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Abstract  The minke whale (Balaenoptera acutoro- 
strata) is subject to commercial whaling, but stock 
identification and assessment are still uncertain. 
Mitochondrial DNA (mtDNA) sequences were deter- 
mined to examine the population structure of minke 
whales from the central and northeastern parts of the 
North Atlantic, as well as the Antarctic regions IV and 
V. The analyses include 345 nucleotide positions of the 
control region of 110 individuals, and 250 nucleotide 
positions of the NADH dehydrogenase subunit 2 gene 
for a representative selection of North Atlantic minke 
whales. Maximum parsimony analyses and sequence 
divergence calculations did not reveal any genetic dif- 
ferentiation between individuals from the central and 
northeastern parts of the North Atlantic. These results 
do not support the International Whaling Commis- 
sion's separation of minke whales in this area into 
different management units, and they are in conflict 
with previously reported results from allozyme anal- 
yses. Comparison of minke whale control region se- 
quences showed that the sequence diversity of North 
Atlantic minke whales is substantially lower (0.0065) 
than that of Antarctic minke whales (0.0166), and 
clearly demonstrated that individuals from these two 
areas represent genetically distinct populations. 
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Introduction 

Among the approximately 76 living species of whales, 
the minke whale (Balaenoptera acutorostrata) is one of 
the very few that are still subject to commercial whal- 
ing. The hunting has led to scientific and political 
controversy (see Sk~tre 1994, and opposing comments 
therein), which in part is due to uncertainties in stock 
identification and assessment. Strong evidence is pres- 
ent that minke whales of the North Atlantic, North 
Pacific and Antarctic ocean basins represent distinct 
populations (Palsboll 1989; Amos and Dover 1991; 
Wada and Numachi 1991; Wada et al. 1991; Arnason 
et al. 1993; Hori et al. 1994; van Piljen et al. 1995). It has 
been suggested that three different subspecies of minke 
whale exist: B. acutorostrata acutorostrata (North At- 
lantic), B. acutorostrata davidsoni (North Pacific) and 
B. acutorostrata bonaerensis (Antarctic) (reviewed in 
Horwood 1990). The subspecies B.a. davidsoni has been 
questioned (see Horwood 1990), but several studies 
conclude that B.a. bonaerensis should be given full 
species status (Omura 1975; Arnold et al. 1987; Wada 
and Numachi 1991; Arnason et al. 1993). The popula- 
tion structures within these oceans are less well known. 
Based on catch distributions, segregation by sex and 
length, sightings, and marking data, the International 
Whaling Commission (IWC) divided the minke whales 
of the North Atlantic into four management units; the 
Canadian east coast, the West Greenland area, the 
central area, and the northeastern area (Fig. 1A). The 
population structure of the North Atlantic minke 
whale has been investigated by several techniques, such 
as allozyme loci variability (Danielsdottir et al. 1992), 
DNA fingerprinting (Arnason and Spillaert 1990), re- 
striction fragment length polymorphism of mitochon- 
drial DNA (mtDNA) (PalsbN1 1989), and morphomet- 
ric comparisons (Christensen et al. 1990). While the two 
former studies found evidence for some genetic differen- 
tiation between the West Greenland, the central and 
the northeastern area, no certain conclusions about the 
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Fig. 1 IWC management regions for A North Atlantic B and Ant- 
arctic minke whales. Dashed lines give boundaries for the IWC's 
"small areas" of the North Atlantic that are considered in this study. 
[3 Canadian east coast; II  West Greenland; I I I  central area; I V  
northeastern area (a: ES; b: EB; c: EC)] 

existence of isolated breeding populations could be 
drawn from the morphometric comparisons. The re- 
striction analysis of mtDNA did not show any genetic 
differentiation between the different areas. Whether the 
management units of North Atlantic minke whales 
represent different populations based on genetic and/or 
breeding characteristics, is still questionable. 

