
S

P
(

M
U
a

b

c

d

e

a

A
R
A
H
A

K
M
M
P
M
M

e
p
a
2
2
e
(
2
d
t
o
i

h
1

Mammalian Biology 88 (2018) 156–160

Contents lists available at ScienceDirect

Mammalian  Biology

jou rn al h om epa ge: www.elsev ier .com/ locate /mambio

hort  communication

utative  origin  and  maternal  relatedness  of  male  sperm  whales
Physeter  macrocephalus)  recently  stranded  in  the  North  Sea

arijke  Autenrietha, Anja  Ernsta,  Rob  Deavilleb,  Fabien  Demaretc, Lonneke  L.  IJsseldijkd,
rsula  Sieberte,  Ralph  Tiedemanna,∗

Institute of Biochemistry and Biology, Unit of Evolutionary Biology/Systematic Zoology, University of Potsdam, 14476 Potsdam, Germany
Institute of Zoology, Zoological Society of London, Regent’s Park, London NW1  4RY, United Kingdom
Observatoire Pelagis, UMS3462 University of Rochelle, Pôle analytique-5, Allée de l’Océan, 17000 La Rochelle, France
Faculty of Veterinary Medicine, Utrecht University, Department of Pathobiology, Yalelaan 1, 3584 CL Utrecht, The Netherlands
Institute for Terrestrial and Aquatic Wildlife Research, University of Veterinary Medicine Hannover, Werftstr. 6, 25761, Büsum, Germany

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 7 April 2017
ccepted 12 September 2017
andled by Frank E. Zachos
vailable online 18 September 2017

eywords:
itochondrial DNA
aternal relationships

opulation genetics
igration
arine mammals

a  b  s  t  r  a  c  t

The  globally  distributed  sperm  whale  (Physeter  macrocephalus) has a partly  matrilineal  social  structure
with  predominant  male  dispersal.  At the  beginning  of 2016,  a total  of  30  male  sperm  whales  stranded  in
five different  countries  bordering  the  southern  North  Sea.  It has  been  postulated  that  these  individuals
were  on  a migration  route  from  the  north  to  warmer  temperate  and  tropical  waters  where  females
live  in  social  groups.  By  including  samples  from  four  countries  (n =  27),  this  event  provided  a unique
chance  to  genetically  investigate  the  maternal  relatedness  and  the  putative  origin  of  these  temporally
and  spatially  co-occuring  male  sperm  whales.  To  utilize  existing  genetic  resources,  we  sequenced  422  bp
of the  mitochondrial  control  region,  a molecular  marker  for which  sperm  whale  data  are  readily  available
from the  entire  distribution  range.  Based  on  four single  nucleotide  polymorphisms  (SNPs)  within  the
mitochondrial  control  region,  five  matrilines  could  be  distinguished  within  the  stranded  specimens,  four
of which  matched  published  haplotypes  previously  described  in  the  Atlantic.  Among  these  male  sperm

whales,  multiple  matrilineal  lineages  co-occur.  We analyzed  the  population  differentiation  and  could
show  that  the  genetic  diversity  of  these  male  sperm  whales  is  comparable  to the  genetic  diversity  in
sperm whales  from  the  entire  Atlantic  Ocean.  We confirm  that  within  this  stranding  event,  males  do  not
comprise  maternally  related  individuals  and  apparently  include  assemblages  of  individuals  from  different
geographic regions.

©  2017  Deutsche  Gesellschaft  für  Säugetierkunde.  Published  by  Elsevier  GmbH.  All  rights  reserved.
Despite their high mobility, wide ranging cetaceans often
xhibit geographically restricted migration patterns, leading to
opulation structure both among and within ocean basins. Isotope
nalysis (Borrell et al., 2013; Matthews et al., 2016; Valenzuela et al.,
009), acoustic data (Gero et al., 2016; Rendell and Whitehead,
004), pollution information (Aguilar et al., 2002; Godard-Codding
t al., 2011; Mazzariol et al., 2011), morphological differences
Bolaños-Jiménez et al., 2014; De Luna et al., 2012; Durban et al.,
016) as well as genetic investigations have been performed to
efine population boundaries, migration routes, and dispersal pat-

