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INTRODUCTION

The new Working Group on' Genetics metfor 3 d~ys in Copenhagenthis past

. May with Gunnar Naevdal as Chairman. As sp~cified in its approved terms of

reference"considerations were restricted to genetics:in'mariculture a~d did

"not touch upon' genetics of natural' population's.' It ,,/Cis ,decided to .restrict

e diseussions at this first meeting to oystersand salmonids •. This'was önly

";,because they have bee'n the langest eultured and studied, and shouldnot be

taken to mean genetieimprovement of other_'aquaeultured groups was' discounted.
~ . / .

It was agreedto consider ~eneticsand breeding of certain fr~shwater species

insofar as it provided examples for the marine,.fish.

Eight (8) persons we~e present at the ~eeting (one an observer) from 7

ICES-memb~r ,countries - Norway, England, Ireland, FRG, France, Canada, and the

U.S. A second Working Group member from Canada could n~t attend, as well as .
. .

.'
' .. '\,

twofrom France. ,Two appointed me~bers from Sweden,had,tobe inthe'U:S. at.. '/'.... ,

. . ~

, the time, and unfortunately not all Working Group members could ~hange their
. . .' ,

schedulesto accommodate a change in'the;meeting date."
• • '~ .', ~. . }. '~t ,r.t> ,rJ"

REPORTEDACTIVITI~S IN THE, SEVERAL COUNTRIE~, "r /: ;'~.'~>:~,.,~<":~~.;':~",~.:;.:~~:) .
Prior to senously eonsidering the present1.status of. oyste~,and'salmonid
," . ' ,', " ," • ". ,;~lr • ~ f':"'".'~~''''''';:·' .. }"'P: ... ;'."<:"t;. , .

breeding and genetics,members from the vario~s'couhtries'represented'atithe,
, • '. ~. .'" ._,,,".1' ,/~,. ~,•. ;, • ; ~I". "t,·~,., :. ~'" ;";

meeti ng presented summary reports of, oDgoi'hg. or 'pl a'nned äquaeulture, ge~eties '
, . i \ 1 '4 "' .. > l ~ f' .": I""''' • ; I I ~'" ;. .." ". 1, .;. \', ..

'. and ,breeding or related aetiviiies 'in :,th'e'ir ~espe'~ti'v~ 'c6untr'i'~s. • In \h~ case
• • , : '>'.,.. "'No..' •.;.':' ..... : ,,~/ "1-.\ '1., ~.'

ofthose eouhtries not appointing Working:Group-members,this information was
.... :1 ~ '" "\.:~ l'~ 4f/ : ~ ~' .. ', ../t. 'f

requested of their, Delegates. At the time the St~dy..~roup Report was prepared

, our Chairman had received replies from all ICES ~ountrie; except:Belgium,- Pola~d
, ,. ""- .... "..~.' .' "', ' :.

',and the USSR. ' All these reported aetivities are.listed byjebuntry as an appendix
~ ~ t· .",~ ~ ;

" .'
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to the Working Group Re'port. This is the first such summary' to my know1edge,
. ~

and shou1d so be of somegene~a1 interest. Significant activities were reported
" ~ ,.

by 11 countries - Canada, Denmark, Fin1and, France, FRG, Ireland, Netherlands, ,

Norway~ Sweden, U.K.,~and U.S. I,will briefly run through these reported activi-

ties which appear to me to.' be a\ubstantial beginning although there'is no way
}, . -"?', . ~ .

