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ABSTRACT 21 
 22 

Franciscanas (Pontoporia blainvillei) are threatened by extensive by-catch and 23 
other human-related activities. Their conservation may be even more complicated for 24 
populations that are differentiated on a microscale, between geographically close 25 
locations. Infrequent dispersal ultimately means that populations are independent from 26 
each other, and therefore they must be managed as distinct Management Units. We used 27 
genetic data to investigate the microscale population structure of franciscanas in 28 
southern Brazil, and to analyse kinship patterns, searching for evidence of philopatry in 29 
the species. Besides significant microscale population structure, we provide evidence 30 
that favours the hypothesis of philopatry of both sexes in franciscanas: a) both 31 
maternally-inherited mitochondrial DNA and biparentally transmitted nuclear 32 
microsatellites showed population differentiation between franciscanas of Babitonga 33 
Bay and nearby coastal waters; and b) in Babitonga, most dyads were of related 34 
individuals, and kinship was high, irrespective of the sex, indicating that both females 35 
and males had relatives in the local population. Those results suggest that kinship not 36 
only shapes group organisation, but is also an important feature of local populations, 37 
and that franciscanas do not disperse frequently between populations. The relevance of 38 
such findings for the conservation of franciscanas is discussed. 39 
 40 
 41 
  42 
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INTRODUCTION   43 
 44 
The franciscana, Pontoporia blainvillei (Gervais & D’Orbigny, 1844) is endemic 45 

to the Southwestern Atlantic coast, ranging from Espírito Santo state, in Brazil, to the 46 
Golfo San Matías, in Argentina (Crespo 2009). Due to extensive by-catch and other 47 
human-related threats, franciscanas are recognised as endangered by IUCN (Zerbini et 48 
al. 2017). Franciscana Management Areas (FMA) were devised in order to guide 49 
research and conservation efforts for this species (Secchi et al. 2003). In recent years, 50 
genetic data have helped refining the delimitation of FMA both by unveiling microscale 51 
genetic differentiation across the species range (Mendez et al. 2008, 2010a; Costa-52 
Urrutia et al. 2012, Cunha et al. 2014, Gariboldi et al. 2015, 2016) as well as a deep 53 
evolutionary discontinuity between franciscanas from the northern extreme of the 54 
distribution and their southern counterparts (Cunha et al. 2014). Cunha et al. (2014) 55 
made a revised FMA proposal based on genetic findings.  56 

Recent genetic studies have also suggested that franciscanas have a matriarchal 57 
social structure (Valsecchi and Zanelatto 2003, Mendez et al 2010b, Costa-Urrutia et al. 58 
2012), which could reflect female philopatry, as indeed was proposed by some authors 59 
(Mendez et al. 2010a).  Female philopatry, as well as habitat specialisation, could 60 
explain the microscale genetic differentiation of franciscanas among geographically 61 
close localities in FMAIII and FMAIV (Mendez et al. 2008, 2010a, Costa-Urrutia et al. 62 
2012) and would have direct consequences for conservation. In most mammals, 63 
including cetaceans, female philopatry is coupled with male biased dispersal 64 
(Greenwood 1980, Connor et al. 2000). Data concerning male dispersal in franciscanas 65 
is fragmentary: there are two reported cases of juvenile males travelling with probable 66 
mother and aunt, respectively (Valsecchi and Zanelatto 2003, Costa-Urrutia et al. 2012), 67 
but there are also some cases of adult males accompanying females that were unrelated 68 
to them (Mendez et al. 2010b, Wells et al. 2013). Those observations are not necessarily 69 
discordant, because juvenile males could have been sampled with their mother and aunt 70 
prior to leaving the natal group. In any case, the abovementioned studies evaluated 71 
kinship at group level and were not ideal for analysing philopatry or dispersal of one 72 
sex, which are population level phenomena. Besides, from the population standpoint, 73 
dispersal from the natal population, not from the natal group, is important because it 74 
will ultimately translate into immigration and gene flow.    75 

In this study, we used population genetics and kinship analyses to address the 76 
hypothesis of female philopatry/male biased dispersal in franciscanas. Our study 77 
subjects were the franciscanas from Babitonga Bay (Santa Catarina state, southern 78 
Brazil) and adjacent coastal waters (Figure 1). Babitonga Bay houses a resident 79 
community of franciscanas, which was estimated at around 55 individuals (Cremer and 80 
Simões-Lopes 2008, Zerbini et al. 2011). Franciscanas do not frequent the areas near the 81 
bay’s opening, where harbour activities are intense (Cremer et al. 2018). We 82 
investigated the existence of genetic differentiation between franciscanas collected in 83 
Babitonga and outside the bay, and compared kinship patterns in both groups. 84 

Our results suggest that both female and male franciscanas tend to remain in their 85 
natal population after reaching sexual maturity, favouring the genetic differentiation of 86 
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populations even at small geographic scale, and increasing the risk of inbreeding, 87 
especially when the isolation and decline of populations are intensified by human 88 
interference. 89 

 90 

 91 
 92 

Figure 1: Sampling areas and number of franciscana samples in Babitonga Bay (BB), southern Brazil, and 93 
adjacent Atlantic coastal waters (CA). 94 
 95 
 96 
MATERIALS AND METHODS 97 
 98 

Sampling and DNA extraction 99 
Franciscana samples (N = 53) were collected from carcasses (N = 6) or through 100 

skin biopsy during a capture-release procedure for tagging (N = 47) (SISBIO license 101 
#11980). Around half the samples were collected inside Babitonga Bay (BB, N = 28), 102 
and the other half were collected in adjacent Atlantic coastal waters (CA, N = 23), 103 
between 19Km north and 66Km south of the bay’s mouth (Figure 1). Another two 104 
samples were collected from individuals stranded around the bay’s mouth and could not 105 
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be safely assigned to be from Babitonga or from the coastal area groups, so they were 106 
considered of undetermined origin. Tissue samples were preserved in 100% ethanol and 107 
stored at –20°C. DNA was extracted using DNeasy Blood and Tissue kit (Qiagen) 108 
following the manufacturer’s instructions, or a standard phenol/chloroform extraction 109 
method (Sambrook et al. 1989). When sex was unknown, molecular sexing was 110 
performed following the procedure of Rosel (2003). 111 
 112 

