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The blue shark (Prionace glauca) is globally distributed, occupying the pelagic, open ocean in temperate
and tropical waters. It is the most abundant shark in the north Pacific and is exploited in several fisheries.
Catch size and sex composition in fisheries and research data, along with tagging and distribution pat-
terns, have been used to infer the existence of distinct north and south Pacific stocks. The present study
consisted of a comprehensive survey of nuclear genetic diversity at microsatellite loci within and among
six regions encompassing the north Pacific blue shark distribution to rationalize current management
practice which assumes a single stock. We tested microsatellite diversity at 14 loci in 786 tissue samples
for east-west population differentiation, examined regional samples for evidence of population mixture,
and estimated historical and contemporary effective population sizes (N, ). The results strongly supported
the existence of a single population of blue shark in the north Pacific. Historical and contemporary Ne
values between 4500 and 5500 and the resultant low ratio of effective to census size (N.) does not reflect
recent population perturbation. However, it does highlight that the population may be more vulnerable
to reduced reproductive success arising from natural or fishing mortality coupled with environmental
change than total abundance would imply.

Crown Copyright © 2015 Published by Elsevier B.V. All rights reserved.

Keywords:

Microsatellite
Population structure
Effective population size

1. Introduction

The blue shark (Prionace glauca) is a large, open-ocean shark
found worldwide in temperate and tropical waters. It is considered
to be the most abundant pelagic shark, with extensive information
available on its biology (Nakano and Seki, 2003), and to a lesser
extent, on its ecology (Nakano and Stevens, 2008). Its abundance
reflects a generalist lifestyle and demographic resilience arising
from large litter size relative to other elasmobranchs and early
age-at-maturation, leading to a generation time estimated at seven
years (Nakano, 1994; Cortes, 2002). Blue sharks are vagile and
highly migratory (Kohler and Turner, 2008), with seasonal distribu-
tions corresponding to both prey availability and the reproductive
cycle (Nakano and Stevens, 2008). In addition, blue sharks segre-
gate by sex and size soon after birth, with the genders likely fully
integrated again only at breeding (Strasburg, 1958; Nakano, 1994;
Nakano and Seki, 2003).
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Little is known of blue shark population structure, on either
global or local scales, beyond the tagging results indicating equato-
rial migratory restriction (Kohler et al., 1998; Kohler and Turner,
2008). Emerging genetic information corroborates the tagging
depiction of a weakly-structured species due to its flexible habi-
tat requirements, great abundance and high mobility. Unlike some
vagile shark species that may occupy pelagic regions but rely on
coastal breeding grounds, blue shark do not exhibit mitochondrial
DNA variation reflecting fine scale reproductive subdivision and
female philopatry (Blower et al., 2012; Keeney et al., 2005; Ahonen
et al., 2009; Taguchi et al., 2015). These results are consistent with
a model of north Pacific gender-based blue shark distribution and
reproduction constructed from research survey catch data(Nakano,
1994). Both mating and pupping grounds are located in the sub-
Arctic boundary. Females may give birth annually. Mating occurs
during early summer months in waters between 20 and 30°N. Over
the course of a year, pregnant females migrate northward to par-
turition grounds (35-45°N) and birth occurs in early summer. The
nursery grounds for juvenile females include the pupping grounds
and the region just to the north and into the Gulf of Alaska; whereas
nursery grounds for juvenile males include the pupping grounds,
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Fig. 1. Location of blue shark samples (n=812) in the north Pacific, with aggregates representing geographic regions used in population structure analyses: NW—northwest;

SW—southwest; NC—north central; SC—south central; NE—northeast; SE—southeast.

but also the region just to the south. Adults range southward of the
nursery grounds to equatorial waters.

Existing genetic data for blue shark are limited, but have indi-
cated that the species is weakly structured over broad geographic
scales (Ovenden et al., 2009; Taguchi et al., 2015). There is a paucity
of information on the effective population size (N.) in blue shark,
but Taguchi et al. (2015) suggested that a lack of genetic differen-
tiation over the widespread distribution of the species, combined
with the biological attributes of large litter size, early maturation,
high vagility and high abundance, lead to the expectation of large
genetically effective population size. Ne is a standardized mea-
sure of size of the successful reproductive cohort in a population
that can be measured over historical times frames (HNg) or for
the contemporary population (CNe ). Historical estimates reflect the
cumulative effects of gene flow and demographic events since, and
possibly preceding, the establishment of a population. Since HN,
is the harmonic, rather than arithmetic, mean of N, in each con-
tributing generation, its value will be strongly influenced by low

Table 1

numbers associated with population bottlenecks, recent or ancient
(Frankham et al., 2010).

Blue shark in the north Pacific ocean may therefore comprise a
commercially exploited species that is abundant and both demo-
graphically and genetically resilient, although this premise has not
been subjected to rigorous evaluation based on extensive genetic
sampling. The basis of the genetic resilience is a postulated exis-
tence of a single, large population with a correspondingly large
effective size that provides the population with a strong adaptive
capability to respond to environmental fluctuations and harvest
pressure. The present study assesses diversity and population
structure of north Pacific blue shark at nuclear microsatellite loci
with a regional sample set characterized by large sample size and
extensive geographical coverage. The study is intended to pro-
vide results to justify or cause re-examination of the treatment
of blue shark in the north Pacific as a single population (stock) in
assessment efforts that provide direction for management actions
(Kleiber et al., 2009; ISC, 2014). We use the microsatellite data set
to test a hypothesis of genetic differentiation between blue sharks

Number of blue shark sampled (N) from each geographic region in the north Pacific (NW—northwest; SW—southwest; NC—north central; SC—south central; NE—northeast;
SE—southeast). Precaudal length (cm) and sex were recorded for a sub-set (n) of the total sharks sampled.

Precaudal length (cm) Sex ratio
Location Year N Median n Female (%) n
NW 2003 1 135 1 0 1
2005 41 129 41 36.6 41
2009 18 139 18 38.9 18
2010 38 128 38 71.1 38
SW 2011 18 163 18 100 18
NC 2010 12 122 12 16.7 12
2011 65 153 65 338 65
Ne 2007 1 136 1 0 1
2008 32 - 0 - 0
2011 23 - 0 - 0
NE 2007 93 103 92 83.9 92
2010 229 149 229 86.5 229
2011 2 = 0 - 0
SE 2007 100 77 47 51.0 89
2010 81 67 31 49.4 78
2011 90 150 57 49.1 55
Total 844 131 650 63.5 737
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of the eastern and western Pacific and to provide the first estimates
of HNg, CNe and CNe:N¢ for blue shark.

2. Materials and methods
2.1. Sample collection

Blue shark muscle tissue samples were collected opportunisti-
cally from fisheries and research surveys in the north Pacific from
2003 to2011.Samples were preserved in 95% undenatured ethanol.
The location (latitude and longitude) was recorded for each tissue
sample, and all samples were designated into one of six geographic
regions of the north Pacific (Fig. 1, Table 1). For some specimens, sex
and length (cm)were recorded. Lengths were recorded as precaudal
(PCL), forklength (FL) or total length (TL). Lengths were converted
to PCL based on conversion in Nakano and Seki (2003).

2.2. DNA extraction and amplification of microsatellite loci

DNA for polymerase chain reaction (PCR) amplification of
microsatellite loci was extracted using Qiagen (Toronto, Ontario,
Canada) DNeasy® 96 Blood and Tissue kits according to the
manufacturer’s protocol. PCR amplification was conducted for 14
microsatellite loci (Table 2) with primer sequences described by
Fitzpatrick et al. (2011) and Mendonca et al. (2012). In general,
amplification was conducted using a DNA Engine Tetrad2 ther-
mal cycler (BioRad, Hercules, California, United States) in 5L
volumes consisting of 0.14 units of HotStar Taq DNA polymerase
(Qiagen), 1 L of undiluted DNeasy extracted DNA, 1x PCR buffer,
84 uM of each nucleotide, 0.50 wM of fluorescently labelled M13
forward primer (TGTAAAACGACGGCCAGT), 0.13 wM of M13 tailed
forward primer, 0.50 .M of reverse primer with 5-GTTT consen-
sus sequence, and deionized water. The thermal cycling profile
involved one cycle of Taq activation for 15 min at 95 °C followed
by cycles of denaturation for 30s at 94°C, annealing for 30s, and
extension for 30s at 72°C; and a final extension for 10 min at
72 °C. Annealing temperatures and cycle number varied among loci
(Table 2). Microsatellite alleles were size fractionated on an ABI
3730 capillary DNA sequencer, and genotypes were scored with
GeneMapper software v 4.0 (Life Technologies, Burlington, Ontario,
Canada) using an internal lane sizing standard.

2.3. Data analyses

2.3.1. Genetic diversity and population structure

Blue shark samples were pooled across collection years for each
geographic region and multilocus genotypes successfully scored
at 10 or more of the 14 loci were included in the data analysis.
Microsatellite diversity within regional samples was assessed using
allelic richness (Ag) standardized to a sample size of 17 individuals,
and expected (Hg) and observed (Hg) heterozygosities calculated
using FSTAT (Goudet, 2001). Deviations from Hardy Weinberg equi-
librium were examined by sample region and locus.