,•."'. .{ " ".,~' ~'o,,..':t~. "!' ~ ~,} •

"In Cana'da:activities;,orl,marine'species are underway at 3institutions:
; . ~ ...... ;.... .1:,,':,. .:.. (... \~,';.'~~;~~,''\.~< ; .. ~ , :':-, ~.[~ ~'.·i.l

J) 'Dalho'us'ie'Uni'versity, - on:oysters - and you have heard reports on this
.' ~"':' ',' < " ; _,' ',.," .~, """':i~ ..... \" .,:'.. :.~",."."", ""':

before,·at Mar.icult~re Committee meetings··~ and on amphipods as a model organism
, ,I" i .

for studying the· genetics of dome'stication.
:,l ,;
, "

2) Bedford Instityte' of Oceanography- quantitative and biochemical genetics

of the blue mussel~

•

of kn~~in~fromsuch
: ... J.,. " ~ f - ".: ..

projects' is,. " ' ,"" , .'
t •• -', ~

reports'what the firiancial or manpower commitment to such

:, Canada

•

3) North American Salmon Research Center - where a rather extensive program '
, , ,

of sal~on breedingis underway. 'Initially concernedwith sea ranching this,
.. ".

program ~as more recently also concerned itself with cage rearing.,

:4) At Nanaimo, B.C., the Department of Fisheries and Oceans is initiating ,

breeding experiments with coho, and studying changes in the frequencies of bio

chemical'genes in the domestication process.

5) At the West Vancouver Laboratory of the same department sex reversal is

being indu~ed in several Pacific salmon and efforts are being made to produce

sterile fish. Gynogenesis'and cryopreservation are being researched.

6) The Ontario Ministry of Natural Resources is studying genetic markers

, inrainbow trout in collaboration with geneticists at the Agricultural University

of Guelph.
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7) Strainsof rai~bo~ trout and arctic char are being developed at the

Freshwater Institute, Department of Fisheries and Oceans in Winnipeg.. .

• ,' ""J
'~ ":,. . .. " Denmark .

;"';Aproject concerned:\'lith 'the. cryopreservation of fertilizedeggs of trout,
I 0, ~. .

~, ,.,>" "'(,... ,-' , ': "f t . . . .. .,

he~ring, turbot~ 'and sole:isunde~ consideration. This would be c6nducted jointly
":: ,~,,,.,~','. ~~.~~" r ',: ~"~' t<'·.· ,

by:the Danish .. lnstitute forFisheries"and Marine Research ·and the Royal Veterinary
'.- ." .~ _.. ". .. ' ,"' .'" " ~. { " ~ .

. and Agri cultura1 Universi ty."·

<Finland
,

" The Finnish Game and Fisherie:s Research Institute isconducting studies on
. . ".~ ""'"' "" ,,~

the selective breeding, hybridization and sex control of rainbow trout with in~
, -'. ~.

terest in growth and disease resistance. Eventually other salmonids will be

included in the breeding programs.Plans are being drawn upfor a new fish

breeding station in central Finland.

Cryopreservation studies on salmonid sperm are being conducted at the Uni ver

sity of Joensuu.

In cooperation with the Genetics Department, University of Helsinki, the

biochemical genetic variation of Atlantic salmon is being analyzed. An applica-

4It tion of this research will be in efforts at restocking and managing what Atlantic

salmon resources remain of the natural river populations.

France

A variety of genetic research on both salmonids and oysters is underway in

France at the Laboratoire d'Ecologie des Poissons et d'Am~nagement des Peches~

INRA.. In the salmonids th,is encompasses heritability studies, analysis of in-

. breeding, cytogenetics, Mendelian genetics and biochemical genetics. More recent

work on oysters concerns disease resistance, 'inter- and intra-species variation

and hybridization.
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Federal Republic of Germany

Present research concerns improvement of husbandry techniques of the oyster

and this would provide a"better basis for more controlled breeding.

Ireland

At the Department of Zoology, University College, Galway,the Japanese and
.-

European oysters, and"also r1ytilus edulis, are the subjects of quantitative

genetics, cytogenetic and biochemical, gerietic studies. The college has use of

a pilot-scale hatchery and laboratory'complex about 50 miles away. 'Work is done

in cooperation with various fish farms.

Netherlands

Netherlands is.conducting genetic studies on carp and other freshwater

fish.

