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ABSTRACT

The North Atlantic fin whaleBalaenoptera physalusindertakes long-distance annual
migration between high-latitude summer feeding tioces and low-latitude winter mating

locations, like most of the baleen whales. Howetteg, uncertainties remaining concerning
the mating location and route of migration rendey hiological investigations challenging.

By statistically comparing genotype profiles of imat-fetus pairs (n=21) to that of the
potential alleged father (n=139) captured at thaeséeeding location, we found a matching
pairing of a mother-fetus captured in 2009 andthefacaptured in 2010. To our knowledge,
the present study is the first one to detect a erefiftus pair matching with an alleged father,
caught at exactly the same feeding area one y&anr [Bhis study, based on a very small
number of available samples and a small numbeoaf therefore reveals that well-planned
and organised mark-recapture genetic programs ikedy [to shed more light into the

migration pattern of baleen whale species.

KEYWORDS: BALAENOPTERA PHYSALUS, NORTH ATLANTIC OCEN,
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INTRODUCTION

In the last decades, several population genetdietuhave been carried out on the North
Atlantic fin whale stocks (Danielsdétet al, 1992; Danielsdéttir, 1994; Bérubéal, 1998;
Palsbgll et al, 2004; Danielsdottiret al, 2005, 2006; Pampouliet al, 2008), yet
uncertainties remain on the genetic structure isfgpecies.

Early genetic studies and studies on morphologataracters have revealed significant
divergence among some fin whales stocks in thehNatantic which are also supported by
tagging experiments and other non-genetic evidéAnsason and Jonsdottir, 1988; Arnason
et al, 1992; Bérubét al, 1998; Danielsdéttiet al, 1991, 1992; Danielsdottir, 1994; Jover
,1987, 1991, Sigurjonsson and Gunnlaugsson, 1986nl@augsson and Sigurjonsson, 1989;
Sigurjonssoret al, 1991; Vikingsson and Gunnlaugsson, 2006). Onctdrary, a recent
genetic analyze using neutral markers failed towslamy significant genetic structure at
feeding grounds in the North Atlantic (Pampoutieal, 2008). Although the contrasting
results of these studies can find their originhia hature of the genetic markers used as well
as in the history of the North Atlantic colonisatiby the fin whale (Pampouligt al, 2008),
genetic studies, have so far, failed to resolvekstliscrimination issues in this species.
However, other genetic approaches can be develop&iployed to investigate potential
stock structure in the North Atlantic fin whale. elhdevelopment of codominant,
hypervariable and easily genotyped locus such asosatellite loci have opened up the
possibility for other genetic approaches, which engroven to be a particularly useful
alternative when the indirect assessment of geme fhroughFsr estimates have failed to
reveal any significant signals. It has indeed besmently observed that determining lineage
and relation according to genetic markers suchiasosatellite loci promises to shed light on
the patterns of dispersal of marine organisms @ust al, 2007; Hedgecock, 2010; Joreds
al., 2010). During the last decade microsatellitei lbave therefore proved useful in
addressing key empirical questions related to bebea ecology, biology and mating
systems, all of which are relevant in that they m®ues that are required in order to
understand the dynamic of a species (Bentteal, 2001; Fournieet al, 2008; Hedgecock,
2010; Seddowet al, 2005)

Since 2009 Iceland has maintained an individuataBNA registry for the fin whale,
Balaenoptera physalugach individual was screened for 15 microsageliti and mtDNA).
By statistically comparing genotype profiles of imat-fetus pairs (n=21) to that of the
potential alleged father (n=139) captured at theeséeeding location, we found a matching
pair of a mother-fetus captured in 2009 and a fatlaptured in 2010. Here we report this
finding and discuss the results in terms of theratign pattern of the species and population
estimates.

