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Liver and skeletal ~usele esterases cf thc capelin are determined by three
genetic loei: Est-A, Est-D and Est-C.
All three esterase loei are poly~orphie: Est-A has two alleles, Est-B and
Est-C have eight alleles caeh.
Allele frequcneies are very si~ilar in all sarrples fron scuth-eastern Canada
hut a single eollection fro~ f1elvillc Sound, n.U.T., is very different from the
southeastern Canadian populations snmplecl. Also thore are four alleles at the
Est-C loeus "lhieh have a joint frequ<;ney of 0.26 in ~~elville Sound eapelin but
seem to be absent froB the other populations ex~~in~cl.

It is suggested that these rclationships may bo a first indieation that the
eapelin of tho Horth Ancriean aretic shelf should be: treated as taxonomieally
distinct frorn those of the ,>!estern Atlnntic, and possibly the eastern Pacific
as weIl. An alternative possibility i5 that therc is a strong geographie cline
in genetic eornposition. -

INTRODUCTIm~

The eapelin, Mallotus villosus (t~üller), i5 a smelt whieh is widely distributed along
eontinental margins in thu northern Atlantie end Pacifie Oceans. Off North America
the speeies has a distribution frorn Juan de Fuea Strait in the Pacifie through Alaska
and arctic Canada to the eoa5t of [faine in the Atlantie (Leim and Seott 1966; Hart
1973) . Capelin is an important rr-ember of the food ehain off eastern Canada, particularly

iud
Thünen



2

for cod, Atlantic sa1r:on vr..d marine r.l~m.'11s (Tc;;;p1en::m 1965; Sergeant 1963, 1973;
Lear 1972), it is a major ite~ in thc diet of native pcop1cs, and is ineroasing1y
exp10ited by :codern fishing lr.:Jthods (Jungaard 1974).

It seef.'!.S like1y that a spccic5 \'I'i th such U \;lide geographie r;mgc in an area sub
jeeted to major e1imatie pcrturb~ticns in the reeent geo10gica1 past shcu1d have
been subjceted to divergent sclccticn prcssu:,c~ in different sectors of its range
(r1cPhail und Lindsay 1970; P::lyne B7't; Payne ct a1 lalla,b). Nhile the e1assiea1
techniques of meristie and rr.orphometric analysfs GO detcet geographie variation
(Winters 1969), they havc been singular1y unsue~e~sfu1 in distinguishing Intra
specifie groups.

In vie\'l of the suceess obtain~ci with e1ectrophorctie analysis of protein poly
morphism in distinguishing stocks of other fish species (de Li~y 1969; Payne 1973;
Lear and Payne 1975), a progran was initiated to investigate the geographie dis
tribution of esterase variants in thc capelin. NY~.'1n (1971) reported serum esterase
polynorphism in eapelin and. suggestcd thera ,vore at least J 0 alleles at a single
loeus but he gave no popuL1.ticn data to support this 5.nterprctation and die not
report eomparisons of populations fram diffcr3nt urans.

NATEP.IALS .Alm l!.ETEODS

i'ihole speeincns of e:lpelin würe colleeted fren Toreay, i'ieHfoundla:1d, (470 35'H, 52°
40Q'I;N=-'95); Bcnavi~"Cc., IrcHfC':.mdlmld, (48040'H, 5.:°lOQ'!;N:.:96); oft St. Anthony, New
foundlnnd, (Slo13 I H, 540 42'H;N=lSO); thc lo:':cr St. Lawrencc Estuar)', (480 S5'N, 670
32'\'l;N=197); and Helville Sound, N.i'l.T., (680 20'H, 1070 41'H;U=60). The specinens
fror:. 'foroay, Donavista and Melville Sound were taken during the spmming period. The
speeinens from off St. Antheny and the Im:er St. Lm'lrence Estuary ,vere takE:ll from
over-wintering populatio!l~. SrJCciDCnS were frozcn irr",":ll;diatcl)' after eolleetion.

In th~ laboratory, spccimo::;n~ ,:er<; t!HH·rcd in cold 1-vater. livers and skcletal mus eIe
were removed and homogenized ~i:h .'1'1 cqu?l 'lolune of 3C?b Jinethyl sU1phoxide, 0.7
H 'tris'-HCI, pB 7.S, ~~r.6. h:,rf:<)genat~~3 T,w~e cE:n:.::ti.fuge1 at 4000 X G for 15 min.

Stareh gels (15%) ",or<:) prqJ.1'2d .i,', 130 1:;1'. X ISO l.1.J1 A \) rr.m !I:oulds vii th a buffer eon
taining 1.4 gj1 c':'trj.c aeid, 5.~8 E;'I :tri~', 1.18 g/l boric acid <lnd 0.12 g/l
lithium hydroxide. Tl10 ve$s'';~ bU:t'Ü11' ::;~;r.t::;.i:lcti 11.3 g/l borie acid 1.2 g/l lithiun
hydroxide. This sys-::e:;l \-lCS d~scrib8d ty A:::hton nnd B~uuon (1961).