Population subdivision of blue shark within the north Pacific
ocean was initially explored without a priori assignment of sam-
ples to particular regions using the Bayesian approach in Structure
version 2.3.3 (Pritchard et al., 2000). All samples with complete
genotypes (659) were included. Posterior probabilities for the exis-
tence of up to six blue shark subpopulations were evaluated with
independent runs of K= 1-6. All runs were performed with ten iter-
ations of a burn-in of 100,000 cycles and 200,000 MCMC repetitions
with no prior information. Allele frequencies were assumed to be
correlated and admixture was allowed. A likelihood ratio test was
used to determine the most probable number of subpopulations
and chain convergence was assessed by degree of stability in alpha
values after the burn-in period.

In subsequent analyses samples were assigned to their regional
groupings. Pairwise Fst values (Weir and Cockerham, 1984) were
estimated between regions in FSTAT (Goudet, 2001). Population
structure was further explored with analysis of molecular vari-
ance (AMOVA) using a hierarchical approach in Arlequin (v.3.5.1.3)
(Excoffier, 2005). We tested a postulated trans-Pacific restriction
of gene flow by separating the eastern and western samples into
two groups. Samples from the two central regions were included
in the eastern group by virtue of the low to absent Fsr differentia-
tion between them and in all pairwise comparisons with the eastern
regions. In addition, AMOVA was used to estimate temporal genetic
variation across the sampling period, with samples pooled into two
groups: early (2003-2008) and late (2010-2011). We did not anal-
yse allele frequencies based on latitude since the sampling design
did not allow for the extrication of confounded effects of uncon-
trolled variables such as dispersal routes, gender composition, age,
longitude, season or year of sampling. Historical gene flow between
geographicregions was estimated on a pairwise basis in Arlequin as
the absolute number of migrants (M) exchanged between regions
per generation. The latter is estimated using a derivation of Fsr
under several assumptions: mutation rate is negligible compared to
the migration rate, population(s) are migration-genetic drift equi-
librium, and regions in the pairwise comparisons only exchange
migrants with one another and no other region.

2.3.2. Effective population size

Both historical (HNe) and contemporary (CN.) effective popu-
lation estimates were generated for blue shark in the entire north
Pacific. HNe was also estimated using an assumed mutation rate
for microsatellite loci of 10~4, following the rationale of Karl et al.
(2011). HNe was estimated without assuming mutation-drift equi-
librium by Bayesian coalescent modelling to estimate 6 (the value
of 4Ne 1, where 1 is the per gene, per generation mutation rate)
and the scaled migration rate M (the migration rate between sam-
ples/mutation rate) in the program Migrate (Beerli and Palczewski,
2010). Forty individuals with complete 14-locus genotypes were
included from all sampling regions except that of the SW region
(too few samples). The program was run with uniform priors, a
Brownian mutation model and initial values of 6 generated from
Fsr values. We performed 10 replicate runs, each with a burn in
of 106 steps and a chain of 2.5 x 106 steps. Effective sample size
(ESS) estimates were used to assess convergence. Values of 6 for
all six blue shark regional samples were also estimated under the
assumption of mutation-drift equilibrium (fy) from expected het-
erozygosity levels using Arlequin, using both the single step and
infinite allele mutation models.

A CNe value for blue shark of the north Pacific was estimated
from linkage disequilibrium (LD) between loci in the microsatel-
lite data using NEEstimator 2.0 (Do et al., 2014). The LD method
provides less precise values for large (CNe > 1000) than small pop-
ulations, and the use of rare alleles (those alleles present in a sample
at less than the desired frequency) in small samples may produce
upward bias of CNe estimates (Waples and Do, 2008). As a result,
for large populations, a finite upper confidence limit for CNe is often
not defined. Large sample sizes (>200 individuals) improve preci-
sion and enable the use of rare alleles in CN, estimation with little
increase in bias (Waples and Do, 2008). In NEEstimator software,
rare alleles can be screened out with a Pcgjr parameter. We there-
fore combined all blue shark genotypes into a single sample and
performed CN, estimation with Pcgir=0.01.

To estimate the ratio of Ne to current census size (N¢), we con-
verted the two most recent estimates of north Pacific blue shark
biomass (ISC, 2014) to number of adults. We applied the length-
weight conversion for both sexes reported in Rice et al. (2013)
to a length-at-50% maturity estimate of 150 cm PCL (Nakano and
Seki, 2003) to estimate weight-at-50% maturity as 32.61kg and
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Table 2

Repeat motif, number of alleles, allele size range, polymerase chain reaction annealing temperature (T, ) and number of amplification cycles for blue shark microsatellite loci.
Locus Repeat motif Alleles Range (bp) Tm Cycles
Pgla-01 (TCC) 7-(TCC) 3 TCG(TCC) 5 8 220-253 56 35
Pgla-02 (TCC) 5TCG(TCC) 2 (TCG) 2 11 143-176 52 35
Pgla-03 (GGA) 3AAA(GGA) 4TGA(GGA) 2 6 198-213 52 35
Pgla-04 (TCT) 4(TCC) 6 6 230-245 57 35
Pgla-05 (GT) 27(GA) 19 45 186-294 59 40
Pgla-06 (CA) 2(GA) 10CA 8 140-162 48 40
Pgla-07 (TCC) 14 10 197-236 52 30
Pgla-08 (TCC) 7(TCC) 5 8 184-205 52 35
Pgla-09 (GGA) 6(GAA) 5 7 137-155 53 35
Pgla-10 (GA) 2CA(GA) 7 (GACA) 3CAGACA (GA) 13 13 135-161 57 35
TBO1 (GA)9 14 140-168 50 35
TB02 (GT) 14 35 220-290 50 35
TB04 (€T 8 6 148-158 50 35
TB13 (TG) 6 4 174-180 52 35

convert biomass to number of adults. The estimated weight-at-
50% maturity was applied to the female adult biomass estimate of
435,351 tonnes from an age-structured catch-at-length statistical
model (ISC, 2014) and we then doubled the number to account for
males. That model also provided estimates both of female adults
and of exploitable biomass; the total spawner biomass estimate
was 16% of the exploitable biomass estimate. Since the other model,
a Bayesian surplus production model (ISC, 2014) provided only
an estimate of exploitable biomass (622,000 tonnes comprised of
juveniles and adults of both sexes), we estimated the total adult
biomass as 16% of 622,000 tonnes and then applied the estimated
weight-at-50% maturity.

3. Results

A total of 844 tissue samples from 2003 to 2011 were collected
for analyses (Table 1). Not all years were sampled in each geo-
graphic region. Samples included a mixture of juvenile (<150 cm
PCL i.e., age-at-50% maturity based on Nakano and Seki, 2003) and
adult individuals, and were dominated by immature sharks except
for the small sample of sharks collected in southwest (SW) region
(Table 1).

3.1. Genetic diversity

Genotypes at 10 or more loci were obtained for 789 or 93.5% of
shark samples. Three individuals, including one from NE and two
from SE, were removed from the data because they displayed geno-
types identical at all loci to another sample from the same location
and year. Given the high exclusion power provided by the 14 loci,
it was assumed that each duplicated genotype resulted from the
inadvertent double sampling of anindividual. A total of 786 samples
were used for subsequent analyses.

The total number of alleles observed ranged from 4 to 45 among
the fourteen microsatellite loci (Table 2) and the average num-
ber of alleles observed at individual loci, averaged over geographic
regions, ranged from 3.8 for Pgla04 to 31.3 for Pgla05 (Table 3,
means not shown). Expected heterozygosity by locus ranged from
0.1571t00.9635 (Table 3). Alleles at all loci except Pgla06 tended to
conform to Hardy Weinberg equilibrium in most sampling regions
(Table 3). The consistent deficit of observed heterozygotes rel-
ative to those expected at PglaO6 (P<0.05 after correction for
multiple samples) indicated the likely presence of one or more
non-amplifying alleles at this locus. Pgla06 was excluded from sub-
sequent analyses. Four other loci, Pgla01, Pgla04, Pgla09 and TB13,
displayed heterozygote deficiencies in some geographic regions
but were not consistently out of Hardy Weinberg equilibrium. No
statistically significant linkage disequilibrium within regions was
detected in pairwise testing of loci. Across geographic regions the

level of genetic variation was uniform. Regional values of Hg and Ag
averaged over loci ranged from 0.60 to 0.63 and 6.5 to 6.9 among
regions, respectively (Table 3).

3.2. Population structure

The Bayesian analysis of STRUCTURE, in which genotypes were
clustered into one to six subpopulations (K=1-6) irrespective of
regional sampling location indicated that blue shark of the north
Pacific ocean constituted a single population. Blue shark genotypic
data from all regions combined were best explained by the analysis
of the analysis of K= 1, which had the highest likelihood and lowest
variance associated with it. Chain convergence was poor, with alpha
values failing to stabilize after the ten iterations (mean of 7.6, range
from O to 10), indicating no population substructure in the data.
Likelihood values associated with other possible subpopulation
structures tested (K= 2-6) decreased with each proposed additional
subpopulation and individual genotypes were partitioned equally
to all K subpopulations in each run. The absence of an apparent
Wahlund effect (shortage of observed heterozygotes relative to
those expected across all loci) in regional genotypic frequencies
also indicated that the apparent lack of population structure across
the north Pacific ocean was not due to a mixing of genotypes from
multiple distinct subpopulations in all regional shark collections.

