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Abstract. A size-selectedBalaena mysticetugieno-  Introduction

mic library was screened for clones containing simple

sequence repeat, or microsatellite, loci. A total of 11Cetaceans of the suborder Mysticeti, commonly known
novel loci was identified. These loci were combined with @ mysticetes or baleen whales, first appear in the fossil
a set of 9 published loci, for a total of 20 markers, andrecord during the Late Oligocene (Van Valen 1968;
were scored across a sample of 108 bowhead whalddarnes 1987; McLeod et al. 1993). Among the extant
from the Bering_Chukchi_Beaufort Seas popu|ati0n offamilies of mysticetes, the Balaenidae is the oldest as
bowhead whales. Genetic variability was measured irevidenced by fossils that date to the Early Miocene
terms of polymorphism information content values and(McLeod et al. 1993). This family is comprised of three
unbiased heterozygosity. From the latter, estimates ofécognized extant species that are thought to have
long-term effective population size were obtained. In ad-evolved in the Pliocene (McLeod et al. 1993): the north-
dition, gametic phase disequilibrium among loci was in-€rn right whale Eubalaena glacialisthe southern right
vestigated. Moderate to high levels of polymorphismWwhale,Eubalaena australisand the bowhead whalBa-
were found overall, and the long-term effective size eslaena mysticetusThe bowhead whale is unique among
timates were large relative to total population size. Testgnysticetes in terms of morphology and life history. For
of heterozygosity excess (Cornuet and Luikart 1996) angxample, the head comprises about a third of the total
allele frequency distribution (Luikart et al. 1998) indi- body length, thus accommodating baleen that can mea-
cated that the possibility of a recent genetic bottleneck irsure up to 4.6 m long (Haldiman and Tarpley 1993;
the Bering—Chukchi-Beaufort Seas population of bow-Lowry 1993). The blubber and skin layers also represent
head whales is highly unlikely. However, the fact thatremarkable adaptations, where in certain parts of the

five loci displayed a statistically significant heterozygote body the former is up to 28 cm thick and the latter is up
deficiency remains to be explained. to 24 mm thick (Haldiman and Tarpley 1993). This mor-

phology has allowed the bowhead whale to exploit the
Key words:  Bottleneck — Genetic diversity — Link- Arctic environment, allowing it to inhabit waters that
age disequilibrium — Null allele — Bowhead whale ~ often drop below 4°C (Niebauer and Schell 1993).
The distribution of the bowhead whale is limited to
the high latitudes of the Northern Hemisphere (Moore
and Reeves 1993). It is divided into five “stocks,” or

, management populations: the Spitsbergen stock, the
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bering approximately 8200 whales (International Whal-since it was first added in 1975 and in the United States
ing Commission 1997). The Davis Strait and HudsonEndangered Species Act since it was listed in 1973.
Bay stocks combined number at least 450 animals (Zeh Studies of cetacean populations have shown that
et al. 1993), the Sea of Okhotsk Stock numbers approxisimple sequence repeats (SSRs), or microsatellites, can
mately 150—200 (Berzin et al. 1986), and the Spitsbergetve informative elucidating kin, social, or population
stock, which was last estimated to be in the tens (Chrisstructure (e.g., Amos et al. 1993; Richard et al. 1996;
tensen et al. 1990), may have become extinct. Th&/alsecchi et al. 1997). However, empirical studies of
Okhotsk Sea and BCB stocks were isolated from theeffective population size in cetaceans are lacking. The
Davis Strait, Hudson Bay, and Spitbergen stocks subseeffective population size controls the level of diversity
quent to the establishment of the M'Clintock sea-icemaintained in a population and is influenced by demo-
plug, approximately 8500 years ago (Dyke et al. 1996)draphics (Wright 1931; Nei et al. 1975). As such, an
Genetic studies of the relationships among stocks havestimation of a population’s long-term effective size
yet to be completed. might reveal important historical and/or ongoing pro-
The BCB population has been subject to both aborigi-C€SSes in that population. For example, Lehmann et al.
nal subsistence harvests and commercial whaling durin§998) estimated long-term effective population sizes in
the course of its history. The contemporary Eskimo? SPEcies o_f African mosqwto to dedu_ce whether or not
peoples of Alaska have hunted the bowhead whaléhe populations were subje_ct to recurring bottl_enecks_ or
throughout their known history (Stoker and Krupnik founder events and what significance this had in helping

