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a  b  s  t  r  a  c  t

Colony  formation  is  related  to  dispersal,  philopatry,  conspecific  attraction,  available  suitable  habitat,
proximity  and  availability  of  food  resources,  and reproductive  success.  In this  study  we  analyzed  if
female  South  American  sea  lions,  (SASL,  Otaria  flavescens),  exhibit  natal  fidelity  at  a  small  geographic  scale
(between  colonies  of  the  same  breeding  area)  in  a context  of  a recovering  population  with  population
expansion  and recolonization.  We  examined  the  mitochondrial  genetic  diversity  and  investigated  spatial
genetic  structure,  considering  new  and  traditional  colonies.  We  recovered  36  haplotypes  (23  novel),  with
the  contemporary  presence  of  common  and  private  haplotypes  in  each  colony.  AMOVA  analysis  indicated
no  population  genetic  structure,  however  Fst , SAMOVA  and AIS  analyses  suggested  some  level  of genetic
atal site fidelity
taria flavescens
atagonia

structure  between  northern  and  southern  colonies.  Therefore  female  SASL  display  different  strategies
when  they  choose  where  to breed:  some  are  residents  of  -or return  to- one  particular  colony  whereas
others  disperse  within  the  study  area. In  conclusion  the  recolonization  of  SASL  may  be  the effect  of  weak
female  philopatry  attenuated  and/or  interacting  with  other  processes  like site  fidelity  to  near-by  feeding
grounds,  breeding  success,  terrestrial  habitat  selection  for breed  and  dispersal.

©  2017  Deutsche  Gesellschaft  für Säugetierkunde.  Published  by Elsevier  GmbH.  All  rights  reserved.
ntroduction

Colonial breeding is a form of social reproduction in which
ndividuals breed within densely distributed mating territories
Danchin and Wagner, 1997). Colonialism is an evolutionary trait
esulting from multiple interacting factors that balance fitness
ost (increased transmission of parasites and diseases, inbreeding,
ncreased intraspecific competition, cannibalism and infanticide)
nd benefits (enhanced food-finding abilities, reduced predation
nd male harassment, increased ability to find favorable habi-
ats, increased reproductive success) of breeding at high densities
Cassini, 1999, 2000; Danchin and Wagner, 1997). Colonialism
as been intensively studied from an evolutionary perspective

n birds and mammals (e.g., Packer et al., 1990; Rolland et al.,

998; Siegel-Causey and Kharitonov, 1990; Wittenberger and Hunt,
985), however the temporal and spatial dynamics of colonial
reeding species are poorly known (Barbraud et al., 2003; Gaggiotti

∗ Corresponding author.
E-mail address: grandi@cenpat-conicet.gob.ar (M.F. Grandi).

ttps://doi.org/10.1016/j.mambio.2017.12.002
616-5047/© 2017 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier Gmb
et al., 2004; Oro and Ruxton, 2001). Some of the processes involved
in the formation and growth of a colony are likely to be dispersal,
philopatry (i.e., natal site fidelity), conspecific attraction, available
suitable habitat, availability of coastal food resources, and repro-
ductive success in different social contexts (Bradshaw et al., 2002;
Grandi et al., 2008; Serrano and Tella, 2003).

Among mammals, several species of pinnipeds are seasonal
colonial breeders (Riedman, 1990). Due to their gregarious nature
and predictability on land, most species were heavily exploited by
humans during the 19th and 20th centuries (Bonner, 1982). Several
populations have been reduced to such small sizes that they were
locally extirpated or came close to extinction (Gentry and Kooyman,
1986; Kovacs et al., 2012). Some stocks have recovered throughout
the 20th century to different degrees, although mainly after long
periods of time (Gentry, 2009; Gerber and Hilborn, 2001; Wickens
and York, 1997). This has led to the recolonization of much of their
former range (Bonin et al., 2013; Campbell et al., 2008; Dussex et al.,

2016; Huisamen et al., 2011; Lancaster et al., 2006; Wynen et al.,
2000).

Philopatry, or natal site fidelity, is a widespread evolutionary
strategy for pinnipeds that forage widely at sea but aggregate sea-

H. All rights reserved.
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onally at terrestrial sites to locate a mate, give birth, and raise
 pup (Stirling, 1983). Due to this reproductive behavior, females
end to be more philopatric while males tend to disperse more
Boness 1991; Gentry and Kooyman, 1986). Moreover, this breeding
ehavior has the potential to influence the genetic diversity within
nd between populations (Higgins and Gass, 1993; Pomeroy et al.,
000). Species that display a high degree of philopatry might be
xpected to exhibit strong genetic differentiation between breed-
ng colonies (Dickerson et al., 2010). Among otariids, Australian
ea lions (Neophoca cinerea) showed an extreme female philopa-
ry that led to strong population structure at a fine spatial scale
Campbell et al., 2008), while other species showed moderate to
igh genetic differentiation between colonies e.g., New Zealand
ea lion (Phocarctos hookeri; Chilvers and Wilkinson, 2008; Collins
t al., 2017); Steller sea lion (Eumetopias jubatus; Hoffman et al.,
006a; Koyama et al., 2008; Trujillo et al., 2004); Juan Fernandez
ur seals (Arctocephalus philippii; Goldsworthy et al., 2000); Antarc-
ic and Subantarctic fur seals (A. gazella,  A. tropicalis; Hoffman et al.,
006b; Hoffman and Forcada, 2012; Wynen et al., 2000); California
ea lions (Zalophus californianus; González-Suárez et al., 2009); and
alapagos sea lion (Z. wollebaeki;  Wolf and Trillmich, 2007).

The South American sea lion (SASL, Otaria flavescens)  is 1 of 7
ea lion species in the world. Over recent decades there has been
rowing concern over the conservation status of sea lion species.
oreover, among sea lions, SASL and California sea lions are the

nly species currently listed as recovering (IUCN, 2017). Conse-
uently, understanding the species capacity to recover after severe
opulation declines, and the factors involved in population expan-
ion, recolonization or colonization of new habitat are essentials
or the effective management and conservation of many species in
ecovery.