Due to its simple structure and evolution, mitochon- 
drial DNA has been used as a marker to assess genetic 
variability among animals at different taxonomic levels 
(Meyer et al. 1990; Kraus and Miyamoto 1991; Gatesy 
et al. 1992; Milinkovich et al. 1994; Taberlet and 
Bouvet 1994). Application ofmtDNA analysis as a tool 
in conservation biology is well established (see Moritz 
1994), and analysis of mtDNA variation has been per- 
formed for a number of cetaceans (Baker et al. 1990; 

Hoelzel and Dover 1991; Schaeffet al. 1991; Wada et al. 
1991; Baker et al. 1994; Rosel et al. 1994). Complete 
mtDNA sequences of the fin whale and blue whale 
(Arnason et al. 1991; ,~rnason and Gullberg 1993), as 
well as the development of polymerase chain reaction 
(PCR) based direct sequencing (reviewed by Rao 1994), 
have encouraged analyses at the nucleotide sequence 
level. It is well known that different genes or regions in 
mtDNA of animals evolve at different rates (reviewed 
in Wolstenholme 1992). Portions of the non-coding 
control region have been shown to evolve rapidly in 
mammals (Cann and Wilson 1983; Brown et al. 1986; 
Saccone et al. 1991), making the region a useful marker 
to assess genetic variability and differentiation among 
populations or stocks. The control region has been 
sequenced from more than a dozen whale species 
(Arnason et al. 1993). Although Hoelzel et al. (1991) 
showed that the evolution rate of the control region is 
slower for cetaceans than for other mammals, this part 
of the mitochondrial genome has recently been success- 
fully used in population studies of both humpback 
whales (Baker et al. 1993; Palsboll et al. 1995) and 



common dolphins (Rosel et al. 1994). Thus, both inter- 
specific and intraspecific applications of mitochondrial 
control region sequences have been exemplified in 
whales. 

Here we report on a population study of a total of 
110 minke whales from the central and northeastern 
parts of the North Atlantic, as well as the Antarctic 
areas IV and V (Fig. 1). We compared 345 nucleotide 
positions in a variable part of the mtDNA control 
region from all individuals and an additional 250 base 
pairs of the less variable mitochondrial NADH dehy- 
drogenase subunit 2 (ND2) gene from 18 North Atlan- 
tic minke whales. The Antarctic and North Atlantic 
minke whales were found to be genetically distinct 
populations. In contrast, no significant population sub- 
division was observed among assayed North Atlantic 
minke whales. 

Material and methods 

Minke whale tissue samples and DNA extractions 

Liver tissue was collected from a total of 110 captured individuals of 
the minke whale, Balaenoptera acutorostrata. A total of 46 samples 
were collected in the northeastern parts of the North Atlantic during 
the Norwegian scientific whaling expedition by the Department of 
Arctic Biology, University of Tromso. Of these samples, 15 were 
collected in 1989 along the western coast of Spitsbergen ("small 
area" ES, Fig. 1A); 26 were collected in 1988 (23 and 3 from the small 
areas EC and EB, respectively) and 5 (3 and 2 from the "small areas" 
EC and EB, respectively) in 1990 along the coast of northern Nor- 
way. Samples from 41 individuals captured between 1981 and 1984 
in the adjacent coastal waters west and north of Iceland (IWC 
central area) were supplied by A. Arnason (Marine Research Insti- 
tute, Reykjavik). A total of 23 Antarctic samples were supplied by 
L.A. Pastene (Institute of Cetacean Research, Tokyo), which in- 
cluded 13 and 10 samples collected in the IWC management areas 
IV and V, respectively (see Fig. 1B). The Antarctic minke whales 
were captured between 1990 and 1992 by Japanese scientific whal- 
ing. Total DNA from liver tissue was extracted according to the 
procedure described by Kocher et al. (1989). 

port of the amplified products. One of the primers used in the 
amplification reactions (H598 for the control region and H5534 for 
the ND2 gene) was biotinylated at the 5'end to allow binding of the 
PCR product to streptavidine-coated magnetic beads for direct 
solid-phase sequencing (Hultman et al. 1989). DNA sequencing 
reactions were performed using the T7 Sequencing Kit (Pharmacia) 
and [35S]dATP (10 gCi ~tl- 1; New England Nuclear) as the label, as 
well as the primers L16005, L15926 or L4428. 

Computer analysis of DNA sequence information 

The software package program (Version 7) from Genetics Computer 
Group (Madison, Wisconsin) was used to enter and align sequences. 
The genetic relationship between genotypes was determined using 
the maximum parsimony (MP) method of the PHYLIP package 
(DNAPARS, Version 3.51c, Felsenstein 1993). MP trees were evalu- 
ated using the bootstrap procedure (Felsenstein 1985) based on 500 
resamplings. The blue whale control region sequence (Arnason and 
Gullberg 1993) was used for rooting the tree. 