MATERIALS AND METHODS

Samples and genotyping

The Icelandic DNA register for the fin whaRalaenoptera physalus composed of 269
genetic profiles collected between the years 2009 2010, and has been obtained for 15
microsatellite loci (EV001, EV037, GATA028, GATAOL®ATAO098, GATA417, GTO11,
GT023, GT195, GT211, GT271, GT310, GT575, TAA028 &GAA520; see Appendix 1),
the control region of mtDNA and a sex-marker (Bé&wand Palsbgll, 1996). From the 269
individual samples genotyped, a total of 23 femakasied a fetus for which a genetic sample
was also obtained (4 in 2009 and 19 in 2010). Altot 139 males were collected comprising
67 subjects in 2009 and 72 in 2010. All foetusesewested against the males collected in
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2009 but foetuses from 2010 were only tested agamades from 2010 resulting in 1780
paternity tests.
DNA was isolated using Agowa mag Midi DNA Isolati&it (Agowa GmbH). Polymerase
Chain Reactions (PCR) were performed in a 10 pumel containing 2 pL of DNA, 200 uM
of each dNTP, 1XTeg buffer (100 mM Tris-HCI, pH 8.8; 500mM KCI; 18MMgCl,; 1%
Triton X-100), 0.9 U Teg polymerase (Matis, Taq gamable (Olafssoet al, 2010)), 0.035-
0.125 pL (100 uM) of the labeled forward primersl dhe same amount of reverse primers
fitted with a GTTTCTT PIG-tail (Brownsteiet al 1996). The 15 microsatellite loci, along
with the sex-marker, were amplified in four separatultiplex systems (Appendix 1). PCR
reactions were performed on a Tetrad2 Peltier @ob) thermal cycler as follows: an initial
denaturation step of 4 min at 94 °C followed byc3@les of 30 s at 94°C, 50 s at variable
annealing temperatures (Appendix 1), 50 s at 72ah@,a final elongation step of 7 min at 72
°C. PCR products were analyzed on an ABI PRISM 3&fuencer using the GeneScan-500
LIZ size standard, and genotyped with GeneMapper(Applied Biosystems). Many of the
primers used in this study were redesigned at Matiere the published loci from GenBank
and authors were used as templates (Appendix 1)thAsgenotyping with the published
primers for loci TAA023 (Palsbglet al, 1997) and GT271 (Bérubét al, 2000) was
relatively unsuccessful, new primers were develdjpedhese loci after the sequencing of a
few fin whale samples upstream and downstreameobtlginal loci using the gene retrieval
method (Turneret al 2005). Both TAAO023 and GT271 were originally est&d from the
humpback whaléMegaptera novaeanglideThe sequencing results of the fin whale samples
showed divergences between the original humpba@teniorward primer sequence and the
reverse primer site for TAAA023 and GT271, respatyi. Therefore, a new forward primer
was designed for the TAA023 locus and new revernsegp for the GT271 locus. The reverse
primer site was conserved between the two speaesTAA023, although a new and
improved primer was designed for the reverse priagewell. The forward primer site for
GT271 was conserved, and since the pre-publishegtse primer worked well for the fin
whale it was consequently used again in this s(Béyubéet al, 2000).

Statistical analyzes

The software WHICHPARENTS (available at http://www-
bml.ucdavis.edu/whichparents.html) was used to sasg®tential crosses among mother-
foetus and alleged father, using 0-4 potential esis®WHICH PARENTS is an exclusion
based program which presents a moderate level wéatmn for null alleles, genotyping
errors and mutation (handled by misses).

Additional analyses of the possible crosses weréopeed in the software PATCAN v1.2
(available on request to J.A. Riancho; Riancho Aadabeitia, 2003) to assess the paternity
probability of the alleged father. The standardiltsseveal the likelihoods and probability of
the alleged father being the true father, versesaiternative hypothesis of the true father
being an unrelated individual. The software aldoved for inclusion of mutation rate at
exclusive loci.

Paternity tests were also performed using CERVWS33Kalinowskiet al, 2007) for the 23
fetus collected and the 139 candidate fathers gpadt In the simulation of paternity
analyzes, the proportion of loci typed was 0.95 tfwe full set of loci and the simulated
genotyping error rate was set at 0.01. Criticalgalof Delta were assessed for 80 and 95%
confidence level based on simulation of 100,008mihgs.
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RESULTS

The exclusion program WHICHPARENTS revealed thes@nee of one possible cross
between a mother-foetus pair and an alleged fathen run with a O miss procedure, i.e. a
100% match (Table 1).

Table 1.Allele sizes at each microsatellite loci of the heatfoetus pair number F09-091 and
of the alleged father (F10-100). The alleged fathas collected in 2010 while the mother-
foetus pair was collected in 2009.