Pairwise Fsy values between regions were <0.008; only Fsr
values involving other samples paired with the poorly sampled
SW region exceeded 0.004. All comparisons of allele frequencies
between regions were nonsignificant (all P>0.05) when cor-
rected for multiple comparison. The AMOVA with geographic
regions structured into western and eastern ‘groups’ (NW and SW
versus NC, SC, NE, and SE) did not support the proposed exis-
tence of longitudinally-based blue shark subpopulation structure
(Fsc =0.004; P=0.205). Virtually all the genetic variation (99.93%)
was accounted for by intra-regional and intra-individual variation.
Thus, variation between the east-west groups and among regions
within groups combined accounted for much <1% of total genetic
variation. Moreover, AMOVA of samples collected in the ‘early’ and
‘late’ time periods indicated that no significant genetic variation
was attributable to differences between samples in the final two
years of the study compared with those collected in earlier years
(Fsc=0.0007; P=0.110). Based on AMOVA results, we assumed a
single panmictic population in the subsequent analyses for the
effective population size.

3.3. Gene flow and effective population size

The estimated number of migrants exchanged between some
regions was infinite (Table 3). Pairwise unidirectional estimates of
0 and the scaled migration rate M, the number of migrants over
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Table 3

For each microsatellite locus, number of genotyped individuals (n), number of alleles (A), allelic richness (Agr), expected (Hg) and observed (Hop) levels of heterozygosity;
and departure from Hardy Weinberg equilibrium of genotypic frequencies (inbreeding coefficient; Fis) are shown for blue shark samples by geographic region. Means are
given by geographic region. Asterisks indicate statistically significant departures from Hardy Weinberg equilibrium after sequential Bonferroni correction. Sample region
abbreviations are those in Table 1.

NW SW NC SC NE SE

Pgla01 n 91 18 71 54 318 219

A 4.0 2.0 4.0 7.0 6.0 5.0

AR 2.7 2.0 3.0 3.8 35 3.6

He 0.1743 0.1571 0.1965 0.2953 0.2685 0.2930

Ho 0.1758 0.1667 0.1831 0.2222 0.2862 0.2603

Fis —0.0088 —0.0625 0.0686 0.2491 —0.0660 0.1120
Pgla02 n 95 17 72 52 317 217

A 9.0 6.0 10.0 8.0 10.0 11.0

AR 7.3 6.0 7.5 7.4 6.8 6.9

He 0.7870 0.7184 0.7833 0.8015 0.7634 0.7478

Ho 0.8105 0.6471 0.7778 0.8269 0.7760 0.7327

Fis —0.0300 0.1020 0.0071 —-0.0320 —0.0166 0.0202
Pgla03 n 94 17 72 52 320 217

A 4.0 3.0 4.0 4.0 5.0 5.0

AR 3.6 3.0 3.7 3.7 3.7 3.8

Hg 0.5804 0.5847 0.5663 0.5207 0.5302 0.5671

Ho 0.5638 0.7059 0.5000 0.5577 0.5188 0.5207

Fis 0.0287 —0.2152 0.1179 -0.0717 0.0217 0.0820
Pgla04 n 91 18 67 50 315 205

A 3.0 4.0 4.0 5.0 4.0 3.0

AR 3.0 39 33 39 3.1 3.0

He 0.6382 0.6873 0.6127 0.6442 0.6331 0.6230

Ho 0.6813 0.5556 0.6119 0.6600 0.6063 0.6439

Fis —0.0680 0.1962 0.0013 —0.0247 0.0424 —0.0337
Pgla05 n 95 18 73 54 320 215

A 32.0 19.0 30.0 31.0 41.0 35.0

AR 17.7 18.6 16.9 17.6 171 17.8

He 0.9465 0.9635 0.9393 0.9439 0.9429 0.9472

Ho 0.9158 0.8889 0.9452 0.9444 0.9438 0.9535

Fis 0.0326 0.0795 —0.0063 —0.0006 —0.0009 —0.0067
Pgla06 n 96 18 74 54 318 220

A 7.0 4.0 8.0 6.0 8.0 8.0

AR 4.8 3.8 4.9 4.6 5.5 5.2

Hg 0.3418 0.1619 0.2845 0.3304 0.4210 0.3536

Ho 0.2500 0.1667 0.2297 0.2963 0.2579 0.2364

Fis 0.2697 —0.0303 0.1936 0.1041 0.3879" 0.3320"
Pgla07 n 95 18 69 53 318 204

A 7.0 6.0 9.0 6.0 10.0 8.0

AR 5.0 59 54 4.5 5.0 5.4

Hg 0.5298 0.5444 0.4785 0.5508 0.4796 0.5767

Ho 0.5895 0.5000 0.4928 0.5849 0.4654 0.6078

Fis -0.1134 0.0838 —-0.0301 —0.0626 0.0296 —0.0542
Pgla08 n 95 17 74 53 317 219

A 5.0 4.0 7.0 7.0 8.0 7.0

AR 4.5 4.0 5.3 5.5 4.8 4.8

He 0.6663 0.5348 0.6722 0.6706 0.6669 0.6828

Ho 0.6211 0.4706 0.6892 0.6981 0.6814 0.6484

Fis 0.0683 0.1233 —-0.0255 —0.0414 —-0.0218 0.0505
Pgla09 n 96 18 74 54 319 213

A 6.0 5.0 6.0 5.0 7.0 7.0

AR 3.8 4.9 4.0 3.6 3.6 4.1

He 0.4440 0.3889 0.4064 0.3480 0.4075 0.4755

Ho 0.4063 0.3889 0.3514 0.2593 0.3699 0.4883

Fis 0.0855 0.0000 0.1363 0.2569 0.0923 —0.0268
Pgla1l0 n 94 18 73 53 320 219

A 9.0 9.0 12.0 10.0 12.0 10.0

AR 7.5 8.8 8.7 8.4 7.4 7.7

He 0.7892 0.7921 0.8161 0.7729 0.7518 0.7575

Ho 0.8191 0.7778 0.7808 0.7358 0.7375 0.6849

Fis —0.0381 0.0186 0.0435 0.0483 0.0190 0.0960
TBO1 n 96 18 74 53 320 219

A 10.0 8.0 11.0 9.0 13.0 12.0

Ar 8.8 79 7.9 8.0 8.6 8.4

He 0.8677 0.8714 0.8428 0.8404 0.8624 0.8537

Ho 0.8542 0.9444 0.8514 0.9057 0.8750 0.8447

Fis 0.0157 —0.0865 —0.0102 —-0.0784 —0.0146 0.0105
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Table 3 (Continued).

NW SW NC SC NE SE

TB02 n 94 18 74 52 318 221

A 27.0 17.0 27.0 26.0 33.0 28.0

Ar 15.6 16.6 16.6 17.6 16.1 15.8

He 0.9128 0.9460 0.9315 0.9492 0.9247 0.9217

Ho 0.8936 0.9444 0.9189 0.8462 0.8962 0.9095

Fis 0.0212 0.0017 0.0136 0.1095 0.0308 0.0133
TB04 n 95 18 71 53 321 221

A 4.0 5.0 5.0 5.0 5.0 4.0

Ar 3.5 49 3.9 43 3.9 3.6

He 0.5071 0.6032 0.5416 0.6022 0.5693 0.5455

Ho 0.5053 0.5556 0.6197 0.5472 0.5545 0.5656

Fis 0.0036 0.0811 —0.1454 0.0921 0.0260 —-0.0370
TB13 n 96 18 74 52 319 222

A 4.0 4.0 4.0 4.0 4.0 4.0

Ar 34 3.9 35 3.2 34 32

He 0.4970 0.5032 0.4892 0.4098 0.4655 0.4615

Ho 0.5417 0.4444 0.5000 0.2692 0.4514 0.4505

Fis —-0.0904 0.1197 -0.0221 0.3453 0.0303 0.0240
Mean n 95 18 72 53 319 217

A 9.4 6.9 10.1 9.5 119 10.5

Ar 6.5 6.7 6.8 6.9 6.6 6.7

He 0.6202 0.6041 0.6115 0.6200 0.6205 0.6290

Ho 0.6163 0.5826 0.6037 0.5967 0.6014 0.6105

Fis 0.0063 0.0365 0.0128 0.0379 0.0307 0.0295

Table 4 Table 5

Pairwise estimates of the absolute number of migrants (M) exchanged between blue
shark regions (Inf—infinite). Sample region abbreviations are given in Table 1.

NwW SW NC SC NE SE
NW
SW 411
NC inf 110
SC 195 97 inf
NE inf 95 inf 871
SE inf 55 1486 326 443

the mutation rate, from the Bayesian analysis of population struc-
ture in which migration was permitted between all sample regions
also indicated significant bidirectional gene flow throughout the
north Pacific ocean. In the Bayesian analysis, estimates of 6 ranged
from 1.4 to 2.9 (Table 5) with ESS values ranging between 17,000
and 37,000, indicating good convergence. Pairwise unidirectional
M values ranged from 3.7 to 15.7 for the 20 potential exchanges of
migrants between the five regions (SW excluded) with ESS values
ranging from 1600 to 4700. By generation, the pairwise estimates of
migrant individuals between regions (6 M) ranged from 7 to 30. By
region, estimated total immigrants ranged from 57 to 81 per gener-
ation, consistent with the observed lack of regional differentiation
in allele frequencies.