The population of SASL from northern Patagonia (Argentina)
rovides an ideal case study to explore the impact of historical
xploitation on contemporary patterns of genetic diversity and
opulation structure. This population declined from an estimated
37,500 individuals in 1938 (Godoy, 1963) to 18,396 individu-
ls in 1947 (Carrara, 1952) passing through its lowest numbers
∼5,000 individuals) in the 1960s (Koen-Alonso and Yodzis, 2005;
omero et al., 2017). After hunting ban in 1962, the population
tarted recovering in 1990 (Crespo and Pedraza, 1991) with an
nnual rate of 5.7% (Dans et al., 2004). This growth was charac-
erized by a recolonization process where new breeding sites arose
ext to established high density rookeries (i.e., traditional or focal
olonies) (see Grandi et al., 2008 for details). Focal colonies likely
epresent refugia from where the species could have recolonized
ts former range at the end of commercial sealing. Even though
atagonia has hundreds of kilometers of suitable coastal habitat,
here is a geographic pattern in which SASL colonies were not ran-
omly established, but instead appeared to grow and persisted only
ear-by focal colonies (Grandi et al., 2008, 2015). This particular
ecolonization process suggests that the process of formation of
ew colonies and population expansion would be the consequence
f complex dynamics involving dispersal, philopatry, available suit-
ble habitat, and reproductive success in different social-structure
ontexts (Grandi et al., 2008).

Recent genetic studies on the population structure of SASL sup-
ort the hypothesis that the Pacific and Atlantic populations should
e considered distinct Evolutionarily Significant Units, with low

nter-oceanic female gene flow (Oliveira et al., 2017). Addition-
lly, within large Atlantic breeding areas (Uruguay, Patagonia and
alvinas/Falkland Islands) several studies suggest strong female

delity while gene flow is mediated by males (Feijoo et al., 2011;

offman et al., 2016; Oliveira et al., 2017; nez et al., 2007, 2010;
únez et al., 2010). At a smaller geographical scale (within Patago-
ia) distinct population units were distinguished between groups
f colonies in northern and central Patagonia, Santa Cruz and the
Biology 89 (2018) 21–29

Malvinas/Falkland Islands (Feijoo et al., 2011; Hoffman et al., 2016;
nez et al., 2007, 2010; Túnez et al., 2010). However, on a smaller
scale (within a colony) the level of female philopatry has never been
explored.

The aim of this study is to analyze whether female SASL shows
natal fidelity at a small geographic scale (between colonies of the
same breeding area) in the context of a recovering population with
population expansion and recolonization. Using a genetic approach
we will try to understand the effect of philopatry in the formation of
new colonies. Given the existence of philopatry in SASL females, this
study expect to find that: a) maternal lineages within a colony will
be more similar to each other than lineages in other colonies, and
b) geographically closer colonies will be more genetically related
than distant ones.

Material and methods

Study area and sample design

Since the objective of the present study is to test whether SASL
females are philopatric at a small geographic scale, it is imperative
to know birth location. Therefore, skin samples of a maximum of
20 newborn pups from 10 different breeding colonies were used
instead of samples collected opportunistically (as done by Feijoo
et al., 2011; nez et al., 2007, 2010; Túnez et al., 2010). Different
colonies from northern Patagonia (Fig. 1a) were studied consider-
ing 3 focal colonies [Punta Buenos Aires San José Gulf 1 (PB1, N = 19),
Faro Punta Norte (FN, N = 19) and Punta León (PL, N = 20)] and 7 new
breeding colonies [Barrancas Blancas (BB, N = 20), Punta Quiroga
San José Gulf (PQ, N = 12), Larralde (LR, N = 19), Punta Buenos Aires
San José Gulf 2 (PB2, N = 19), Ensenada Medina (EM, N = 20), La
Ernestina (ER, N = 19) and La Pastosa Cría (PC, N = 19)] (Fig. 1b and
Table 1) (Grandi et al., 2008). Colony boundaries were defined as
the beginning of a complete discontinuity between aggregations of
animals or denoted by the presence of a terrestrially impassable
barrier, typically a cliff or sandy beach, between adjacent groups of
sea lions (Grandi et al., 2008). Therefore, to minimize sampling bias,
newborn pups were sampled randomly from several areas of each
colony. Skin samples were taken from the trailing edge of the hind
flippers of 186 SASL during the breeding seasons of 2011 and 2013.
Pups were captured using a noose pole (Gentry and Holt, 1982) and
skin samples were stored in 20% dimethyl sulfoxide saturated with
salt and kept at −20 ◦C (Amos and Hoelzel, 1991).

The SASL mating system is defined as female–defense polyg-
yny, where males defend territories containing multiple females
in a harem (Campagna and Le Boeuf, 1988). The breeding cycle
starts early December with the arrival of adult males at the
rookeries. Adult females arrive and establish territories between
mid-December and the beginning of January. Mating occurs from
mid-December to mid-February and the maximum number of
births occurs in mid-January (Campagna, 1985; Campagna and Le
Boeuf, 1988). In February, at the end of the breeding season the
breeding structure dissolves slowly: males abandon the colony, and
later adult females leave with their pups (up to May) (Campagna,
1985).

Mitochondrial DNA analysis

Total genomic DNA was  extracted using a modified salting out
procedure (Miller et al., 1988). Due to females being the focus
of the study, a ∼550 bp fragment of the maternally inherited

mtDNA control region (D-loop) was  amplified using the primers
L16274 (5′-TACACTGGTCTTGTAAACC-3′; Lamont et al., 1996) and
H34 (5′-CCAAATGCATGACACCACAG-3′; Stanley et al., 1996) with
the following PCR profile: 2 min  at 92 ◦C; then 35 cycles at 94 ◦C,
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ig. 1. a) Current distribution of Otaria flavescens colonies along the coast of South
istribution and type of colonies in the study area in northern Patagonia, with the s
nd  grey triangles: occasional colonies. Asterisks indicate traditional colonies. Nam

0 ◦C, 72 ◦C of 1 min  each step and a final extension phase of 10 min
t 72 ◦C. All PCRs (50 �l, final volume) contained: 5 �l of DNA tem-
late (approximately 50 ng), 5 �l of Buffer (10×), 1.5 �l of MgCl2
50 mM],  3.75 �l of dNTPs [20 mM],  1 �l of each primer [0.25 pM],
.2 unit Taq polymerase (Invitrogen). Purification and sequenc-

ng reactions were conducted by Macrogen Inc. (Seoul, Korea).
equences were aligned manually using BioEdit (Hall, 1999).

ata analysis

Number of haplotypes (H), nucleotide diversity (�) (Nei, 1987),
aplotypic diversity (h) and Fu’s Fs (Fu, 1997) were estimated

or each colony and the overall population using Arlequin V3.1
Excoffier et al., 2005). The same software was used to esti-

ate pairwise F-statistics (Fst based on matrix distances) between
olonies and hierarchical Analysis of Molecular Variance (AMOVA)
sing 10,000 permutations. For the population structure analysis
0 sampled colonies were considered as subpopulations (Fig. 1b
nd Table 1). Given the population expansion and recolonization
rocess observed (Grandi et al., 2008) we tested different scenar-

os (Table 2): (i) focal colonies as distinct subpopulation from new
olonies; (ii and iii) each focal colony1 as distinct subpopulation
rom new colonies around it (iv) nearest colonies as distinct sub-
opulation from distant ones; and (v) use of the major geographic
artition identified by Feijoo et al. (2011) to define the two main
roups as population units.

