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Absyact . -The pres€nce of  a hatchery-rear ing stage in the l i fe cvcle of  a f ish * i l l  inevi tably select

for  improred harchery performance (domest icat ion select ion) eren \ rhen the hatchen broodstock is

col lected every generat ion f rom the ui ld.  Ttr is  phenomenon Poses a di f f icul ty  for  enhancemenl

programs. because rhe correlat ion bet*een hatchery 6tness and f i tness in n l ture is  usual l l  negat i re.

intensi t l .  of  domest icat ion select ion.  genet ic var ian! 'e and ! 'ovar iance comp(rnenls.  and the ef fect  of

domest icar ion on f i tness in the natural  enr i ronment can be est imated using Dl ' iA microsatel l i te

pollmorphism. The proce,Jures in use at the N'larine Gene Probe l-ahrrator; are brieffv described. Tbe

most efficrite procedures emplol single.locus mrcrosatellite repeat polymorphisrns analvzed by poll'

merase chain readion.  The procedure is  i l lustrated wi th an expe r iment on At lant ic  cod Gadus norhua

that  re\eals fhe inrensiry of  domest icat ion select ion in the 6nt  laborator)  Senerat ion of  th is f rsh.  A

ne*ly dereloped. madmum-l ikel ihood prot-edure for  detect ing s ib.  parent-of fspr ing.  and more distant

re lat ionships in f ish populat ions is  i l lustrated wi th a hatchery populat ion of  ra inbo* l rout  Oncor lnn'

e l rus mr/ ! rss. ' *?ren appl ied ro microsatel l i te polvmorphism data.  the procedure generates pedigree

informat ion rhar a l lo*s est imat ion of  the magni tude of  domest icat ion select ion.  and the predicted

indirect  ef fects on natural  f i tness.  dur ing roul ine hatchery operat i ( rn.  The reduct ion in natural  f i tness

e rpe r l ed inha t che r l - r e l eas€p rog ramscanbemi t i ga tedb r  i den t i f r i ng .and then rc j ec t i ng . * i l d - caueh t

poienr ia l  breeders that  are recognrzed as har ing hatcher.r  parents or  grandparents. ,A 'n a l ternat ive.

more intenent ionist .  srrateg,  is  to del iberately choose such animals as broodstock.  u i th the aim of

coadap r i ne  t he  popu la t i on  t o  bo th  t he  * i l d  and  ha t chen  en r i r onmcn ts '

Technological  development in rhe European and ment natural  populat ions.  The gc 'net ic  chanqes of

Norrh American aquacul ture industry is  a imed at  concern are the di rect ional  ef fects of  hatchery ad-

increasing the y ie ld and rhe y ie ld-ro{ost  rat ios of  aptat ion (domest icat ion select ion) on f i tness in na-

i n rens i r e l y  managed  s ) ' s t ems .  Cu l t i va ted  f i sh  and  t u re .  Th i s  a  d i f e ren t  p rob lem than  t ha t  c rea ted  bv

she l l f i sh  can  be  expec red  t o  adap r  gene t i ca l l y -  ( t ha t  r andom changes  i n  a l l e l e  f r equenc ies  i n  ha t chen

i s .  eyo6e )  i n  t he i r  i n c reas ing l y ' a r r i f i c i a l  env i r on -  popu la t i ons  * i t h  sma l l  e f ec t i ve  PoPu la t i on  s i zes

menrs .  *he the r  o r  no t  t he re  i s  a  de l i be ra te  p rog ram (AJ lendo r f  and  Phe lps  1980 ;  Danzmann  e t  a l .  l 9S9 :

of  genet ic broodstock improvement.  I t  is  general ly  Hedgecock and Sly 1990; Gaffney et  a l .  l99l ) .