1993). Today, they hunt whales under internationallyto understand mosquito ecology. Similar analyses of the

sanctioned harvests and voluntarily agree to follow theBCB bowhead whale stock might prove useful for un-

quotas set by the International Whaling Commission. Inderstandlng bowhead whale population history. While

contrast, the commercial Yankee whaling era resulted iﬁmDINAr gNrgofvisens'tt'VF ;% 8&9%‘]"“0: [Z;I’OIC:engSBeSS thr;n
an intense harvest of the BCB stock throughout the mid'uc'€a (Avise et al. » WIISOn et al. ) a

to late 1800s and early 1900s in order to supply the Oiramalysis of nuclear genetic variability could prove to be

and baleen markets in the United States (Sonntag anlgformatlve. For example, Houlden et al. (1996) found a

Broadhead 1989). After nearly 70 years of unregulate({educnon n mlcrosatelll_te, or SSR, genetic dlvgrsny na
. ; . study of a koala population that nearly went extinct at the
commercial whaling, the BCB population dropped from

timated si f imatelv 15.000 individual turn of the century. Their results suggest that SSRs are
an estimated size ot approximately 1o, INAVIBUAIS, sefu| for assessing relatively recent bottleneck events.

(G|vens (.at.al. 1995) to an esymated minimum size OfTherefore, to assess genetic diversity and demographic
1000 individuals (corresponding to a total population history in the bowhead whale, a genomic library was

loss of 93%) when commermal whal!ng ceased, Nealonstructed and screened for the presence of SSRs. Es-
1914 (Woodby and Botkin 1993). Despite the fact that anyjmates of heterozygosity and polymorphism information
estimated 93% of the BCB total population size may content (PCI) (Nei 1977, 1979; Botstein et al. 1980) were
have been lost, a total population size reduction to 100Qptained to quantify genetic diversity, and tests of the
whales may not have been extensive enough to havgottieneck hypothesis in the BCB population were con-

depleted genetic diversity. However, estimating the ex-jcted using the methods of Cornuet and Luikart (1996)
tent of the bottleneck is extremely difficult, as this re- gng Luikart et al. (1998).

quires data obtained from mid- to late nineteenth- and

early twentieth-century whaling records, which are of

questionable accuracy. Therefore, the population size re- )

duction may have been more extensive than originaliyVaterials and Methods
thought. In fact, a recent report suggests that substantial

. . : . uscle tissue from a frozen archived sample (84B1) was obtained from
amounts of genetic diversity may have been lost in thér\gsearchers at the North Slope Borough Department of Wildlife Man-

BCB population due to the commercial whaling era agement, Alaska. Approximately 0.25 g of this tissue was frozen in
bottleneck (LeDuc et al. 1998). Today, the BCB stock isliquid nitrogen and ground in a mortar and pestle. DNA was then
increasing at a rate of approximately 3.2% annually ancdxtracted according to the method of Sambrook et al. (1989). Following
represents the world’s Iargest remaining population 011his, SOM% of DNA was partially digested with the enzyrBau®\1 for
bowhead whales (International Whalin Commissionl h at 37°C and then run on a (_).8% agarose gel to select fragments of
ow ] . 9 between 300 and 700 base pairs. These fragments were excised from
1997). However, there is continued concern for the cone gel with a razor blade and purified with the Qiagen Gel Extraction
servation status of the BCB bowhead whale populationkit (Qiagen, Inc.). Fifty nanograms of this digest was then ligated into
due primarily to the turn-of-the-century bottleneck. Be- 25 ng of dephosphorylated pBluescript Selasmid (Stratagene, Inc.,
cause the other stocks have yet to show significant reI__aJoIIa, CA, USA), previously digested to completion with the enzyme

BamH1. Following this, 2ul of the ligation was transformed into

covery (Zeh et al. 1993), the bowhead whale has re:I'OP10F competent cells (Invitrogen, Inc., Carlsbad, CA, USA) using

maineq in Appendix | of the _Conventilon on International the heat shock method (Sambrook et al. 1989). Colonies were grown
Trade in Endangered Species of Wild Fauna and Floralirectly on nylon membranes and subsequently soaked in hybridization
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Table 1. Novel SSR loci isolated from a bowhead whale size-selected genomic library