Several calculations were made based on multialignment of the 
individuals' sequences. The average number of substitutions per 
nucleotide site (sequence divergence) between different genotypes 
was calculated by the method of Jukes and Cantor (1969). Nucleo- 
tide diversities within and between populations were calculated as 
described by Nei (1982). The interpopulational nucleotide diversity 
is given by 6sr = rca-~s, where ~r is the total nucleotide diversity 
disregarding population subdivision and ~s is the average nucleotide 
diversity within populations. The proportion of interpopulationai 
nucleotide diversity is given by Ysr = 8st/roT. The parameter "YsT was 
chosen as an estimate of the extent of population differentiation 
since we make inferences about the sampled populations, not a 
larger collection of populations (Lynch and Crease 1990). The 
statistical significance of the genetic differences among individuals 
from different geographical areas was tested by performing a 
randomization test (Edgington 1987; Palumbi and Wilson 1990; 
Manly 1991; Palumbi et al. 1991). Individual genotypes were per- 
muted among the different geographical areas, keeping the sample 
sizes the same as in the original analysis. After permuting, YsT was 
calculated. The permuting procedure was performed 999 times, 
giving 1000 values of YsT including the original YsT. Since under the 
null hypothesis (i.e. is no population subdivision) each possible rank 
from 1 to 1000 of the original "Ysr is equally probable, the achieved 
significance level of the test is the proportion of Ysx values greater 
than or equal to the original ysr. 

PCR amplification and DNA sequencing 

The primers used for ampIification of the mtDNA control region 
were complementary to sequences in the tRNA Phe, tRNA Pr~ and 
tRNA T M  genes. The PCR primers are H598 [5'-A(A6~ 4~ 
I(G8 ~176176176176176 2~ 
L16005 [5'-(T6~176176176176176176176 
(GS~176176176176176176176 and L15926 [5'-TA- 
GTATAAAIA(A6~176 The ND2 
amplification primers were located in the tRNA M~ (L4428; 
5'-GGTCAGCTAAITAAGCTATCGG-3') and tRNA wp (H5534; 5- 
AGGGCTTTGAAGGCTCTTGG-Y) genes. Several of the nucleo- 
tide positions in the primers are degenerated either as a variable site 
or by incorporation of inosine (I). Primers used for PCR and DNA 
sequencing are numbered relative to the position of the 3'nucleotide 
of the corresponding human sequence (Anderson et aI. 1981). L and 
H refer to the light and heavy strands, respectively. PCR amplifica- 
tions were performed using Taq polymerase as described by the 
supplier (Perkin Elmer Cetus Corporation). Biomagnetic Beads 
(Dynabeads M-280 Streptavidine; Dynal) were used for solid sup- 

Results 

Sequence variation and mtDNA genotypes 

The 5'end of the mtDNA control region was chosen as 
a genetic marker to study the population structure and 
variability among minke whales. This region from 110 
minke whales, representing both the North Atlantic 
and Antarctic branches, was amplified by PCR using 
the primer combination H598 and L15926. PCR prod- 
ucts were then subjected to direct sequencing using the 
primer L16005 or L15926. Sequences representing the 
North Atlantic (N1) and the Antarctic (A1) stock of 
minke whales are presented in Fig. 2 and compared to 
the corresponding regions of the fin whale and blue 
whale. This region is located adjacent to the tRNA vr~ 
gene and is known to be variable in sequence, but  still 
homologous, between different whale species (Arnason 
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Fig. 2 BaIaenoptera spp. North Atlantic and Antarctic minke whale 
mtDNA sequences of A the Y-end of the control region and B the 
5'-end of the ND2-gene. Minke whale sequences are aligned to 
corresponding fin and blue whale sequences (Arnason et al. 19916 
Arnason and Gullberg 1993). Asterisks above the sequences indicate 
the variable positions among the genotypes determined (see Fig. 3). 
Identical positions are indicated by dots and deletions by dashes. 
[Ba-NI: B. acutorostrata genotype N1 (North Atlantic); Ba-AI: B. 
acutorostrata genotype A1 (Antarctic); Bp: B. physalus (fin whale); 
Bin: B, musculus (blue whale)]. The control region sequences Ba-N1 
and Ba-A1 (A), and the ND2 sequence Ba-N1 (B) have been assigned 
the EMBL Data Library accession numbers X87773, X87774, and 
X87775, respectively 

