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Pwenty restriction endonucieases were used o study mitochondrial DNA SmEDNA) polymorphism in 11 hatchery
strains of Atlantic salmon {Salmo selan) representing geographicatly separated populations in Furope and Nesth
America. The North American satmon miDNAs studied were readily distinguished, by a minimum of seven
restriction site differences, from fish of Furopean origin. These results segpested that restriction analvses of mtDNA
might provide a useful method for determining the proportions of Furopean and North American Aantic salmon
caught in the West Greenland fishery. To test this proposition, we analyzed 128 salmon caught in the 1987 Wesl
Greenland fishery including 68 fish with coded wire or Carlin tags which provided the geopraphic source of the
tagped salmon. We correctly identified the continent of origin for 67 of the 68 physically tagged safmon using
twe informative restriction endonucleases. This study provides a clear indication of the usefuiness of miDNA for
discriminaling between European and North American Atantic salmon caught in the West Greenland fishery and
for mixed-fishery analysis in general,

Vingt endonucléases de restriction ont 816 utilisées pour étudier le polvmorphisme de FADN mitochondrial
ADNml chez 11 souches d'écloserie de saumon de PAtlantique (Salmo salarn représentant des populations
provenant de régions différentes, soit d'burope et d'Amérigue du Nord, Les ADNmt du spumen &’ Amérigue du
Naerd qui ont été étudics se distingualent facilement de ceux des especes d origine CUTOPEENNe DAF AU Ineing sent
difiérences de sites de restriction. Ces résultats indiguent que I"étude des sites de restriction de {ADNME nourrait
constituer une méthode utile pour déterminer fes proportions de saumons de FAtlantinue caplrds dans b pache-
tle de Vouest du Graenland provenant d'Europe ou &' Amérigque du Nord. Pour vérifier cette proposition, nouws
avons tudie 328 saumons capturés dans la pécherie de Fouesl du Groenland en 1987, dont 68 paurvis de
micromargues magndétisées codées ou d'éliguettes Cartin qul permeltalent de déterminer leur provenance, £n
utitisart dews endonucléases de restriction informalives, nous evons idertifié correciement le continenl (Forlgine
de 67 dos 68 saurmons margués. La présente étude indlgue «lairement que FADNME st ulile pour déterminer si
le saumoen de PAtlantigue capturd dans fa pécherie de Fouest du Groenland provient d'turope ou d' Amérigue
du Nord: cette méthode pourrait lement convenir en gé pour d'anres phcheries,
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(JAT(Y)
omumercial marine harvests of Atlantic salmon (Selmo 15 oa major fishery for Atlantic salmon off the west coast of
salary represent a classic problem in fisheries biology. Crreenland where the catch is composed almost entirely of North
namely that of managing a mixed-slock fishery. There American and European origin one-sea-winter age salmon, The

fish originate from both wild-run rivers and enhancement pro-

e L . ) . rrams on | antinents. For conservaiion and economio rea.
‘onteibution of the Smithsonian Molecular Systematics Group grams on both continents. For conservation and eeanOmHL I}

“Author 1o whom correspondence should be addressed. Present sons 1 as amportant, on a vear 1o year basis, to determine the

address: Smithsonian Tropival Research nstitute, APO Migmi 340072, vefative cuntributions that different siocks of Atlantic salmon
OOTE or Apartado 2072 Batboa, Republic of Panama. make o the West Greenland fishery. In fact. information on
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gomposition and origin of the catch and estimates of the
rralily rate based an these dala are considered when yearly
tas are determined for the fishery. Thus the accuracy and
eliness of the data. particularly stock origin, are critical.

S This aper provides information on levels of mitochondrial
(mDNA) polymorphism within the Atlantic saimon and
i desonsitates the atility of mtDNA as a genetic marker for
ung between fish of Nogh American and Buropean
ically, we assess restriction endonuclease anal-

i DNA as a method for determining the proportions of

1 and North American Atlantic salmon caught in the
Crreenland fishery. Thus our aim is identical to that of a
er of ather investigators who have used hoth genetic and
e methods, with considerable success, to estimate the
of Enropean and North American salmon to this
s mmhulv Ruldm 19K6: Stahl 1987, Reddin et al.