Microsatellite amplification and genotyping 113 
Individuals were genotyped at seven microsatellite loci (Table 1), using the tailed 114 

primer method of Schuelke (2000). PCR reactions (10 mL) contained around 30 ng of 115 
template DNA, 0.2 mM of each dNTP, 2.5 mM MgCl2, 1 µg/µL BSA, 0.2 µM forward 116 
tailed primer, 0.8 µM of reverse primer, 0.4 µM of labeled M13 primer (with 6-FAM, 117 
VIC, NED or PET dyes), and 1 unit of GoTaq polymerase (Promega). All 118 
amplifications included negative controls. Loci were amplified following the program: 119 
94oC for 4 min; 30X (92oC, 45 seg; Ta, 45 seg; 72oC, 45 seg), 8X (92oC, 45 seg; 53oC, 120 
45 seg; 72oC, 45 seg); and 72oC for 30 min. The optimal annealing temperature (Ta) for 121 
each locus is in Table 1. PCR products were pooled and genotyped on an ABI 3500 122 
automated sequencer using GS500-LIZ size standard. Allele sizes were determined with 123 
the software Geneious 7.1.7 (Biomatters). 124 

 125 
Table 1: Microsatellite loci used in this study. 126 
Locus Ta (

oC) Allele size 
range 

Reference 

Ig11D2 50 289-295 Gravena et al. (2009) 
Ig8H1 50 295–307 Gravena et al. (2009) 
Ig2B1 54 194–220 Gravena et al. (2009) 
D22 58 106-118 Shinohara et al. (1997) 
Ev5Pm 58 150-166 Valsecchi and Amos (1996) 
FCB5 58 121-141 Buchanan et al. (1996) 
FCB17 60 171-211 Buchanan et al. (1996) 

 127 
 128 
Allele frequencies, expected (He) and observed (Ho) heterozygosities, and the 129 

inbreeding coefficient FIS were estimated in FSTAT (Goudet 1995). Deviations from 130 
Hardy-Weinberg equilibrium (HWE) and of linkage equilibrium were also tested with 131 
FSTAT, and significance levels were adjusted for multiple tests by the False Discovery 132 
Rate procedure (FDR, Pike 2011). Microchecker 2.2.0.3 (Van Oosterhout et al. 2004) 133 
was used to detect the presence of null alleles, large allele dropout and scoring errors 134 
due to stutter peaks in the microsatellite loci.  135 

Genetic differentiation was investigated using the Bayesian clustering method 136 
implemented in Structure 2.3.4 (Pritchard et al. 2000). The admixture model 137 
incorporating sampling locations as prior (“locprior”, Hubisz et al. 2009) was used, with 138 
the correlated allele frequencies model. MCMC were set to 900,000 steps, after a burn-139 
in of 100,000 iterations. The number of populations (K) tested varied between 1 and 5. 140 
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Ten independent MCMC replicates were run for each value of K. Structure Harvester 141 
(Earl and von Holdt 2012) was used to build graphs of LnP(D) (Pritchard et al. 2000, 142 
Pritchard and Wen 2004) and delta (K) (Evanno et al. 2005), in order to infer the most 143 
likely number of populations. Results of independent Structure runs for the same K 144 
were summarised using CLUMPP 1.1.2 (Jakobsson and Rosenberg 2007), and graphs 145 
representing the membership coefficient (Q) of each sampled individual were drawn 146 
using Distruct 1.1 (Rosenberg 2004).  147 

Genetic differentiation was also investigated by computing the fixation index FST 148 
and testing its significance with 10,000 permutations in Genetix (Belkhir et al. 2002). A 149 
three dimensional Factorial Correspondence Analysis (3D-FCA) was also conducted in 150 
Genetix. 151 

The effective population size (Ne) was estimated using the Linkage 152 
Disequilibrium method (Hill 1981) in the software NeEstimator (Do et al. 2014). 153 
Estimates were calculated using the full data set and using critical frequency values of 154 
0.02 and 0.01 to discard rare alleles, which might influence the analysis.  155 

The Bottleneck program (Piry et al. 1999) was used to test the hypothesis of a 156 
recent bottleneck (within the last 2Ne–4Ne generations). Coalescent simulations (1,000) 157 
were run using all three-mutation models (Infinite Alleles Model, IAM; Two-Phase 158 
Model, TPM; and Stepwise Mutation Model, SMM). For the TPM model, settings 159 
included 95% of single step mutations, and variance of 12 among multiple step 160 
mutations, as recommended by Piry et al. (1999). Significance of deviations from 161 
equilibrium heterozygosity was evaluated using the Wilcoxon signed rank test (Luikart 162 
and Cornuet 1998). The qualitative mode-shift test of Luikart et al. (1998) was also 163 
used. 164 

Besides FIS, the degree of inbreeding was investigated by calculating the Internal 165 
Relatedness (IR) index, a measure of how related the parents of an individual were 166 
(Amos et al. 2001). IR was estimated using the Excel macro IRmacroN4.xls, available 167 
at http://www.zoo.cam.ac.uk/directory/william-amos. 168 

Kinship coefficients (r) between all pairs of individuals (dyads) were calculated 169 
by the program ML-Relate (Kalinowski 2006). The values of r in dyads within 170 
Babitonga, outside Babitonga and in dyads of individuals from inside and outside the 171 
bay were compared. Dyads were also stratified by sex, and their r values were 172 
compared. 173 

 174 
Mitochondrial control region amplification and sequencing 175 
The mitochondrial control region was PCR amplified using the primers designed 176 

by Cunha et al. (2014) in 15 μL reactions containing 1 unit of GoTaq polymerase 177 
(Promega); 0.20 mM dNTPs; 2.5 mM MgCl2; 1 µg/µL BSA and 0.5 μM of each primer. 178 
PCR cycling was as follows: 3 min. at 93oC; 30 cycles of 1 min. at 92oC, 1 min. at 50oC 179 
and 1 min. at 72oC; plus 5 min. of final extension at 72oC. All amplifications included 180 
blank controls. PCR products were purified and sequenced in both directions in an 181 
ABI3130 or ABI3500 automated sequencer using specific chemistry and the 182 
manufacturer’s instructions. Sequences were edited with program SeqMan 7 (Lasergene 183 
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Inc.), visually aligned in MEGA 4 and submitted to GenBank (accession numbers XX 184 
to YY). 185 