Annealing
Locus Cloned repeat sequence temp. (°C) B-3' primer sequence
TexVetl0 (TG)o 45 5-TAACACATCCATCACC-3
5'-GAAACTTGCTAAGAGAGT-3'
TexVetll (TG), 54 5-AAACCCATGTCCCCTGCATTGG-3
5'-CATCTGCATTCCTTACGAACAGTG-3
TexVetl2 (TG)&(GA)q 48 5-TAACTATGGCATCAGTAGG-3
5'-TCCTGGGTTAGCAGTGTTC-3
TexVetl3 (TG)5 53 5-CAACTAACACCCGATGCAGCCA-3
5'-GCCCTTTAGCAGTGAAAGTGCAGAG-3
TexVetl4 (TG)e 50 5-GCACTCACAGGACCATAA-3
5'-GCTGACTCTTTCTTTGGG-3
TexVet15 (TAL1(CA)(TA) 5(TG)5(TA) , TAAA(TA) 5 50 5-GCTGGGGGAAAACAGACATTAAAC-3
5'-CAAGGACCTACTGTATAGCACAGGGAAT-3
TexVetl6 (CA), 52 5-CACAGCAGTGAAAGAGCCGAGT-3
5'-CGAGCTTCCTGAGAGAACTTTGTT-3
TexVetl7 (TC)TGTAAAATATTTA(CA) 5, 46 5-CATGAATCAATTTCTTAAA-3’
5'-GGGAGCTTTGTATTTGT-3
TexVetl8 (TG), 46 5-TCAGATGAGGAGGGA-3
5'-CACGTCATACACACAAAA-3’
TexVetl9 (CAXGA(CA),, 54 5-CTGATTCCACACGTCTTTCATGC-3
5'-GGATTGGCAGCAGGACAATAATG-3
TexVet20 (TG)s 55 5-CTTGTGGCATCCTTGTCTGGTTTTG-3

5'-GGAAGAGGCGAGGGTTTTGAATTG-3

@The forward primer sequence is given first, and the reverse is listed directly below.

buffer (6x SSC, 0.5% SDS, 5% Denhardt's reagent)lftn at65°C to for 2 min, followed by touchdown segmental cycles of 94°C for 20 s,
bind DNA and remove extraneous cellular debris from the membranesannealing temperature for 30 s, and 72°C for 45 s. PCR products were
Subsequently, five SSR probes were labeled wittFP]JdATP and  then run on 6% acrylamideM urea/1x TBE gels in 1x TBE running
were allowed to hybridize concomitantly to filters: (GAXCAG),, buffer. A total of 20 markers was scored, which included the 11 new
(AAT) 10, (GAAA),, and (GATA), Hybridization to DNA-bound loci described in this study plus 9 loci that were isolated froffua
membranes took placerfd h at65°C immediately followed by 18 h at  siops truncatudibrary (Rooney et al. 1999). If an individual failed to
37°C. amplify, reamplification was attempted at an annealing temperature of
A total of 33 positives was identified of 3000 recombinant colonies 40°C and an increased magnesium concentration (243. m
screened. These clones were sequenced on an ABI 377 automated DNA Polymorphism information content (PIC) (Nei 1977, 1979; Botstein
sequencer (Applied Biosystems, Inc., Foster City, CA, USA) using theet al. 1980) and unbiased heterozygosity (Nei 1987) were estimated for
manufacturer’s suggested protocols. A total of 21 SSR-containingeach locus. Fisher’s exact test, as implemented in the computer appli-
clones was found. Unfortunately, 10 loci were located too close to thecation GENEPOP 3.0 (Raymond and Rousset 1995), was used to de-
plasmid insertion site to allow an oligonucleotide PCR primer to be termine if the population was in Hardy—Weinberg equilibrium. In ad-
designed. Therefore, a total of 11 loci was chosen for further studydition, exact tests of heterozygote deficiency and excess were
Primers were designed for each locus using the computer applicationonducted (Rousset and Raymond 1995). The program LINKDIS
Mac Vector 5.0 (International Biotechnologies, Inc.). The genotypes of(Black and Krafsur 1985; Garnier-Gere and Dillmann 1992), as imple-
108 individuals were determined via PCR amplification from whale mented in GENEPOP 3.0 (Raymond and Rousset 1995), was used to
tissue (skin, liver, kidney, or muscle) obtained from the Department ofexamine gametic phase disequilibrium among SSR loci. This program
Wildlife Management, North Slope Borough, Alaska. These samplesestimates correlation coefficients according to Weir (1979). Long-term
were collected from Alaska BCB bowhead whales harvested by Alaskaffective population size was calculated from estimates of unbiased
Eskimo hunters under the auspices of the International Whaling Com{expected) heterozygosity under both the infinite-alleles (IAM) and the
mission. A listing of the samples used in this study is given by Rooneystepwise mutation (SMM) models (Nei 1987; Lehman et al. 1998) as
(1998). Samples were either preserved in 70 or 100% ethanol, frozershown below:
or preserved in a solution of 20% dimethyl sulfoxide, saturated NaCl.
DNA was isolated from samples according to standard protocols (Hillis IAM:
et al. 1996). PCR reactions were designed according to standard pro-
tocol (Hillis et al. 1996) in 2541 volumes where only one primer was
labeled with f-3>?P]JdATP. For PCR amplification, a touchdown pro-
cedure was used (Hillis et al. 1996), implementing three segments. TherhereN, is the effective population sizé} is the mean heterozygosity,
first lasted five cycles and annealed at 10° above the locus-specifi@ndp is the mutation rate per locus. A value of 2.05 x4®as chosen
annealing temperature. The second also lasted five cycles and annealéat the mutation rate, as this represents the average value of three
at 5° above the locus-specific annealing temperature. The final segmemhammalian species: mouse (Deitrich et al. 1992), human (Weber and
lasted 25 cycles and used the locus-specific annealing temperatuid/ong 1993), and pig (Johansson et al. 1992; Ellegren 1995). Finally,
listed in Table 1 for bowhead isolated SSRs or used an annealinghe bottleneck hypothesis was investigated using the program
temperature of 45°C for SSRs originally isolated in bottlenose dolphinsBOTTLENECK 1.2.01 (Cornuet and Luikart 1996). These methods
(see below). The following thermocycling parameters were used: 96°Qest for the departure from mutation drift equilibrium basechetero-