Haplotype network was constructed using the median-joining
pproach (Bandelt et al., 1999) implemented in the NETWORK 4.5.

Sequences obtained were compared with available D-loop

equences (see Appendix A, Supplementary data) to identify pos-
ible novel haplotypes.

1 Except PL that only have one new colony (PC) close around.
rn Atlantic. The box denotes the study area in northern Patagonia. b) Details of the
d sites indicated. Black circles: breeding colonies, white circles: haul-out colonies,
olonies (ID) are in Table 1.

Spatial genetic analysis

Isolation-by-distance (IBD) was  tested using a Mantel test
implemented in Arlequin V3.1. Geographical distance was calcu-
lated as the shortest swimming distance (km) that a sea lion would
have to travel from the midpoint of each colony to the midpoint of
all other colonies (Grandi et al., 2008).

Spatial analysis of molecular variance (SAMOVA, Dupanloup
et al., 2002) was used to identify partitions of sampling sites that
were maximally differentiated from each other. Analyses were
based on 100 simulated annealing steps, we  examined maximum
indicators of differentiation (FCT values) varying K = 2 to K = 9, and
tested each hypothesis using AMOVA.

Finally, we employed genetic landscape surfaces (GLS) imple-
mented in Alleles In Space (AIS, Miller, 2005) to visually check if
geographical regions in which genetic differentiation was maxi-
mized were congruent with the optimal clustering identified by
SAMOVA. GLS interpolation was  parameterized at multiple scales
with surfaces based on the midpoints of edges derived from
Delaunay triangulation and raw genetic distances. Following the
interpolation procedure, a 3D surface plot was generated to inter-
polate genetic distances where X and Y coordinates corresponded to
geographical locations and surface plot heights (Z) reflected genetic
distances. Analyses were performed using a variety of grid sizes
(20 × 20, 50 × 50, 100 × 100) and with a range of distance weight-
ing parameters (a = 0.5–2) to ensure that interpolation parameters
chosen for the analysis were correct.

Results
Mitochondrial DNA control region diversity

After quality screening the dataset consisted of 504pb D-loop
sequences from 170 individuals. These sequences contained 32
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Table 1
Colony names and the year of establishment (as the first year that was  found on surveys). Pairwise comparisons of SASL colonies indicated by genetic Fst (bottom diagonal) and geographical Km (top diagonal) distances. Percentage
of  samples amplified (%N), haplotypes recovered and private haplotypes (H/Hp), and measures of genetic diversity (haplotype diversity, h ± SD,  nucleotide diversity, � ± SD) and population expansion (Fu’s Fs)  by colony.

ID Colony BB PQ LR PB2 PB1 EM FN ER PC PL %N H/Hp � h Fs

BB Barrancas Blancas (1995) 32.49 53.13 40.02 37.70 82.69 84.07 89.90 186.41 250.17 55.0 7/3 0.007504 ± 0.004616 1.00 ± 0.0388 −8.45231**

PQ Pta. Quiroga G. San José (1996) −0.008 20.64 12.77 10.74 62.04 63.28 69.11 165.62 229.38 91.67 8/2 0.010967 ± 0.006442 1.00 ± 0.0388 −6.54349**

LR Larralde (1990) −0.028 0.002 20.07 20.31 73.08 74.32 80.15 176.66 240.42 100 9/2 0.006939 ± 0.004133 1.00 ± 0.0171 −21.91317**

PB2 Pta. Bs. As. G. San José 2 (2005) −0.035 −0.035 −0.001 2.32 56.55 57.79 63.62 160.13 223.89 94.74 9/4 0.00922 ± 0.005302 1.00 ± 0.0185 −17.06204**

PB1 Pta. Bs. As. G. San José 1 (1938) −0.006 −0.034 0.007 −0.024 54.23 55.47 61.30 157.81 224.05 100 11/4 0.011301 ± 0.006332 1.00 ± 0.0171 −16.48137**

EM Ensenada Medina (1983) −0.039 −0.028 −0.029 −0.041 −0.017 1.24 7.07 103.58 167.34 90.0 9/3 0.007911 ± 0.00464 1.00 ± 0.0185 −18.66969**

FN Faro Pta. Norte (1938) −0.015 0.08925* 0.013 0.047 0.030 0.029 5.83 102.34 168.58 100 7/1 0.005906 ± 0.00361 1.00 ± 0.0171 −23.86149**

ER La Ernestina (1995) 0.004 0.021 0.012 0.014 −0.014 0.004 0.003 96.51 160.27 94.74 10/2 0.006743 ± 0.004047 1.00 ± 0.0185 −20.429**

PC La Pastosa cría (2005) −0.013 0.005 −0.018 0.022 0.049 −0.011 0.07821* 0.07157* 61.07 94.74 9/2 0.005559 ± 0.003445 1.00 ± 0.0185 −22.70189**

PL Pta. León Norte (1938) −0.008 0.004 0.002 0.031 0.058 0.000 0.09608* 0.07228* −0.040 95.0 8/0 0.004846 ± 0.003069 1.00 ± 0.0171 −25.96694**

* Significance at the 0.05 level after 10,000 permutations.
** Significance at the 0.001 level after 10,000 permutations.

Table 2
Support for population groupings based on AMOVA results using Fst values calculated on distance matrix. Colonies names defined in Table 1.