Estimates of Ne for blue shark of the north Pacific, resulting
from three different models incorporating different assumptions
and covering different (historic and contemporary) time periods
were consistent and less than 5500 (Table 5). The CN. estimate
based on pairwise LD between loci for all blue sharks sampled over
the nine year time period (approximately equal to estimated seven
year time generation interval) can be considered an estimate of the
contemporary effective size of the north Pacific blue shark popula-
tion (i.e., the size of the parental cohort that produced this single,
recent generation of blue shark). In contrast, the HNe estimate
obtained through Bayesian coalescence modelling is a multigenera-
tional average value over time dating back at least to establishment
of the north Pacific blue shark population. This estimate is not
based on the assumption that the population is in mutation-drift
equilibrium, whereas the HN, estimate derived from expected het-
erozygosity is also a historical average value but based on the

Effective population size (N.) estimates, with confidence intervals (CI) and mean
6 for blue shark sampled from six regions of the north Pacific ocean. Estimates
were derived from three methods applied to microsatellite genetic data: contempo-
rary estimates (CN. ) were estimated from pairwise linkage disequilibrium between
loci in the entire blue shark data set; historic estimates (HN.) were estimated
from Bayesian coalescence modelling; and from the expected heterozygosity at
microsatellite loci under the assumption of drift-mutation equilibrium in the blue
shark population.

Parameter CNe Coalescent HN, Equilibrium HN,
Ne 5468 4675 4461

95% CI 2802-52352 1425-7800 4365-4648
Mean 6 (range) - 1.87 (1.40-2.92) 1.78 (1.59-1.64)

assumption that the population has reached equilibrium and is
stable in abundance. This assumption may be unfounded if pop-
ulation expansions and/or contractions have occurred (or are in
progress) since colonization. Nevertheless, the values obtained by
the three methods ranged tightly between 4461 and 5468 although
the linkage-based CNe confidence limits were wide (Table 4). We
therefore used 5000 as an approximately estimate of N.. We esti-
mated total spawner abundance of blue shark in the north Pacific
to be between 3.1 x 10% individuals (Bayesian surplus production
model) and 26.7 x 10° individuals (age-structured catch-at-length
statistical model). Using our estimated Ne of approximately 5000
therefore provides a Ne:N¢ range from 2 x 10-3 to 1074,

4. Discussion
4.1. Genetic diversity and population structure

The comprehensive sampling of blue shark throughout the north
Pacific ocean encompassed in this study provided a portrait of a
highly mobile oceanic species with moderate genetic variability
and a panmictic breeding structure. Blue shark is relatively fecund,
fast-growing and early-maturing for a viviparous species. These
characteristics may provide a demographic resilience that under-
lies its global distribution and great abundance, but that abundance
and the tendency of blue shark to form migratory aggregations
also makes it vulnerable to targeted exploitation. The results of
this study supported current assessment practices in which blue
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sharks of the north Pacific are treated as a single stock. Limited
genetic analysis had furthermore indicated little genetic differ-
entiation between blue shark of Indo-Pacific and north Pacific
waters (Ovenden et al.,, 2009; Taguchi et al., 2015), but practi-
cal management constraints and prudence both dictate continued
management of Pacific blue shark as independent northern and
southern units. This consideration is supported by the probable
existence of distinct breeding grounds in the south Pacific (Mejuto
and Garcia-Cortés 2005) and restriction of blue shark passage
through equatorial waters.

In both the Pacific and Atlantic oceans, the existence of seg-
regated northern and southern hemisphere populations has been
postulated based on the occurrence of distinct reproductive cycles
(Nakano and Seki, 2003; Nakano and Stevens, 2008; Pratt, 1979;
Amorim, 1992). Blue shark density tends to be high in higher lat-
itudes for both southern and northern hemispheres (Strasburg,
1958; Nakano, 1994) and low in equatorial waters, indicating
that the equator may represent a temperature barrier to migra-
tion. Tagging data from the north Atlantic suggests that blue
sharks constitute a single stock in that region (Kohler and Turner,
2008), although tagged blue sharks have exhibited some movement
between the north and south Atlantic (Kohler et al., 1998). In the
north Pacific, blue sharks from eastern waters carrying satellite-
transmitting tags travelled extensively throughout the central and
eastern north Pacific, but did not migrate below equatorial waters
(Block et al., 2011). Differences in sex ratio and female reproductive
stages between the southeast north Pacific and the northeast south
Pacific have been used to suggest a discontinuity in sex segrega-
tion patterns between the two regions (Mejuto and Garcia-Cortés
2005). The likely resultant subdivision into two distinctive Pacific
blue shark populations is a prospect worthy of examination in a
comprehensive genetic sampling of blue shark across the south
Pacific ocean.

In both the Pacific and Atlantic oceans, the existence of seg-
regated northern and southern hemisphere populations has been
postulated based on the occurrence of distinct reproductive cycles
(Nakano and Seki, 2003; Nakano and Stevens, 2008; Pratt, 1979;
Amorim, 1992). Blue shark density tends to be high in higher lat-
itudes for both southern and northern hemispheres (Strasburg,
1958; Nakano, 1994) and low in equatorial waters, indicating
that the equator may represent a temperature barrier to migra-
tion. Tagging data from the north Atlantic suggests that blue
sharks constitute a single stock in that region (Kohler and Turner,
2008), although tagged blue sharks have exhibited some move-
ment between the north and south Atlantic (Kohler et al., 1998). In
the north Pacific, blue sharks from eastern waters carrying satellite
transmitting tags travelled extensively throughout the central and
eastern north Pacific, but did not migrate below equatorial waters
(Blocketal.,2011). Differences in sex ratio and female reproductive
stages between the southeast north Pacific and the northeast south
Pacific have been used to suggest a discontinuity in sex segrega-
tion patterns between the two regions (Mejuto and Garcia-Cortés,
2005).

The lack of genetic distinction among regions within the north
Pacific, and of any indication that regional blue shark samples
constituted mixtures of individuals from segregated spawning
groups, is consistent with the postulated existence of a single,
central, latitudinally-constricted mating region between 20 and
30°N (Nakano 1994). This study provided no indication that the
age and gender-specific migration patterns typical of this species
has resulted in assortative mating that might arise from nonran-
dom fraternization at breeding and lead to population subdivision.
In the north Pacific ocean, parturition grounds are hypothesized
to lie to the north of the breeding grounds (between 35 and
45°N), whereas juvenile females are found northward to 50°N,
and in the Gulf of Alaska to 55°N, and juvenile males are found

southward to 30°N. Although tagging data indicate that male blue
shark may be more mobile than females, there is no evidence that
females have greater geographic fidelity at breeding than males.
However, we did not test this possibility explicitly with concur-
rent microsatellite and mtDNA analysis. Intensive sampling of blue
sharkin the north Atlantic also provided evidence of the importance
of the mid-ocean regions to breeding and parturition (Mejuto and
Garcia-Cortés, 2005; Vandeperre et al., 2014). Breeding fidelity to
restricted geographic location has been documented primarily for
coastally-dependent shark species such as lemon shark (Negaprion
brevirostris), blacktip reef shark (Carcharhinus melanopterus) and
bull shark (C. leucas) (Karl et al., 2011; Mourier and Planes, 2013;
DiBattista et al., 2008), for which riverine, estuarine or shallow
coastal waters provide the breeding habitat.

4.2. Effective population size

The CN. provides a size measure for the reproductive cohort
that produced the extant generation of a population. Typically,
CNe values in the range of 500-1000 and higher are considered
indicative of a population that is resilient to loss of diversity due
to genetic drift in an evolutionary timeframe (Frankham et al.,
2010; Franklin, 1980). Ne values for other vagile species, even those
at lower abundances and reflecting more population substructure
than blue shark, have been estimated in the tens and hundreds of
thousands (Schultz et al., 2008; Chabot and Allen, 2009; Schmidt
et al., 2009; Karl et al., 2011). Our estimates of contemporary and
historical Ne for north Pacific blue shark obtained in this study
were relatively low (4461-5468) for a pelagic, wide-ranging shark
species characterized by high abundance, high vagility, apparently
high reproductive capacity, and comprising a single breeding unit
in the north Pacific ocean. A lower N, value of 8200, more similar
to our blue shark estimates, was obtained on the basis of mtDNA
variation for basking shark (Cetorhinus maximus), sampled on a
worldwide basis by Hoelzel et al. (2006). Those authors suggested
that the value was low, and possibly the result of a recent (i.e.,
within the past 12,000 years) population bottleneck.

The concordance of the blue shark HNe and CN, values indicates
that the low effective size does not result from a recent bottleneck,
but is a condition that likely has persisted at least since coloniza-
tion of the north Pacific ocean. Thus, it is not due to recently altered
environmental conditions, nor recent levels of exploitation, both
of which could influence the numbers of the breeding population.
Phylogeographic analysis indicated that, in fact, blue shark across
the Indo-Pacific region had undergone population expansion and
may have been little impacted by recent glacial-interglacial alterna-
tions of the Pleistocene period (Taguchi et al., 2015). Those authors
attributed the demographic resilience of the blue shark to its flex-
ible habitat and dietary requirements, a lack of reliance on coastal
habitats most affected by climate fluctuation and high vagility. His-
torical population expansion could contribute to low N, in blue
sharks, with the population of the north Pacific ocean not yet hav-
ing reached a stable abundance and condition of mutation-drift
equilibrium. If this is the case, a population expansion may have
been underway prior to blue shark colonization of north Pacific
waters. Alternately, other biological variables not yet understood,
may contribute to more variable reproductive success (temporally
or spatially) than is currently hypothesized from demographic and
life history knowledge.