Haplotype and nucleotide diversities were estimated with DNASp 5 (Librado and 186 
Rozas 2009). A haplotype network was built with PopART (Leigh and Bryant 2015). 187 
Genetic differentiation was assessed by computing and testing FST and ΦST with 10,000 188 
permutations, using the program Arlequin (Excoffier and Lischer 2010). 189 
 190 
 191 
RESULTS 192 
 193 

Population structure - microsatellites 194 
Analyses were conducted with individuals grouped as follows: from inside 195 

Babitonga Bay (BB), N = 17; from adjacent coastal waters (CA), N = 20; of unknown 196 
origin, N = 2. 197 

All loci were in linkage equilibrium (P > 0.002). HWE tests indicated 198 
heterozygote deficits in loci Ig2B1 and D22 in BB, and the same two plus locus FCB17 199 
in CA (Table 2). According to Microchecker, null alleles could be present in those same 200 
loci and localities. 201 
 202 

Table 2: Diversity indices and Hardy-Weinberg equilibrium (HWE) test results for seven microsatellite 203 
loci in franciscanas from Babitonga Bay (BB) and coastal areas (CA). Na = number of alleles, AR = 204 
allelic richness; He = expected heterozygosity; Ho = observed heterozygosity. Significance of FIS values 205 
for the HWE test was assessed using a FDR procedure – significant values are marked with an asterisk. 206 
Locus Coastal areas (CA, N = 20) Babitonga Bay (BB, N =17) 

Na AR He / Ho FIS / P Na AR He / Ho FIS / P 
Ig11D2 3 2.796 0.350 

0.400 
-0.143 
1.000 

2 1.972 0.227 
0.250 

-0.100 
0.400 

Ig8H1 6 5.311 0.796 
0.647 

0.187 
0.089 

5 4.518 0.764 
0.933 

-0.221 
0.993 

Ig2B1 5 4.305 0.681 
0.200 

0.706* 
0.004 

5 5.000 0.705 
0.250 

0.646* 
0.004 

D22 5 3.257 0.466 
0.263 

0.436* 
0.011 

4 3.061 0.324 
0.176 

0.455* 
0.071 

Ev5Pm 6 5.135 0.693 
0.500 

0.278 
0.057 

3 2.500 0.519 
0.625 

-0.205 
0.886 

FCB5 6 4.881 0.680 
0.647 

0.049 
0.511 

4 3.651 0.654 
0.429 

0.345 
0.018 

FCB17 10 7.249 0.848 
0.625 

0.263* 
0.014 

4 3.234 0.360 
0.267 

0.258 
0.021 

 207 
 208 
  209 
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BB individuals had lower genetic diversity (number of alleles, allelic richness and 210 
heterozygosities) than CA (Table 2). Both groups had significant inbreeding coefficients 211 
(BB: FIS = 0.175, P = 0.011; FIS = 0.273, P = 0.004). Internal relatedness (IR) values 212 
indicate that around 82.35% of BB individuals were inbred (IR > 0.13, N = 14), 11.76% 213 
were born to unrelated parents (-0.13 < IR < 0.13, N = 2) and 5.88% were outbred (IR < 214 
-0.13, N = 1). CA franciscanas were also mainly inbred, but at a lower percentage: 60% 215 
(N = 12). Individuals born to unrelated parents and outbred individuals were 25% (N = 216 
5) and 15% (N = 3), respectively. 217 

The exploratory FCA suggested genetic differentiation of BB and CA individuals 218 
(Figure 2), and population structure between BB and CA was indicated by FST (0.089, P 219 
= 0.03). This result was better evidenced in the Bayesian clustering analyses of 220 
Structure, which showed two populations (K=2) as the most likely scenario (Figure 3a, 221 
b). The assignment coefficient Q (Figure 3c) depicts the two populations, with all 222 
individuals from CA assigned to the red population, and almost but two individuals 223 
from BB assigned to the blue population. One of the undetermined franciscanas was 224 
assigned to BB and the other to CA. 225 

 226 

 227 
 228 

Figure 2: 3D-Factorial Correspondence Analysis of genetic differentiation between franciscanas from 229 
Babitonga Bay (blue) and the coastal area (yellow). Axe 1 explains 100% of the variation. 230 

 231 
  232 
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 233 

 234 

 235 
 236 

Figure 3: Results of the Bayesian assignment analysis using Structure. A) Log of posterior probability 237 
values estimated after 10 independent MCMC runs for each number of populations (K) tested (K = 1 to 238 
5); B) Delta K values for the same analysis. Both graphs show K = 2 as the most likely scenario 239 
according to data. C) Proportion of the multilocus genotype of each franciscana (Q) that is assigned to 240 
each of the two inferred populations (red and blue). BB: Babitonga Bay; CA: coastal area; Und: 241 
individuals of undetermined origin. Arrows indicate the two franciscanas collected inside BB with a 242 
higher proportion of their genotypes assigned to CA. 243 

 244 

B 

A 

C 
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Effective size (Ne) (number of breeders) of the BB population was estimated as 245 
12.3 (CI: 2.5 – 31.2) for all three data sets (using all alleles, and discarding those with 246 
frequencies lower than 0.02 and 0.01). For CA, the three point estimates of Ne were 247 
“infinite” (CI: 66.1 – infinite). 248 

The occurrence of a bottleneck in either population was rejected using all three 249 
mutation models (BB: IAM, P = 0.594; SMM, P = 0.945; TPM, P = 0.945 / CA: IAM, P 250 
= 0.344; SMM, P = 0.996; TPM, P = 0.992). Additionally, the “mode-shift” test showed 251 
L-shaped distributions, also suggesting that the observed allele frequency distribution fit 252 
mutation-drift equilibrium expectations. 253 
 254 

 255 
Population structure - mtDNA  256 
Forty-nine sequences were analysed: BB, N = 24; CA, N = 23; undetermined, N = 257 

2. Aligned control region sequences were 614 base-pairs long, showing 18 polymorphic 258 
sites which defined six haplotypes. Of those, only two were observed in BB individuals, 259 
while all six haplotypes were found in CA (Figure 4). Although the same number of 260 
individuals was analysed inside and outside Babitonga, haplotype and nucleotide 261 
diversity values in BB (0.324 and 0.00475, respectively) were half the values found for 262 
CA (0.800 and 0.00860, respectively). 263 