recognized that  adaptat ion to inrensive cul t ivat ion Tools are now avai lable to study di rect ly  the

is l ikely to result in a decrease in performance tradeoff befween domestication selection rn

under less in tensively  managed ar t isanal  condi t ions.  hatcher ies and natura l  se lect ion in  the wi ld

and an even larger  decrease in per formance under (Quel ler  et  a l .  1993).  We i l lust rate some of  the

narura l  condir ions.  The evidence for  deter iorat ion ways in  which DNA microsate l l i te  pedigrees are

of  natura l  f i rness comes main ly  f rom salmonids beginning to be used in the iUar ine Gene Probe

(Vincent  1960:  Moyle 1969;  Reisenbichler  and Laboratory (MGPL) to est imate var iances and

Mclnr l . re 197?;  Fraser  1981;  Kel ler  and Plos i la  genet ic  corre lat ions berr . r 'een comPonents of  f i t -

l98 l :Chi lcoteeral .  1986;  Leidereta l .  1990;  Hindar ness in  natura l  and hatchery envi ronments.  The

et  a l .  1992).  procedures a l low est imat ion of  the magni tude of

This paper focuses on the genet ic  changes that  the domest icat ion t radeof f  and the implementa '

may occur when hatcheries produce fry or f inger- t ion of various strategies for avoiding, minimrz-

lings that are released into environments to aug- ing, or (for the adventurous) using the effects of

205
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domest ica t ion  se lec t ion  in  ha tchery  re lease pro-

grams fo r  augment ing  na tura l  s tocks .

Negative Correlat ions Betneen Natural

Fitness and Performance in Hatcheries

Genoq?e-environment (G-E) interaction refers

to the situation in which the relat ive pe rformance of

genot)?es, strains, stocks, or breeds varies among

en', ' i ronments. The biological propert ies of wi ld and

cu l t i ra ted  s tocks  w i l l  exh ib i t  G-E in te rac t ion  when

fi tness in hatcheries and f i tness in nature involve

traits that are dif ferent but genetical ly correlated

and her i tab le .
Breeds  o f  f i sh  adapted  to  h igh- input  aquacu l tu re

tend to do les well  than do other breeds when

tested in less intensively managed environments,
and vice versa (Fraser l98l;  Doyle and Talbot 1986:

Ch i lco te  e t  a l .  1986:  H jo r t  and Achreck  1981) .  Geno-

t lpe{nv i ronment  in te rac t ions  in "er l r ing  d i fe ren t

t lpes of domestic environment ha, 'e been demon-

strated in conrmon carp Cvpinus co4pio (\ ' loav et al.

1975.  1976b;  \ \ ' oh l fa r th  e t  a l .  1986;  and ca t f i sh  /c -
talurus spp. (Dunham et al.  1990). The adaptation

of f ish other than common carp to the dirersity of
art i f ic ial environments is just beginning and repre-
s€nts a period of rapid evolut ion under intense
env i ronmenta l  s t ress  (Kohane and Parsons  1988;

Suboski and Templeton 1989).
In general,  the direct response of each stock to

selection in i ts o*n environment ui l l  be greater

than i ts correlated response in other environmenls.
Se lec t ion  in  each env i ronment  separa te ly ,  g iven  su f -
f icient genetic variance. wi l l  therefore eventual ly
produce strong G-E interaction ( i .e..  inferior pet-

formance of each stock in the alternative environ-
ment ) .  Th is  beg ins  to  happen when a  popu la t ion  is
t rans fer red  f rom the  * i ld  in to  a  ha tchery .  The ra te

o f  d i re rgence bcrxeen the  u i ld  s lock .  undergo ing
natura l  se lec t ion ,  and the  ha tcher l  s t txk .  undcrqo-
ing  domest ica t ion  sc ' lec t ion ,  * i l l  depend on  the  in -
tens iq  o f  se lc 'c t ion  in  each env i ronment  and the
gene t i c  var iances  and cor re la t ions  o f  t ra i ts  w i th in

and hcrween enr i rc ' rnmcnts  (Ros ic l le  and Hambl in
l e S r ) .