Electrophoresis was conducted. at 2Si..l v l.;:'lt.il tho I front I had r.'ligratcd 100 r..m past
the sampIe origin. Gel sEees were :>t3ir:cd. for estcrasc wii.:h l-naphthyl propionate
nnd Fast Red TR sa1t: 10 r.l3 1-11:lpl~thyl pr()pion~te ;1<15 di~solvcd in 5 m1 2-ethoxy
ethanol, eiluted. to 200 nl ;·:ith "';<l~Cl', a:1d nixcd \lith unothcr 200 ml of water eon
taining 100 mg Fast Red TR s~lt. Stuined gels were rinsed with cold water, b10tted
dry, and stored in 50: SO gl y~erol/,r,r;thanol un:kr TofriGGr<:.üon.

RESULTS lliJD DISCUSSIGrJ

Eleetropherograns of skc1etal MuseIe extracts dc~onstrate two distinet regions of
esterase aetivity; Est-B \'Jhieh stains l'api.d1y IdtI: I-naphthyl propionatc substratc,
und E~t-A which only beeorles visible ~ftcr prolongcd ~taining. ihü Est-A region is
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the more anodal. In ~ddition to these t~IO regions of esterase aetivity. liver
extraets demonstrate thc cxistenee of a third region. Est-C (Fig. 1). The Est-C
region stains vcry rapidly.

Thc liver and skclctal reusele esterases of capelin are intcrpreted as the produets
of three independent loei: Est-A. Est-B und Est-C. All three csterase loei are
polymorphie and gcneratc patterns of single er double bands (Fig. 1) whieh are eon
sidered as tho produets of homozygous or heterozygous genotypes respeetively. The
Est-A loeus has two alleles and thc [st-I; and Est-C loei huve eight alleles eaeh.
In all, thera are 3888 theorctically-possiblc esteraso phenotypcs.

The frequeneics of the observcd phcnotypes in eaeh of thc five sanpies (Table 1)
have bcen used to csti~ate allele frequeneies in tho eapclin population at eaeh
provenanee (Table 2). Thc genetie distanee betlJCCn populations was eornputed as the
Euelidean interval in n-dimensional spaee betwcen saRples (Rogcrs 1972) with res
peet to allele frequeneies at thc thrce esterase leei (Tabla 3). Thc rcsulting
phenogram (Fig. 2) was produccd by UPGPA clustcring (Sncath and Sokal 1973).

Thc magnitude of thc genetic distance bctween Melville Sound and Atlantic coast
eapelin is striking. Thc frequcncies of all alleles in ecr.~on exeept Est-B4 and
Est-B6 diffeled signifieantly between the two regions; and four alleles, Est-C 5
Est-C6, Est-C7 and Est-C8, whieh oeeur in thc Melville Sound sampie (N=60) with a
joint frequency of 0.26 were not found in thc sampie of 536 Atiantie eoast speeimens.
These relationships are dCDonstrated visually in the phenog~am (Fig. 2). The
importance of the genetic diehotcmy between Atlantie coast and Helville Sound eapelin
is that this may be Cl first indication that eapelin of thc aorth Ameriean aretie
::.helf should best be considered as taxonomieully-distinet from those of the Atlantie
region, and possibly fror. thc Pucific Ocean as well. An ul ternativc possibility
1.3 that there is a strong geographie eline in genetie eon:positicn.

Further work is eurrently in progress to eolleet and analyse enpelin snmples from
thc region between Helville Sound and thc Atlontie Oeean to determine \~hieh of these
possibilities is truc. It is also hoped that n:uteriul can be ebtained from Grcenland
und British Col~~biu. A s~all heterozygote deficit in all sampies, whieh is
apparently not tho result of steck mixing, is also being investigated.
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Fig. 10 Diagram of eapelin liver esterase patterns showine tbree regions
of esterase aetivity; Est-A, Est-B and Est-C. These are interpreted as..
the produets of three independent loei. All three loei are polymorphie;

.. Est-A has tvro alleles (t:b...ree phenotypes), Est-B and Est-C have eight alleles
eaeh (36 phenotypes eaeh). Only ten of the 3888 theoretieally-possible
liver esterase patterns are shown here_
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Table 1. Observed esterase phenot)pc frequencies in each of thc five sampIes.
(Each locus is treated independent1y.)

SampIe No.

Locus Phcnctype 1 2 3 4 5

Est-A 1 ·5 13 2 4 5
1-2 28 49 25 28 23

2 62 135 69 64 32

Est-B 1 0 0 0 0 0
1-2 1 0 0 0 0
1-3 1 0 1 1 0
1-4 1 1 0 0 0e l-S 0 0 3 1 0
1-6 2 3 1 2 0
1-7 0 0 1 0 0
1-8 0 0 0 0 0

2 2 2 2 ., 0..
2-3 2 6 1 0 0
2-4 6 4 4 5 0
2-5 5 14 6 5 0
2-6 2 6 2 1 1
2-7 2 6 1 0 0
2-8 0 0 0 2 0