The CN. of a population is generally less than the reproduc-
tive adult census size (N¢), but the ratio of effective to census
size (CNe:N¢) is variable among organisms. For many species, the
ratio ranges from 0.1 to 0.5 (Hare et al., 2011). Marine teleosts,
dominated by highly fecund broadcast spawners with ‘sweep-
stakes’ style reproductive success, often exhibit low ratios, ranging
down to 10~3 even after minimization of effects that lead to Ne
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underestimation in abundant, iteroparous species with overlap-
ping generations (Hare et al., 2011). It has been postulated that the
characteristic low fecundity and low variance in reproductive suc-
cess in elasmobranchs might lead to CNe:N¢ values more closely
aligned with typical values ranging upwards from 0.1 (Dudgeon
et al., 2012). N estimates for shark species are variable, largely
reflecting the degree of juvenile and adult vagility, and breeding
location fidelity, indicated by tagging studies. Coastally oriented
shark species may exhibit strong population subdivision associ-
ated with limited vagility and female philopatry. Such species are
additionally vulnerable to overexploitation due to their coastal res-
idence, and these factors combined often result in low CN, values
and CNe: N¢ ratios between 0.5 and 1.0 (Portnoy et al., 2009; Blower
etal., 2012).In other coastal species that exhibit high vagility and/or
low male philopatry, resultant higher levels of gene flow obscure
differentiation at nuclear loci and lead to greater Ne (Schultz et al.,
2008; Karl et al., 2011). Similarly, Ne in weakly structured, vagile
pelagic shark species with oceanic breeding grounds, although lit-
tle studied, may be high and range up to hundreds of thousands
(Hoelzel et al., 2006; Schmidt et al., 2009). However, there have
been few attempts to examine CNe:N¢ in these species, likely
because the geographic scope and total abundance of the ‘popu-
lation’ are often poorly known.

Our estimates of the ratio for Ne:N¢ ranged from2 x 103 to 104
which is similar to those observed for many widespread marine
fishes (Hare et al., 2011). It is an unusually low value for a shark
species, in which values greater than 10! are typical (Dudgeon
et al., 2012). The low HNe, of ~4,500 estimated under the assump-
tion that the microsatellite mutation rate in blue shark is 1074,
which may not be the true rate. It is, however, in general use as an
accepted rate for sharks (see discussion of Karl et al., 2011), and in
this study provided HN, estimates in good agreement with the esti-
mated CNe, which is independent of mutation rate. Expanding the
possible range of mutation rates by a factor of ten in both directions
provides possible HN. values as high as 45,000 and as low as 450.
The higher value would increase the Ne:N¢ correspondingly, but
even this ratio of 10~2 is low for a shark. A HN. of 500 would place
the blue shark population at risk of losing evolutionary adaptive
capacity (Frankham et al., 2010).

4.3. Management and conservation

The genetic analyses of this study, and of Taguchi et al. (2015),
support the current assessment processes in which blue shark of
the north Pacific ocean are treated as a single population (ISC,2014).
The lack of genetic differentiation at nuclear loci in large samples
of blue shark from throughout the north Pacific ocean is consistent
with the postulated existence of a single breeding ground (Nakano,
1994) and indicates that the age- and gender-specific migrations
undertaken in the species do not introduce non-random associa-
tions of individuals during breeding. MtDNA analysis has indicated
that the high level of gene flow among blue shark aggregations
may extend beyond the confines of the north Pacific (Taguchi et al.,
2015), but this result awaits confirmation by extension of the sur-
vey of nuclear variation to blue shark of southern Pacific waters.

The existence of a single, likely central, breeding area for north
Pacific blue shark alleviates concern about regional harvest opera-
tions possibly impacting small local groups to the extent that fine
scale

variation and adaptation could be lost. However, it highlights
the need for international management and cooperation to respon-
sibly manage a common resource. In the north Pacific ocean, blue
sharks are harvested in both targeted fisheries and as bycatch in
some longline and gill net fisheries, particularly those that tar-
get tuna, swordfish and marlins (Camhi et al., 2008; Dalzell et al.,
2008; Sosa-Nishizaki et al., 2008). Recently, two Regional Fish-

eries Management Organizations requested scientific advice on
the stock status of blue sharks: the Western and Central Pacific
Fisheries Commission (WCPFC) and the Inter-American Tropical
Tuna Commission (IATTC). Two international science organizations
provided collaborative stock assessment advice; the Secretariat of
the Pacific Community (SPC) provided an age-structured model
assessment and the Shark Working Group of the International Sci-
entific Committee for Tuna and Tuna-like Species (ISC) provided a
Bayesian surplus production model assessment (ISC, 2014). Both
assessments assumed a single population for the north Pacific
and used the same fisheries catch and biological data. While the
assessment models differed in underlying assumptions, each used
similar indices of abundance and base case scenarios (ISC, 2014).
Both assessment approaches classified the north Pacific blue shark
stock status as healthy and concluded that current harvest levels
are likely appropriate. The widely varying range in biomass esti-
mates between the two approaches indicate a continuing need for
improved assessment data.

The surprisingly low Ne compared to other shark species and
correspondingly low Ne:N¢ estimated for north Pacific blue shark
in this study corroborate the suggested requirement for a greater
understanding of stock status. The lower N. may result from biolog-
ical complexity in the species not currently well understood, such as
more variable reproductive success than currently assumed, and/or
from historical population expansion from a bottleneck. Extension
of genetic surveys to a global scale (including the north Atlantic and
throughout the southern hemisphere) should elucidate the world-
wide population structure of blue shark and clarify whether the
lower Ne is a universal blue shark condition. If so, it may reflect
cryptic biological factors that lead to much lower and more vari-
able reproductive success than that currently proposed for the
species on the basis of its relatively early age-of-maturation cou-
pled with significant longevity, large litter size, high abundance
and vagility. This would highlight a need to better elucidate, and
perhaps decrease anthropogenic effects on, breeding location and
activity in international waters.

The estimate CNe values for blue shark are in the range that
suggest that north Pacific population can respond adaptively to nat-
ural selection in the face of environmental change (Frankham et al.,
2010; Franklin, 1980) and that it currently not at risk of breaching a
critically low level of Ne. However the low Ne:N¢ value indicates the
population may be vulnerable to reduced reproductive success aris-
ing from natural (environmentally-mediated) mortality or fishing
mortality. The relatively short generation time of blue shark should
enable rapid detection of changes in CNg, and timely implementa-
tion of remedial management actions, if a modest level of genetic
monitoring and improvements in our understanding the biology of
the species are maintained.

Acknowledgements

Additional blue shark tissue samples from southeastern and
south-central north Pacific were provided by J. Hyde at the South-
west Fisheries Science Center (USA). Funding for genetic analyses
was provided by a DFO Intergovernmental Strategic Program grant
awarded to JRK. Review and discussion of results were provided
by the International Scientific Committee for Tuna and Tuna-like
Species Shark Working Group.

References

Amorim, A.F., 1758. Estudo da biologia, pesca e reproducao do caao azul, Prionace
glauca L. capturado no sudeste e sul do Brasil. In: Ph.D. dissertataion.
Universidade Estadual Paulista, Sdo Paulo, Brazil.

Ahonen, H., Harcourt, R.G., Stow, A.]., 2009. Nuclear and mitochondrial DNA reveals
isolation of imperilled grey nurse shark populations (Carcharias taurus). Mol.
Ecol. 18, 4409-4421.