et al. 1993; Dillon and Wright 1993). The correspond- 
ing Antarctic minke whale sequence published by 
Hoelzel et al. (1991) differs by several insertions and 
deletions from the Antarctic minke whale sequences 
presented here. A total of 58 variable nucleotide posi- 
tions were found among the assayed minke whales, and 
within the North Atlantic (N) samples 25 distinct geno- 
types (N1 to N25) were identified (Fig. 3A). The N- 
genotypes were defined by 20 variable positions, and 
the most common genotype (N1) was found in 30 
individuals. Most genotypes are shared between indi- 
viduals from different geographic areas, and the distri- 
bution of genotypes shows no apparent geographic 
structure. All the Antarctic individuals represent dis- 

tinct genotypes. Fig. 3 summarizes the results from the 
DNA sequencing analysis and the distribution of geno- 
types in relation to the different geographical areas. 

Maximum parsimony analysis 

To investigate the relationship between the different 
genotypes a MP-analysis was carried out. A strict con- 
sensus tree based on 500 bootstrap replications is 
shown in Fig. 4. Confirmed by 100% of the replica- 
tions, all the minke whale genotypes were distinct from 
the fin whale and blue whale sequences. Furthermore, 
the division of minke whale into two subgroups repre- 
sented by the North Atlantic (N) and Antarctic (A) 
branches, and a further subdivision of the A-branch 
into two genotype groups was supported by 100% of 
the replications. A significant genotype structuring was 
not found within the North Atlantic branch. However, 
a clustering of N genotypes, though statistically 
weaker, is suggested by the MP-analysis. All the clus- 
ters include genotypes found in all localities, and no 
geographic clustering of the genotypes is revealed. To 
further examine if these clusters represent true genea- 
logical branches, we analyzed 250 additional nucleotide 
positions (Fig. 2B) of the more conserved mt ND2 gene 
from 18 individuals, representing different clusters of 
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Fig. 3 Balaenoptera spp. Variable nucleot ide posi t ions  in A control  
region and B N D 2 - g e n e  of  minke whale  m t D N A .  Pos i t ions  of  the 
variable sites according to sequences in Fig. 2 are shown vertically 
above reference sequence. Identity to reference sequence N1 is in- 
dicated with dots. Dashes indicate deletions. (N-IV northeastern 
North Atlantic area; N-III central North  Atlantic area; A-IV Antarc- 
tic Area IV; A-V Antarctic Area V. North  Atlantic and Antarctic 
genotypes are denoted N and A, respectively, in the left-hand column) 

the North Atlantic branch on the MP-tree. Control 
region genotypes for these individuals are given in 
Fig. 2B. ND2 sequence variation among the indi- 
viduals confirmed the pattern of variation found from 
the control region sequences (Fig. 3B). 

Nucleotide diversity and population subdivision 

The nucleotide diversity within groups of minke whales 
are given in Table 1. The nucleotide diversity is sub- 
stantially greater in the Antarctic (0.0159) than in the 
North Atlantic region (0.0064). The nucleotide diversity 
between individuals from the North Atlantic and Ant- 
arctic regions is found to be 0.045, while the corre- 
sponding values between Antarctic regions IV and 
V and between the northeastern and central North 
Atlantic are 0.0011 and 0.000034, respectively (Table 2). 

This indicates no population subdivision between the 
two North Atlantic regions. To further investigate the 
possibility of population substructuring in the geo- 
graphic areas included in this study, we estimated the 
extent of population differentiation by calculation of 
7ST- The values of YST between different geographic 
areas are given in Table 2. We found that the North 
Atlantic and the Antarctic minke whales represent dif- 
ferent populations (P = 0.001), while no genetic differ- 
entiation could be detected between the northeast and 
the central areas (P = 0.911) or between the central, 
EC, and ES (see Fig. 1) areas (P = 0.667). The two 
Antarctic areas IV and V were genetically different at 
the 10% level of significance (P = 0.078). 

Discussion 

Population structure of minke whales in the 
northeastern and central North 
Atlantic management areas 

A total of 25 different genotypes were found among the 
87 North Atlantic minke whales. Most of these were 
shared by individuals from different geographic areas, 



Fig. 4 Balaenoptera spp. A strict 
consensus MP-tree of minke 
whale control region genotypes 
and a fin whale (Bp) control 
region sequence, based on 500 
replicates. Blue whale (B,,) 
control region sequence is used 
as an outgroup for rooting the 
tree. Bootstrap values are shown 
at nodes found in > 50% of the 
replicates; genotypes are defined 
in Fig. 3 
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and the distribution of the genotypes among the indi- 
viduals seemed to be independent of geographic area. 
The MP-analysis did not reveal any population struc- 
ture correlated to the different geographic areas. All 
clades in the North Atlantic branch include individuals 
from both the central and northeastern areas. The 
extent of population subdivision between different geo- 
graphic areas was estimated by calculation of Ysw. No 
support of population subdivision between central and 
northeastern areas or between the small areas EC and 
ES and the central area was found. The small area EB 
was not included because only five individuals, caught 
very close to area EC, represent this area. 