Norway

As this committee isaware, rather extensive salmonid breeding and genetic

studies are:underway, some in 'conjunction with commercialfish farms, at both

the Department of Animal Genetics,and Breeding of the Agricultural University

of Norway and at the Institute of Marine Research. For those experts not usually

meeting with the t1ariculture·Committee these studies concern projection of se-
\I ,'" ',I " ,

lection advances and"inbre~~ing effects for a number of' commercially important

characters, and also the induction of polyploidy and genetic sterilization of fish.

Sweden
~~~ ~

In '198'0,Sweden o~ganized ä St~ering Committee on Aquaculture wi.th the aim of
-r, 'y""" J : :"':" ; l l ;'..i' ..' "..,..

coordinatingfuturedeJelo!pmenfs withi~ the entire aquaculture field. There are
", ".,: I "-

_ './i'" ,'" .". , .'::: ..~. ~ l , "',' j "

7 working' groups 'and one: ofthese .is ~oncerned withgenetics. Recommendations
l.=",~_··-#· - ':,~: . .'" .~.i'i:: ~'j

are to' be·maderegar·ding·a·.nation·al~policy for breeding compatible with both
• " '" '," .' ~ ." ~ ~ ~- ... " .. <

genetic (I' ~'r~~:uine; con'~erJation o·f~·na.tural genetic variability) and economic
.:H"·'·' ",,' . ", ~~'i ~.l },"-.",. ~'.;'i.' '..-, ~ .. ,~_,.: ..

, ~ • ( l, 'i '~ "

'1 -.' <i ' ~' \.. 'z' .. 1.. ~ l<t... ..~

., .."."

"

..,
";.i.,

",
"

.~ .....
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, .r'.

prerequi sites. :. Concerri~ are 'over both ~estocking and preservation of endangered
~ '.. " I '.;.

stocks f~>r4~' j imited ~'u~b~~: of, sal,moni d' s'peci es. Sci enti sts concerned with thi s
. ~.. - ')"-... ~··'--':j.,,,v.:' -: ~ \~ ~ : ~.'. ~. ,.. '" .

work are' cit' Departmentof Gerietics~ Univers'ity of Stockholm,and at the Institute
~'"}. '-, \.~' \i;·~" ..... ,:i~' ~;- ~"."~!_~'.' .. : \ '

of FreshwaterResearch at Drottningholm~
t .,~.c'''' :.,. _ ~.",.' l," """. . ,.~1 ''', ~

.. •.J.. ~,.~ ",.,. J,~. "/~ United:,Kingdom
~ ", .,

. ,'.' • 't ~! ,: ('\, ~ .)'1<- ',,: .. ,,' ." .'

Principal:gene'tic'studies are'~onducted bythe University of Agriculture:, '
. .:~ ~,..~... ,~ ,,,,,.e .' '~'> ,,,,, Cl' > '" {. ".1" "':~~. .'. ,

Fisheries,and Food'at the Lowestoft' and'Conwy Laboratories .
• ~:., '~'" ) ••'''" ",' •.1 . ' j...... .,.'••. ! .. , . '. -

Fish genet,ic~studies were begun;n' 1966 vlithlimited facilities,but an

'. experimental farm isn~w:~n'der construction which will allow expansion of special
..;" .....,

. breeding.

For rainbow traut' the long~term aim is to develop'strains which will satisfy

all UK needs. Strains are now being evaluated,for heterozygosity. Gynogenesis

is being employed to develop inbreds. The advantages of an intense inbreeding-:

hybridization program over more conventional selection programs are being evalu-

ated.

Physiological control of sex is noH being employed in some commercial pro

duction, and it is anticipated that genetic sterility will be accomplished in the

4It future through use of triploids.

Recently, genetic ,research on both the European and Japanese oysters was

begun. Hybri'dization,studies are underway with both. The Japanese oyster is

being inbred for hybridization trials of the inbred lines.

Some genetic research is 'underway on sex control in salmon .

. Uni ted States

Mariculture Committee members heard a few years aga about U.S." programs.