Both FST (0.194, P = 0.002) and ΦST (0.261, P = 0.002) indicated genetic 264 
differentiation of maternal lineages between BB and CA. 265 

 266 

 267 
Figure 4: Haplotype network (614 bp, N = 49) built by PopART. Circle size is proportional to 268 
frequency. Branch length reflects molecular distance.  269 
 270 
 271 

Kinship analyses 272 
The relatedness coefficient r was estimated for 702 dyads, 153 between 273 

individuals from inside BB (BB x BB), 190 between individuals collected outside BB 274 
(CA x CA), and 359 between individuals from each group (BB x CA). This coefficient 275 
ranges from 0 to 0.5, with values around 0.125 corresponding to 3rd level relatives (first 276 
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cousins), around 0.250 to half-brothers or aunt-nephew relationships, and around 0.5 to 277 
parent-offspring or full-siblings. 278 

Average r was higher within BB (r = 0.282) than outside BB (r = 0.108) and 279 
mixed dyads (composed of BB and CA individuals, r = 0.095). BB also had a higher 280 
proportion of relatives (62.08% with r > 0.125) than CA and BBxCA, which were 281 
mainly composed of non-relatives (Figure 5, Table 3). 282 

 283 
 284 
Table 3: Average relatedness indices (r), and the number of dyads in each relationship category, 285 
in franciscanas from Babitonga Bay and the coastal Atlantic area. F: females; M: males. 286 
r values Babitonga Bay 

(BB, N = 153) 
Coastal Area 
(CA, N =190) 

BB x CA 
(N = 359) 

Average 0.278 0.108 0.095 
0 to 0.125 6 

 

127 263 
0.126 to 0.250 18 30 37 
> 0.251  69 33 59 
F x F    
0 to 0.125 18 26 26 
0.126 to 0.250 33 3 3 
> 0.251 15 7 7 
M x M    
0 to 0.125 13 5 27 
0.126 to 0.250 4 0 4 
> 0.251 19 1 5 
F x M    
0 to 0.125 35 21 85 
0.126 to 0.250 11 7 10 
> 0.251 35 8 22 
 287 
 288 
 289 
 290 
 291 
 292 
 293 
 294 
 295 
 296 
 297 
 298 
 299 
 300 
Figure 5: Relatedness indices (r) in franciscanas within Babitonga Bay (N = 153), outside it 301 
(coastal areas, N = 190) and mixed dyads (grouping individuals from inside and outside 302 
Babitonga Bay, N = 359). 303 
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Kinship according to sex was also investigated in 465 dyads. The same pattern 304 
described above was verified, with only BB showing more related than non-related 305 
individuals (56.83% with r > 0.125). Interestingly, relatedness in BB was high (r > 306 
0.125) irrespective of the sex of the individuals in each dyad: F x F (50.00%, mean r = 307 
0.238), F x M (56.79%, mean r = 0.239) and M x M (63.89%, mean r = 0.311) (Figure 308 
6, Table 3). 309 

 310 

 311 

 312 
 313 

Figure 6: Relatedness indices (r) in franciscanas of known sex within Babitonga Bay (N = 153) 314 
and in coastal areas (N = 78). 315 

 316 
 317 
In two instances franciscanas were caught in the same net during capture-release 318 

procedures for dorsal fin attachment of satellite-linked tags and at least two individuals 319 
of the group were sampled. In the first group, four franciscanas were sampled: two adult 320 
males and a mother-calf pair. One of the males could be a son of the female, and/or the 321 
father of the calf, because it could be sexually mature (it was 112 cm of total length and 322 
the smaller mature male reported for the species was 110 cm, Rosas and Monteiro-Filho 323 
2002). The three had the same haplotype. As both dyads (pairing this male with the 324 
female and with the calf) had r around 0.5, the most plausible explanation is that the 325 
male was a son of the female, and a full-sibling of the calf. The other male was not a 326 
son of the female, not the father of the calf, and had a different haplotype. This male 327 
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was not related to any franciscana in the group, but was assigned to the Babitonga Bay 328 
population. 329 

In another group two adult males (total length: 124 and 148cm) were sampled 330 
during capture-release procedures for attachment of satellite-linked tags. Both were 331 
tagged and they were sighted together many months following capture. Their r value 332 
was 0.5 and they had the same haplotype, suggesting that they could be full-siblings or 333 
father-son. 334 

 335 
 336 
DISCUSSION 337 
 338 

The Babitonga Bay population is small and isolated 339 
All population structure analyses, of both nuclear and mitochondrial data, 340 

supported the existence of two populations, showing that franciscanas from Babitonga 341 
are genetically different from those in nearby Atlantic coastal waters. Thus, population 342 
structure results indicate restrictions to gene flow in a very small geographic scale, of 343 
less than 20 Km. This finding corroborates field observations, satellite-linked tracking 344 
data and photoidentification data (Cremer et al. 2012, Sartori et al. 2017, Cremer et al. 345 
2018, Wells et al. in prep.)  which suggested that the franciscanas in Babitonga Bay are 346 
long-term residents frequenting the interior of the bay, rarely moving to the outer areas 347 
near the mouth.       348 

 Our results suggest that both female and male franciscanas tend to remain in 349 
their natal population after reaching sexual maturity, favouring the genetic 350 
differentiation of populations even at small geographic scale, and increasing the risk of 351 
inbreeding, especially when the isolation and decline of populations are intensified by 352 
human activities. 353 

Small-scale genetic differentiation of franciscanas has been reported in 354 
Argentina and Uruguay (Mendez et al. 2008, 2010a, Costa-Urrutia et al. 2012). 355 
Mitochondrial and microsatellite data supported the existence of three populations 356 
within FMA IV (Mendez et al. 2008, 2010a). The authors observed significant genetic 357 
structure between contiguous localities in Argentina, including two that are only 35 Km 358 
apart. Population limits correlated well with changes in environmental factors 359 
(chlorophyll concentration, water turbidity and surface temperature), which were 360 
proposed as drivers of population differentiation in franciscanas (Mendez et al. 2010a). 361 
Costa-Urrutía et al. (2011), using mtDNA and microsatellites, also found evidence of 362 
differentiation between franciscanas from the La Plata estuary and the Atlantic coast. 363 
Thus, our study is in accordance with previous findings of fine-scale structuring in the 364 
species, but at an even smaller scale. It also corroborates the possibility that 365 
differentiation results from gene flow restrictions caused by environmental 366 
discontinuities (Mendez et al. 2010a), especially between estuarine and coastal, open 367 
water habitats. 368 