erns (Baker et al., 2013; Valsecchi et al., 2010). Due to the difficulty
f acquiring samples from free ranging live cetaceans, stranded
ndividuals are frequently used to gain new insights into biolog-
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ical and phylogenetic histories (Drouot et al., 2004; Ottewell et al.,
2016; Sabatier et al., 2015; Squadrone et al., 2015). As the largest
toothed cetacean, the sperm whale (Physeter macrocephalus) shows
migration patterns and social behaviors similar to some large ter-
restrial mammals, like Asian elephants (Gero et al., 2015; Mccomb
et al., 2001; Poole, 1989; Stoeger and Baotic, 2016). The females
show a strong philopatry to warmer regions around the equator and
separate into social groups consisting of one or more matrilines,
communicating with specific acoustic codas (Engelhaupt et al.,
2009; Lyrholm and Gyllensten, 1998; Richard et al., 1996; Schulz
et al., 2008; Whitehead, 1993).

After reaching sexual maturity at ages 18–20 years, males sep-
arate from the female groups to form loose bachelor groups, which
migrate to colder regions (Whitehead, 2003). Males stay in these

bachelor groups until reaching physical maturity at an age of
around 35 years, after which they separate into smaller groups
or become solitary (Mesnick, 2014). This sex-specific dispersal
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Fig. 1. (a) Sperm whale stranding sites (Jan-Feb 2016). Size of circle equals number of individuals stranded at that site. (b) Haplotype network for this study and worldwide
distribution of the sperm whale mtDNA control region haplotype frequencies (from Alexander 2016 and references therein). Pie charts indicate frequency of the five
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aplotypes found within our bachelor group (“A”,“B”,“C”,“N”, “PP”) and “others” (al
ea;  “NA” = Northern North Atlantic; “NSEA” = Northern North Sea; “WNAO” = We
exico; “MED” = Mediterranean Sea; “ATL” = all Atlantic regions; “ATL*” = Atlantic r

esults in the males being the major drivers of gene flow across
eographic regions and social assemblages (Lyrholm et al., 1999).
lthough a sex-specific dispersal pattern is found in all sperm
hales around the globe, there are some differences between geo-

raphic regions. Different substructuring and organization of social

roups is observed among the three large oceans (Atlantic, Pacific
nd Indian): While there are distinct subpopulations in the Atlantic
nd Indian Ocean, the Pacific population is more homogeneous
Alexander et al., 2016). Atlantic and Pacific populations have been
ining); exact number of individuals see Table 1. Locations: “GNS” = German North
North Atlantic; “CNI” = Canary Islands; “CATL” = central Atlantic; “GMX” = Gulf of

 without GMX and MED; “PAC” = overall Pacific; “IOC” = Indian Ocean.

thoroughly studied and different home ranges of female groups as
well as differences in the composition of social groups have been
found. In the Atlantic, females show smaller home ranges (400 km2

as opposed to 1500 km2 in the Pacific) and social groups are clearly
distinct from one another and only rarely mix  or meet, as opposed

to the situation in the Pacific (Gero et al., 2008). In the Atlantic, up
to three different subpopulations have been proposed, with one of
them, the Mediterranean, considered resident (Borrell et al., 2013;
Drouot et al., 2004; Engelhaupt et al., 2009; Winsor and Mate, 2016).
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Table 1
Arlequin and AMOVA analysis of mtDNA data of stranded male sperm whales, compared to existing mtDNAdata. Haplotype diversity H and nucleotide diversity are shown
with  standard deviation. Significant difference (p < 0.05; t-test) from our bachelor group (GNS) is indicated by * and bold script. FST values are shown in comparison to the
bachelor group (GNS); Significance was evaluated by permutation test. Haplotype frequencies are given in total numbers of individuals (see also Fig. 1).