These results are in conflict with earlier observations 
based on genetic variations at nuclear encoded enzyme 
loci (Danielsdottir et al. 1992) and hypervariable re- 
gions in the nuclear genome (Arnason and Spillaert 
1990), which had led to the conclusion that the IWC 
management areas in the North Atlantic correspond to 
distinct minke whale populations. Morphological anal- 
ysis was not conclusive, but suggested a geographic 
population structure (Christensen et al. 1990). 

When the migration and breeding sex ratios are not 
biased, mtDNA usually shows more population subdi- 
vision than nuclear DNA (Birky et al. 1989). Due to 
maternal inheritance, mt genes have lower effective 



Table 1 BaIaenoptera spp. Nucleotide diversity within groups of 
individuals (7~) from different geographical areas. (NA North Atlan- 
tic; N-IV northeastern North Atlantic area; N-III central North 
Atlantic area; ES, EC IWC small areas ES and EC; Ant Antarctic 
area; A-IV, A-V IWC Antarctic areas IV and V 

Area No. of ~i 
individuals 

NA 87 0.0064 
N-IV 46 0.0064 
N-III 41 0.0065 
ES 15 0.0070 
EC 26 0.0065 
Ant 23 0.0159 
A-IV 13 0.0193 
A-V 10 0.0090 

Table 2 Nucleotide diversity (SST) and the proportion of interpop- 
ulational diversity (TST) between minke whales from different geo- 
graphic areas. Abbreviations given in Table 1 

Areas 8ST ' / S T  Significance 
level 

NA/Ant 0.045 0.80 0.001 
N-IV/N-III  0.000034 0.0052 0.911 
A-IV/A-V 0.0011 0.070 0.078 
N-III/ES/EC 0.00020 0.024 0.677 

migration rates than nuclear genes (Birky et al. 1983). 
Random drift is faster for the haploid, maternally in- 
herited mt genome compared to a diploid, biparentally 
inherited nuclear locus (Palumbi and Baker 1994). Fur- 
thermore, an accelerated substitution rate of the 
mitochondrial genome contributes to faster differenti- 
ation (Arise 1986). Examples from the literature include 
the North Pacific humpback whales (Baker et al. 1990; 
Palumbi and Baker 1994), marine turtles (Bowen et al. 
1992), and island wolves (Wayne et at. 1991). In many 
cases, male-biased migration is a likely contributor to 
such patterns of differentiation. 

A different pattern is observed among the North 
Atlantic minke whales. Here, nuclear encoded al- 
lozymes indicate more population subdivision than 
mtDNA sequences. In general, in certain situations 
with either the migration or breeding sex ratio biased 
strongly toward females, populations may show more 
subdivision for nuclear than mitochondrial genes 
(Birky et al. 1989). An alternative explanation could be 
non-representative evolutionary factors, e.g. selection 
on protein coding loci or differential expression of 
isoenzyme alleles among tissues. An example of the 
latter is the American oyster, where conflicting results 
from analyses of mtDNA and allozyme loci were found 
(Buroker 1983; Reeb and Avise 1990). Analysis of single 
copy nuclear DNA revealed that this discrepancy was 
probably due to balancing selection at allozyme loci 
(Karl and Avise 1992). Thus, to further evaluate the 

North Atlantic minke whale management units, 
mtDNA analysis should be used in concert with a com- 
prehensive study of high-resolution nuclear markers. 