c.a_)xz.apmn{)n (.md origin of the salmon cach at West
| is based on scale ageing and meristics (Anonymous
Probiems asseciated with botk the implementation and
ation of seale analyses for this fishery motivated the pres-

v, This research also extends the lndings of additional

. 1986, 1991, (?yiic‘mtm and Wilsen 1987;
CH9BE: Hoveyet al. L989; Palvaet al. 1989,
fmt in w'lwii*idl(.‘{} L hatchery stocks of Atlantic salmon
iistorical origing in 10 different rivers in North America
rope, We used restriction analyses of miDNAS to char-
g geographic population structure within Atlantic salmon
dﬁ: rrming whether or not mitDNA genotypic characters
provide gualitative markers useful for differentiating
‘en f«;ahwm from North America and Furope, We next ana-
28 Atiantic salmon caught in the 1987 West Greenland
. Using restriction analyses of mtDNASs, we determined
an of Morth American and European fish in the sany
wre, we werg ater able 1o obtain coded wire or
aformation for 68 of these salmon. By comparing
st fromboth the physical (coded wire or Carlin tags)
' wti)’\ﬁ miarkers, we are able o evaluate the use
yEis iwr (‘uit.‘.r'i.niniug; continent of origin of har

satmon nchuded mothis study are divided into
47 fish, representing 19 s'mvmuhmm slocks of
Hinon (Connecticut River stocks wers foun lmm
sz Mh) WETE r.:oficciv Emm hatcheries and ne

‘ : tales (Table 1), z\
st cavght iu i.;v {;'r% land fishery wag
processing p lant i Nuuk, Greenland, in 1987
e onoted that mothe first group, smadl sample sizes
A pussible foss of genetic diversity in hatchery pop-
¢ Allendor! and Ryman 1987) suggest that only the
I A genotypes from the (munal popuations
. m l’m second group, salmon were collected from
2 plant vver a short period of time, and thus,
td mot be considered to represent the full geo-
shrange of in, West Greenland fishery. The
: red saimon i the second group rep-
: t.hc geographic range of Atlantic
> 23 and diminish, but do not alie.
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viale, sumpling inadequacies associated with the hatchery
group.

fior the hatchery greup, mtDNA was isolated in closed-cir
cutar form from fresh liver and/or heart if the fish was larger
than 75 mm. Smaller fish {fry} were pooled and miDNA was
pméﬂcd from fresh whole bodies homogenized after removal
ol the skins. Following jsolation, mtDNAs were purified using
procedures of cesium chloride/ethidium bromide gradient cen-
trifugatin (Lansman et al. 1981 Purified mtDNAs were
extracted with water-saturated buiamof to remove ethidium bro-
mide and dialyzed against TE (10 mM Tris, 1 mM FEDTA,
pH 7.5) o remove the cesium tho: ide. Aliquots of mtDNA
were digested with 20 restriction enzymes per individual (or
peoled sample) uader the conditions recommended by the ven-
dors {Bethesda Research Labhoratories and Bochringer-Man-
aheim: see Table I, footnote b, for listing of enzymes used).
Resulting DNA - [ragments were end-labeled with appropriate
PIAXTPs), sized by agarose gel electrophoresis ((J,7
1.5%), and visualized by autoradiography (Brown 1983; Drouin
L9803, The possibility of scoring twe aonhomologous frag-
ments as ideatical due to chance comigration was minimized
by rerunning fragments of questionable identity side by side at
different gel concentrations.

For the second group of 328 Atlaate salmoa, crude genomic
DNA was isolated from cither liver or skeletal muscle sumples
that had been frozen on dry ice and stored at — 80°C. (All steps
in the DNA 1solation procedure described below were carried
out in 1.5-mb, snap-top Eppendorf tbes.y About 100 mg of
tissue from cach fish was powdered in tiguid aitrogen and incu-
bated at 37°C, overnight, in a proteinase K/SDS solution
500wl of S'I'If_,{ 00 mM NaCl, 10 mM Tris, 25 mM EDTA,
pH 753, 25 plo of a F0 mg/ml stock of proteinase K in STE,
angd 25 Mi of 20% S08). Following uuuimlum the samples
were extracted twice with an equal volume of PCIL(25:24:1 mix
of pherol, chiloroform, and isoamy! alcohol) and twice with an
equal volume of chloroform. The DNA in cach sample was
ethanol precipitated, pelteted, dried, and suspended in 250 .
of TE. Typical yields were about 25 pg. and approximately
fpgof DNA from each individual fish was digested using the
restriction enzymes Dra Land Bsr THE Additional aliquots from
a stbset of the 328 [sh were digested with Ava 11 DNA frag-
ments were slectophoretically separated on 0.9% agarose gels
for 1 1% agarose gels for Ava [F fragments), denatured, and
transferred overnight onto Zetabind nylon fikers. Following
z‘;;ms;é’cr the nylon fiiters were hybridized, for one to two nights,

v P randomeprimed or nick-transtated  Atdantic salmon
mfi)I\(\ (probe mIDNA) which had been twice pun by
vu..,r.u!gai.wn After washing the filiers to remove the
incorperated probe mtDINAL restoiction fragments were vis-
atrzed by &El,l@()f"d(h{)g[d{ hy.