3 0 6 6 1 1
3-4 2 3 2 2 1
3-5 4 10 8 5 1
3-6 6 11 7 2 0
3-7 4 6 7 2 0
3-8 0 1 1 0 0
4 2 3 7 2 3

4-5 2 12 14 8 7
4-6 9 24 10 7 4
4-7 3 5 6 2 0
4-8 0 0 1 0 0

5 11 16 7 15 23
5-6 8 21 19 11 10
5-7 7 5 10 2 3
5-8 1 4 1 2 0

6 5 17 16 9 6
6-7 2 5 2 3 0
6-8 3 0 1 1 0

7 1 4 3 1 0
7-8 0 0 0 1 0

8 1 0 0 1 0

Est-C 1 0 1 1 1 0
1-2 2 11 7 2 0
1-3 2 0 0 5 0

1-4 0 0 0 0 0
1-5 0 0 0 0 0
1-6 0 0 0 0 0
1-7 0 0 0 0 0



Tab1e 1. Continued

1-8 0 0 0 0 0
2 46 92 67 41 0

2-3 30 64 47 28 4
2-4 2 0 3 5 0
2-5 0 0 0 0 0
2-6 0 0 0 0 0
2-7 0 0 0 0 0
2-8 0 0 0 0 0

3 11 27 24 13 29
3-4 2 0 1 0 0
3-5 0 0 0 0 S
3-6 0 0 0 0 8
3-7 0 0 0 0 2
3-8 0 0 0 0 2• 4 0 0 0 1 0
4-5 0 0 0 0 0
4-6 0 0 0 0 0
4-7 0 0 0 0 0
4-8 0 0 0 0 0

5 0 0 0 0 2
5-6 0 0 0 0 1
5-7 0 0 0 0 0
5-8 0 0 0 0 0
6 0 0 0 0 1

6-7 0 0 0 0 0
6-8 0 0 0 0 0

7 0 0 0 0 1
7-8 0 0 0 0 0

8 0 0 0 0 0

Sampie No. 1 Torbay. r:fld.
Sampie No. 2 St. LaHrence Estuary.-, Sampie No. 3 off St. Anthony, Nfld.
Sampie No. 4 Bonavista, Hfld.
Sampie No. S Melville Sound, N.N.T.
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Tub1e 2. Estiruatcd allele frequencies at the thrce esterase loci, Est-A, Est-B and

Est-C, in the capelin populations sampled.

Allele Frequcncy (95% confidence interval)

Locus Allele Pop.1 Pop.2 Pop.3 Pop.4 Pop.S

Est-A 1 0.20(0.06) 0.Hi(0.04) 0.15(0.05) 0.19(0.05) 0.27(0.08)
2 0.80(0.06) 0.81(0.04) 0.85(0.05) 0.81(0.05) 0.73(0.08)

Est-B 1 0.03(0.02) 0.01(0.01) 0.02(0.02) 0.02(0.02) 0
2 0.12(0.05) 0.10(0.03) 0.06(0.03) 0.09(0.04) 0.01(0.02)
3 0.10(0.04) 0.13(0.03) 0.13(0.04) 0.07(0.04) 0.03(0.03)
4 0.14(0.05) 0.14(0.03) 0.17(0.04) 0.15(0.05) 0.15(0.07)
5 0.26(0.06) 0.25(0.04) 0.25(0.05) 0.33(0.07) 0.56(0.09)
6 0.22(0.06) 0.27(0.04) 0.25(0.05) 0.23(0.06) 0.22(0.07)
7 0.11 (0.04) 0.09(0. 03 0.11(0.03) 0.06 (0.03) 0.03(0.03)• 8 0.03(0.02) 0.01(0.01 0.01(0.01) 0.04(0.03) 0

Est-C 1 0.02(0.02) 0.03(0.02) 0.03(0.02) 0.05(0.03) 0
2 0.66(0.07) 0.66(0.05) 0.64(0.05) 0.61(0.07) 0.03(0.03)
3 0.29(0.06) 0.30(0.05) 0.32(0.05) 0.31(0.07) 0.70(0.08)
4 0.02(0.02) 0 0.01(0.01) 0.04 (0.03) 0
S 0 0 0 0.12(0.06)
6 0 0 0 0.09(0.05)
7 0 0 0 0.03( 0.03)
8 0 0 0 0.02(0.02)

Füp.l Torbay, Nfld.
:-·~r. 2 St. Lawrence Estuary
Pcp.3 off St. Anthony, Nfld.
Pcp.4 Bonavista, Nfld.
?op.5 He1vil1e Sound, N.W.T.
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Tuble 3. Euclidcan interval in n-dimensional space bctween sampIes
with respect to differences in allele frequencies at the
three esterase loci.

Capelin population

1 2 3 4 5

1

2 0.0238

3 0.0435 0.0355

4 0.0417 0.0431 0.0507

5 0.2855 0.2891 0.2940 0.2573

Pop.! Torbay, l'~fld.

Pop.2 St. Lawrencc Estuary.
Pop.3 off St. f.nthony, Nfld.
Pop.4 Bonavista, Hfld.
Pop.S l\lelville Sound, N.H.T.