Domest ica t ion  Se lec t ion  in  the  F i rs t
Hr tchery  Genera t ion

Thc presc-nce o f  a  ha tche l - rear ins  s tage in  the

l i f c ' t rc lc  o f  a  l i sh  u i l l  se lc 'c t  fo r  impr . . red  hr tchen
pcr fo rnr lnce .  e ren  *hcn  thc  ha tchen hroods tock  is

co l l cc t . 'd  c \cn  \e r r  f rom the  q i ld .  Th is  d r ' rmcs l i ca-
t ion  sc lcc t ion  occurs  hcc ; ru .e  thc  \ounq pr t lduced
f r r rn r  u  i ld  p i l rcn l \  :u tTcr  sontc  n to r te l i t r  bc fo re  bc-

ing released. ( l t  is safe to assume that l00n sun' ival

in the hatcher-v is rare.) The inte nsity of f i rst-gen-

eration domestication seledion depe nds on the Pro-
portion of fertilized eggs that make it to release and

on the proport ion of the total hatchery mortal i ty

that is select ive ( i .e.,  a function of the animal 's

phenotype).
The progressive loss of natural fitness caused by

domestication selection can be minimized by re-

cruit ing fresh broodstock erery year. as is recom-

mended. for example. by NASCO (1991). New

broodstot 'k * ' i l l  not el iminate the problem. how-

ever. I f  releas€d animals consti tute a signif icant
proport ion of the total breeding populat ion then

gene t ic chanscs induced bl hatchery selection wil l

accunrulate through t ime. This hatchery contr ibu-

t ion  cont inues  un t i l  domest ica t ion  is  ba lanced by

natura l  counter -se lec t ion  a t  some lo*er  le re l  o f

na tura l  f i tness .  o r  un t i l  lhe  augmented popu la t ion

becomes e \ t inc t .
The existence of nonrandom, selc'ct ive mortal iry

has  no t  been easr  to  dcmonst ra le .  Se lec t ion  d i f fe r '

en t ia ls  in  the  ha tcher l  a re  no t  we l l . le f ined  se  lec t ion

cr i te r ia  (e .g . ,  measuremenE o f  *e igh t ,  co lo r ,  o r

shape) that are used in art i f ic ial select ion. Domes-

t icat ion selection is a form of uncontrol led natural

selection in an art i f ic ial enl ironment. The usual u ay

to recognize i ts presence is b1 i ts result-behar ioral

or other phenoqpic changes plus enhanced f i tness

in  the  ha tchery  and d imin ished f i tness  in  na ture .

The action of domestication selection has usually

been determined by inference. after several gener-

at ions of domestication in the hatcher,v-. not ob-

served direct lv as a process.

Lse  o f  I t i c rosa te l l i te  D\ - \  Po lymorph ism
to  Demons l ra te  F imt -Genera t ion

Domeslication Selection

An exanrple of the use r)f  microsatel l i tes for the

direct detection of select ive nrortal ir ;-  in the f irst

domestic gencration of a f ish is proridc-d by an

erper in ren ta l  rear ing  pro t ram a t  Da lhous ie  Un iver -

sity. Hali far. fr .rr Atlantic ctrJ Gadrrs nrorlrra (Lot-h-

mann e t  a l . .  in  p ress) .
F igure  I  ind ica tcs  the  a l le  l i c  d i rc ' rs i t y  p rcsent  a t

serera l  loc i  in  the  parcn ta l .  r+ i ld  p 'opu la t ion  o f  A t -

lantic cod based trn a DN.\ micrtr:atr- l l i te pcdigrcc

ana l ls is  d*e loped a t  the  \ tGPL.  F iqure  I  a lso

shL) \ \s  thc  po*er  tha t  these lo r ' i  p ro r ide  fo r  d is t in -
guishing populat ions (Bruftrrd and \\ ' . r1 nc 199-i)

