com binations o f  S a P  
m onidae have been going on since 1965. T he purpose 
o f this w ork w as to  find F , hybrids suitable fo r pond 
cu lture  and fo r stocking lakes o r rivers. U ntil a  few 
years ago the freshw ater fishes o f  Japan  w ere abun­
dan t in nature . T hey  w ere used m ostly by rural peo­
ple as a  m ain protein source. D ue to a  reduction  in 
the ir natural hab ita ts, such fish are now less plenti­
ful. A t the sam e tim e the dem and for them  has gone 
up, m aking them  a luxury food. P resum ably it was 
believed th a t genetic and breeding w ork w ould have 
som e bearing on this situation. It w as fu rther hoped
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th a t som e o f  th ese  hybrid c ro sses  w ould be sterile. 
S terile hybrids m ight, because o f  th e ir  sterility , have 
a faster ra te  o f grow th o r  g rea ter u ltim ate size than 
fertile nonhybrids.

H ybrid  developm ent did o ccu r in all com bina­
tions. T h e re  w ere, how ever, w ide d ifferences in su r­
vival ra te s . H y b rid s  b e tw e e n  32 c o m b in a tio n s  
su rv iv ed  until th ey  reach ed  the  free-sw im m ing  
stage. N ine o f these  show ed survival ra tes sim ilar or 
b e tte r  than  tho se  o f  paren tal species. T hose  com bi­
nations that did survive are cu rren tly  being studied  
at la ter grow th stages.

A m ong hybrid characteristics  a lready  ascerta ined  
is a heterosis against d isease. T h is  is an im portant 
feature  since preven tion  o f  epidem ic disease is a 
serious problem  in tro u t culture.

E v e n  so m e  in te rg e n e r ic  h y b r id iz a t io n  w as 
achieved . T h ese  hybrids though p resen ted  special 
difficulties in culturing and rearing.

Tohoku University School of Fisheries and 
Tohoku Regional Fisheries Research Laboratory— 

Radiation Effects on Oyster; Seaweeds

T h e  effects o f  ionizing radiation on C rassostrea  
gigas  a re  being stud ied  at T ohoku  U niversity  (L. 
M aeda, pers. com m .). T h is w ork may be sim ilar in 
na tu re  to  som e done on C . virginica  (Longw ell and 
Stiles, 1972).

R ecent advances in cultural techniques fo r the 
seaw eeds, like Porphyra  and U ndaria, have brought 
sub stan tia l ben efit to  a co n sid e rab le  p o rtion  o f  
fisherm en engaged in seaw eed production  in Japan . 
(A t the sam e tim e once im portant nori grounds about 
T okyo have been  irretrievably  lost to pollution, and 
nori p roducts have com e to contain  m ercury  and 
cadm ium .) Little a tten tion  though has been given to 
the possibility o f artificially crossing seaw eed types 

give a  m ore productive, profitable strain . Since 
1958, S. Suto has been m aking in terspecies hybrids 
alw ays using a local com m ercial species as one par­
en t. T h is w ork has been  done w ith a view o f obtain­
ing a new  seaw eed w ith good charac teristics for 
culture (Suto, 1963; also see Suto, 1972). F o rtu n a te ­
ly, self-fertilization rates are low, facilitating artifi­
cial fertilization. H ow ever, m uch prelim inary work 
had to be done before artificial fertilization could 
be achieved w ith certa in ty . A lso, the relationship 
betw een Porphyra  species had to be clarified.

A rtificial c rosses w ere a ttem pted  betw een five 
species o f  the Porphyra  genus, including four local 
form s. C rosses occurred  easily betw een any tw o

species tested . D escen d an ts  from  crosses o f tw o 
dioecious paren ts and from  tw o m onoecious parents 
grew  norm ally. T hose  from  dioecious-m onoecious 
com binations died in m ass at a young stage, but left a 
few surv ivors. T h e  three dioecious species studied 
appear to  be very closely related . A t least in hybrids 
o f  the dioecious species, there  is norm al rep roduc­
tion w ith typ ical genetic segregation.

R ecently , som e lines sta rted  from  an in terspecies 
hybrid  have yielded tw o and th ree  succeeding gener­
ations. Som e o f the lines grow  m ore vigorously than 
did the ir native paren ts.

T h is w ork  dem onstra tes that new  lavers, m ore 
suitable fo r com m ercial p roduction  than the presen t 
wild lavers, can  be bred . P robably  the F¡ in ter­
species hybrids will first have to be sub jected  to  a 
program  o f  artificial selection  in the laborato ry , o r 
one o f natural selection  in the wild before being used 
com m ercially.

In tro d u c tio n  to  J a p a n  o f  fo re ig n  sp e c ie s  o f 
Porphyra, w hich may be d isease resistan t, fo r field 
tria ls and for use in hybrids w ith Japanese  species, is 
regarded im portan t. H igh quality species already 
being utilized are , unfortunately , not the m ost pro­
ductive, and d isease is a fac to r in low ering p roduc­
tivity.

T h ere  is a likelihood o f  som e natural hybridization 
occurring on the w ild beds betw een  closely related 
species. T h e  genetic and o ther im plications o f this 
are recognized.

Som e cytogenetic studies on P. yezoensis  have 
been done elsew here at N agasaki U niversity  F a ­
culty  o f F isheries (M igita, 1967). T h ere  are  three 
chrom osom es in vegetative and sperm atogonial cells 
in the leaf thalli, and six chrom osom es in fertilized 
carpogonia. T he haploid chrom osom e num ber of 
this alga is then three. M eiosis takes place in the cell 
division o f the conchospore at the tim e o f  spore 
form ation. Such inform ation is pertinen t to the m ak­
ing o f  artificial c rosses. A lso fo r the artificial som atic 
replication o f  a single plant fo r m ultiplication prior to 
larger scale com m ercial production.

A side from the great com m ercial value o f sea­
w eeds in Japan  (their m ost im portant fishery), the 
Japanese  probably have here one o f the m ost in­
teresting  areas o f  the fu ture field o f m arine genetics 
w ith m ost prom ise o f  great com m ercial application. 
T his is because plants, in general, lend them selves 
so well to genetic study with subsequent genetic 
m an ipulation  and  because  so m any genetic  and 
breeding techn iques are so well w orked out for 
plants.
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