A map of all resiriction sies (with the exceplion of Cla 1,
St L Hind 11 and Ava T was constructed using fragment sizes
produced by single and double digestions of Ath.tmic salmon
it NAs (Zebetner ef al. 1987 (see Fig, 1. Bam HLL Bel 1,
Bel 13, Bst Bl and Xho | restriction endonucleases each pro-
duce one or two cuts in Atlaptic salmon mtDNAs and were
castly mapped. Maps were considered complete when cleavage
sites for anew enzyme could be assigned to locations internally
consistent with those for the above enzymes. Position 0 of the
approxumately 16 800 base pair (bp) mulINA of S yalar i< an
Leo RE site that we believe to be homologous with a conserved
Leo REstte lovated at 7.5 kbp on Thomas ot al. (1986 miDNA
maps of Dneorhynchus species. The proposed mitochondrial
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TasLe {. Sample identification numbers, composite mtDNA genotypes, and historical source of the
hatchery popuiations used in this study.

Sample

> N Composite genotype” Historical source of stock
0-99 ('.TCC(_:(.“.CCC‘CCC.“(.‘.('f(f.‘,CCC(,‘,C‘C Conuecticut Rivert, CT, USA
0-108 ~Cecec C JCCCCCC Connecticut River®, CT, USA
0-97 Penobscot River, ME, USA
(-9% Penobscot River, ME, USA
0-95 Einion River, ME, USA
0-96 Union River, ME, USA
O-142 3 Grand fakes, ME, USA
(-143 3 Grand Lakes, ME, USA
0-195 ('}11 nd Lakes, ME, USA
0-103 Johng River, N.B., Canada
0-104 CCC CLLLC( ‘5[ Johns River, N B., Canada
G101 (L(( ( ( ( ( ceC Cirand Cascopedis Rnu, N.B., Canada
0-102 . g Grand Cascopedia River, N.B., Canada
364 Vogalax River, leeland
0-365 Vogalax River, Ieeland
0-3606 Vogalax River, Iceland
O-173R Wester Ross River, Scotland
O-1'74R Wester Ross River, Scotland
O-173R Wester Ross River, Scotland
0-369 Wester Ross River, Scotland
0-170 Nanske River®, Norway
O-134 5 Morrum River, Sweden
0-137 5 Morrum River, Sweden
0O-138% 4 Neva River, Russia
0-1734 4 "CCDDDDOC CCCCo MNeva River, Russia
O-140 4 CCCDRDLDO (,(,.(,.(,.{,(..(,.(,,(f( (' Neva River, Russia

*miDNA was isolated Trom pooled samples where & i indicated: otherwise, mtDNA was isolated
Front a single individual.

"Letters, from feft to right, refer w digestion profiles produced by the following restriction
endonucleases: Bam W1, Bel L Bgl |, I)ql [, By I, (Irz Lo Dra L, Eco RL Eco RV, Hind I, Hpa
1 Pt [, Py 11, Sac 1, St 1., Um I XAe ¥, Ava 1, Hmd . Ave TL

“The two p(mfc,(i samples taken from Swedish salmon ('Ei:x_piz:lyccl all fragments characteristic of
both the X and the Y Ava [T restriction fragment profiles. This is most likely the result of pooling
fish with dilferent Ave [ mtDNA genotypes,

“Derived from Penobscot River Ggh.

“Monmi A/S commercial stock.

gene organizaiion in Atlantic salmon is the same as that in pooled and Individual fish) surveved with 20 restriction endo-
human (Davidson et al. 1989b). nucleases {Table 1), These genotypes, or mt[")NA haplotypes
We estimate that the placement of cleavage sites on the are strongly patierned geographically., The North /\mprlccm
Atlantic salmon map Is accurate o within phus or minus several salmon studied were readily distinguist mi from fish of Furo-
hundred base pairs. It is possible that we have falled to map @ pean origin: the two mtDNA haplotypes from European fish
few restriction sites because they terminate small frapments o differed at o minimum of seven restriction sites {Bgl 1, Bst EIL,

are coincident with other sites. The presence of one such site, Cia b, Dra I, and three or more Ava 11 sites) from the single