The prinrcr scquenc! 's for st 'rme of the Al l .rnt ic co.l

I t rc i  uscd  in  thc  t rper in r ! 'n t  h r \  r '  bccn  pub l i :hcd

1\ \ ' r iuh t  199-1 .  Br t r rkc r  c ' t  l l . .  in  p rcss) .  Thc  l l l c l i c
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Frct,nr t .-Al lel ic distr ibutions of t* 'o microsatel l i te

lcri (Gnro132 and Cntol15) of Atlantic cod at t*o loca-

r ions off the Canadian Atlantic coast Crand Bank rs lo-

catcd southeast of Ne*foundland and Scotran Shelf east

of Nora Scotra The r-ads ts al lele srze measured in num-

bcr of dinucleotide repeat units (each t ick represents an

increase of tuo base pairs frc'm an arbitrary origin) The
r -axis is relattr e al lele frc'qutnc"".

diversiry is so high in f ish caught of l  the east coast of

Canada (45  or  more  a l le les  a t  some mic rosate l l i te

loc i )  tha t  each an imal  i s  essent ia l l ; -  un ique when as

few as 3 or 4 loci are scored.

ln  a  rear ing  erper iment .  a  number  o f  w i ld  ma les

and females *ere spawned and the eg-es pooled.

After approximately 20 d the larrae hatched and

were provided r.r ' i th lower' than-oPtimal food levels'

During a 2-d period beginning about 8 d after

hatching, the Atlantic cod larvae decreased in size

as the yolk sac was absorbed and the larvae at-

tenrpted to feed for the f int t ime. DNA identi f ica-

t ion of lanae produced by dif ferent sires revealed

that this cr i t ical 2-d period in the l i fe of the larvae

\las profoundly selective: offspring of some male

parents survived the transit ion to self  feeding much

better than did otbers. Figure 2 sho\r 's the relat ive

sunival of the of lsprinS of seven diferent sires

mated to the same female. Because only one female

*'as involved, there is no between-grouP varlance

caused by genetic maternal effects and egg quali ty

The relat ive sunival of offspring of the same sires

mated to otber females mainlained the same rank

order. however.

sire group

Frctne l .-Relat ire sunival of seven groups of half
sibs (seven males mated to one fenrale). lvltlrlalit-v oc'
curred before or af ler the point of "no-return," *hen
lanae must begin to self  feed.

The conc lus ion  is  tha t  mor ta l i ry  *as  s t ron-q lv  se-

lec t i ve  in  the  tabora tory ' .  even a t  th is  Ien  ear l t '

lan al staqe. The ctreff icient of r ariance of sire'

g rLrup  sun iva l  qas  appror imate lv  60 '7 .  Th is  ra r i -

ance is not merely phenoqpic oPPortuniry" for se-

lec t ion  lDownho*er  e t  a l .  1987) ,  i t  i s  se l ! ' c t ion

(d i rec t l l  obse ned genet ic  var iance in  sun ' i va l ) .

Estimating the Tradeofi  Betneen

Domest ica t ion  and l {a tu ra l  Se lec l ion

The measuremcnt  o f  f i r s t -genera t ion  se lec t ion

g i res  on l l '  one-ha l f  o f  the  ans*er  to  u  hc lher  o r  no t

se lec t ive  mor ta l i ry  in  the  ha tchery  migh t  d imin ish

the natural f i tness of released animals. I t  is also

necessary to estimale the correlated changes in nat-

ural f i lness in the natural environment. Here. too,

indir idual pedigrees based on microsatel l i te poly' '

morphisms make the appropriate measurements

possible.
Genetic correlat ion is calculated as the correla'

t ion  ber*een the  va lue  o f  a  t ra i t  (e .g . ,  g ro* rh)  in

one env i ronment  and the  va lue  o f  the  same t ra i t .

obsened in family members in another environ-

ment .  When the  t ra i t  i s  an  a l l -o r -no th jng  comPo-

nent of f i tness, such as mating or survival '  the cor'

relat ion of famil l '  mean l iabi l i t ies can be calculated

(Falconer 1981). The procedure for observing and

predict ing such changes requires the identi f icat ion

oo€n bars (before)
dosed bars (after)
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Fror- ne -1.-Relat ionship hc'r*een the mean probabil ig'
o f  bc ine  unre la ted .  as  ca lcu la ted  f rom mic rosate l l i te  da ta ,
and the e r1^-cted genetic correlat ions. Comparisons are
henreen fu l l - : ib  f i :h  (F) .  ha l f  s ibs  ( l l ) .  and  f i sh  more
d is t rn t l r  re la ted  th rough grandperents  (D1.