Ones being funded in 181 were summarizedfor Horking Group membersfrom new

information I obtained,through the Sea Grant Program, National Marine Fisheries

Service, and the U.S. Departments of Iriterior and Agriculture.
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The oysteris being,bred and studied~at the University of Washington,
, '

Seattle;.at the Milford, Conn., Laboratory of the NEFC; and at Rutgers Univer-

, sity where emphasis is on resistance to the MSX disease.
.'. .

, Natural cl~~ populations are being studied at three southern universi~ies:

, At the University of California hybridization and !ertilizätion of abalone are

being studied. ,Crustaceans are being studied at Davis and also at two other,'

universities.'

Genetics of the seaweed,Chrondrus crispus, is being studied'at the Univer

, sity of Maine and University of New Hampshire. "
. -..

Projects'are fundedat the University ofOreg~n~ Washingtonand.Alaska for

development of sa1mon' st~cks for pen cul ture. The geneti c i nteracti 015 of natural

and hatchery stocks of pink salmon are being researc~ed in Alaska.

The, Depa.rtmentof the Inter~or has a geneti es and breedi ng program ,.for '. '
"

rainbow trout broodstock. 'We havehere a paper from Dr. Kincaid oft~is depart-
, ,

ment. Strain hybridiz~tion is'being c~n~ucted, and inbred linesare being dev~l~'

oped for hybridization. A trout strain registry. is being developed;'and strains

are.being characterized elec~rophoretically.:

At Cornell Universityaneffort isbeing rriade:to~develop,strainsof brook .
. .' ~~.~J' .

trout able to survive in acid wat~r~' At 3i~ther universities genetic studies
. ' , .. .} ~~. . ~ . " .' ,~,

are cil so under~ay on, bro~k trout. Ät~lhe, U~'i'~ersity of Penn~yl va'~i a b~si c geneti c
. ' _ ~ ...':":': ..;:."'~'i~_~"',\"""'\,. __ ..;<. •.•• , t,,: . ,;.0.;"' ~,,-"'. ~"' __ "',~."

studies co'ncern the evolution of trout·"gene~;and chromosome 'complexes'. ,,:
'. ".t._i~ ',. ,.~ .• ~~' ; ~. :·'''"''·f·~'\;: ":' ~. _~- " ;' '-:," ;,

Catfishbreeding and genetic studies'are underway at,no less~than 7 midwestern
, f .'. . ~ "."" :.~, '\. 1 ~ ~ i ~'" :'

andsouthern universities and one state experiment'station~;·Studies·encompass,
••-,_~_,.",' ~. • ~~~ ;'~'-:"~\'~' .. '~~"f~'~, .. _~" ~~ <~,'~' .': \, \.r:w"'~ " ..

stra in .eva1uation and crossbreedi ng, heritabi 1ity estimates, ,2~way:se1ecti on ex-
" "",," .• ~•• "': '. 7 "':;_~\'J:l"' '~""",~.-l'~:~'~~,~,~" .. r .~ ....~:\"/.~I"~ ,

periments, ,inbreeding and dietstrain interactions; Dr.:Smitherman will' tell of-
,.- ""' •• ~ "... • " ... ';.:" ~ ',~ .•••• ....~".~,., ~ ..' .!,

same of the w6rk' being co~ducted 'at Aubur~"~Sta~e University, Alabama •. '
\'" $ :" )
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••~."''''''~ } J;. ...".

• ~ .~ .... ~ ~ • -l'~... / l 1- ..

,Otherfreshwater: species:under'serious s~udy are Tilapia,' striped bass and

'yellow perch: '
, , '

. ," ,:".<l:.:' \ ,.' ~ . ,." '. ..

Cryopreservation studies are"being pursued on yellow perch at the Universi~y
" ! ·,~· •• ,.l'·')·''''·v.,. "~ '. ":.. ~ ·,}.~."I.'\.~\.~ ,',' .' .' . . ,\" . < .....

of Wiscons'in;-striped',bass"at North Carol ina' State University;' and on pike, traut,
. : ~~:. ~ .. ,~.. i'\"-.1... :,4"': i ~,l ~.':~"". ,:1- ....~~\;.~~ ,. ',.' '. ••.. ' • .,'" \ '. • '. ~