Hypothesis Groups Fst P % variation among

Groups Populations within groups Within populations

i focal vs new colonies (PB1-FN-PL) vs (BB-PQ-LR-PB2-EM-ER-PC) 0.00473 0.2291 −0.85 1.32 99.53
ii  PB1 focal vs closer colonies (PB1) vs (BB-PQ-LR-PB2) −0.00847 0.72366 1.15 −2.00 100.85
iii  FN focal vs closer colonies (FN) vs (EM-ER) 0.01436 0.2415 0.64 0.80 98.56
iv  close vs distant colonies (BB-PQ-LR-PB1-PB2) vs (EM-FN-ER) vs (PC-PL) 0.01523 0.2203 2.19 −0.66 98.48
v  northern vs southern colonies (BB-PQ-LR-PB1-PB2-EM-FN-ER) vs (PC-PL) 0.0281 0.2221 3.11 −0.3 97.19
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ig. 2. a) Haplotype composition in each sampled colony. Names of colonies (ID)
epresents a unique haplotype, with size being proportional to its frequency. Color
s  represented by vertical bars.

olymorphic sites identifying 36 haplotypes, 21 of which were rep-
esented by a single individual (Fig. 2a). Overall h was high (0.889),
ut � was low (0.0070). Each colony h was 1.00 while � ranged from
.0048 to 0.0113 (Table 1). Fu’s Fs statistic was significantly nega-
ive at all colonies (Table 1) suggesting a demographic expansion,
oncordantly with the median-joining network (Fig. 2b). The net-
ork showed two common haplotypes H1 and H2, it seems that
1 is the ancestral haplotype from which the maternal lineages
iverged (Fig. 2b). The singularity of the network is the presence
f several private haplotypes (H12, H14, H16-H36) mostly deriving
rom H6 (Fig. 2b). Haplotypes H1 and H2 were observed in 23.53%
nd 14.12% of 170 individuals respectively and found in all colonies
ampled. H3 and H4 were present in 8 sampling sites, whereas H5
as only found in 7 colonies. The 31 remaining haplotypes (H6-
36) were present in 1–4 sampling sites. Moreover all colonies

howed between 1 and 4 private haplotypes, for a total of 23 pri-
ate haplotypes (H12, H14, H16-H36) (Table 1 and Fig. 2a and b).
he exception was PL, where all the haplotypes in the colony were
hared with the rest of the rookeries.

Comparing the 36 haplotypes recovered with available
equences from Patagonia Argentina (N = 37, see Appendix A, Sup-
lementary data), using a 305 bp D-loop segment, we found that 28
re novel haplotypes for the Patagonian population under study.
omparing our sequences with the haplotypes reported for the
istribution range of the species (N = 136, see Appendix A, Sup-
lementary data), for a 236 bp segment we also found 23 novel
aplotypes for the species as a whole (GenBank accession numbers:
G386937-MG386959).

enetic and geographic structure
The AMOVA analyses showed no population genetic structure,
ith low Fst value for the scenarios proposed (Table 2). More than

7% of the variance was within population in all comparisons. This
n Table 1. b) Haplotype network for the mtDNA control region, each color circle
sent the SASL colony at which the haplotype was found and number of mutations

was further supported by the network, which showed no geo-
graphic substructuring (Fig. 2b). Moreover, Fst showed overall low
genetic structure among colonies (range −0.0407 − 0.096; Table 1)
with few significant comparisons (FN /= PQ, FN /= PC, FN /= PL,
ER /= PC and ER /= PL; Table 1), suggesting some level of genetic
structure between northern (FN and ER) and southern (PC and
PL) colonies. Nonetheless, we found no evidence of IBD (Mantel
test: r = 0.259, P = 0.126). The SAMOVA analyses indicated weak
genetic structure among northern Patagonian colonies (Table 3).
The largest mean FCT index was found for nine populations units
(FN, ER, PB1, PQ, LR, BB, PB2, EM,  and PC-PL; Table 3), suggesting the
southern colonies differed from northern ones. Genetic landscape
surface (AIS analysis) showed higher similarity among southern
colonies than between northern colonies (Fig. 3), concordantly with
SAMOVA analysis (Table 3).

Discussion

In this study we  investigated the genetic structure of O.
flavescens at a small geographic scale in a context of population
recovery and recolonization following historical overexploitation.
Despite extensive harvesting and extirpation of multiple breed-
ing colonies during the first half of the 20th century, SASL retains
high haplotypic diversity and low nucleotide diversity based on
504 bp of the D-loop. A matrilineal panmixia was observed among
SASL colonies distributed over approximately 250 km in northern
Patagonia.

Female philopatry and consequently strong genetic structure
among colonies, has been inferred in other species of sea lions
(see Introduction section for more detail), but SASL from northern

Patagonia rookeries seems to be the exception suggesting a combi-
nation of ecological or life-history traits unique to this species in the
Southwestern Atlantic ocean. Unperturbed populations may  cur-
rently show panmixia across their range (Lowther et al., 2012), but
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Fig. 3. Genetic landscape surface (Alleles in space interpolation plot) showing patterns of genetic distance for Otaria flavescens from northern Patagonia. Y- and X- axis
corresponds to UTM north and east geographic coordinates, and the Z- axis (height) corresponds to genetic distance. Positive peaks represent areas with high genetic
discontinuities (high pairwise genetic distance) and negative peaks or valleys are indicative of areas with high genetic similarities (low pairwise genetic distance).

Table 3
Spatial analysis of molecular variance, SAMOVA; FCT values obtained from mtDNA control region of Otaria flavescens from northern Patagonia.

Groups K FCT P

(FN-ER) vs (PB1-PQ-LR-BB-PB2-EM-PC-PL) 2 0.03205 0.02053
(FN-ER) vs (PB1-PQ-PB2) vs (BB-LR-EM-PC-PL) 3 0.03877 0.0000
(FN)  vs (ER) vs (PB1-PQ-PB2) vs (BB-LR-EM-PC-PL) 4 0.04042 0.0000
(FN)  vs (ER) vs (PB1-PQ) vs (LR-BB-PB2-EM) vs (PC-PL) 5 0.04247 0.00098
(FN)  vs ER) vs (PB1) vs (LR-BB) vs (PQ-PB2-EM) vs (PC-PL) 6 0.04541 0.00098
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(FN)  vs (ER) vs (PB1) vs (PQ) vs (LR) vs (BB-PB2-EM) vs (PC-PL)
(FN)  vs (ER) vs (PB1) vs (PQ) vs (LR) vs (BB) vs (PB2-EM) vs (PC-PL) 

(FN)  vs (ER) vs (PB1) vs (PQ) vs (LR) vs (BB) vs (PB2) vs (EM) vs (PC-PL) 

ASL population is recovering and recolonizing its historical distri-
ution along the Patagonian coast, thus this maternal unstructured
enetic population may  possibly be the result of this process.