Ne=H/(4p. - 1-H)
SMM:  No={[1/(1-H)*- 11/8p.
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Table 2. Genetic diversity and effective population size

Locus No. of alleles Exact test Heterozygosity PIC N (SMM) Ne (IAM)
TexVetl 2 HW* 0.0510 0.0494 67 66
TexVet2 4 HW 0.5028 0.4662 1,857 1,233
TexVet6 2 Deficiency 0.3173 0.2655 698 567
TexVet7 9 HW 0.6053 0.5525 3,304 1,870
TexVet9 3 HW 0.2332 0.2155 427 371
TexVetll 4 HW 0.6157 0.5565 3,518 1,953
TexVetl2 2 HW 0.0185 0.0183 23 23
TexVetl3 6 HW 0.6142 0.5626 3,486 1,941
TexVetl4 8 Deficiency 0.7631 0.7257 10,250 3,927
TexVetl5 5 Deficiency 0.5812 0.5356 2,867 1,693
TexVetl6 6 HW 0.4991 0.4514 1,821 1,215
TexVetl7 11 HW 0.8067 0.7787 15,716 5,091
TexVetl8 4 Deficiency 0.5928 0.5128 3,067 1,775
TexVetl9 6 Excess 0.7879 0.7507 12,939 4,529
TexVet20 7 Deficiency 0.6737 0.6336 5,118 2,518
Average 0.5707 0.4717 4,344 1,918

#Hardy—Weinberg equilibrium.
Pp < 0.05.