# indiv. Haplotype diversity H Nucleotide diversity (%) FST Exact test p value Haplotype Frequencies

A B C N PP others

GNS 27 0.761 ± 0.043 0.337 ± 0.243 – – 9 4 9 4 1 –
NA  47 0.698 ± 0.033 0.287 ± 0.213 −0.014 0.439 ± 0.011 18 9 17 2 – 1
NSEA  18 0.628 ± 0.062 0.275 ± 0.214 −0.012 0.399 ± 0.002 8 2 8 – – –
WNAO 87 0.616 ± 0.028* 0.281 ± 0.208 0.011 0.022 ± 0.002* 36 8 40 1 – 2
CNI  14 0.648 ± 0.081 0.3412 ± 0.255 0.022 0.181 ± 0.003 2 – 7 5 – –
CATL  3 1.000 ± 0.272 0.526 ± 0.496 −0.019 0.269 ± 0.004 1 – 1 – – 1
GMX  153 0.500 ± 0.044* 0.222 ± 0.175 0.490* < 0.001 ± 0.000* 4 23 11 – – 115
MED  40 0.000 ± 0.000* 0.000 ± 0.000* 0.501* < 0.001 ± 0.000* – – 40 – – –
ATL  362 0.748 ± 0.010 0.345 ± 0.239 0.133* < 0.001 ± 0.000* 69 42 124 8 – 119
ATL#  169 0.654 ± 0.020* 0.294 ± 0.213 −0.003 0.160 ± 0.009 65 19 73 8 – 4
PAC  1096 0.775 ± 0.008 0.375 ± 0.253 0.043* 0.070 ± 0.013 396 281 167 17 – 235
IOC  247 0.807 ± 0.012 0.454 ± 0.294 0.091* < 0.001 ± 0.000* 71 17 24 31 – 104
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bbreviation: ”GNS” = German North Sea (this study); ”NA” = Northern North Atlantic
CATL”  = central Atlantic; ”GMX” = Gulf of Mexico; ”MED” = Mediterranean Sea; ”ATL”
IOC”  = Indian Ocean (Alexander et al., 2016, Supplementary Material 2, and referen

o far, research has mainly focused on social groups consisting of
emale sperm whales and calves, while knowledge about behavior
nd genetic structuring of male groups is still scarce.

Between January and early February 2016, thirty male sperm
hales were found live and dead stranded along the North Sea

oastline (Fig. 1a; Unger et al., 2016; see supplementary material
or details). It has been proposed that these sperm whales may
ave been on a southern migration from the north towards warmer
egions, and accidently entered the shallow southern North Sea
Schnitzler et al., 2017). Since the strandings co-occurred both
ocally and temporally in an area where sperm whale strandings are
therwise rare, we do not consider them as multiple independent
ccasions. On the contrary, such a co-occurence may  indicate that
he stranded individuals belong to one or a few associated groups
f males on a similar migration route. Male groups have been
escribed to be more dynamic than female groups and can contain
p to 40 animals (Mesnick, 2014; Whitehead pers. comm.). Samples
ollected from these stranded specimens provided the opportunity
o investigate the matrilineal relationships and putative origin, as
ell as the genetic diversity among them, relative to ocean-wide

enetic diversity. We  analyzed the maternally-inherited mitochon-
rial control region. We  chose this marker because comparable data
re available for many regions around the globe with over 40 dif-
erent mitochondrial DNA (mtDNA) haplotypes (HT) described for
perm whales, providing an extensive database for comparison.

DNA was extracted from skin and muscle samples of 27
vailable sperm whales using the NucleoSpin

®
Tissue-Kit from

ACHEREY-NAGEL GmbH&Co. KG following the manufacturer
rotocol. Polymerase Chain Reaction (PCR) was performed on a
iometraT3000 thermocycler, using the MyTaq DNA Polymerase
it (25 �l reaction volume: 5 �l 5xMyTaq reaction buffer, 0.5 �l
f each primer, 0.12 �l MyTaq-DNA-Polymerase, 1 �l sample-DNA,
7.88 �l HPLC-H2O) with the following cycling: 95 ◦C for 1 min, 30
ycles (95 ◦C for 15 s., 55 ◦C for 15 s., 72 ◦C for 10 s.), and finally
2 ◦C for 10 min. Established primers (Engelhaupt et al., 2009)
ere used (i.e., L15812 5′-CCTCCCTAAGACTCAAGG-3′ and H16343

′-CCTGAGAATGCAACTAGAGG-3′). The sequencing reaction was
erformed with the cleaned PCR product using L15812 primer and
he Applied Biosystems BigDye chemistry, and run on an 3130xl
enetic Analyzer (Applied Biosystems).

In total, 422 base pairs (bp) of the mitochondrial control region

ere sequenced successfully for all samples. Among the sequences,

our SNPs were detected and five HT could be distinguished.
our HTs matched the published haplotypes “A”, “B”, “C” and “N”
Alexander et al., 2016). Worldwide, these are the most frequent
A” = Northern North Sea; ”WNAO” = Western North Atlantic; “CNI” = Canary Islands;
all Atlantic; ”ATL#” = overall Atlantic without GMX  and MED; ”PAC” = overall Pacific;
erein).