o f  the  fami l l  mernbcrsh ip  o f  ind i r idua ls  re leased
f rom a  ha tchery  in to  the  * i ld  and subsequent lv
recaptured .  I t  a lso  requ i res  the  ident i f i ca t ion  o f
indir. iduals from the same famih' reared in the
hatchery ' .  Severa l  le "e ls  o f  genet ic  re la t ionsh ip  (e .g . ,

ful l  sibs. parent-{f fspring. and half-sibs) can be
used.

Before the advent of DNA microsatel l i te identi-

f i ca t ion  the  procedures  fo r  es t imat ing  Be nc t ic  co t -
re la t ion  invohed rear ing  s ib  g roups  scpara te lv  un t i l
individuals u'ere large enough to be tagged. This
procedure is operational ly complex and expensive.
Perhaps lhe greatest dif f iculry ir i th this approach is
tha t  the  erpcr imenta l  enr i ronment ,  * i th  i t s  sepa-
ra te  rear inq  s tage,  i s  ne i ther  na tura l  nor  comple te ly
rcpresenta t i \e  o f  se lec t ion  under  normal  ha tchcrv
prac l  i ce .

.\lothcnnrical ,4spects of D,\'A Pedigrces for
Estint'ttittg the Conelated RL'sponse lo
Donft'strc ation St let tion

A mar imum- l i ke l ihood procc 'dure  has  been de-
ve loped 1C.  Herb inger .  unpub l ish t 'd )  tha t  can  as-
s ign  ind i r  idua ls  to  s ib  g roups  (and o ther  g roup ings

inc lud ing  erandpar ! 'n ts .  paren ta) f fspr ine .  and f i rs t
cousrns)  r - rn  the  has is  o f  m ic rosa t . ' l l i te  tn fo rnra t ion .

c r e n  s h e n  t h e  p a r c n t s  a r e  n o t  k n o * n  ( F i g u r e  3 ) .
The i l lus t ru t i rc  d r tu  in  F igurc  -1  c r rn r t  f ron t  an

crpcr in ren t l l  popu l l t i t rn  o f  r l inho*  t r r )u l  O/ l -
. ( ) r / r \ l (  /n . . r  n r r ( rs , r .  in  *h ich  the  erpcc ted  qcnet rc

cL) r r r l r t i ( )n \  rm( )ng  thc  ind i r  idu : r l s  l r re  kn t l r r  n  r t  i th
s ( )mc c r )n t idc r tec  ln tJ  can hc  c ( )mn l red  * i lh  thc

maximum-l ike l ihood predict ions. The ful l-sib rela-

t ionships, denoted as F in Figure 3, are known
exactly from firstorder pedigrees. The other group

ings are corrected for suspected second-order rela-
t ionships among grandparents. For example. the
distantly related individuals, denoted as D, fal l  into
three groups thal are suspected to have zero, one,
or three grandparents in common.

The microsatel l i te pedigrees greatly simpli fy the
estimation of genetic correlat ions of f i tness across
the hatchelv and natural enrironment. The dif fer-
ential sun' ival of sib I ,roups in both environments

can be studied with l i t t le or no modif icat ion of
hatchery prrxedures. Al l  that is required is samples
col lected from hatchery-origin f ish before and after
release. The sampling is nondestructive; a single
sca le  conta ins  enough DNA fo r  the  mic rosa te l l i te
anahses .  The ca lcu la t ion  o f  d i rec t  and cor re la ted
responses  to  se lec t ion  (ha tchery  adapta t ion  and
changes in  na tura l  f i tness .  respec t i re ly )  can  be  com-
p l i ca ted  *hen there  are  unknoun genet ic  cor re la -
t ions  ( fami lv  re la t i r rnsh ips)  in  a  popu la t ron .  Mic ro-
satellite pedigrees can proride required information.