zygosity (not heterozygote) excess or deficiency. Also, using was used to estimate the frequency of null allelgsag
BOTTLENECK 1.2.01, the allele frequency distribution of the SSR loci displaying a heterozygote deficiency, assuming that

loci was examined for a mode shift (Luikart et al. 1998), which may f null alleles is the t f ianifi
indicate if a recent genetic bottleneck has occurred. In cases Wherg’]e presence of null alleles Is the true cause of a signit-

multiple tests were performed and independence could not be esta:ant heterozygote deficiency. The frequency of null al-
lished, a tablewide Bonferroni correction was implemented using an leles ¢) was found to be 0.539 for Tex Vet6, 0.089 for
of 0.05 (Rice 1989; Weir 1996). Individuals that failed to amplify were Tay Vetl4, 0.206 for Tex Vetl5, 0.348 for Tex Vetl8,
excluded from the analysis. and 0.035 for Tex Vet20. Long-term effective size esti-
mates were larger for the SMM relative to the IAM
(Table 2) as expected. The average long-term effective
Results population size estimate for SSR loci under the SMM
(4344 £ 4640) was higher than under the IAM (1918 +
Clones containing SSRs were identified at a ratio of 1:1500).
143 recombinants. These recombinants contained be- Both the IAM and the SMM were applied when the
tween 300 to 700 base pairs of bowhead whale genomicomputer program BOTTLENECK was used to test if
DNA. This suggests that an SSR can be found at everyhe SSR loci showed a departure from mutation-drift
43 to 100 kb in the bowhead whale genome. Studies oéquilibrium. Under the 1AM, results indicated that a de-
humans (Weber and May 1989), pigs (Johansson et aliation from mutation-drift equilibrium is not upheld us-
1992; Ellegren 1995), and dogs (Ostrander et al. 1992ing either the sign tesp(> 0.25) or the Wilcoxon tesi(
report a similar frequency of occurrence. Of the nine loci> 0.35; two-tailed). Under the SMM, results indicated
that were originally isolated from a bottlenose dolphin that there was a heterozygosity deficiency resulting from
genomic library, two did not amplify in any individual too many alleles, using either the sign tgst 0.00054)
and two were monomorphic. Nevertheless, moderate lever the Wilcoxon testff = 0.00021; two-tailed). Specifi-
els of heterozygosity were displayed overall (Table 2),cally, the expected number of loci displaying heterozy-
although PIC values were slightly lower in comparison.gosity excess (8.62) is substantially greater than the ob-
Gametic phase disequilibrium was significant in 24 served number of loci displaying heterozygosity excess
pairwise comparisons of a total of 105 (Table 3). This(2) and substantially less than the observed number of
was greater than expected by chance as evaluated undeci displaying a heterozygosity deficiency (13). The re-
a binomial distribution with a success rate of 0.@5<(  sults of the standardized differences test are not reported
0.05). However, gametic phase disequilibrium was notecause 20 polymorphic loci are required for this test
found to be significant on a tablewide level. On a locus-(Cornuet and Luikart 1996), although the results under
specific basis, five loci showed evidence of heterozygoteéboth models are in agreement with those of the other
deficiency (Table 2). This is also greater than what istests. Finally, an analysis of allele frequency distribution
expected by chance as evaluated under a binomial digFig. 1) revealed an L-shaped distribution, which is ex-
tribution with a success rate of 0.05<€ 0.05). However, pected for a population that has not experienced a recent
Hardy—Weinberg equilibrium could not be rejected on abottleneck that affected genetic variability (Luikart et al.
tablewide level f < 1). Equation 3 of Brookfield (1996) 1998).
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Table 3. Correlation coefficients resulting from tests of gametic phase disequilibrium

TexVetl TexVet2 TexVet6 TexVet7 TexVet9 TexVetll TexVetl2

TexVetl — 0.04523 0.036690 0.07746 0.04103 0.05133 0.44231
TexVet2 — 0.13241 0.09275 0.12671 0.10843 0.06202
TexVet6 — 0.10870 0.14337 0.03727 0.06706
TexVet7 — 0.08846 0.07464 0.04067
TexVet9 — 0.10096 0.15052
TexVetll — 0.07628
TexVetl2 —
TexVetl3
TexVetl4d
TexVetl5
TexVetl6
TexVetl7
TexVetl8
TexVetl9
TexVet20
Table 3. Extended