Besides the genetic distinctiveness of franciscanas from Babitonga Bay at 369 
population level, genetic data also suggest that this is a small and isolated population. 370 
The effective population size estimated with the Linkage Disequilibrium method, in our 371 
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case (iteroparous species with overlapping generations) reflects the number of 372 
individuals that contributed to the gene pool in the contemporary generation, i.e., the 373 
number of breeders (Waples and Do 2008). Ne estimates converged to 12.3 (CI: 2.6 – 374 
32.1), which would roughly translate into a population size (N) of 53 or 87 franciscanas 375 
(considering Ne/N = 0.14 or 0.23; Palstra and Ruzzante 2008, Palstra and Fraser 2012, 376 
respectively). Although these Ne/N ratios, derived from empirical data, have several 377 
limitations (reviewed by Palstra and Fraser 2012), the Babitonga Bay population size 378 
estimated from Ne is close to the abundance estimates obtained by line transects in two 379 
different projects: between 2000 and 2003, 50 individuals were estimated (CV = 0.29) 380 
(Cremer and Simões-Lopes 2008), and in 2011, 55 individuals (CV = 0.24)  (Zerbini et 381 
al. 2011). In any case, our Ne estimate per se is consistent with a small population, as 382 
made evident by the comparison with the Ne estimate for the coastal area (Ne = infinite, 383 
CI: 66.1 – infinite). 384 

Genetic variability indices also indicate a small an isolated population in 385 
Babitonga Bay. The number of haplotypes, nucleotide and haplotype diversity, allele 386 
number, allelic richness and expected and observed heterozygosities were lower in 387 
Babitonga Bay compared to the adjacent Atlantic coastal area, despite sample sizes 388 
being equivalent. In a study of comparable scale involving franciscanas from the La 389 
Plata River estuary and adjacent costal area, expected heterozygosities were similar 390 
(0.843 and 0.832, respectively - Costa-Urrutia et al. 2012) and higher than found in 391 
Babitonga Bay and outside it (0.502 and 0.639, respectively). However, genetic 392 
diversity is higher in franciscanas in the south and decreases northwards along the 393 
species range, probably due to historical events such as the colonisation of the Atlantic 394 
by the species (Cunha et al. 2014), so comparisons between Babitonga Bay and the 395 
nearby Atlantic coastal area are more appropriate than with localities to the south.  396 

The reduced diversity of the Babitonga Bay population may be the result of 397 
insufficient gene flow to counterbalance the eroding effect of genetic drift in a small 398 
population. Significant inbreeding (FIS = 0.175, P = 0.011) and the high percentage of 399 
inbred individuals (84.21% with IR > 0.13) seem to corroborate the scenario of 400 
isolation. Alternatively, the low variability in Babitonga Bay could be due to a founder 401 
effect. This possibility is favoured by the fact that Babitonga haplotypes were a subset 402 
of those found in coastal areas, as were most of the microsatellite alleles. Only four 403 
private alleles were observed in Babitonga (versus 18 in the coastal area).  404 

Although there was no evidence of a bottleneck, the detection window of our 405 
method (2Ne – 4Ne) was probably closed earlier than 50 years ago, considering the 406 
lower Ne estimate within our confidence interval and the generation time of 9.3 years 407 
estimated for franciscanas (Taylor et al. 2007). Gene flow was probably impacted by 408 
human activities in Babitonga Bay and probably this began to severely impact the 409 
franciscanas later. Originally, the bay had two channels that communicated with the 410 
Atlantic Ocean. The definitive closure of one of the channels, in 1934, left just one 411 
entrance, which became extremely busy with commercial shipping traffic in the São 412 
Francisco Harbour, which started operating in 1955. It is possible that the intense 413 
movement of vessels gradually deterred the franciscanas from using the bay access 414 
channel to the adjacent Atlantic coastal area. The monitoring of this population in the 415 
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past 20 years shows that the records of the species in this heavily trafficked region are 416 
rare and that this may be related in part to the noise pollution caused large vessels 417 
(Cremer et al., 2018).  418 

Irrespective of whether the Babitonga Bay population was once larger and 419 
experienced a bottleneck, or has been small since its founding, our data show that gene 420 
flow with adjacent Atlantic coastal areas is negligible. In other words, migration from 421 
coastal areas into Babitonga Bay seems extremely infrequent, and the persistence of the 422 
Babitonga Bay population appears to depend entirely on adult and juvenile survival and 423 
recruitment through natality. Thus, Babitonga Bay franciscanas form a demographically 424 
independent unit (a “Management Unit” sensu Moritz 1994), and should be treated as 425 
such for conservation purposes. In this sense, impacts from the accidental capture in 426 
fishing nets, as reported by Pinheiro and Cremer (2003) and Cremer et al. (2018), 427 
should be considered as a very strong threat because it may be removing key individuals 428 
from the population (breeders). In addition, environmental degradation, which also 429 
includes problems related to chemical pollution (Alonso et al., 2012; De La Torre et al., 430 
2012; Gago-Ferreiro et al., 2013), are also of concern, as they gradually reduce the 431 
conditions for the population's survival. 432 
 433 

Kinship analyses support the philopatry of both sexes in franciscanas 434 
 Kinship analyses revealed that in Babitonga over 60% of franciscana dyads were 435 
related, while individuals collected outside the bay were not. CA individuals could 436 
belong to multiple groups that use the nearshore waters outside Babitonga, and thus 437 
relatedness among them was expected to be low. In any case the CA dyads serve as a 438 
control group, emphasising the high average relatedness among BB franciscanas. It 439 
should be noted that the high average relatedness and the fact that 62% of dyads were 440 
related do not imply that there is a single family group in Babitonga Bay (in fact, the 441 
presence of two haplotypes implies the existence of at least two matrilines in 442 
Babitonga). The same pattern could have arisen from multiple family groups, where 443 
dyads within groups would have higher r values than those between groups, which 444 
would tend to zero. In any case, high average relatedness, coupled with the evidence of 445 
limited gene flow with franciscanas from adjacent Atlantic coastal waters, builds a 446 
strong case for philopatry. Philopatry of one sex, usually the female, is a widespread 447 
phenomenon in mammals (Greenwood 1980), including many cetaceans (Connor et al. 448 
2000), and has already been proposed for female franciscanas (Mendez et al. 2010a).  449 