High mitochondrial h (0.889), low � (0.007), a significantly
egative Fu’s statistic, which is considered a powerful test to
etect population expansion (Ramos-Onsins and Rozas, 2002) and
he shape of the haplotype network all indicates that SASL have
xperienced a rapid population expansion (Avise, 2000), with accu-
ulation of mutations (Grant and Bowen, 1998), represented by

he high percentage of unique haplotypes. The population expan-
ion detected here in SASL is similar to that in other otariid species
Lopes et al., 2015) and appears to arise from pre-sealing rather than
ost-sealing demography (Berry et al., 2012; Matthee et al., 2006;
eber et al., 2004). Several studies of marine animals, including

ASL, suggest that the actual genetic structure of Atlantic popula-
ions was shaped by Late Pleistocene glaciations, that generated
emographic contraction during the glacial period followed by
opulation expansion when the glaciers retreated (Crespo et al.,
015; Feijoo et al., 2011; Hoelzel et al., 1993; Loizaga de Castro
013; Matthee et al., 2006; Oliveira et al., 2017; Pimper et al., 2010;

iegel-Causey 1997; Túnez et al., 2007, 2010, 2013). Even though
istorical harvesting may  have contributed in shaping the popula-
ion genetic structure currently found in SASL, by means of local
xtirpation and subsequent recolonization from refugial popula-
7 0.05013 0.00196
8 0.05118 0.00293
9 0.05309 0.02151

tions, no bottleneck occurred (Feijoo et al., 2011; Hoffman et al.,
2016; Túnez et al., 2007, 2010; Túnez et al., 2010). Moreover, low
levels of genetic structure could also be the consequence of the
homogenizing effect of gene flow at small scale (Wolf et al., 2008)
or homoplasy at hotspots for substitutions in the mitochondrial
control region (Túnez et al., 2013), a process already described in
other mammal  species (e.g., Fernando et al., 2000; Galtier et al.,
2006; Herrnstadt et al., 2002).

The high mitochondrial h is reflected by the high percentage of
novel haplotypes (75%) found in the present study. On one hand
the new haplotypes described for the species suggest that mito-
chondrial diversity is not fully described yet. This could be solved
with the inclusion of samples from other colonies within the study
area and examining ancient DNA from SASL bones collected from
remains at the time of intense human exploitation. On the other
hand the high percentage of unique haplotypes (63.8%) found in
the present study is representative of unique maternal lineages in
almost all colonies (new and traditional). This result indicates that
female SASL probably display two  different strategies when they
choose where to breed: some females are resident of -or return to-

one particular colony and others disperse within the study area.
Within a species site fidelity may  vary with sex, age, and repro-
ductive success (e.g., Cameron et al., 2007; Greenwood and Harvey,
1982; Meise et al., 2013; Switzer, 1997). Several studies have shown
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hat individuals have a higher probability of returning to breed-
ng locations where they have bred successfully (e.g., Greenwood,
980; Pyle et al., 2001; Weatherhead and Boak, 1986). It has been
emonstrated that SASL pup survival is higher in large dense rook-
ries (i.e., traditional ones) than in isolated or marginal breeding
reas (Campagna et al., 1992; Drago et al., 2011; Franco-Trecu et al.,
015). So if females choose to return to breeding locations where
hey have successfully raised offspring, and if this behavior lasts
ong enough, this will be reflected by the fixation of certain hap-
otypes. However male-mediated gene flow through sex-biased
ispersal patterns or alternative mating tactics could also reduce
he degree of population differentiation seen in microsatellites rel-
tive to maternally inherited mtDNA (Feijoo et al., 2011; Hoffman
t al., 2016; Oliveira et al., 2017). The use of additional nuclear
arkers could help to elucidate patterns of genetic structure not

dentified in this study, as well as determine male role in the
ecolonization process. Nonetheless, other studies show that for
dult females that are constrained by the energetic requirements
f dependent offspring as well as by maintaining their own  ener-
etic needs, foraging success and thus the optimal choice of their
oraging habitat is particularly important, which might explain why
he correlation between genetic pattern and habitat is stronger for

itochondrial DNA (Jeglinski et al., 2015; Wolf et al., 2008).
Our results support the proposed hypothesis of female philopa-

ry in SASL at small geographic scale. In central-place foraging
tariids, breeding colonies tend to be located in proximity to suit-
ble foraging grounds to facilitate offspring survival with normal
elivery of nutrition to lactating offspring (Boyd, 1998). Therefore,
dult females should be free to move between colonies that are
ocated within range of a common suitable habitat (Lowther et al.,
012). Given that the mean maximum distance between northern
atagonian colonies is 267.32 ± 40.2 km (mean ± SD), females can
ove easily between colonies and find a suitable habitat to nurse

nd forage to maintain the survival of their calves. During the aus-
ral summer different oceanographic features (defined as: coastal
pwelling events (Pisoni et al., 2014), thermohaline front (Piola and
casso, 1988), the Península Valdés tidal front (Tonini et al., 2013)
nd insight gulf fronts (Pisoni, 2012)) develop generating high pro-
uctive areas in northern Patagonia. This may  be the force acting
n SASL populations and resulting in a matrilineal panmixia among
olonies sharing the same foraging habitat. At scales where alterna-
ive foraging locations become more costly to access, adult females
hould be more restricted in their dispersive abilities and genetic
tructure should then become more evident (Lowther et al., 2012).

All in all the present study shows a female panmixia, i.e., weak
enetic population structure. However, SAMOVA and AIS analyses
how some level of differentiation between northern and southern
ASL colonies. Such differences should be taken into account when
mplementing management strategies. During the last decade
ourism activities based on wildlife have grown massively. These
ctivities use coastal fauna as a main attraction (Tagliorette and
osano, 1996) and since SASL group in colonies in predictable places
very year, exhibiting striking behaviors during breeding season,
hey are very attractive to the public and profitable for the local
ndustry (Kirkwood et al., 2006). Therefore, many cattle farms of the
egion with a coast line have developed private excursions focus-
ng on coastal fauna, such as SASL. These activities could become
onflictive, since only 16 of the 36 registered SASL colonies in the
egion are established within a system of national, provincial or
rivate reserves, and only 9 have some degree of protection of indi-
iduals with the presence of gamekeepers (Dans et al., 2004). On
he other hand, the social composition of most of the new colonies

ave a high percentage of juveniles (Dans et al., 2004; Grandi et al.,
008), which are more susceptible to the disturbance generated by
he presence of visitors. As colonies are interrelated and therefore
ot independent (Grandi et al., 2008) a disturbance of the social
Biology 89 (2018) 21–29 27

structure of one colony may  affect the dynamics of others. Such
complex population dynamic should be taken into account when
implementing management or conservation measures tending to
the recovering of the population.

In conclusion, our result shows that the recolonization pattern
of SASL from northern Patagonia was  weakly related to female
philopatry. Perhaps the effect of this behavior is attenuated and/or
interacting with other processes like site fidelity to feeding grounds
close to colonies (e.g., Lowther et al., 2012; Jeglinski et al., 2015),
breeding success, terrestrial habitat selection for breeding and dis-
persal. The next step will be to analyze the relative importance
and interaction of these other factors and processes to fully under-
stand the formation of a new colony in the context of a recovering
population with population expansion and recolonization.