TexVetl3 TexVetld TexVetl5 TexVetl6 TexVetl7 TexVetl8 TexVetl9 TexVet20
TexVetl 0.04831 0.07387 0.09973 0.07393 0.10863 0.09984 0.09630 0.08411
TexVet2 0.07527 0.07995 0.10188 0.09312 0.11991 0.06973 0.07637 0.08401
TexVet6 0.11607 0.15374 0.06312 0.10731 0.11550 0.05107 0.08025 0.12606
TexVet7 0.08822 0.10676 0.10045 0.10519 0.09438 0.08395 0.1057¢ 0.07874
TexVet9 0.10257 0.12581 0.16827 0.09950 0.07838 0.09469 0.09983 0.08058
TexVetll 0.08573 0.06618 0.10335 0.06883 0.08562 0.10108 0.09483 0.08081
TexVetl2 0.04129 0.06365 0.09292 0.04242 0.26605 0.02282 0.06275 0.06989
TexVetl3 — 0.09293 0.13389 0.09708 0.09293 0.08775 0.10651 0.09381
TexVetl4d — 0.21139 0.10207? 0.1521¢ 0.09452 0.09333 0.07849
TexVetlb — 0.2595% 0.10335 0.10780 0.09914 0.07926
TexVetl6 — 0.10415 0.12966 0.12800 0.07993
TexVetl? — 0.08747 0.08435 0.08097
TexVetl8 — 0.1035¢ 0.10597
TexVet19 — 0.10316
TexVet20 —
%p < 0.01.
bp < 0.05.
Discussion would require the assumption that variability is the same

Our main objective was to determine if the BCB stock

at loci examined in nonbottlenecked reference popula-
Lande (1988) indicated that one must make the distinctions and the prebottleneck BCB population. It would
tion between demographic and genetic bottlenecksalso require that the demographic history in both bottle-
where the former does not result in a reduction of effecnecked and nonbottlenecked populations was equivalent
tive size or loss of genetic variability, unlike the latter. over the course of these populations’ histories.

Low levels of heterozygosity have been taken as evi-

underwent a genetic bottleneck in response to the dedence of bottlenecks in populations known to have un-
crease in total population size at the beginning of thisdergone severe demographic declines (e.g., Houlden et
century. If lack of variability is to be used as evidence foral. 1996). Following this logic, the relatively high esti-

a bottleneck, then variation at the same loci in othermates of average heterozygosity observed for SSR loci
populations that did not experience a bottleneck might bgTable 2) suggest that the BCB stock maintained a large
compared to the presumed bottleneck population. Thigong-term effective population size and did not experi-
would be done in order to evaluate lack of variation inence a genetic bottleneck. Obviously, the accuracy of
reference to background heterozygosity (e.g., Houlden dbng-term effective size estimates depends on mutation-
al. 1996). Unfortunately, this is not possible for bowheaddrift equilibrium (Nei and Graur 1984; Waples 1991),
whales because such reference populations do not exidiow well the assumed models fit the evolutionary dy-
Regardless, it is a somewhat precarious approach fatamics of the SSRs under study, and the accuracy of the
investigating the likelihood of a putative bottleneck. It assumed mutation rate(s) at these SSR loci (Lehmann et
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08 Furthermore, an analysis of allele frequency distribution
does not reveal evidence of a recent genetic bottleneck
either (Fig. 1), as a mode shift from an L-shaped distri-
bution would have resulted in the event that a bottleneck
reduced genetic variability in a given population (Luikart
et al. 1998).

The interpretation of results from bottleneck tests us-
ing SSR polymorphism data from the BCB stock are
dependent on the assumed model, supporting either mu-
tation-drift equilibrium (IAM) or an historical population
expansion (SMM). Many SSR loci appear to fit a variant
of the SMM (Di Rienzo et al. 1994), perhaps owing to
the fact that the mutational processes of SSRs are com-
plex and yet to be fully understood. Nevertheless, if the
0.1 02 03 04 0.5 0.6 07 0.8 0.9 1 SMM best describes the evolutionary dynamics of most
SSR loci (Shriver et al. 1993; Valdes et al. 1993; Weber
and Wong 1993; Jin et al. 1996; Chakraborty et al. 1997),
Fig. 1. Allele frequency distribution for all polymorphic SSR loci ex- then analyses assuming this model are more accurate

amined. An L-shaped distribution is obtained (Luikart et al. 1998), than those assuming the IAM. Evidence exists suggest-
suggesting that the bottleneck of the BCB population did not affectin that an historical ex ansio'n miaht have occurred in
genetic variability. The values along tRexis represent the maximum g p g

value for each respective allele frequency class (e.g., the first clasthe BCB population, following the subdivision of a po-
represents alleles with frequencies between 0 and 0.1; the secontientially larger population of bowhead whales. Approxi-