salmon~ ,and~muskellege:sperm~eggs and zygotes, at the University ofMinnesota.
. . , ;F",r~""" ~~. .~ ~ !. ~ i ~ i ;" ~ .. ~.\.~. ~ :.' r .:':' ~,~ . r

" DELIBEAATIONS ON ;SALMO~IID;GENETICS' ", :,' ,,~ ,
-'----:;..:..;.....;;:...:..;.~~~~~=--'-"'~~;...;... .. , , ,I

• )~••• ,'G" \' \:",,'.~": .•;.__ .... ~ ••~ ".:'... ,Oj-J"': .",', '_ . . . . ~

Publ~shed~and·öngoing~salmon·research and breeding impressed on Working Graup ,
. . t:>'~'#'/',"~t:""'; .~~~·:f\· ,'{;;, .:--l~~:~,i...: ~..~~J " ." ,', '. r

members now'few controlled generations salmonid researchers haveto deal with ,
. '..:'; ~'"~~_'>~ ':~:'~" ':.:,~,::~:":-.~.f· )_:1 ",,:>.~~'t ...~~::'~ ...",. ,', . . . ,

, .relative"to·what agricultural,.geneti~istsconcern themselves,with.Yet, and per- ",
. ~.}..t~,~~~~.\J~'·': ·~,:.R:": '.:.'~ .. ~~'-',~·t,~<:.~~~~_. . " ~".' ~'.~,'.

haps'becau~e of this, a common' f~ature of~all salmonid populations'so far'examined
• 1:0 ' \ • '. " ..... ~~ ,/

hasbeen th~' prese~ce\qf;co~siderable,g~neticvariabil~ty.Dr. Saunders from,'" " "
. , "

Cimada and Dr.Naevdal'.broughtto the meeting some of their most rece'nt results
. '. ) ". .

and deliberations. ' What iS'known of~severalselection goals,and production ,traits

,was discus.sed and recommendations ,made 6~ particular research,needs; These were

,the relativeimportarice of growth rate','and fa'~tors influencing 'it (food con~~r~
, ,

'sion rates and social hierarchy influencing food consumption); ageat matur~tion;
'. . . ~ . .. "

, " smolti~g fa~to~s; egg 'size, seasonof spawning; resistanc~ 'to ',disease.· In ranched'

salmon;' selection for return rate which must be greatly influenced by' fishing' ,

mortality andnatural selection'may, be of minor importance. It was emphasized
. . '. . .

" . \. .' '. ..... . .', '. ,''), .," ',' ~ .

,that selection:goals be precisely defined and kept simple to maximize their effec-

'. ,,'tiveness'. ' N'ote was ~ade of the importance of'improvedhusbandryin the ,short term,
..

, 'and of,genetic'.gain in the lang 'ter,:".'

"Hyb~idization,of salmon'ids wa'~ aisotouched on (with referenceto disease

,resistance). The ,use of intense'inbreeding followed by hybridization of inbreds "" ,"
• • 1. , •

as an alt~rnative to more standard' selectionprograms was,brought up several times.'
\ . . . ." ",,: ., . "., . .

, It, was not pos'si bie" to a~vise on the rel ati v~ merits of the ·two approaches.

" '

, - 7 -'
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. shellfish, and 'also the necessity for better husbandry, practices. Likely success

of selection for growth and genetics of larval'viability was' treated.
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'. The same guidelines ?sgiven .for salmonid rearing·pertain generally to
• • • 'l. ", ... , ' • •

oysters as wel,l~. Particularpointsmade on oysters (pages 11-13) concerned

inter~st in, and need for disease' resistance;necessity to assess. st~ain and

ecotype differences; importance cf remnants' of remaining popul~tions of Euro- ' .. '

pean oysters; and' lack of much data on species hYbrid~•.
, " .

, SEPARATE DISCUSSIONS ON CYTOGENETICS AND CRYOPRESERVATION
. .

Cytogenetics and cryopreservation were discussed as special topics. Both

were concluded to be areaswhichdeserve'more recognition.