lvlolecular Aspects of lvticrosatellite
Dl'i,4 Polyntoryhbm

Protein polymorphisms ( iso4mes or al lo4'mes)

have been used in the past to mark or identi fo
gr'nor)?es in aquaculture experiments (Moav et al.
1976a). Ttre level of iso4'me polymorphism avai l-
able for marking is relat ively low, ho*ever, so that
even *i th special breeding arrangements no more
than I or 3 dif ferent geno$?es (famil ies or sub-
populat ions) can be dist inguished in pooled popu-
la t ions .  Th is  number  i s  too  smal l  fo r  measuremenl
o f  genet ic  var iances  and cor re la t ions  a l though i t  i s
useful for other purposes (e.g., for breed compari-
son and genetic stock identi f icat ion in natural pop-
u la t ions)  (Ch i lco te  e t  a l .  l9E6:  Ut te r  e t  a l .  l9E9:
Shak lee  e t  a l .  1990:  Brodz iak  e t  a l .  199?) .  A l lo -
z)-nres have also been used ven' successful l)" to de'
tect dif fercnces in the reproductiv€ success of halch-
ery  and $ i ld  f i sh  a t  the  popu la t ion  leve l .  bu t  no t  the
ind i r idua l  o r  fami l l '  l e re l  (L r idc r  e t  a l .  1990) .

\ \ 'e  hare  adopted  s ine le^ locus  mic rosate l l i te  poh -

morph isms fo r  genet rc  pc 'd ig ree  ana l rs is  fo r  serera l
re rsons :  (  I  )  the  le re l  o f  po lymorph ism is  ren

h igh-u i th  he tc ro4gos i t i ! ' s  approrch ing  l ( [ - r  a t

s t ' rmc loc i - \ \h ich  a l lous  thc '  idcn t i f i c l t ion  o f  a l l
fanr i l i cs  in  comnrerc ia l  h l l chcr ic ' s :  l l t  the  D\A
s ln tp l inq  is  non inJur ious .  *h ich  a l lo i rs  idcn t i t i cd
an in re ls  to  bc  u :cd  rub 'cqucnt l l  as  b r r l , rds t t rck :  i tn , j

Bl io

(3)  $e pr
llve.

The lal
lar biolog
fish has r,

Franck et

ulture ger
curre ntly
of DNA
are curre

Minisa'
blotting.*
p€ated sr
and Wel i
quence rt
in the sa
length ar
length  t :

mal be t

been terr
rep€at  ( \

\\'he n
wi th  res '
blott ing.
VIYTR I.
result is ;
a bar c{r
i ty of th.
freys et
inheritec
h igh  mu '
mlcrosal
f i shes 'p :
t ice. rhe
from dif
ambigur t

The p:
loci on ;
VIYTR p
to  the  ur
the repc
1986: Ta
plished
solcr br

Pohnt
Thrs pre
uous alt

lectrre i :
The PC
of  o l ie .
un iquc  .
the ptr i
VNTR
phores!-

.{

lirl
:
, l
r l

I
ri



CE\ET IC  CORRELAT IO \S  OT  F IT \ESS

' hc  
fu l l -s ib  rc la .

-' -1. are knrrq n
' ' l tc othe r grt ' rup-

- r rnd-order  rc la -
t r  c \ample .  the
.J  as  D.  f l l l  i n ro
hare  zc ' ro ,  one.

r t l v  s imp l i fo  the
rf f i tness across
rnt. The dif ler-
h  env i ronments
nrrdif icat ion of
r i red  is  samples
's' fore and after
rc t i \  e :  a  s ing le
- '  m ic rosa te l l i te
and cor re la ted
rdapta t ion  and
l1') can be com-
.:enetic correla-
u la t ion .  Mic ro-
:d information.

or  a l lonmes)
r rk  o r  iden t i f i
t s  (Moa"  e t  a l .
orphism avai l-
) \Ac \er ,  so  tha l
lCntS nO more
mi l ies  o r  sub-
pooled popu-
mcasu remenl

.  a l though i t  i s
reed compari-
n natural pop-
- r  e t  a l .  1989;