Another interesting finding is that kinship in Babitonga was high irrespective of 450 
the sex of the individuals (F x F, r = 0.238; M x M, r = 0.311; M x F, r = 0.239). 451 
Relatedness among females was expected, because most previous genetic and 452 
ecological studies with other small cetaceans revealed matrilineal social structure 453 
(Connor et al. 2000, Moller 2012), which has also been proposed for franciscanas 454 
(Valsecchi and Zanelatto 2003, Mendez et al. 2010b, Costa-Urrutia et al. 2012). But the 455 
presence of related adult males within their natal population, as suggested by our data, 456 
is rare. For comparison, r values in a resident population of Sotalia guianensis from 457 
Guanabara Bay are high among females, but low in female-male and male-male dyads, 458 
suggesting female philopatry and male-biased dispersal (Cunha H.A., unpublished 459 
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data).  One possibility is that M x F dyads with high r values represent males that had 460 
related females in Babitonga, but were not in the same family group after reaching 461 
sexual maturity, i.e., that there is male exchange between family groups. But even so, 462 
males would still be philopatric because they would tend to remain in their natal 463 
population, raising the risk of inbreeding, further accentuated by the small population 464 
size.  465 
  In a previous study, relatedness was reported between four members of a 466 
franciscana group that were incidentally captured in the same gillnet in Southern Brazil 467 
(an adult male, a lactating female, a calf and a juvenile (Valsecchi and Zanellato 2003). 468 
Relatedness coefficients supported the mother-calf relationship between the lactating 469 
female and the calf, an aunt-nephew relationship between the female and the juvenile, 470 
and a cousins’ relationship between the calf and the juvenile. The adult male was 471 
unrelated to the female and juvenile, and only related to the calf. Although r was lower 472 
than expected to support the father-calf relationship between them (r = 0.29), the 473 
authors reported a 99.84% probability that the male was the father of that calf. This 474 
study indicated that franciscanas travel in family groups, and that males could exhibit at 475 
least short-term paternal care (of a few months). But the authors doubted the existence 476 
of a longer bond between males and their offspring and respective mothers, and refused 477 
the idea of monogamy (Valsecchi and Zanellato 2003). 478 
 Despite that, the hypothesis of a monogamic breeding system for the species has 479 
been reinforced by different approaches, including the extremely small weight of 480 
franciscana testes along the year (Rosas and Monteiro-Filho, 2002, Danilewicz et al., 481 
2004), the reverse sexual dimorphism and the lack of scars on males and females, that 482 
could be related to conspecific aggression (Costa-Urrutia et al. 2012, Panebianco et al. 483 
2012), and the prolonged or repeated close proximity of unrelated adult males and 484 
females, according to data obtained from animals tagged with satellite-linked 485 
transmitters (Wells et al. 2013). Two other studies investigated relatedness in 486 
franciscana groups. The first study analysed eleven pairs and one trio of franciscanas 487 
by-caught or captured and released together, in Argentina (Mendez et al. 2010b). 488 
Results showed that three pairs were formed by mother-offspring and seven pairs by 489 
unrelated adult male and female, which the authors speculated were possible 490 
reproductive pairs. The trio was composed of an unrelated adult male and female and 491 
her calf. Mendez et al. (2010b) argued that at least short term bonds are maintained by 492 
females and their offspring and by reproductive pairs, which would tend to travel and be 493 
entangled together, and discussed the genetic and demographic consequences of this 494 
aspect of by-catch. According to the authors, franciscana social groups are matrilinearly 495 
oriented but include unrelated reproductive adult males that could form temporary or 496 
longer lasting bonds to reproductive adult females of the core of the social group.  497 
 In the second study, kinship was analysed in 21 groups (composed of individuals 498 
either by-caught together or stranded within 1 Km in the same day) sampled in Uruguay 499 
and Southern Brazil (Costa-Urrutia et al. 2012). In half of the groups, individuals were 500 
relatives (r > 0.125). Related pairs involved all possible combination of sex and age. 501 
The three larger groups sampled (more than 5 individuals) had r around 0.5 and 502 
supported the presence of females with their offspring (juveniles) of both sexes, and 503 
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half and full-sibling relationships between juveniles of both sexes. Similarly to Mendez 504 
et al. (2010b), the authors proposed that the species’ basic social unit is the family 505 
group, structured in matrilines. They also suggested that males may remain in their natal 506 
group, but their evidence was not strong (one juvenile male first-order related to an 507 
adult female, possibly his mother; and six juvenile males in the same group with 508 
possible half-siblings).   509 

Thus, previous genetic data of franciscana groups supported kinship as a 510 
criterium for social organisation, but also revealed associations between unrelated 511 
individuals (in this case male and female pairs, Mendez et al. 2010b), although data on 512 
the temporal stability of such associations are limited. Our study did not aim to 513 
investigate group structure, but in two instances intra-group relationships could be 514 
explored. The first group seems in agreement with the hypothesis of juvenile males 515 
staying with their mothers (as suggested by Costa-Urrutia et al. 2012), and also that 516 
unrelated adult male and female may associate long enough to entangle together (as 517 
suggested by Mendez et al. 2010b). In the second group two adult males were probably 518 
full-siblings and were observed in association for at least eight months after tagging.      519 
 Kinship-based group formation implies fidelity to the natal group of at least one 520 
of the sexes, which in the case of mammals usually is the female (Greenwood 1980, 521 
Dobson 1982). Cetaceans apparently follow the rule, with only two known exceptions. 522 
Males of Globicephala melas and Orcinus orca stay in their maternal groups beyond 523 
attaining sexual maturity, but do not mate with related females. Instead, mating occurs 524 
when different groups meet (Amos et al. 1993, Pilot et al. 2010). Depending on the 525 
species’ ecology, fidelity to the group corresponds to natal site fidelity, more commonly 526 
referred to as philopatry. Our results suggest that both female and male franciscanas are 527 
philopatric, because even if males do disperse from one family group to another, both 528 
sexes still remain in their natal site, and consequently in their natal population.  529 
  530 