.'

Cytogenetics, aside

e from its basic aspects, is of importance in manipulations·.aimed at producing

inbreds thro~gh 'gynogenesis, genetic sterility andin polyploidy, the subject
"

o~ one U.S. paper at'this meeti~g and touched ~n in ?~other: !he Worktng'Group.·
, "

calls the attention of the Anadromous and Catadromous Fish Committee and the
~ .

Working Group on Introduction/Transfer of Marine Organismstothe significance

~f single sex broods and sterile fish productio~ techniqu~s.·
" ' ..

TheWorking G~oup agreed upon the l.ikelihood that successful.long-term.

cryopre~erv~tio~'offishgametes ~nd/or'~ygoteswould'gr~atlYfacilitate mari

culture b~eedin~ even making poss~blecontrol~. otherwi'se imp~ssible in breeding .
. . .' : l"~ , \.,....." " / . ~ ... ' ". ., .

'experiments,as w~ll~s:st~~ul~te aqua~ulture generally. '

RECOMMENDATIONS MADE WITHOUT ANY PRIORITY
'. '. l j '~ .,,:: ";

1) That ICES-member .countri es',. recogniZe that' pi 1ot-sca1e se1ecti on programs
'\ ,~~,.~,.......~ . ," . "'" ,l '~.•~"..~~\.. , ,.J l f ..~'\"'1I:.,r.; _', _ ..:' :_. ~.J_~ .., .~

. are essentiakto genetic;;mp·rovementand that'selection programs ·.'~need be,'cön~inued
';:~<-o' ...../';,_ '\" "'" ~ ~ : ..~ ~, .! { ('... '~ i; \\., ".: '-..~ '" ' . _.N"'" "

over several breeding~generations to'exploit potentialimprovements and evaluate,
Ä' ~-~! :....:) t '.:...~ I l '. "Iq: " ~ t ! ~ ~ \ .... : .. ;~;. ~ , ~, . .

I· ful1y ~the results.·~: ~ .~~ ... ~~. \'oN\"!'•. J .• ~: t;~'~

. ';""".:.~ ,," j"l......>,"' .."....... t". ...._.'.<. ":t .~-;" \. ~. "':'" ,.~ . 1,.

'.' 2) LiriJited control over the'speCies life.cycle limits genetic progress;
~ ' ....' , •• ' A : '~ /' ',''''" • : \;, ... ~: tl '\ '" ~~ .,' •• "

husbandry JmDr~vements:mus't go' h'a:n'd":i~';"hand with breeding efforts .
. I, ~ I '~,.: . - , .'.

" ;' ~~ ,;~ ~ ...,."'\'f, ."..... '. ''''''' ~'~:~,",,~~ j. , " '

3)Sources;'of experimental',stock should be identified as completelyas
..... , ••~.. -.1 '''~ ,~.. '. ..... ., .. "",:'::':~;

. possible in initiating or'r~porti~~'on programs.
'e" :. ': • "J f)~,• .w...

',' "
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4) Somewhat standard protocol should be followed in designing, conducting,

and reporting breeding programs so results can be fully evaluated; for example,

controls must be appropriate.

5) Recognition is sought~for the importance of developing special strains

for cage rearing of salmonids and/or intense rearing of oyster stock.

6) Recognition is sought for the importance of developing suitable salmonid

stocks for sea ranching and/or restocking of oyster beds.

7) Encouragement is sought for further development in the special areas of..

cytogenetics, biochemical genetics and cryopreservation as they in important ways

relate to mariculture.

8) That the Working Group and Council exchange information with other genetic

groups with parallel interests, and that observers from these other groups and

non-lCES countries with significant aquaculture genetic endeavors be invited to

future Working Group meetings.

9) Finally, it was recommended that the 182 COST Symposium on Mariculture

Genetics be endorsed by lCES,

10) and that the lCES Working Group continue, and meet in May of 183 at

Lowestoft.
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