1992). Al lo-
cssful ly '  to de-
- 'cess of hatch-
e l ,  bu t  no t  the
r l .  1990) .
rsare l l i re  po ly -
sis for several
rhism is very
r ing  100% at
ica t ion  o f  a l l
t 2 )  t h e  D N A
ru's identi f ied
rodstock: and

1-1) the procedure is slraiqhtfor*ard and cost efcc-

I ive.
The lab t ' r ra ton  prac t ic ( '  and  under l l ing  mcr lecu-

la r  b io log '  o f  DNA micros l tc l l i te  po l imorph ism in

f i sh  has  recent l )  bcen con ip rehens i reh  rev ie*ed bv

Franck  e t  a l .  (1991)  and ' * ' r i -eh t  (199-1) .  The aquac-

ulture g. 'netics projects under wav at the \tGPL are

currentl .v based on t*o of the several possible ry'pes

of DNA f ingerprint ing; sereral other procedures

are  cur ren t lv  under  in \ ,es t iga t ion  in  the  MGPL.

.l I i n ua t e I I i t e po h mo ry h is ms a na b'ie d b1' S o u t he m

blotr ing.-) l inisatel l i tes consist of tandemly re-

peated sequences of 9-65 base pairs (e.g. '  Jarnlan

and Wells 1989). Thc'se tandem arrays of core se'

quence rePeats. *hich may exist at several locations

in the same genome (i .e.,  at several loci) '  vary in

length  an tong ind iv idua ls .  Because the  number  o f

lc-ngth variants (al leles) segregating at each locus

may tr very large, this tlpe of polymorphism has

treen termed hypervariable variable number tandem

repeat (VNITR) PolYmorPhism.
\\hen DNA extracted from the target f ish is cut

uith restr ict ion enzrmes. subjected to Southern

b lo t t ing .  and probed , , r ' i th  the  core  sequence '  manv

\NTR loc i  can  be  re rea led  s imu l taneous lv .  The

rcsu l t  i s  a  mu l t i locus  sa te l l i te  pa t te rn  tha t  resembles

a bar code and *hich, because of the hy-pen'ariabi l-

i ry of the loci.  uniquely identi f ies individuals (Jef-

freys et al.  1988). The al leles at each locus are

inherited in str ict ly l{endelian fashion (except for a

high mutation rale). so in principle the mult i locus

microsatcl l i tes can be used to identi fy the target

f ishes' parents (e.g., for pedigree anall 's is).  In prac-

t ice. thc number of loci is of len so large that al leles

from dif ferent loci orerlap, which introduces some

ambiguit ies into the analysis (Lynch 1988).

The problem of orerlapping al leles from dif ferent

loci on a Southern blot can be overcome by using

VI\TR proks that hybridize to only one locus ( i .e.,

to the unique sequence DNA that f lanks or l ies near

the repeated core VNTR sequence) (Wong et al.

1986; Taggart and Ferguson 1990). This was accom-

pl ished in the MGPL for Atlantic salmon Sc/mo

salar by Bentzen et al.  (1991).

Polymerase chain reaction (PCR) procedure--

This procedure provides a simpler and less ambig-

uous alternative to Southern blott ing, when the ob-
ject ive is pedigree analysis of large numbers of f ish.

The PCR procedure involves the synthesis of pairs

of ol igonucleotides that are complementary to

unique sequence DNA lying adjacent to each end of

the polymorphic VNTR locus. The intervening

VNTR sequence is amplified by PCR and electro-

phorese d on acrylamide sequencing gels (Jeffreys et

a l .  l9SS) .  The cur rcn t  p re fe rence in  thc  \ IGPL is  to
use VNTR sequcnces  ca l led  mic rosa te l l i t c ' s ,  *h ich

are  cL)nrp : r ra t i re ly  smal l  ( l {  base pa i r  repcats .

ra ther  than G95 base pa i r  sequcnce rep€ats  tha t

charac ter ize  min isa tc ' l l i tes ) .  H igh- res t t lu t ion  se-
quc 'nc in [  ge  ls  a re  requ i red  to  a lo id  confound ing
a l le les  tha t  have near lv  the  same length .