Acknowledgements

The authors thank S. Leonardi, D. Vales, L. Silva, M.  Klaich,
M. Degrati, N. García, V. Milano, P. Torres, C. Díaz, A. Mandiola,
G. Giardino and M.  Feijoo for their invaluable assistance with field-
work. Also we  thank Dr. Ross Barnett who  kindly reviewed the
English grammar of the manuscript. This study was  funded by
the Agencia Nacional de Promoción Científica y Tecnológica (PICT
0216/2013), Aluar S.A., Zoo d’AMNÉVILLE, and Fundación BBVA
(BIOCON08-194/09). Institutional and logistic support was  given by
Centro Nacional Patagónico (CONICET) under permits of the Secre-
taría de Áreas Protegidas y Turismo and Dirección de Fauna y Flora
Silvestre Chubut Province.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at https://doi.org/10.1016/j.mambio.2017.12.
002.

References

Amos, W.,  Hoelzel, A.R., 1991. Long-term Preservation of Whale Skin for DNA
Analysis, vol. 13. Report International Whaling Commission. Special Issue, pp.
99–103.

Avise, J.C., 2000. Phylogeography: the History and Formation of Species. Harvard
University Press.

Bandelt, H.J., Forster, P., Röhl, A., 1999. Median-joining networks for inferring
intraspecific phylogenies. Mol. Biol. Evol. 16, 37–48.

Barbraud, C., Nichols, J.D., Hines, J.E., Hafner, H., 2003. Estimating rates of local
extinction and colonization in colonial species and an extension to the
metapopulation and community levels. OIKOS 101, 113–126.

Berry, O., Spiller, L.C., Campbell, R., Hitchen, Y., Kennington, W.J., 2012. Population
recovery of the New Zealand fur seal in Southern Australia: a molecular DNA
analysis. J. Mammol. 93, 482–490.

Boness, D.J., 1991. Determinants of mating systems in the Otariidae (Pinnipedia).
In: Renouf, D. (Ed.), Behaviour of Pinnipeds. Chapman and Hall, New York, pp.
1–35.

Bonin, C.A., Goebel, M.E., Forcada, J., Burton, R.S., Hoffman, J.I., 2013. Unexpected
genetic differentiation between recently recolonized populations of a
long-lived and highly vagile marine mammal. Ecol. Evol. 3, 3701–3712.

Bonner, W.N., 1982. Seals and Man: a Study of Interactions. Washington University
Press, Seattle.

Boyd, I., 1998. Time and energy constraints in pinniped lactation. Am.  Nat. 152,
717–728.

Bradshaw, C.J.A., Davis, L.S., Purvis, M.,  Zhou, Q., Benwell, G.L., 2002. Using artificial
neural networks to model the suitability of coastline for breeding by New
Zealand fur seals (Arctocephalus forsteri). Ecol. Modell. 148, 111–131.

Cameron, M.F., Siniff, D.B., Proffitt, K.M., Garrott, R.A., 2007. Site fidelity of Weddell
seals: the effects of sex and age. Antarc. Sci. 19, 149–155.

Campagna, C., Le Boeuf, B.J., 1988. Reproductive behavior of Southern sea lions.
Behaviour 104, 233–280.

Campagna, C., Bisioli, C., Quintana, F., Pérez, F., Vila, A., 1992. Group breeding in sea
lions: pups survive better in colonies. Anim. Behav. 43, 541–548.
Campagna, C., 1985. The breeding cycle of the Southern sea lion, Otaria byronia.
Mar. Mam.  Sci. 1, 210–218.

Campbell, R.A., Gales, N.J., Lento, G.M., Baker, C.S., 2008. Islands in the sea: extreme
female natal site fidelity in the Australian sea lion, Neophoca cinerea. Biol. Lett.
4,  139–142.

https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
https://doi.org/10.1016/j.mambio.2017.12.002
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0005
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0010
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0015
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0020
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0025
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0030
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0035
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0040
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0045
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0050
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0055
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0060
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0065
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0070
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0075


2 alian 

C

C

C

C

C

C

C

D

D

D

D

D

D

E

F

F

F

F

G

G

G

G

G

G

G

G

G

G

G

G

G

8 M.F. Grandi et al. / Mamm

arrara, I.S., 1952. Lobos marinos, pingüinos y guaneras de las costas del litoral
marítimo e islas adyacentes de la República Argentina. Universidad Nacional
de  La Plata.

assini, M.H., 1999. The evolution of reproductive systems in pinnipeds. Behav.
Ecol. 10, 612–616.

assini, M.H., 2000. A model on female breeding dispersion and the reproductive
systems of pinnipeds. Behav. Processes 51, 93–99.

hilvers, B.L., Wilkinson, I.S., 2008. Philopatry and site fidelity of New Zealand sea
lions (Phocarctos hookeri). Wildlife Res. 35, 463–470.

ollins, C.J., Chilvers, B.L., Osborne, A., Taylor, M.,  Robertson, B.C., 2017. Unique and
isolated: population structure has implications for management of the
endangered New Zealand sea lion. Conserv. Gen., http://dx.doi.org/10.1007/
s10592-017-0969-z.

respo, E.A., Pedraza, S.N., 1991. Estado actual y tendencia de la población de lobos
marinos de un pelo (Otaria flavescens)  en el litoral norpatagónico. Ecol. Aust. 1,
87–95.

respo, E.A., Schiavini, A.C.M., García, N.A., Franco-Trecu, V., Goodall, R.N.P.,
Rodríguez, D., Stenghel Morgante, J., Oliveira, L.R., 2015. Status, population
trend and genetic structure of South American fur seals, Arctocephalus australis,
in  Southwestern Atlantic waters. Mar. Mam.  Sci. 31, 866–890.

anchin, E., Wagner, R.H., 1997. The evolution of coloniality: the emergence of
new perspectives. Trends Ecol. Evol. 12, 342–347.

ans, S.L., Crespo, E.A., Pedraza, S.N., Koen-Alonso, M.,  2004. Recovery of the South
American sea lion population in Northern Patagonia. Can. J. Fish. Aquat. Sci. 61,
1681–1690.

ickerson, B.R., Ream, R.R., Vignieri, S.N., Bentzen, P., 2010. Population structure as
revealed by mtDNA and microsatellites in Northern fur seals, Callorhinus
ursinus,  throughout their range. PLoS One 5, e10671.

rago, M., Cardona, L., García, N., Ameghino, S., Aguilar, A., 2011. Influence of
colony size on pup fitness and survival in South American sea lions. Mar. Mam.
Sci. 27, 167–181.