The possible role of bisexual philopatry in shaping population structure and 531 
consequences for the conservation of franciscanas 532 
 Evolutionary theory predicts that dispersal, and ultimately gene flow, is 533 
necessary to counterbalance the effects of genetic drift and inbreeding and maintain 534 
genetic variation within populations (Wright 1978). At the same time, gene flow is 535 
required to homogenise populations and prevent their differentiation. Philopatric species 536 
do not disperse as frequently as non-philopatric species, resulting in lack of panmixia 537 
and consequently, in population structure. Thus philopatry, as well as other phenomena 538 
that interfere with dispersal and random mating (such as habitat selection, presence of 539 
strong physical barriers, distance etc),may lead to population differentiation (Wright 540 
1978, Avise 2004). 541 
 Philopatry of females has been evoked as an explanation for population structure 542 
in cetaceans, and in most cases is inferred by a stronger degree of structure detected 543 
with mitochondrial markers compared to nuclear loci (i.e. microsatellites), as a result of 544 
the strictly matrilinear mode of transmission of the former (Prugnolle & de Meeus 2002, 545 
Moller 2012). Philopatry of both sexes would have the potential to drive population 546 
differentiation faster and even at small geographic scales, and produce concordant 547 
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structure patterns between mitochondrial and nuclear markers. Both situations seem to 548 
apply in the case of franciscanas: the first has been verified in several localities (Mendez 549 
et al. 2008, 2010a, Costa-Urrutia et al. 2012, Cunha et al. 2014, this study), and the 550 
second in Babitonga Bay (this study). 551 
 In such scenarios, all genetically differentiated populations, besides the need for 552 
independent conservation actions as distinct Management Units, require measures to 553 
minimise unnatural mortality rates and maintain or increase birth and survival rates. 554 
Immigration should be assumed as an extremely infrequent event in this case, 555 
insufficient to compensate mortality and to promote the colonisation of extirpated local 556 
populations. At the same time, genetic erosion and, ultimately loss of local, genetically 557 
differentiated populations could result in reduction of the adaptive potential of a 558 
critically endangered species, an irreversible and unwanted outcome.  559 

The Babitonga Bay population is quite unique: it is composed of resident 560 
franciscanas with an overall home range of about 26 Km2 (Cremer 2007), forming a 561 
small population isolated from other franciscanas that live less than 20 Km away, in 562 
Atlantic coastal waters. This isolation, coupled with the increasing anthropogenic 563 
impacts in this bay, makes the persistence of this population very unlikely in the 564 
medium term, unless conservation measures are adopted urgently.         565 
 566 
 567 
ACKNOWLEDGEMENTS 568 
 569 
We are grateful to Fundo de Apoio à Pesquisa - FAP/UNIVILLE and Petrobras SA for 570 
the support to fieldwork that made this study possible. The capture-release work could 571 
not have been accomplished without the dedicated efforts of the AquaMarina team, 572 
Projeto Toninhas/UNIVILLE team and the Sarasota Dolphin Research Program. We are 573 
also thankful to Renan L. Paitach for map preparation. 574 
 575 
 576 
REFERENCES 577 
 578 
Alonso M, Eljarrat E, Gorga M, Secchi ER, Bassoi M, Barbosa LA, Bertozzi CP, 579 

Marigo J, Cremer MJ, Domit C, Azevedo AF, Dornelles PR, Torres JP, Lailson-Brito 580 
J, Malm  O, Barcelo D (2012) Natural and anthropogenically-produced brominated 581 
compounds in endemic dolphins. Environmental Pollution, v. 170, 152-160 582 

Amos W, Schlötterer C, Tautz D (1993) Social structure of pilot whales revealed by 583 
analytical DNA profiling. Science 260: 670-672 584 

 Amos W, Worthington Wilmer J, Fullard K, Burg TM, Croxall JP, Bloch D, Coulson T 585 
(2001) The influence of parental relatedness on reproductive success. Proceedings of 586 
the Royal Society of London, Series B: Biological Sciences, 268, 2021-2027. 587 

Avise JC (2004) Molecular Markers, Natural History and Evolution. 2a ed. Chapman & 588 
Hall, New York 589 

Belkhir K, Borsa P, Chikhi L, Raufaste N, Bonhomme F (2002)   GENETIX 4.04, 590 
logiciel sous Windows TM pour la génétique des populations. Laboratoire Génome, 591 



18 
 

Populations, Interactions, CNRS UMR 5000, Université de Montpellier II, 592 
Montpellier, France. 593 

Buchanan FC, Friesen MK, Littlejohn RP, Clayton JP (1996) Microsatellites from the 594 
beluga whale Delphinapterus leucas. Molecular Ecology 5: 571-575 595 

Cremer MJ (2007) Ecologia e conservação de populações simpátricas de pequenos 596 
cetáceos em ambiente estuarino no sul do Brasil. Universidade Federal do Paraná. 597 
PhD Thesis 598 

Cremer MJ, Simões-Lopes PC (2008). Distribution, abundance and density estimates of 599 
franciscanas, Pontoporia blainvillei (Cetacea: Pontoporiidae), in Babitonga bay, 600 
southern Brazil. Revista Brasileira de Zoologia, 25(3), 397-402. 601 

Cremer MJ, Holz AC, Sartori CM, Schulze B, Paitach RL, Simões-Lopes PC (2018). 602 
Behavior and ecology of endangered species living together: long-term monitoring of 603 
resident sympatric dolphin populations. In: Rossi-Santos MR, Finkl CW editors, 604 
Advances in Marine Vertebrate Research in Latin America, DOI 10.1007/978-3-319-605 
56985-7_17 606 

Crespo, EA (2009). Franciscana dolphin Pontoporia blainvillei. In: Perrin WF, Würsig 607 
B, Thewissen JGM, editors. Encyclopedia of marine mammals New York, NY: 608 
Academic Press. 2nd ed. pp. 466–469. 609 

Connor, R. C., R. S. Wells, J. Mann, and A. J. Read. 2000. The bottlenose dolphin: 610 
social relationships in a fission-fusion society. In: Mann J, Connor RC, Tyack PL, 611 
Whitehead H editors. Field Studies of Dolphins and Whales. Cetacean Societies, 612 
Chicago, University of Chicago Press. pp. 91–126. 613 