between 0.1 and 0.2; etc.). mately 8500 years ago, the M'Clintock Channel sea-ice
plug formed and subsequently cut off the BCB popula-

al. 1998). However, comparisons of heterozygosity peﬂ?{ﬂ from the ID?V'S Strait populat;og EE yke Et a_I. 1?9 6).
se are not optimal for studying bottlenecks, primarily €se populations were connected through migration, a

because a high level of heterozygosity may be mainlowered effective size within the BCB may have resulted
tained following a bottleneck (Nei et al. 1975). Instead,s_Ubsequent to the formation of the sea-ice plug. Some-

the number of alleles at a given locus is a better indicatof M€ afterward, growth of the effective population size
of a population bottleneck because they are more sensfOUld have been initiated, leaving a signature of popula-
tive to demographic fluctuations (Nei et al. 1975; Ma- 0N expansion in the genetic polymorphism dat.a. In fact,
ruyama and Fuerst 1985). This is not to say that heteroth® results of an analysis of mtDNA control region poly-
zygosity is not a useful parameter. Rather, it is limitegMorphism also point to the occurrence of an historical
and should be regarded only as a general descriptor ¢xPansion in the BCB population (Rooney, in prepara-
genetic diversity. Instead, an analysis of allelic diversityt'on)-

in reference to heterozygosity excess is more appropriate Although gametic phase disequilibrium could be re-
for testing if a bottleneck has occurred in a given popu_]eCtEd on a tablewide Ievel, it was found that several

lation (Cornuet and Luikart 1996). pairs of SSR loci were in gametic phase disequilibrium
The computer program BOTTLENECK (Cornuet and (Table 3). The probability of observing this pattern is
Luikart 1996) was used to test if the BCB population wasgreater than by chance alore<0.05), and it is unlikely
in mutation drift equilibrium at the SSR loci examined. that size homoplasy (Estoup et al. 1995) could account
This program analyzes genetic polymorphism data irfor multiple loci. Nevertheless, several factors could be
terms of heterozygosity excess or deficiency. If the popupotentially responsible for observed gametic phase dis-
lation were not at mutation drift equilibrium, then either equilibrium in pairwise comparisons. First, the BCB
a heterozygosity excess, resulting from a bottleneck opopulation may exhibit population subdivision. How-
founder event, or a heterozygosity deficiency, resultingever, this process would have resulted in a significant
from an historical population expansion, is inferred (Cor-tablewide probability, which was not observed. Further-
nuet and Luikart 1996). Whether a bottleneck or expanmore, we sampled only whales that migrate past Point
sion is inferred depends on the observed number of locBarrow, and evidence of geographical substructuring in
displaying heterozygosity excess and deficiency relativehese whales is lacking based on previous ecological
to the expected number of loci displaying heterozygositystudies focused on migratory behavior and demography
excess. Specifically, too few alleles will result in an ex- (Moore and Reeves 1993). Familial substructuring could
cess of heterozygosity, which is indicative of a bottle-cause population subdivision. Although bowheads ap-
neck or founder event. In the case of the BCB populafpear to be solitary during their migration, they remain in
tion, the results from Cornuet and Luikart's (1996) testscontact with each other across long distances through
do not support the hypothesis of a recent bottleneckvocalizations that are apparently communicative (8ity

0.6

Proportion of Alleles

Allele Frequency Class
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and Clark 1993). Individuals which are in contact with loci used in this study, an historical expansion of the
one another form core migratory groups known asBCB stock can be inferred, perhaps having initiated
“pulses,” and it is possible that these pulses are estalsome time subsequent to the formation of the M'Clintock
lished along kin lines, thus subdividing the population Channel sea-ice plug, approximately 8500 years ago
into family groups. Unfortunately, there is no evidence to(Dyke et al. 1996). Finally, while we suspect that null
support this hypothesis in bowhead whales. Despite thesglleles may be the true cause of the statistically signifi-
explanations, if population subdivision is occurring cant heterozygote deficiency at five SSR loci, it remains
through either geographic or kin substructuring, one alsdo be proven whether null alleles are actually responsible
would expect to see Hardy—Weinberg disequilibrium re-for this pattern or if it is attributable to some other pro-
flected by a significant tablewide probability, and this cess.
did not result. Second, strong drift effects could be active
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