The very few examples known where mtDNA show 
less geographic structuring than allozymes include the 
Red Hills salamander (McKnight et al. 1991) and Paci- 
fic populations of minke whales (Wada et al. 1991) [see 
discussion below of minke whale population structure 
in North Pacific as described by Goto and Pastene 
(1995)1. Moritz (1994) explains these observations by 
the fact that the mtDNA was uniform at the restriction 
sites examined, so that genetic drift accompanying re- 
cent separation of populations would not be apparent. 
However, this is not plausible for North Atlantic minke 
whales in which a number of mtDNA genotypes are 
found. As further pointed out by Moritz (1994), it will 
take thousands of generations for uniform but isolated 
populations to diverge through the accumulation of 
mutations (Palumbi et al. 1991), even when considering 
fast evolving sequences like the mtDNA control region. 
By contrast, changes in the frequency of mtDNA alleles 
can occur within an ecological time scale if the effective 
number of females is small. Moritz (1994) concludes 
that mtDNA provides a powerful tool for identifying 
management units within species, but only where mul- 
tiple alleles have been identified. 

When interpreting genetic data in population stud- 
ies, factors like current and historical gene flow, migra- 
tion pattern, and breeding structure should be con- 
sidered. This kind of information is at present very 
limited for North Atlantic minke whale. Minke whales 
are widespread and seasonally abundant in the North 
Atlantic. Little is known about the breeding structure, 
except that breeding takes place in the winter in tem- 
perate waters. During spring and summer there is 
a general feeding migration northwards to Arctic 
waters (see Christensen et al. 1990). In the North Paci- 
fic, allozyme analyses indicated that different breeding 
populations overlapped at feeding grounds (Wada 
1991). Recently, comprehensive analysis of fine-scale 
spatial and temporal distributions of minke whale 
mtDNA within the Antarctic (Pastene et al. 1995) and 
the western North Pacific (Goto and Pastene 1995) 
were reported. The analysis revealed complex popula- 
tion structures with overlap of different breeding popu- 
lations and variable temporal patterns of distribution 
during the feeding season. A situation similar to this 
might exist in the North Atlantic. Temporal analysis 
was not performed in this study, but the small areas 
that were tested for population differentiation repre- 
sented samples collected in different years. All the sam- 
ples from the ES area (west of Spitsbergen) are from 
1989, while all the samples from EC (the coast of 
northern Norway) except three are from 1988. The 
Icelandic samples were collected between 1981 and 
1984. No population differentiation was found between 
these areas. However, temporal variation in the Antarc- 
tic (Pastene et al. 1995) and the North Pacific (Goto 



and Pastene 1995) was detected after analyzing 
monthly variation in the feeding season. Two or more 
differentiated populations might co-exist at feeding 
grounds in the North Atlantic. This is a possible inter- 
pretation of the MP-tree in Fig. 4. The average nucleo- 
tide diversity (~sT) between the individuals in the two 
main North Atlantic clusters is found to be 0.0016, 
while the proportion of interpopulational nucleotide 
diversity (YsT) is 0.20 (P = 0.001). The possibility of 
co-existence of two breeding populations was first pro- 
posed by Palsboll (1989). He found two main groups of 
genotypes when analyzing restriction fragment length 
polymorphism on mtDNA from North  Atlantic minke 
whales. If there are differentiated populations of minke 
whales in the region considered in this study, they 
appear to be equally distributed in the three areas 
included in the statistical analysis. Temporal variation 
in the distribution of these potential populations can 
not be excluded. 

Population differentiation between minke whales in the 
North Atlantic and Antarctic areas 

The nucleotide diversity within the North Atlantic 
sample was found to be 0.0064, which corresponds to 
previously reported nucleotide diversity (0.0072) for 
North Atlantic minke whales (see Palsboll et al. 1995). 
The nucleotide diversity within the Antarctic sample 
was found to be substantially larger (0.0159). This re- 
flects a larger long-term effective population size of the 
Antarctic minke whale compared to the North Atlantic 
minke whale. 

Both the MP-tree in Fig. 4 and the calculated popu- 
lation subdivision, 7sT, strongly support the hypothesis 
that the North Atlantic and the Antarctic minke whales 
represent genetically isolated populations. This corrob- 
orates previous reports based on morphological, os- 
teological and genetical comparisons of minke whales 
from the Northern and Southern Hemispheres which 
have advocated giving the Southern Hemisphere minke 
whale (A. acutorostrata bonaerensis) full species status 
(Omura 1975; Arnold et al. 1987; Wada et al. 1991; 
Arnason et al. 1993). 

The minke whales from the Antarctic areas IV and 
V were found to be genetically different at the 7.8% 
level of significance. It is not possible either to exclude 
or conclude that there are different minke whale popu- 
lations in these areas. A recent study by Pastene et al. 
(1995) indicated a complex nature of the population 
structure in these areas. 
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