http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0010
https://www.researchgate.net/publication/6651456_Low_worldwide_genetic_diversity_in_the_basking_shark_Cetorhinus_maximus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229671950_Understanding_and_Estimating_Effective_Population_Size_for_Practical_Application_in_Marine_Species_Management?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229671950_Understanding_and_Estimating_Effective_Population_Size_for_Practical_Application_in_Marine_Species_Management?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/26870589_Ahonen_H_R_G_Harcourt_and_A_J_Stow_Nuclear_and_mitochondrial_DNA_reveals_isolation_of_imperilled_grey_nurse_shark_populations_Carcharias_taurus_Molecular_Ecology_18?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/26870589_Ahonen_H_R_G_Harcourt_and_A_J_Stow_Nuclear_and_mitochondrial_DNA_reveals_isolation_of_imperilled_grey_nurse_shark_populations_Carcharias_taurus_Molecular_Ecology_18?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/26870589_Ahonen_H_R_G_Harcourt_and_A_J_Stow_Nuclear_and_mitochondrial_DNA_reveals_isolation_of_imperilled_grey_nurse_shark_populations_Carcharias_taurus_Molecular_Ecology_18?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23718716_Schultz_J_K_et_al_Global_phylogeography_and_seascape_genetics_of_the_lemon_sharks_genus_Negaprion_Molecular_Ecology_17?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23718716_Schultz_J_K_et_al_Global_phylogeography_and_seascape_genetics_of_the_lemon_sharks_genus_Negaprion_Molecular_Ecology_17?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225717059_Effective_size_closely_approximates_the_census_size_in_the_heavily_exploited_western_Atlantic_population_of_sandbar_sharks_Carcharhinus_plumbeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/226232604_Phylogeography_and_conservation_of_the_bull_shark_Carcharhinus_leucas_inferred_from_mitochondrial_and_microsatellite_DNA?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/226232604_Phylogeography_and_conservation_of_the_bull_shark_Carcharhinus_leucas_inferred_from_mitochondrial_and_microsatellite_DNA?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/272820161_Population_genetics_of_Australian_white_sharks_reveals_fine-scale_spatial_structure_transoceanic_dispersal_events_and_low_effective_population_sizes?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/272820161_Population_genetics_of_Australian_white_sharks_reveals_fine-scale_spatial_structure_transoceanic_dispersal_events_and_low_effective_population_sizes?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230030943_A_Global_Overview_of_Commercial_Fisheries_for_Open_Ocean_Sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24263402_Low_Genetic_Differentiation_across_Three_Major_Ocean_Populations_of_the_Whale_Shark_Rhincodon_typus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/261027773_Age_reproduction_and_migration_of_blue_shark_Prionace_glauca_in_the_North_Pacific_Ocean?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/261027773_Age_reproduction_and_migration_of_blue_shark_Prionace_glauca_in_the_North_Pacific_Ocean?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230344286_Case_Study_Catch_and_Management_of_Pelagic_Sharks_in_Hawaii_and_the_US_Western_Pacific_Region?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230344286_Case_Study_Catch_and_Management_of_Pelagic_Sharks_in_Hawaii_and_the_US_Western_Pacific_Region?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==

J.R. King et al. / Fisheries Research 172 (2015) 181-189 189

Beerli, P., Palczewski, M., 2010. Unified framework to evaluate panmixia and
migration direction among multiple sampling locations. Genetics 185,
313-326.

Block, B.A., Jonsen, I.D., Jorgensen, S.]., Winship, A.]., Shaffer, S.A., Bograd, S.J.,
Hazen, E.L, Foley, D.G., Breed, G.A., Harrison, A.L., Ganong, |.E., Swithenbank, A.,
Castleton, M., Dewar, H., Mate, B.R,, Shillinger, G.L., Schaefer, K.M., Benson, S.R.,
Weise, M.]., Henry Costa, R.W.D.P., 2011. Tracking apex marine predator
movements in a dynamic ocean. Nature 475, 86-90.

Blower, D.C., Pandolfi, ].M., Bruce, B.D., Gomez-Cabrera, M., Ovenden, |.R., 2012.
Population genetics of Australian white sharks reveals fine-scale spatial
structure, transoceanic dispersal events and low effective population sizes.
Mar. Ecol. Prog. Ser. 455, 229-244.

Camhi, M.D., Lauck, E., Pikitch, E.K., Babcock, E.A., 2008. A global overview of
commercial fisheries for open ocean sharks. In: Camhi, M.D., Pikitch, E.K.,
Babcock, E.A. (Eds.), Sharks of the Open Ocean: Biology, Fisheries and
Conservation. Blackwell Publishing, Oxford, UK, pp. 166-192.

Chabot, C.L,, Allen, L.G., 2009. Global population structure of the tope (Caleorhinus
galeus) inferred by mitochondrial control region sequence data. Mol. Ecol. 18,

Kohler, N.E., Turner, P.A., 2008. Stock structure of the blue shark (Prionace glauca)
in the north Atlantic ocean based on tagging data. In: Camhi, M.D., Pikitch, E.K.,
Babcock, E.A. (Eds.), Sharks of the Open Ocean: Biology, Fisheries and
Conservation. Blackwell Publishing, Oxford, UK, pp. 339-350.

Kohler, N.E., Casey, ].G., Turner, P.A., 1998. NMFS Cooperative Shark Tagging
Program, 1962-93: an atlas of shark age and recapture data. Mar. Fish Rev. 60,
1-87.

Mejuto, ]., Garcia-Cortés, B., 2005. Reproductive and distribution parameters of the
blue shark Prionace glauca, on the basis of on-board observations at sea in the
Atlantic, Indian and Pacific oceans. Collect. Vol. Sci. Pap. ICCAT 58 (3), 951-973.

Mendonca, F.F., Ussami, L.H.F.,, Hashimoto, D.T., Pereira, L.H.G., Porto-Foresti, F.,
Oliveira, C., Gadig, O.B.F., Foresti, F., 2012. Identification and characterization of
polymorphic microsatellite loci in the blue shark Prionace glauca, and
cross-amplification in other shark species. |. Fish Biol. 80, 2643-2646.

Mourier, J., Planes, S., 2013. Direct genetic evidence for reproductive philopatry
and associated fine-scale migrations in female blacktip reef sharks
(Carcharhinus melanopterus) in French Polynesia. Mol. Ecol. 22, 201-214.

Nakano, H., 1994. Age, reproduction and migration of blue shark in the north

545-552.

Dalzell, P.., Laurs, R.M., Haight, W.R., 2008. Case study: catch and management of
pelagic sharks in Hawaii and the US western Pacific region. In: Camhi, M.D.,
Pikitch, E.K., Babcock, E.A. (Eds.), Sharks of the Open Ocean: Biology, Fisheries
and Conservation. Blackwell Publishing, Oxford, UK, pp. 268-274.

DiBattista, |.D., Feldheim, K.A., Thibert-Plante, X., Gruber, S.H., Hendry, A.P., 2008. A

Pacific ocean. Bull. Nat. Res. Inst. Far Seas Fish 31, 141-256.

Nakano, H., Seki, M.P., 2003. Synopsis of biological data on the blue shark, Prionace
glauca Linnaeus. Bull. Fish. Res. Agen. 6, 18-55.

Nakano, H., Stevens, ].D., 2008. The biology and ecology of the blue shark, Prionace
glauca. In: Camhi, M.D., Pikitch, E.K., Babcock, E.A. (Eds.), Sharks of the Open
Ocean: Biology, Fisheries and Conservation. Blackwell Publishing, Oxford, UK,

genetic assessment of polyandry and breeding-site fidelity in lemon sharks.
Mol. Ecol. 17, 3337-3351.

Do, C., Waples, R.S., Peel, D., MacBeth, G.M., Tillett, B.J., Ovenden, J.R., 2014.
Neestimator v2: re-implementation of software for the estimation of
contemporary effective population size (N.) from genetic data. Mol. Ecol. Res.
14, 209-214.

Dudgeon, C.L.,, Blower, D.C., Broderick, D., Giles, ].L., Holmes, B.]., Kashiwagi, T.,
Kriick, N.C., Morgan, ].A.T., Tillett, B.]., Ovenden, ].R., 2012. A review of the
application of molecular genetics for fisheries management and conservation
of sharks and rays. |. Fish Biol. 80, 1789-1843.

Fitzpatrick, S., Shivji, M.S., Chapman, D.D., Prodoh, P.A., 2011. Development and
characterization of 10 polymorphic microsatellite loci for the blue shark,
Prionace glauca, and their cross shark-species amplification. Conserv. Genet.
Res. 3, 523-527.

Frankham, R,, Ballou, J.D., Briscoe, D.A., 2010. Introduction to Conservation
Genetics, second ed. Cambridge University Press, Cambridge.

Franklin, .R., 1980. Evolutionary change in small populations. In: Soulé, M.E.,
Wilcox, B.A. (Eds.), Conservation Biology: An Evolutionary-Ecological
Perspective. Sinauer Associates, Inc., Sunderland, MA, pp. 135-150.

Goudet, J., 2001. FSTAT, A. Program to Estimate and Test Gene Diversities and
Fixation Indices, version 2.9.3; 2001, www.unil.ch/popgen/softwares/fstat.htm
(accessed 20.12.13.).

Hare, M.P., Nunney, L., Schwartz, M.K., Ruzzante, D.E., Burford, M., Waples, R.S.,
Ruegg, K., Palstra, F., 2011. Understanding and estimating effective population
size for practical application in marine species. Conserv. Biol. 25, 438-449.

Hoelzel, R.A., Shiviji, M.S., Magnussen, |., Francis, M.P., 2006. Low worldwide genetic
diversity in the basking shark (Cetorhinus maximus). Biol. Lett. 2, 639-642.

International Scientific Committee for Tuna and Tuna-like Species in the north
Pacific ocean (ISC), 2014. Annex 13: stock assessment and future projections of
blue shark in the north Pacific ocean. In: Report of the Fourteenth Meeting
International Scientific Committee for Tuna and Tuna-like Species in the north
Pacific ocean, Plenary Session, 16-21 July 2014. Taipei, Taiwan.

Karl, S.A., Castro, A.L.F.,, Lopez, ].A., Charvet, P., Burgess, G.H., 2011. Phylogeography
and conservation of the bull shark (Carcharhinus leucas) inferred from
mitochondrial and microsatellite DNA. Conserv. Genet. 12, 371-382.

Keeney, D.B., Heupel, M.R., Hueter, R.E., Heist, E.]., 2005. Microsatellite and
mitochondrial DNA analyses of the genetic structure of blacktip shark
(Carcharhinus limbatus) nurseries in the northwestern Atlantic, Gulf of Mexico,
and Caribbean Sea. Mol. Ecol. 14, 1911-1923.