Locus Mother Foetus Alleged
father

EV1 157/163 159/163 159/171
EV37 193/193 193/193 193/193
GTO011 127/131 125/131 117/125
GT023 127/129 125/129 125/129
GT195 161/175 161/169 169/173
GT211 120/120 116/120 116/116
GT271 114/118 114/118 118/118
GT310 106/112 106/112 112/112
GT575 154/156 154/154 152/154
GATAO028 199/219 199/215 215/227
GATAO053 262/262 262/270 258/270
GATA098 100/100 096/100 096/108
GATA417 269/277 269/269 269/285
GGAA520 201/223 207/223 207/219
TAA023 086/086 086/086 086/086

The analysis of this possible family, involving theother F09-091, her foetus (F09-091F)
and the alleged father (F10-100), using the so#viRATCAN revealed a high likelihood and
probability (cumulativePw = 1; cumulativeP| > 2.7x16?) associated with the hypothesis that
the alleged father was the true biological fatifahe foetus F09-091F (Table 2).

Table 2. Bayesian analysis of the mother-foetus pair FO9-#®%d the alleged father F10-100
by the software PATCAN (Riancho and Zarrabeitia0320 The values represent the
likelihood and the probability associated with tiypothesis that the alleged father is the true
biological father versus the competing hypothelsét the father is an unrelated animal. PI
depicts the paternity index.

Prior probability Prior Pl Posterior Posterior
(%) odds odds probability

0.1 0.001001 >10 2.6x10 100

1 0.010101 >19 2.6x10 100

10 0.111111 >10 2.6x10* 100

50 1 >16 2.6x10°? 100

70 2.333333 >10 6.2x10? 100

90 9 >16 2.4x10°3 100

95 19 >16 5.1x103° 100
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The paternity analyzis performed with the prograBRYUS predicted a very low success
rate of paternity assignment (Table 3) but slighilyher than the simulated data (not shown),
at least for the father alone set-up.

Table 3. Number of paternity assignment among the 23 fetitis known mother calculated
in CERVUS.

Confidence Father alone Father given known mother
level
of assignment

Critical Observed Expected Critical Observed Expected
delta assignment assignment delta assignment assignment
95% 3.92 1 (5%) 3 (15%) 0 2 (9%) 3 (16%)
80% 0.93 4 (18%) 4 (19%) 0 2 (9%) 3(16%)
Unassigned 18 (82%) 18 (81%) 20 (91%) 19 (84%)
Total 22 (100%) 22 (100%) 22 (100%) 22 (100%)

When a mother-fetus pair is genotyped, one canidenshat one male (father) has been
marked (with replacement as one male may fatheryn@ncapture occurs when a male is
caught and genotyped. A recapture occurs when lageal father matches a mother-foetus
pair. The number of observations (the availablekings times the captures) from males
caught in 2009 (ignoring male mortalities from tivee of impregnation to capture in the
following season) is 268 (4*67) in 2009 and in 2@K3uming annual natural survival of 0.96
for mature males is 1,645 (19*72+4*72*0.96) or atall 1,913. With one recapture the most
likely estimate of the number of potential fatherg§emales in the area is therefore 1,913 and
for a 90% probability of more recoveries, or fewdre numbers are 510 and 18,820. An
unbiased estimate is around 908.

DISCUSSION

The fin whale Balaenoptera physaluss believed to undertake long-distance migration
between high-latitude feeding areas in the summdrlaw-latitude mating locations in the
winter, like most of the baleen whales; in spitetto§, very little is know about the actual
migration pattern and dynamic of this species. ddtjh several genetic studies have been
performed over the last few decades, no consensulsl e reached upon the potential
numbers of mating locations and on the migratidtepa of the species.

In an attempt to assess the migration route ofgpecies, acoustic (Castellaeal, 2010)
and ID photography (Coakest al, 2005) have been implemented, as well as differen
tagging techniques (Rast al, 1978; Watkinset al, 1996). However, none of these methods
provided conclusive evidence for a migration ropagtern for the targeted species, although
acoustic data did reveal that fin whale from Eamst 8est Iceland might occasionally enter
the southwest Mediterranean basin during theireving migration (Castellotet al, 2010).
Nieukirk et al. (2009) detected year round fin whale calls onegigide of the Mid-Atlantic
Ridge from 16 to 51°N, with a peak in winter anshét farther north in summer.

Here, despite the low number of available sampdesrching within the Icelandic DNA
registry for a potential match between a mothaudfgtair and an alleged father enabled us to
find a highly significant match between a mothdugepair caught in 2009 and an alleged
father caught in 2010.