Discussioo

One of the strategies for minimizing the ef lect of
domestication on the nalural f i tness of enhanced
stocks involves maintaining open, natural popula-

t ions by recruit ing hatchery broodstock from the
wild in everv generation (NASCO 1991). Unfortu-
nately. this strates/ wi l l  not completely avoid do-
mest ica t ion  se lec l ion .  The mic rosate l l i te  iden t i f i ca-
t ion expe r iment with Atlantic cod described in this
paper demonstrates that intense selective mortal i ty

can br delecled in the earl iest larval stages of of l-

spring of animals from the wild. I f  this proves to be
true for f ish that are regularl .y stocked in enhance-
ment programs, such as rainbow troul and Atlantic
salmon. then stocking programs that spaun onl '
* i ld broodstock *i l l  fai l  to produce offspring that
are free from hatchery efects.

Fort u natel,"-,  ma t hematical proced u res and DNA
ped igree  techn iques  have been de , 'e loped tha t  can
l im i t  the  accumula t ion  o f  dcrmest ica t ion  se lec t ive
effects in stocked populat ions be1'ond the f irst gen-

era t ion .  E f fec t ing  some l im i t  * i l l  requ i re  us  to  iden-
t i f l  * i ld  f i sh  tha t  hare  parents  o r  g randparents  o f
hatchery origin and then avoid spa*ning them. The
sensit ivi ty of the procedures that are no'* avai lable

seems adequate for identi f  ing these f ish.

An in te res t ing  a l te rna t ive  s t ra teS/  fo r  min imiz ing
the accumulation of domestication effects is theo-

ret ical ly avai lable now that DNA microsatel l i tes
have simptif ied the detection of pedigree relat ion-
ships. Rather than trying to avoid the spawning of
hatchery f ish, or wi ld f ish * ' i lh recent hatchery an-

cestors. one could use f i tness in the wild as a cri te-

r ion for select ion in the hatchery. There are at least

two \r 'a) 's that this might be attempted, both based
on the identi f icat ion of the relat i , ' 'es of f ish that have
sun-ived, thrived, and ult imately been captured in
the  w i ld .

In closed domestic populat ions. without regular
add i t ion  o f  w i ld  b reeden,  the  ha tchery  parents  o r
hatcherl '  sibs of the successful * i ld f ish can be cho-
sen for spa*ning. This represents a typ€ of progeny

testing or sib selection. Because domestication se-
lect ion would proceed as usual in the hatchery, the
hoped for beneficial outcome would be simulta-
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neous Benet ic  adaPta t ion  to  the  ha tchery  and na tu-

ral en', i ronments. The reduction in negative corre-

lat ions benleen f i tnesses in the t lr 'o enl ironments

would be expected i f  the appropriate genetic vart '

ance exists in the populat ion.

An alternatire approach could be used in open

populat ions *here some or al l  of the broodstock is

recruited from the wild ererl 'year'  In this case' f ish

that have hatchery origins or ancestors could be

deliberatety chos€n as broodstock rather lhan

aroided. Such f ish do carr.v a higher proPort ion of

genes thal have been successful in sun' iving (and

repr t rduc ing)  in  bo th  enr  i ronmcnts .

We recogn ize  tha t  these a l te rna t ive  eenet ic  man-

agement  s t ra teg ies  are  more  in te rvent ion is t  than

those usually suggested (Moav et al.  1978). They

certainh' are in direct opposit ion to the idea that

scnet ic  changes in  na tura l  popu la t ions  shou ld  be

kept  to  a  min imum (A l lendt r r f  and Rrman 1987;

Ne lson and Sou le  1987) .  On the  o ther  hand.  they

may imp l l  a  more  * i l l i ns  accePtance o f  the  ha tch-

ery  as  an  permanent .  essent ia l  component  o f  the

reproduc t i re  enr i ronment  o f  endansered f i sh  pop '

u la t ions .
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