which bounds an Ave | 500-bp fragment, was inferved du;m} mIDNA penotype observed in all North American Atlantic
map;}m HUW(‘HE for mustuidomm ases the sizes of resiric- walmon (i"ig. 1 and E; Table :3&.}7 The minimum  estipuated
tion fragments revealed by each enzyme totaled very close 10 quDNA sequence divergence observed between the ™ North
168 k’?’ suggesting that we have observed most {ragments. f\mf. Acan’” salmon mtDNA type and the “Duropean’ types is
Comparing data from different laboratories, iis clear that large 7 .0 g o7 ’ ’
fragments cannot be sized accurately. and mapping provides HIL two mDNA haptotypes obtained from BEuropean fish
vala.u.lilric. 1:1(195)’%1'1;113;1{? l-z.l[(_)mmucm on the true positions of dis- differ by only 4 single Ave 11 testriction site. The estimated
tant sites (see lable 3). ; ~ sequence divergence between these two types is d = 00011
Unmapped restriction sites {(Cla |, Sru |, Hind i, and Ave ) Again there is a eeographic patlcm o the chsmhuuml of the
wete ferred {rom the lmg}muiz data, and presence/absence of wo miDNA %rm:\;; observed in Buropean Atlantic salmon.

both mapped and unmapped restriction sites was used to cal- . ) :
'.(J',nl ..',mc;pf" d - : ]?md{“’ . i’d- B () 1_1.Efihij [(-}. F’.‘tl Salmon from rivers i leeland, Scotland, and Norway share a
;‘;{Sﬁ;{;‘ }; l:’f{'ﬁ”uibﬂ (I.\:(”?itrijc“ [i}lgzi gence td) deentintingpmNa halotype (referred to hereafier as the "B uropcan Ttypel
PO ¢ : that ditfers from the mtDNA haplotype from fish of Russian

Results origin (“ Balie' typel. The gain of an Ave 1 site in the mtIDNAs
of Baltic Sea fish relative to the mtDNAs of .Nur[h Sed salmon
Three distinet mtDNA genotypes were observed in the 47 wias alse observed by Gyllensten and Wilson (1987 in their

hatchery group Atlantic salmon mtDNAs (representing both study of Atlantic salmon from two Swedish ri \Lzs( Altran River,

BEb Can, J0Fish, Aquan. Seil, Vol 48, 19491




TasLe (:wya; e pecurrence, o this and other studies, of the three mDNA types defined in this
report. Numbus in parentheses represent the coded wire and Carlin tagged Adlantic salmon collected
in the West Greenland fishery

" North
River American”  UBuropean™ U Baltic” Study”

North America
Connecticut (ME, USA)

2
l

Penobscot (ME, USA) 2 !
7

Union (ME, USA) g
Crrand Lakes (ME, 7
Stodohn (N.B ., Canada) 2
Miramichi (_[\.l:'s‘. Canada) (5
CGrand Cascopedia (NB., Canada) 2
!
i
{
|
i
!
i

SAY

Nepisiguit ( N B., Canada) (
Kedgwick (N.B.. Canadi) {
lu.sku.(. 5., Canad) (
{
(

Medway (N5, Canada)

North (N.5., Canada)

Five Mile Pond” (Nfld. . Canada)
E. plm[s (M, ;mddu}
Ciambo® (Nfid., Canada) 24 S
Giambo (N, Canada) 28 9

Total E24 4

[0 S S VU CAN G S S S

)

SRV

Furope

Vopalax Ueeland)
Corrtdh Ureland) {
Lee {Irefand) {3
Frne (refand) (1
Shannon {lrefand) (1
Boyne (Ireland) (1
Wester Ross (Scottand) 4
Lussa (Scotiand) |

!

3

I
Tyne (Bngland) {
Ware ( natand) {1y (3
ltehin (Bngland) El
Mixed stock {France) (2}
Nanske {(Norwiay? !
Adran (Sweden) 4

Totud ] 5% 2

L — o I

Lurope, Baltic Sea
Lude (Sweden)
Morrl uu {Swedan) 1 !