Kleiber, P., Clarke, S., Bigelow, K., Nakano, M., McAllister, Y., Takeuchi, 2009. North
Pacific blue shark stock assessment. U.S. Dep. Commer., NOAA Tech. Memo.,
NOAA-TM-NMFS-PIFSC-17, 74 p.

pp. 140-151.
Ovenden, |.R., Kashiwagi, T., Broderick, D., Giles, ]., Salini, ., 2009. The extent of

population genetic subdivision differs among four co-distributed shark species
in the Indo-Australian archipelago. BMC Evol. Biol. 9 (40), 1-15.

Portnoy, D.S., McDowell, ].R., McCandless, C.T., Musick, |.A., Graves, |.E., 2009.
Effective size closely approximates the census size in the heavily exploited
western Atlantic population of the sandbar shark, Carcharhinus plumbeus.
Conserv. Genet. 10, 1697-1705.

Pratt, HW., 1979. Reproduction in the blue shark, Prionace glauca. Fish Bull. 77,
445-470.

Pritchard, |.K., Stephens, M., Donnelly, P., 2000. Inference of population structure
using multilocus genotype data. Genetics 155, 945-959.

Rice, J., Harley, S., Maunder, M., Da-Silva, A.A., 2013. Stock assessment of blue
sharks in the north Pacific ocean using Stock Synthesis. In: Western and
Central Pacific Fisheries Commission Scientific Committee Ninth Regular
Session, 6-14 August 2013, Pohnpei, Federated States of Micronesia Stock
Status Theme Working Paper WCPFC-SC9-2013/SA-WP-02.

Schmidt, J.V., Schmidt, C.L., Ozer, F., Ernst, R.E., Feldheim, K.A., Ashley, M.V., Levine,
M., 2009. Low genetic differentiation across three major ocean populations of
the whale shark, Rhincodon typus. PLoS ONE 4 (4), e4988, http://dx.doi.org/10.
1371/journal.pone.0004988

Schultz, |.K., Feldheim, K.A., Gruber, S.H., Ashley, M.V., McGovern, T.M., Bowen,
B.W., 2008. Global phylogeography and seascape genetics of the lemon sharks
(genus Negaprion). Mol. Ecol. 17, 5336-5348.

Sosa-Nishizaki, O., Marques-Farias, J.F., Villavicencio-Garayzar, C.J., 2008. Sharks of
the Open Ocean: Biology, Fisheries and Conservation. In: Camhi, M.D., Pikitch,
E.K., Babcock, E.A. (Eds.). Blackwell Publishing, Oxford, UK, pp. 275-282.

Strasburg, D.W., 1958. Distribution, abundance, and habits of pelagic sharks in the
central Pacific ocean. Fish Bull. 138, 335-361.

Taguchi, M., King, |.R., Wetklo, M., Withler, R.E., Yokawa, K., 2015. Population
genetic structure and demographic history of Pacific blue sharks (Prionace
glauca) inferred from mitochondrial DNA analysis. Mar. Freshwater Res. 66,
267-275.

Vandeperre, F., Aires-da-Silva, A., Santos, M., Ferreira, R., Bolte, A., Santos, R.,
Alfonso, P., 2014. Demography and ecology of blue shark (Prionace glauca) in
the central north Atlantic. Fish Res. 153, 89-102.

Waples, R.S., Do, C., 2008. LdNe: a program for estimating effective population size
from data on linkage disequilibrium. Mol. Ecol. Res. 8 (4), 753-756.

Weir, B.S., Cockerham, C.C., 1984. Estimating F-statistics for the analysis of
population structure. Evolution 38, 1358-1370.