This match might be incidental and can be discudsedo the low number of loci employed,
and at least hypotheses can still be consideregplain the observed trio-match:
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1- The detected mating pair occurring at the saméng location exhibited a similar
migration habit during the winter. Sighting survessvealed that fin whales are most
commonly seen alone or in “pairs” (Vikingssenal, 2009) and relatedness analyses tended
to confirm that related individuals (Parent-offsgriand half-sibling) more commonly occur
at the same feeding location (Skaetgal, 2008). Therefore, although more information will
be required to confirm this hypothesis, it is plales to suggest that related individuals,
originating from the same mating location, exhdait identical migration route and sense of
timing.

2- The detected mating pair may originally beloadwo different populations (or mating
locations) among which gene flow may not be redcwhich might indicate that individual
fin whale from different mating location may roararass the North Atlantic during the
winter feeding migration as was suggested by aipusvgenetic study (Pampoulet al,
2008).

In addition, this matching trio enables us to givether estimate of population size similar to
what has been previously calculated. Indeed, ptipnl@stimates from sightings surveys for
the West Iceland area (incorporating the whalingugds) as defined by the IWC for RMP-
IST have been in the range 5 to 10,000 animald@nthe wider EGI IWC-Schedule area of
20-30,000 animals. The other observations of releedere are given in Gunnlaugssbral
(2010) and include discovery mark recoveries anderga offspring detections from
genotypes. Discovery mark recovery estimates basedirst and second year recoveries
within the area are around 3,000 (n=23), but irsgeaith time, while estimates based on
markings outside are high, but decrease with titn@arent-offspring estimate from within
the area was in the range of 5 to 10,000. Althotighconfidence limits are wide we have
here presented yet another observation of incomphexing, in the short term, of animals on
the ground west of Iceland to the wider population.

To conclude, this study does not seek to resoledassue on the potential number of mating
locations of the fin whale based on this uniquecamiaty trio but it nevertheless suggests that
an intensive and well-organised genetic mark-regapprogram could shed more light into
the migration pattern ddalaenoptera physaluand other baleen whales than genetic structure
studies, so long as the mating location(s) is (ao¢kxnown.
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Fin whale paternity analyzes

Appendix 1 Characteristics of the 15 microsatellite DNA maskscored for 269 fin whale individuals collected the Icelandic DNA registry.

Locus orig(i)nra:;zn;ﬁasree?/g?ggzrﬁzg)* Reference Egﬁ;e:;gn;nd dprrei\r?eerrs:epqr?rﬁg(r:se (@3 Multiplexes Al.ng Size range No. of alleles
T TS e e
EV037  AGCTTGATTTGGAAGTCATGA Valsecchi and Amos  AGCTTGATTTGGAAGTCATGAA . crc 170915 .

TAGTZGAGCCGTGATAAAGTGC (1996) GTGCAACCATAATGGAAAAACC
GATA028 é‘éé?éﬂféfﬁ; AC:g¢g¢EgI;A Palsbollet al. (1997) 2 56°C 191-239 13
GATAOS3 é;gi%iéigi?gﬁfgﬁféggg Palsballet al.(1997) ~ ATTCCCAGTGGCAGGAG 3 58°C 246-278 9
GATA098 TTSAT(/:AS%CATTGT(%%?gg?gTAgT palsballet al.(1007)  TGTACCCTGGATGGATAGATTG . crc 92120 o
GATA4L7 $g$ég¢gﬁggﬁfgﬁgfgff§ Palsballet al.(1997) | MATGGAAATGTTCTCTATCCTG 2 56°C 209-297 19
OO O o eSATeRT T Bérubéet al (1998) 3 58°C 117-133 8
T R e aoon SIS T e ewm  w
e s T e
T om0 SO 1 we  wem  n
erent gggfﬁé@ﬂgggﬁﬁgigiﬁg Bérubéet al.(2000)  ATAGAGCTAGGAAAGATAGAC 4 58°C 108-128 10
T e e e I e wew
GT575 ;égﬁg;féﬁggiﬁéﬁgﬁ%cg Bérubéet al.(2000) ~ CCAATATAAGTGAATACAAAGACCC 2 56°C 146-168 9
T A S om0 SO T ww
GGAA520 TAGCAGAYCTGAGTTATTTCC palsbollt . (1997)  |AGCAGAYCTGAGTTAATTCC . coc 199.235 e

TAGCATTTTAGTCTTGGGTGG

10