Saimiag il nlang] |7 &
Felisioks’ PE mlaml; 4] &
Neva [Hussia 2 PN 126 N

N

Totul 44

Ritt el al (10863 3, Birt et 4l (1991), 4, Hovey

6. Pa :;1%. zI%‘)J

L This stady, Bi’i!(lild‘gls!!]z et al.
CphERYY S (:}ELH\E’K[? and V-»J N

dowatl Avee [ bat e
i the River Ware, England,

“Onty five of the phy
gmsup s the one fish with 2 ! H
of the Newfoundland fish bave b{‘:z:u av,d; % with Ave 11,

These 10 i s pooled swmpies and presumably include individoals with both the
CEuropean’ and conolypes: seo oinate ¢, Table 1

WOTE sk

it this
Mone

forth Sex; Lule River, Baltic Sead. Inowr sisgly, both the " Bal- mixed Buropean/North American genotype {a Dra 1 North

tie” und the Vhvropesn mlDMA genotypes were found in American”™ genotype and a Hsr Bl “Earopean’™ genotypel,
sabmon from Sweden’s Mormum River stock (Table | 2 Tissues from this fish wese ra:se:un_p%.ed and analyzed a sccond

Twao of the restriction endonucleases lm produce genetic time with Ora 1 and Bsr BH and for a frst time with Ava 11
pitterns useful for discriminating Huropean from North Amer- Ave IF and Bz Bl vielded typical Eut(spum T mdbINA gen
icnn salmon, Dra L and B i L were used o analyze genomic otypes, bul again, Dra | revealed the “*North American’” pat-
DNAs isolated from the 328 fish s sampled from the wast Green- ternn, This is Hkely to represent the secondary loss of the Dra |
laned fishery, Seventy-four fish (23%) were wentified as Euro site located at 425 k p oon our Atlantie salmon map in the
pean and 284 (77%) wy North Amerdean. Only one Tish had a it INA haplotype carmed by this individual

Ao Fish Aquar. Bei L Vol 4801991 g4



Eco RI"

Bgf I
Eco RV
Bam Hl
Eco RV Bgl |
Bgl 1* Ava |
Ava |/ Hind it
Pvu It Xba |
Ava | 0 Bst Ell
Eco RV 16 1 Ava |
16.8 kb
Hpa | 15 Hpa |
Bgi 1i** Dra |
Dra | 14
Ava |
Eco RY Salmo salar o
Eco A 13 mtDNA -
o Hind 1if
Bal 1 47 restriction sites-North America Xba |
Xho | =——-12 3 additional sites-Europe®
AV& f *Conserved sites betwasn Saimo salar and Thomas st al.
Pvu I1* 1985 maps of Oncorhynchus species
11 Pst |
6 PvuIr It
. Bst ENl** b
Bgl I* \ 7
Xba | 9
Bam HI"™—Ppgt | 8
Pst | Hpa |
Hind Hi* Eco RI
Xba !
Pvu

Fics, 1. Map positions of restriction endonuclease sites In the “North Amencan’™ and ““Buropean”
mtDNA genmnes o Atlantic salmon. See text for details,

Of the 328 Atlantic salmon collected from the West Green-
land fishery, physical tags indicating river, country, and con-
tinent of origin were recovered from 68 fish. Scoring the 68
marked salmon blind o the tag information reveated 47 North
American salmon and 2| Buropean salmon. Two fish had phys-
feal tag data and mtDNA genotype data thal were not con-
gruent. Resampling and digestion of the DNA with Ava 11,
Bst BN, and Dra 1 showed that taboratory ervor accounted for
one of the misassignments; the new restriction patterns matched
the tay identity. The other fish, which physical tag data iden-
tiffed as “Furopean,” was again characterized as 7North
American.”” This single true discrepancy between the genetic
and physical tag data may have been doe 0 error 1o fissue sam-
pling or tag recording in the field, or the “"Nosth American’™
mtINA genotype may occur in very low {requency in Burope.
Nevertheless, the miDNA data and the physical tag data agreed
for 67 of the 6% Atlantic salmon tested from West Greenland.

The major feature of the miDNA data in Atlantic salmon s
the genstic divergence exhibited between North American and
Furopean forms. A secondary feature of the data 15 the genetic
distinction between the “‘Buropean™ and “Baltic” mtDNA
heplotyoes. Figure 2, an autoradiograph showing the resulis of
an Ava 11 digestion of both Buropean and Noyth American
Atlantic salmon mtDNAs, depicts these genetic differences
using one of the several informative enzyines. Although more
detailed geographic sampling is required, the degree of con-

cordance hetween physical tags and mtDNA genotype markers
strongly supgests that mtDNA haplotypes may be used 1o assign
continent of origin to individual Atlantic salmon with a high
degree of confidence.