http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0015
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0020
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0025
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0030
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0035
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0040
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0045
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0050
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0055
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0060
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0065
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0070
http://www.unil.ch/popgen/softwares/fstat.htm
http://www.unil.ch/popgen/softwares/fstat.htm
http://www.unil.ch/popgen/softwares/fstat.htm
http://www.unil.ch/popgen/softwares/fstat.htm
http://www.unil.ch/popgen/softwares/fstat.htm
http://www.unil.ch/popgen/softwares/fstat.htm
http://www.unil.ch/popgen/softwares/fstat.htm
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0080
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0085
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0090
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0095
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0100
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0110
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0115
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0120
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0125
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0130
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0135
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0140
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0145
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0150
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0155
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0160
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0165
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0170
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
dx.doi.org/10.1371/journal.pone.0004988
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0180
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0185
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0190
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0195
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0200
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0205
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
http://refhub.elsevier.com/S0165-7836(15)30002-3/sbref0210
https://www.researchgate.net/publication/6651456_Low_worldwide_genetic_diversity_in_the_basking_shark_Cetorhinus_maximus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/6651456_Low_worldwide_genetic_diversity_in_the_basking_shark_Cetorhinus_maximus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229671950_Understanding_and_Estimating_Effective_Population_Size_for_Practical_Application_in_Marine_Species_Management?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229671950_Understanding_and_Estimating_Effective_Population_Size_for_Practical_Application_in_Marine_Species_Management?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229671950_Understanding_and_Estimating_Effective_Population_Size_for_Practical_Application_in_Marine_Species_Management?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51140129_ldne_a_program_for_estimating_effective_population_size_from_data_on_linkage_disequilibrium_COMPUTER_PROGRAMS?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51140129_ldne_a_program_for_estimating_effective_population_size_from_data_on_linkage_disequilibrium_COMPUTER_PROGRAMS?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23718716_Schultz_J_K_et_al_Global_phylogeography_and_seascape_genetics_of_the_lemon_sharks_genus_Negaprion_Molecular_Ecology_17?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23718716_Schultz_J_K_et_al_Global_phylogeography_and_seascape_genetics_of_the_lemon_sharks_genus_Negaprion_Molecular_Ecology_17?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23718716_Schultz_J_K_et_al_Global_phylogeography_and_seascape_genetics_of_the_lemon_sharks_genus_Negaprion_Molecular_Ecology_17?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/232959524_Direct_genetic_evidence_for_reproductive_philopatry_and_associated_fine-scale_migrations_in_female_blacktip_reef_sharks_Carcharhinus_melanopterus_in_French_Polynesia?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/232959524_Direct_genetic_evidence_for_reproductive_philopatry_and_associated_fine-scale_migrations_in_female_blacktip_reef_sharks_Carcharhinus_melanopterus_in_French_Polynesia?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/232959524_Direct_genetic_evidence_for_reproductive_philopatry_and_associated_fine-scale_migrations_in_female_blacktip_reef_sharks_Carcharhinus_melanopterus_in_French_Polynesia?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/7831959_Microsatellite_and_mitochondrial_DNA_analyses_of_the_genetic_structure_of_blacktip_shark_Carcharhinus_limbatus_nurseries_in_the_north_western_Atlantic_Gulf_of_Mexico_and_Caribbean_Sea_Mol_Ecol?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/7831959_Microsatellite_and_mitochondrial_DNA_analyses_of_the_genetic_structure_of_blacktip_shark_Carcharhinus_limbatus_nurseries_in_the_north_western_Atlantic_Gulf_of_Mexico_and_Caribbean_Sea_Mol_Ecol?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/7831959_Microsatellite_and_mitochondrial_DNA_analyses_of_the_genetic_structure_of_blacktip_shark_Carcharhinus_limbatus_nurseries_in_the_north_western_Atlantic_Gulf_of_Mexico_and_Caribbean_Sea_Mol_Ecol?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/7831959_Microsatellite_and_mitochondrial_DNA_analyses_of_the_genetic_structure_of_blacktip_shark_Carcharhinus_limbatus_nurseries_in_the_north_western_Atlantic_Gulf_of_Mexico_and_Caribbean_Sea_Mol_Ecol?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/224004046_A_review_of_the_application_of_molecular_genetics_for_fisheries_management_and_conservation_of_sharks_and_rays?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225717059_Effective_size_closely_approximates_the_census_size_in_the_heavily_exploited_western_Atlantic_population_of_sandbar_sharks_Carcharhinus_plumbeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225717059_Effective_size_closely_approximates_the_census_size_in_the_heavily_exploited_western_Atlantic_population_of_sandbar_sharks_Carcharhinus_plumbeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225717059_Effective_size_closely_approximates_the_census_size_in_the_heavily_exploited_western_Atlantic_population_of_sandbar_sharks_Carcharhinus_plumbeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225717059_Effective_size_closely_approximates_the_census_size_in_the_heavily_exploited_western_Atlantic_population_of_sandbar_sharks_Carcharhinus_plumbeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/12483622_STRUCTURE_version_233_inference_of_population_structure_using_multilocus_genotype_data?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/12483622_STRUCTURE_version_233_inference_of_population_structure_using_multilocus_genotype_data?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/261027694_Synopsis_of_biological_data_on_the_blue_shark_Prionace_glauca_Linnaeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/261027694_Synopsis_of_biological_data_on_the_blue_shark_Prionace_glauca_Linnaeus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/237375758_Reproductive_and_distribution_parameters_of_the_blue_shark_Prionace_glauca_on_the_basis_of_on-board_observations_at_sea_in_Atlantic_Indian_and_Pacific_Oceans?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/237375758_Reproductive_and_distribution_parameters_of_the_blue_shark_Prionace_glauca_on_the_basis_of_on-board_observations_at_sea_in_Atlantic_Indian_and_Pacific_Oceans?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/237375758_Reproductive_and_distribution_parameters_of_the_blue_shark_Prionace_glauca_on_the_basis_of_on-board_observations_at_sea_in_Atlantic_Indian_and_Pacific_Oceans?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/260269223_Demography_and_ecology_of_blue_shark_Prionace_glauca_in_the_central_North_Atlantic?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/260269223_Demography_and_ecology_of_blue_shark_Prionace_glauca_in_the_central_North_Atlantic?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/260269223_Demography_and_ecology_of_blue_shark_Prionace_glauca_in_the_central_North_Atlantic?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24010016_The_extent_of_population_genetic_subdivision_differs_among_four_co-distributed_shark_species_in_the_Indo-Australian_archipelago?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24010016_The_extent_of_population_genetic_subdivision_differs_among_four_co-distributed_shark_species_in_the_Indo-Australian_archipelago?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24010016_The_extent_of_population_genetic_subdivision_differs_among_four_co-distributed_shark_species_in_the_Indo-Australian_archipelago?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225754711_Development_and_characterization_of_10_polymorphic_microsatellite_loci_for_the_blue_shark_Prionace_glauca_and_their_cross_shark-species_amplification?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225754711_Development_and_characterization_of_10_polymorphic_microsatellite_loci_for_the_blue_shark_Prionace_glauca_and_their_cross_shark-species_amplification?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225754711_Development_and_characterization_of_10_polymorphic_microsatellite_loci_for_the_blue_shark_Prionace_glauca_and_their_cross_shark-species_amplification?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225754711_Development_and_characterization_of_10_polymorphic_microsatellite_loci_for_the_blue_shark_Prionace_glauca_and_their_cross_shark-species_amplification?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/226232604_Phylogeography_and_conservation_of_the_bull_shark_Carcharhinus_leucas_inferred_from_mitochondrial_and_microsatellite_DNA?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/226232604_Phylogeography_and_conservation_of_the_bull_shark_Carcharhinus_leucas_inferred_from_mitochondrial_and_microsatellite_DNA?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/226232604_Phylogeography_and_conservation_of_the_bull_shark_Carcharhinus_leucas_inferred_from_mitochondrial_and_microsatellite_DNA?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/5292765_A_genetic_assessment_of_polyandry_and_breeding-site_fidelity_in_lemon_sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/5292765_A_genetic_assessment_of_polyandry_and_breeding-site_fidelity_in_lemon_sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/5292765_A_genetic_assessment_of_polyandry_and_breeding-site_fidelity_in_lemon_sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/272820161_Population_genetics_of_Australian_white_sharks_reveals_fine-scale_spatial_structure_transoceanic_dispersal_events_and_low_effective_population_sizes?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/272820161_Population_genetics_of_Australian_white_sharks_reveals_fine-scale_spatial_structure_transoceanic_dispersal_events_and_low_effective_population_sizes?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/272820161_Population_genetics_of_Australian_white_sharks_reveals_fine-scale_spatial_structure_transoceanic_dispersal_events_and_low_effective_population_sizes?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/272820161_Population_genetics_of_Australian_white_sharks_reveals_fine-scale_spatial_structure_transoceanic_dispersal_events_and_low_effective_population_sizes?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225085069_Identification_and_characterization_of_polymorphic_microsatellite_loci_in_the_blue_shark_Prionace_glauca_and_cross-amplification_in_other_shark_species?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225085069_Identification_and_characterization_of_polymorphic_microsatellite_loci_in_the_blue_shark_Prionace_glauca_and_cross-amplification_in_other_shark_species?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225085069_Identification_and_characterization_of_polymorphic_microsatellite_loci_in_the_blue_shark_Prionace_glauca_and_cross-amplification_in_other_shark_species?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/225085069_Identification_and_characterization_of_polymorphic_microsatellite_loci_in_the_blue_shark_Prionace_glauca_and_cross-amplification_in_other_shark_species?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51242840_Tracking_marine_apex_predator_movements_in_a_dynamic_ocean_Nature?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51242840_Tracking_marine_apex_predator_movements_in_a_dynamic_ocean_Nature?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51242840_Tracking_marine_apex_predator_movements_in_a_dynamic_ocean_Nature?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51242840_Tracking_marine_apex_predator_movements_in_a_dynamic_ocean_Nature?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/51242840_Tracking_marine_apex_predator_movements_in_a_dynamic_ocean_Nature?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/237672968_Distribution_abundance_and_habits_of_pelagic_sharks_in_the_central_Pacific_Ocean_U_S?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/237672968_Distribution_abundance_and_habits_of_pelagic_sharks_in_the_central_Pacific_Ocean_U_S?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230030943_A_Global_Overview_of_Commercial_Fisheries_for_Open_Ocean_Sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230030943_A_Global_Overview_of_Commercial_Fisheries_for_Open_Ocean_Sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230030943_A_Global_Overview_of_Commercial_Fisheries_for_Open_Ocean_Sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230030943_A_Global_Overview_of_Commercial_Fisheries_for_Open_Ocean_Sharks?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/276383795_Population_genetic_structure_and_demographic_history_of_Pacific_blue_sharks_Prionace_glauca_inferred_from_mitochondrial_DNA_analysis?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24263402_Low_Genetic_Differentiation_across_Three_Major_Ocean_Populations_of_the_Whale_Shark_Rhincodon_typus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24263402_Low_Genetic_Differentiation_across_Three_Major_Ocean_Populations_of_the_Whale_Shark_Rhincodon_typus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24263402_Low_Genetic_Differentiation_across_Three_Major_Ocean_Populations_of_the_Whale_Shark_Rhincodon_typus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/24263402_Low_Genetic_Differentiation_across_Three_Major_Ocean_Populations_of_the_Whale_Shark_Rhincodon_typus?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230318937_The_Biology_and_Ecology_of_the_Blue_Shark_Prionace_Glauca?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230318937_The_Biology_and_Ecology_of_the_Blue_Shark_Prionace_Glauca?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230318937_The_Biology_and_Ecology_of_the_Blue_Shark_Prionace_Glauca?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230318937_The_Biology_and_Ecology_of_the_Blue_Shark_Prionace_Glauca?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/261027773_Age_reproduction_and_migration_of_blue_shark_Prionace_glauca_in_the_North_Pacific_Ocean?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/261027773_Age_reproduction_and_migration_of_blue_shark_Prionace_glauca_in_the_North_Pacific_Ocean?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229953570_Stock_Structure_of_the_Blue_Shark_Prionace_Glauca_in_the_North_Atlantic_Ocean_Based_on_Tagging_Data?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229953570_Stock_Structure_of_the_Blue_Shark_Prionace_Glauca_in_the_North_Atlantic_Ocean_Based_on_Tagging_Data?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229953570_Stock_Structure_of_the_Blue_Shark_Prionace_Glauca_in_the_North_Atlantic_Ocean_Based_on_Tagging_Data?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/229953570_Stock_Structure_of_the_Blue_Shark_Prionace_Glauca_in_the_North_Atlantic_Ocean_Based_on_Tagging_Data?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23930648_Chabot_C_L_and_L_G_Allen_Global_population_structure_of_the_tope_Galeorhinus_galeus_inferred_by_mitochondrial_control_region_sequence_data_Molecular_Ecology_18?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23930648_Chabot_C_L_and_L_G_Allen_Global_population_structure_of_the_tope_Galeorhinus_galeus_inferred_by_mitochondrial_control_region_sequence_data_Molecular_Ecology_18?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/23930648_Chabot_C_L_and_L_G_Allen_Global_population_structure_of_the_tope_Galeorhinus_galeus_inferred_by_mitochondrial_control_region_sequence_data_Molecular_Ecology_18?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/41532389_Unified_Framework_to_Evaluate_Panmixia_and_Migration_Direction_Among_Multiple_Sampling_Locations?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/41532389_Unified_Framework_to_Evaluate_Panmixia_and_Migration_Direction_Among_Multiple_Sampling_Locations?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/41532389_Unified_Framework_to_Evaluate_Panmixia_and_Migration_Direction_Among_Multiple_Sampling_Locations?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230344286_Case_Study_Catch_and_Management_of_Pelagic_Sharks_in_Hawaii_and_the_US_Western_Pacific_Region?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230344286_Case_Study_Catch_and_Management_of_Pelagic_Sharks_in_Hawaii_and_the_US_Western_Pacific_Region?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230344286_Case_Study_Catch_and_Management_of_Pelagic_Sharks_in_Hawaii_and_the_US_Western_Pacific_Region?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/230344286_Case_Study_Catch_and_Management_of_Pelagic_Sharks_in_Hawaii_and_the_US_Western_Pacific_Region?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/280901270_Estimating_F-Statistics_for_the_Analysis_of_Population_Structure?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==
https://www.researchgate.net/publication/280901270_Estimating_F-Statistics_for_the_Analysis_of_Population_Structure?el=1_x_8&enrichId=rgreq-686cd8c675776df8e4403e56490e360d-XXX&enrichSource=Y292ZXJQYWdlOzI4MDY4Mjg3NTtBUzoyNTg3OTQxMDYxMjYzMzdAMTQzODcxMjczMTEzNQ==