upanloup, I., Schneider, S., Excoffier, L., 2002. A simulated annealing approach to
define the genetic structure of populations. Mol. Ecol. 11, 2571–2581.

ussex, N., Robertson, B.C., Salis, A.T., Kalinin, A., Best, H., Gemmell, N.J., 2016. Low
spatial genetic differentiation associated with rapid recolonization in the New
Zealand fur seal Arctocephalus forsteri. J. Hered. 107, 581–592.

xcoffier, L., Laval, G., Schneider, S., 2005. Arlequin 3.0: an integrated soft- ware
package for population genetics data analysis. Evol. Bioinf. 1, 47–50.

eijoo, M., Lessa, E.P., Loizaga de Castro, R., Crespo, E.A., 2011. Mitochondrial and
microsatellite assessment of population structure of South American sea lion
(Otaria flavescens)  in the Southwestern Atlantic Ocean. Mar. Biol. 158,
1857–1867.

ernando, P., Pfrender, M.E., Encalada, S.E., Lande, R., 2000. Mitochondrial DNA
variation, phylogeography and population structure of the Asian elephant.
Heredity 84, 362–372.

ranco-Trecu, V., Drago, M.,  Inchausti, P., Baladán, C., García-Olazábal, M.D., Crespo,
E.A., Cardona, L., 2015. Postharvesting population dynamics of the South
American sea lion (Otaria byronia) in the Southwestern Atlantic. Mar. Mam.  Sci.
31,  963–978.

u, Y.X., 1997. Statistical tests of neutrality of mutations against population
growth, hitchhiking and background selection. Genetics 147, 915–925.

aggiotti, O.E., Brooks, S.P., Amos, W.,  Harwood, J., 2004. Combining demographic,
environmental and genetic data to test hypotheses about colonization events
in metapopulations. Mol. Ecol. 13, 811–825.

altier, N., Enard, D., Radondy, Y., Bazin, E., Belkhir, K., 2006. Mutation hot spots in
mammalian mitochondrial DNA. Gen. Res. 16, 215–222.

entry, R.L., Holt, J.R., 1982. Equipment and Techniques for Handling Northern Fur
Seals. NOAA, National Marine Fisheries Service, Seattle, WA.

entry, R.L., Kooyman, G.L., 1986. Fur Seals: Maternal Strategies on Land and at
Sea.  Princeton Univ. Press.

entry, R.L., 2009. Eared seals otariidae. In: Perrin, W.F., Würsig, B., Thewissen,
J.G.M. (Eds.), Encyclopedia of Marine Mammals. , 2nd edn. Elsevier,
Amsterdam, pp. 339–342.

erber, L.R., Hilborn, R.A.Y., 2001. Catastrophic events and recovery from low
densities in populations of otariids: implications for risk of extinction. Mam.
Rev.  31, 131–150.

odoy, J.C., 1963. Evaluación de los Recursos Naturales de la Argentina (Primera
Etapa) Tomo VIII. Fauna Silvestre, vol. 1. Consejo Federal de Inversiones,
Argentina.

oldsworthy, S., Francis, J., Boness, D., Fleischer, R., 2000. Variation in the
mitochondrial control region in the Juan Fernandez fur seal (Arctocephalus
philippi).  J. Hered. 91, 371–377.

onzález-Suárez, M.,  Flatz, R., Aurioles-Gamboa, D., Hedrick, P.W., Gerber, L.R.,
2009. Isolation by distance among California sea lion populations in Mexico:
redefining management stocks. Mol. Ecol. 18, 1088–1099.

randi, M.F., Dans, S.L., Crespo, E.A., 2008. Social composition and spatial
distribution of colonies in an expanding population of South American sea
lions. J. Mammol. 89 (5), 1218–1228.

randi, M.F., Dans, S.L., Crespo, E.A., 2015. The recovery process of a population is
not always the same: the case of Otaria flavescens.  Mar. Biol. Res. 11 (3),
225–235.
rant, W.S., Bowen, B.W., 1998. Shallow population histories in deep evolutionary
linages of marine fishes: insights from sardines and anchovies and lessons for
conservation. J. Hered. 89 (5), 415–426.

reenwood, P.J., Harvey, P.H., 1982. The natal and breeding dispersal in birds. Ann.
Rev. Ecol. Syst. 13, 1–21.
Biology 89 (2018) 21–29

Greenwood, P.J., 1980. Mating systems, philopatry and dispersal in birds and
mammals. Anim. Behav. 28, 1140–1162.

Hall, T.A., 1999. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for windows 95/98/NT. Nucleic Acids Symp. Ser. 41, 95–98.

Herrnstadt, C., Elson, J.L., Fahy, E., Preston, G., Turnbull, D.M., Anderson, C., Ghosh,
S.S., Olefsky, J.M., Beal, M.F., Davis, D.R., Howell, N., 2002.
Reduced-median-network analysis of complete mitochondrial DNA
coding-region sequences for the major African, Asian, and European
haplogroups. Am.  J. Hum. Genet. 70, 1152–1171.

Higgins, L.V., Gass, L., 1993. Birth to weaning: parturition, duration of lactation, and
attendance cycles of Australian sea lions (Neophoca cinerea). Can. J. Zool. 71,
2047–2055.

Hoelzel, A.R., Halley, J., O’Brien, S.J., Campagna, C., Arnbom, T., Le Boeuf, B., Ralls, K.,
Dover, G.A., 1993. Elephant seal genetic-variation and the use of
simulation-models to investigate historical population bottlenecks. J. Hered.
84,  443–449.

Hoffman, J.I., Forcada, J., 2012. Extreme natal philopatry in female Antarctic fur
seals (Arctocephalus gazella). Mamm.  Biol. 77 (1), 71–73.

Hoffman, J.I., Matson, C.W., Amos, W.,  Loughlin, T.R., Bickham, J.W., 2006a. Deep
genetic subdivision within a continuously distributed and highly vagile marine
mammal, the Steller’s sea lion (Eumetopias jubatus). Mol. Ecol. 15 (10),
2821–2832.

Hoffman, J.I., Trathan, P.N., Amos, W.,  2006b. Genetic tagging reveals extreme site
fidelity in territorial male Antarctic fur seals Arctocephalus gazella.  Mol. Ecol. 15
(12), 3841–3847.

Hoffman, J.I., Kowalski, G.J., Klimova, A., Eberhart-Phillips, L.J., Staniland, I.J., Baylis,
A.M.M., 2016. Population structure and historical demography of South
American sea lions provide insights into the catastrophic decline of a marine
mammal population. R. Soc. Open Sci. 3, 160291.