Discussion

Geographic patterns of mtDNA restriction site polymor-
phism have previcusly been described for a number of econom-
wcatly important {ish species (Wilson et al. 1985, 1987,
Kornfield and Bopdanowicy 1987 Grewe and Hebert 98
Billington and Hebert [988; Chapman 1989 Mulligan and
Chapman 1989). The present study augments earlier surveys of
Atlantic salmon using restriction enzyme analyses of mtNA
(Birt et al. 1986, 1991; Gyllensten and Wilson 1987 Hovey
et al. 1989, Palva et al. 1989) and additionally provides 4 test
analysis of stock composition in a mixed fishery off the West
Greenland coast. The purposes of this regearch have been to
(13 provide a data base on intraspecific mtDNA differentiation
i Atlantic salmon over a wide geographic range and (2} assess
the usefulness of restriction enzyme analyses of mtDNA for
discriminating between Atlantic salmon of North American and
Furopean ongin,

The level of miDNA varlation observed in Atlantic salmeon
is considerably lower than has been reported for several species
of freshwater fishes (Bermingham and Avise 1986} but is sun-

Can. J. Fish Aguat. Sci, Vol 48 19




ArNA fragment sizes observed in this and other published studies of Atlantic salmon. Only restriction endonucleases used in this
ing polymorphic mtDNA digestion patterns are lisied. Fragments on one line are presumed w be homologous.

North Eagland, Sweden®  Sweden®  Finland,
American’™ Newloundiand®™ ' Furopean '™ Wales® {N. Sen) (Balticy Russia' “Baitie™®
16 800 16 700 . ND# _ -
15 800 16 050 15 600 15 600 14 700 16 (050
---- 860 750 90 900 860 750
16 800 16 700 — — NI ND NI —
- 16 200 10 300 10 430 10 300
6 500 6 500 & 160 6 300
5 300 ND — NE ND NI ND
- 5100 5100
3 850 3850 3830
3400 3 406 3400
(223" 12 2251 122254
(200 {2003
1150 o200 — e ND ND NIy ND
L 8 500 8 450 % 450
f 000 H GO0 & (00 H (000 6 000
1 700 T 700 {700
H30 630 650 650 650
12 500 13 300 12 500 ND s 13 250 12 5300
10 300 e e F0 350 ) 350 .
3900 3 500 3800 1900 [3 900 [3 9G0] 3730 3900
e 8 57 T
350 . 300 350
---------- ND 4 786 4 T80 4 100 4 100 5000 150
2525 2 951 2 951 2 350 2350 2500 2525
2 400 . — )
2250 2 203 [2 203] 2100 3 G0 2200 2250
2125 | 800 [ 900 2000 2125
Fgas L —
b 475 1 475 1450 | 450 1400 {473
1 375 I 394 | 396 P340 | 340 1300 13758
260 A0 0] 950 —
915 e,
40
550 550 582 582 600 60 (5201 S50
- - 555 NI ND s 530
415 415 414 414 80 415
136 310 340
[320] PR 322 300 13201
315 15 NI
310 -
235 235 211 211 235
230 230 202 202 230
....... 145 4% J4 145
10 K 80 130

¢ Bermingham ol al, {19E8),
f986, 1991

Fal, (1989

ab. {1989).

ioand Wilson (19871

tal, (1989).

no data.

¢ brackets = prespmed doublet,
fragruent inferred, vol actuadly seen on gel,

o
i the amount of mUDNA restriction site polymorphism
rvedt i many marine and dindromous fish species (Avise
ARG, 1987 Wilson et al. 1985, 1987, E. Bermingham
8,

iphic pattern to the distnbution «
tn Atlantic salmon, It s the re /
triction site dilferences between the geographically
1 groups of North American and Buropean Atlantic

4 Fish Aquar, Sei., Yol 48, 199/

safmon that make restriction analysis of miDNA such a poten-
tially powertul tool in the management of the West Greenland
fshery. In addition, this result sugpests that mtDNA may also
be useful for analysis of other mixed fishenes involving anadro-
MOUS 5pecies.

Both scale meristics and protein varnation have been used o
identity Atlaatic salmen stocks (Reddin 1986; Stahl 1987 Red-
dinet al 1958, Verspoor 19883, Scale samples used in the age

589
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xc:awyu;-u' for Buropean salmon decregsed substantially betws
196871 datahase (Lear and Sandeman 9807 and a 16
database (Reddin 1982, Use of the 1968-T70 database in the
analysis of scales I'mm Attantic salmon caught i the West
Greealand Nshery inrec upderestnnated the proportion
of Burepean salmon canght there
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s 18 calibrated vearly by one of two
hmquc uses scale samples of two-sea-
the following vear to validate the pre-