HTs and they have been identified in all three oceans. The fifth HT
(“PP”; Genbank accession number KY886371) has not been pre-
viously described. In a haplotype network, it is closest to HT “A”
(Fig. 1b). Of the five HTs, two  (“A” and “B”) occur in nine samples
each, two  (“C” and “N”) were identified in four samples, and our
newly described fifth HP was  identified in one of the 27 samples
(Table 1).

To put the genetic composition of these male whales into
perspective, we jointly analyzed them together with published
haplotype data. Specifically, we compared our haplotype diver-
sity to other postulated subpopulations within the Atlantic, as well
as to the Atlantic, Pacific and Indian Oceans, by utilizing the data
compiled by Alexander et al. (2016). From that publication, we
specifically used Supplementary Material 2 and haplotype data
available though datadryad. This dataset comprises 1705 individu-
als, covering 38 haplotypes and 38 regions compiled from various
studies worldwide and covering a time span from 1996 to 2016
(Alexander et al., 2013; Alexander et al., 2016 Engelhaupt et al.,
2009; Lyrholm and Gyllensten, 1998; Mesnick et al., 2011; Rendell
et al., 2012; Richard et al., 1996; Whitehead, 1998).The program
Arlequin3.5 (Excoffier and Lischer, 2010) was  used to compute pair-
wise fixation indices FST, haplotype and nucleotide diversity, and to
construct a minimum spanning tree among haplotypes. The exact
test (no. of steps in Markov chain = 100,000; No. of dememorization
steps: 10,000; significance level = 0.05) was used to test for signifi-
cance of population differentiation. For the AMOVA analysis, the 20
regions were assigned to three groups [Pacific (PAC) = 13 regions,
Atlantic (ATL) = 6 Regions (including the bachelor group from 2016
analyzed here), Indian Ocean (IOC) = 1 region] (Alexander et al.
(2016) Supplement Material 2).

The distribution of mtDNA haplotypes was  analyzed with regard
to the null hypothesis that the males stranded 2016 consist of
male offspring from different Atlantic matrilines. Specifically, we
investigated the haplotype occurrence and the haplotype/genetic
diversity of our bachelor group (GNS) compared to the Atlantic,
Pacific and Indian Ocean, as well as to the following subsamples of
Atlantic areas: north Atlantic (NA), North Sea (NSEA), western north
Atlantic (WNAO), Gulf of Mexico (GMX), and the Mediterranean
Sea (MED). The latter two  areas are postulated to be subpop-
ulations/resident populations within the Atlantic (Drouot et al.,
2004; Engelhaupt et al., 2009; Gero et al., 2007). Mitochondrial

genetic diversity in sperm whales is quite low compared to other
cetaceans (Alexander et al., 2013). This has been related to matrilin-
eal female association in conjunction with cultural diversification
(Whitehead 1998) or environmental perturbation (Tiedemann and
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ilinkovitch, 1999) and may  further indicate a genetic bottleneck
r selective sweep (Alexander et al., 2013). Despite low diversity
evels, there are significant differences between the different, pos-
ulated subpopulations within the Atlantic as well as differences
hen comparing the three main ocean basins (Alexander et al.,

016).
The genetic diversity in our group of stranded sperm whales was

imilar to that observed for the entire Atlantic population. The fit of
ur group to the Atlantic population’s haplotype frequencies was
est when the resident subpopulations of the Gulf of Mexico and the
editerranean Sea were excluded (Fig. 1b). This suggests that (1)

ur group of stranded male sperm whales is of Atlantic origin and
2) it comprises individuals from disparate regions/subpopulations
hroughout the entire Atlantic, rather than from a single area. In
act, our stranded animals are genetically even more diverse than

 random set of specimens from the Atlantic (excluding the Gulf of
exico and Mediterranean Sea; see significant difference in haplo-

ype diversity in Table 1).
Male bachelor groups (at least in this case) apparently consist

f males descending from different matrilineal lines and thus most
robably from different natal social groups. Their maternal rela-
ionship is not closer than expected for a random subset of Atlantic
cean individuals. This high genetic diversity among members of
ale sperm whale groups is in sharp contrast to the close kin rela-

ionships in female-dominated social groups. Whether this large
iversity is unique for the sperm whales in our sample or a general
attern of male sperm whale aggregations has to be evaluated in
uture studies. Our findings can be used in future studies investigat-
ng sperm whale aggregations, aiming to increase our knowledge
f sperm whale distribution and social behavior.
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