Huisamen, J., Kirkman, S., Watson, L., Cockcroft, V., Pistorius, P., 2011.
Recolonisation of the robberg peninsula (Plettenberg bay, South Africa) by
cape fur seals. Afr. J. Mar. Sci. 33 (3), 453–461.

IUCN, 2017. The IUCN Red List of Threatened Species, http://www.iucnredlist.org/
details/41665/0. (Accessed 11 November 2017).

Jeglinski, J.W.E., Wolf, J.B.W., Werner, C., Costa, D.P., Trillmich, F., 2015. Differences
in  foraging ecology align with genetically divergent ecotypes of a highly
mobile marine top predator. Oecologia 179, 1041–1052.

Kirkwood, R., Boren, L., Shaughnessy, P., Szteren, D., Mawson, P., Huckstadt, L.,
Hofmeyr, G., Oosthuizen, H., Schiavini, A., Campagna, C., Berris, M., 2006.
Pinniped-focused tourism in the Southern hemisphere: a review of the
industry. In: Gales, N., Hindell, M.,  Kirkwood, R. (Eds.), Marine Mammals:
Fisheries, Tourism and Management Issues. CSIRO Publishing, Collingwood, pp.
257–276.

Koen-Alonso, M.,  Yodzis, P., 2005. Multispecies modelling of some components of
the marine community of Northern and Central Patagonia, Argentina. Can. J.
Fish.  Aquat. Sci. 62, 1490–1512.

Kovacs, K.M., Aguilar, A., Aurioles, D., Burkanov, V., Campagna, C., Gales, N., Gelatt,
T.,  Goldworthy, S.D., Goodman, S.J., Hofmeyer, G.J., Härkönen, T., Lowry, L.,
Lydersen, C., Schipper, J., Sipilä, T., Southwell, C., Stuart, S., Thompson, D.,
Trillmich, F., 2012. Global threats to pinnipeds. Mar. Mam. Sci. 28 (2), 414–436.

Koyama, S., Fujita, S., Hirota, T., Satoh, T., Obara, Y., Wada, A., Burkanov, V.N., Wada,
K., 2008. Genetic structure of Steller sea lion (Eumetopias jubatus) rookeries in
the Sea of Okhotsk. Zool. Stud. 47 (6), 781–787.

Lamont, M.M., Vida, J.T., Harvey, J.T., Jeffries, S., Brown, R., Huber, H.H., Delong, R.,
Thomas, W.K., 1996. Genetic substructure of the Pacific harbour seal (Phoca
vitulina richardsi) off Washington, Oregon and California. Mar. Mam. Sci. 12,
402–413.

Lancaster, M.L., Gemmell, N.J., Negro, S., Goldsworthy, S., Sunnucks, P., 2006.
Ménage à trois on Macquarie Island: hybridization among three species of fur
seal  (Arctocephalus spp.) following historical population extinction. Mol. Ecol.
15  (12), 3681–3692.

Loizaga de Castro, R., 2013. Genética de Poblaciones del delfín oscuro,
Lagenorhynchus obscurus, en la costa de Argentina. Universidad Nacional del
Comahue, Argentina, Ph.D. dissertation.

Lopes, F., Ivan, J., Victor, H., Valiati, H., Bonatto, S.L., Wolf, J.B.W., Trillmich, F.,
Oliveira, L.R., 2015. Fine-scale matrilineal population structure in the
Galapagos fur seal and its implications for conservation management. Conserv.
Gen. 16 (5), 1099–1113.

Lowther, A.D., Harcourt, R.G., Goldsworthy, S.D., Stow, A., 2012. Population
structure of adult female Australian sea lions is driven by fine-scale foraging
site fidelity. Anim. Behav. 83 (3), 691–701.

Matthee, C.A., Fourie, F., Oosthuizen, W.H., Meyer, M.A., Tolley, K.A., 2006.
Mitochondrial DNA sequence data of the Cape fur seal (Arctocephalus pusillus
pusillus)  suggest that population numbers may be affected by climatic shifts.
Mar. Biol. 148, 899–905.

Meise, K., Krüger, O., Piedrahita, P., Trillmich, F., 2013. Site fidelity of male
Galápagos sea lions: a lifetime perspective. Behav. Ecol. Sociobiol. 67 (6),
1001–1011.

Miller, S., Dikes, D., Polesky, H., 1988. A simple salting out procedure for extracting
DNA for human nucleated cells. Nucleic Acids Res. 16 (3), 1215.

Miller, M.P., 2005. Alleles In Space (AIS): Computer software for the joint analysis

of  interindividual spatial and genetic information. J. Hered. 96 (6), 722–724.

Nei, M.,  1987. Molecular Evolutionary Genetics. Columbia University Press, New
York.

Oliveira, L.R., Gehara, M.C., Fraga, L.D., Lopes, F., Túnez, J.I., Cassini, M.H., Majluf, P.,
Cárdenas-Alayza, S., Pavés, H.J., Crespo, E.A., García, N., Loizaga de Castro, R.,

http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0080
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0085
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0090
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0095
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
dx.doi.org/10.1007/s10592-017-0969-z
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0105
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0110
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0115
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0120
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0125
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0130
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0135
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0140
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0145
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0150
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0155
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0160
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0165
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0170
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0175
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0180
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0185
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0190
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0195
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0200
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0205
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0210
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0215
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0220
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0225
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0230
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0235
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0240
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0245
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0250
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0255
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0260
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0265
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0270
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0275
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0280
http://www.iucnredlist.org/details/41665/0
http://www.iucnredlist.org/details/41665/0
http://www.iucnredlist.org/details/41665/0
http://www.iucnredlist.org/details/41665/0
http://www.iucnredlist.org/details/41665/0
http://www.iucnredlist.org/details/41665/0
http://www.iucnredlist.org/details/41665/0
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0290
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0295
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0300
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0305
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0310
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0315
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0320
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0325
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0330
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0335
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0340
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0345
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0350
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0355
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360
http://refhub.elsevier.com/S1616-5047(17)30245-8/sbref0360


alian 

O

P

P

P

P

P

P

P

R

R

R

R

S

S

S

S

org/10.1186/1471-2148-8-150.
Wynen, L.P., Goldsworthy, S.D., Guinet, C., Bester, M.N., Boyd, I.L., Gjertz, I.,

Hofmeyr, G.J.G., White, R.W., Slade, R., 2000. Postsealing genetic variation and
M.F. Grandi et al. / Mamm

Hoelzel, A.R., Sepúlveda, M.,  Olavarría, C., Valiati, V.H., Quiñones, R.,
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