The second method calibrates the
«eal using an independent tect nigue,
year bave recently been undertaken
yses of allozymes (Verspoor [988).
nplemnenting the allozyme analyses of

essment of the Greeniand fishery. As
& North Atantic Salmon Working Group
he inability © collect the required tissue
ity to identify European genotypes using
scale meristics continent of origin anal-
anaval vardation since 1987, Clearly there
fo wdentify continent of origin of salmon

s of mIDNA - has advantages compared
FRAERIH (1Ulcrn'1ining the continent of ori-

25 i individoal {ish, in u)n(msl with allu—
are typically based on population allele

ords, ntDNA restriction fragment length
are genetic tags which ean identily the
{ individual fish, even in the absence of
terences in allozyme alleles between pop-
mDNA RELPs shate many of the attri-

sieal tegs so useful in fisheries man.

he added benefit that all individuals cary
considerably more cost effective than
srmore, we report heee the continent of ori.

harvested in the 1987 Greenland lishiery.

ple 15 too small and nonrandom 1o interpret
» His farge enough to flustrate the potential
'mlqmt beyond the sample requirements of
for the scale analysls.

of mIDNA analysis over allozymes
s concerns sample availability and
al power ol population analyses based
sa tunction of the number of polymorphic
) E}f reliably scored. Maximizing the number
iahie for study in i depends on the avail-

sues (Typically liver, muscle, and eve) and
aticn of these Ussues (samples frozen on
nowith subsequent storage at - 70°C
- Both tissue collection and preserva-
nrernote areas. Also. the amount and
iwhable are lmited in species for which
'1’ima s important. As noted by Ver
t?n b wh d w‘ifi«“ ;xi' SHEE

s Takes

necessary |

a Lletwminérw pz’oitﬁiu peno-
é’«" yi")

[Mwm! antly reduced when rucleje
I One hundred ml!é;;!;‘tmss of 11888 toL-
thigh molecklar weight DNA for 10220
tons using either liver or skeletal mus-
preservation is less u,_itzh‘&% m nua;lrsic
m starch vl ol

collected on dry im imd maintsined
¢ orontinely dsolates high molecular

weight DNAs and carries out mtIDNA R

LP avalyses from tis-
sues preserved in T0-90% ethano!.

Although restriction enzyme analysis of mtDNA appears to
be a vatuable tool in the management of Atlantic salmon, cave-
ats regarding these mtDNA analyses need o be discussed. The
first is that our hatchery baseline sampling of Atlantic salmon
mtDNA genomes, even with the addition of the ph\'sic; Hy
tagged salmon collected in the West Greenland fis hery, is not
fully upxucmdmc of the diversity and distribution of mtDNA
}u;)!nl\pu m the rivers of North America and E urope. This is
particularly true in North America where all of our samples
originated from a group of contisuous rivers in Maine and
southern Canadu. In fact, Birt et al. {19917 have 1‘<‘c‘mliv
observed what we have termed the “ Turopean” miDNA hapl
type m 20% of the anadromous and nonanadromous \ri:mm
satmon collected from the Gambo River in Newfoundiand ¢ using
restriction enzymes Ayt BILand Drg | (Table 23, These are the
sume enzymes hat we used 1o survey the 328 fish collected in
the West Greenland lishery . and their data indicate that we may
have underestimated the proportion of North American fish in
that sample. Preliminary data, based on reasonable samples of
salmon [mm onty the Gambo and Penobscot rivers {Table 2),
dicate that there may be a clinal distribution in North America

of the **Furopean™ mtDNA haplotype and that it is completely
replaced by the “*North American™ tvpe in southern (anada
and the United States. At the present time it is unknown whether
or nol Ava [T will be able to distinguish betewen “[’"Limp an’’
mtDNAs of fish collected in North America and urope. Only
a single “North American™ mtDNA haplotype hm heen
ohserved (this study) i four independent surveys of wild and
hatchery m;mialmns ot FEuropean Atlantic salmon (this study;
Gyllensten and Wilson 1987, Hovey et al. 1989; Palva el al,
{989} (Table 2y,

Nnutiuk‘sx io1s clear dhat a more complcte ge wmplm
sampling of Atantic salmon, Ls;mual!\, in North America, is
required. It is also clear that Atlantic salmon meDNA genotypes
need to be examined in preater detail. For ex ample, by using
restrichion enzymes that cutb al four or five base recognition
sequences (see below) or directly sequencing portions of the
MIDNA genome, it may be possible o find additional nucleic
dud markers unequivocally distinguish between fish of

Buropean and North American origin. A first slep should be
sm\\ of Newfoundland and ()11u e Atlantic salmon using the
Ava Il Hinf 1, and Hae W restriction enzymes that have 1!1@(1(1\,
revealed informative mtDNA pni\n (nphl‘»sm {Hu;msmimm
ef al 985 and this study: Hovey et al. 1989 Palvaet ol 1089,

Our observation that restriction sites may blink on and off in
Atlantic salmon mtDNAs strongly suggests that salmon cau ght
in the West Greentand fishery need to hu tested with more than
one restriction endonuclease. Ava I is a particularly useful
erzyme for ientifying submon 1o -u_mimcm of origin because
Wreveals multiple restriction site differences between *Furo-
[kf.&!l’“ and Norlh American” miDNA haplotypes. Thus. con-
ent mtDNA digestion profiles are highly unlikely with this

it This s true for Ave H even tho ,,b WE T\i)i\.dn}- cannol
resoive mt i)\ A fragments smaller Ehm 5 kbp using ugzzu‘(‘w
gels and filter hybridization. To hetter ;gppl crate the differ
erices e \;:I.l &E by Ava I under conditions that would pmhdh
be used In 4 routine survey of the West Greenland ishery,
tsmu:tm only the fragrsents arger than 0.5 kbp in Bhg 2 and

Fable 3

A primary concern of
Attantie salmon fishery is

rmanagzers of the West Greenland
e determinetion of contirent of ori-

a9t



gin of salmon hurvested. However, there is also consicderable
interest among satmon biologists in being able to distinguish
fish from different river systems. Recently published research
by Palva ct al. (1989 demonstrated that mDNA markers can
be used Lo discriminate between the geographically related Sai
i [,&l\(, dI](l I\Cva I\lwz .\lim[xt sd}m()n s!()t‘k.s used by the

%urlhummn, a suumd gmup 0! tn\-(,stigz-ll(:rs {Hovey et al.
1989% has even documented differences in the distribution of
miDNA haplotypes between Atlantic salmoen spawning sites
within a single river. Both of these studies are subject to the
same crilicism that can be leveled against our stedy: not enough
fish have been sampled and temporal variation has not been
surveyed. It remainsg to be seen i miDNA analyses of Atfantic
salmoen will improve our knowledge of the regional genetic
structure of Atlantic salmon populations beyend that which has
resulbted from allozyme studies (Stahl 19587, Verspoor [98K).

The nerthern rivers of North America and Hurope have only
been recolonized by Atlantic saimon lnllmxmu the fast ﬂl.lum
tion, within the last 8000 - [£ 000 yr. Thus, not much time
has elapsed for the sccumutation of 1) A base substitutions that
are likely to distingaish between fish from geographically
refaled dramnages. Observed allozyme genotype ditferences in
satmon populations are largely allele frequency shifts probably
due o founder events and genetic drift (Stahl 1987 Verspoor
1Ry, It may be the case that in the absence of river stock
specific mDNA markers, alfozymes representing unlinked pro-
tein coding loct or nuclear RELPs are likely to provide better
assiys of local population subdivision, This is because the
power of a test for population helerogeneity mcreases with the
addition of unlinked pelymorphic Toct, and mtDNA s elfec
tvely a single linka e EIOUp. Nonetheless, miDNA 15 2 highly
petymor p!m locus with a large nuwmber of alleles in maoderate
frequency (e.g. six miDNA ]h-nioly ws observed i fish cols
lected from the River lchen wklh the following frequencies:
0563, 0175, L35, 0,075, 0.025, and 0.025 (Hovey et af,
§989); Tour imtDNA ila;..ln[}-pm observed in nonanadromous
salmon in the Gambo River (0677, 0177, 0117, and 0,029y,
and two mtDNA haplotypes surveyed tn anadromous sabmon
from the same river (0.757 and 02473 (Birt ecal, 19910, I
used i conjunetion with allozymes or auciear RELPs, mDNA
may prove to be as useful for focal Atlantic salmon stock dif-
ferpntintion as i appears to be for contigent of origin
determination.

This study uned others oited herein }':z‘m-‘idv convineclag evi-
dence that geretic stock wdentification of Atlantie salmon s
clearly enhanced by restniction analyses ol mtDNAL What s
now reguirsd iy a thoroughty represeniptive geographic sam
pling of wild and hatchery stocks of Atlantic saimon sur
for hoth u‘t?ormz.i't!i:’t mtDMNA and allozyme characters. Only in
this way will we know 1! the wols necessary Tor understznding
the composition and origin ol Atantic salmon cuughl in the

West Greenland Hshery are in hand.
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