Costa-Urrutia P, Abud C, Secchi ER, Lessa EP (2012) Population Genetic Structure and 614 
Social Kin Associations of Franciscana Dolphin, Pontoporia blainvillei. Journal of 615 
Heredity 103: 92-102. 616 

Cunha HA, Medeiros BV, Barbosa LA, Cremer MJ, Marigo J, Lailson-Brito J, Azevedo 617 
AF, Solé-Cava AM (2014) Population Structure of the Endangered Franciscana 618 
Dolphin (Pontoporia blainvillei): Reassessing Management Units. PLoS One 9(1): 619 
e85633. 620 

Danilewicz D, Claver J, Pérez Carrera AL, Secchi ER, Fontoura NF (2004) 621 
Reproductive biology of male franciscanas (Pontoporia blainvillei) (Mammalia: 622 
Cetacea) from Rio Grande do Sul, southern Brazil. Fishery Bulletin, v. 102, p. 581-623 
592  624 

De La Torre A, Alonso M, Martinez MA, Sanz P, Shen L, Reiner EJ, Lailson-Brito J, 625 
Torres JP, Bertozzi CP, Marigo J, Barbosa LA, Cremer MJ, Secchi ER, Malm O, 626 
Eljarrat E, Barcelo D (2012) Dechlorane related compounds in franciscana dolphin 627 
(Pontoporia blainvillei) from Southeastern and Southern coast of Brazil. 628 
Environmental Science & Technology, v. 302, p. 934  629 

Do C, Waples RS, Peel D, Macbeth GM, Tillett BJ, Ovenden JR (2014) NeEstimator 630 
v2: re-implementation of software for the estimation of contemporary effective 631 
population size (Ne) from genetic data. Molecular Ecology Resources. (1): 209-14. 632 

Dobson FS (1982) Competition for mates and predominant juvenile male dispersal in 633 
mammals. Anim Behaviour 30: 1183-1192  634 



19 
 

Earl DA, vonHoldt BM (2012) Structure Harvester: a website and program for 635 
visualizing Structure output and implementing the Evanno method. Conservation 636 
Genet Resour 4, 359–361. 637 

Excoffier L, Lischer HEL (2010) Arlequin suite ver 3.5: a new series of programs to 638 
perform population genetics analyses under Linux and Windows. Molecular Ecology 639 
Resources 10: 564-567. 640 

Evanno G, Regnaut S, Goudet J (2005) Detecting the number of clusters of individuals 641 
using the software Structure: a simulation study. Mol Ecol 14:2611–2620. 642 

Gago-Ferrero P, Alonso M, Bertozzi CP, Marigo J, Barbosa LA, Cremer MJ, Secchi 643 
ER, Azevedo AF, Lailson-Brito J, Torres JP, Malm O, Eljarrat E, Diaz-Cruz MS, 644 
Barcelo D (2013) First determination of UV filters in marine mammals. Octocrylene 645 
levels in dolphins. Environmental Science & Technology, v. 47, p. 5619-5625 646 

Gariboldi MC, Túnez JI, Dejean CB, Failla M, Vitullo AD, Negri MF, Cappozzo HL 647 
(2015) Population genetics of Franciscana Dolphins (Pontoporia blainvillei): 648 
Introducing a new population from the southern edge of their distribution PLoS One, 649 
10, e0132854. 650 

Gariboldi MC, Túnez JI, Failla M, Hevia M, Panebianco MV, et al (2016) Patterns of 651 
population structure at microsatellite and mitochondrial DNA markers in the 652 
franciscana dolphin (Pontoporia blainvillei) Ecology and Evolution 6: 8764-8776. 653 

Goudet J (1995) FSTAT (Version 1.2): A Computer Program to Calculate F-Statistics 654 
Journal of Heredity, 86(6) 485–486. 655 

Gravena W, Hrbek T, Da Silva VMS, Astolfi-Filho S, Farias IP (2009). Microsatellite 656 
loci for population and parentage analysis in the Amazon River dolphin (Inia 657 
geoffrensis de Blainville, 1817). Molecular Ecology Resources: 9, 600–603. 658 

Greenwood PJ (1980) Mating systems, philopatry and dispersal in birds and mammals. 659 
Animal Behaviour 28:1140–1162 660 

Hubisz MJ, Falush D, Stephens M, Pritchard JK (2009) Inferring weak population 661 
structure with the assistance of sample group information. Molecular Ecology 662 
Resources, 9, 1322–1332. 663 

Hill WG (1981) Estimation of effective population size from data on linkage 664 
disequilibrium. Genetical Research. 38: 209–216 665 

Jakobsson M, Rosenberg N (2007) CLUMPP: Cluster Matching And Permutation 666 
Program for dealing with label switching and multimodality in analysis of population 667 
structure. Bioinformatics, 23, 1801-1806. 668 

Kalinowski ST, AP Wagner, ML Taper (2006). ML-Relate: a computer program for 669 
maximum likelihood estimation of relatedness and relationship. Molecular Ecology 670 
Notes 6:576-579. 671 

Leigh JW, Bryant D (2015). PopART: Full-feature software for haplotype network 672 
construction. Methods Ecol Evol 6(9):1110–1116. 673 

Librado, P. and Rozas, J. (2009). DnaSP v5: A software for comprehensive analysis of 674 
DNA polymorphism data. Bioinformatics 25: 1451-1452. 675 

Luikart G, Sherwin WB, Steele BM, Allendorf FW (1998) Usefulness of molecular 676 
markers for detecting populationbottlenecks via monitoring genetic change. 677 
Molecular Ecology. 7, 963–974 678 



20 
 

Luikart G, Cornuet JM (1998) Empirical Evaluation of a Test for Identifying Recently 679 
Bottlenecked Populations from Allele Frequency Data. Conservation Biology, Vol 680 
12, 1. 228–237 681 

Mendez M, Rosenbaum HC, Bordino P (2008) Conservation genetics of the franciscana 682 
dolphin in Northern Argentina: population structure, by-catch impacts, and 683 
management implications. Conservation Genetics 9: 419-435 684 

Mendez M, Rosenbaum HC, Subramaniam A, Yackulic C, Bordino P (2010a) Isolation 685 
by environmental distance in mobile marine species: molecular ecology of 686 
franciscana dolphins at their southern range. Molecular Ecology 19: 2212-2228 687 

Mendez M, Rosenbaum HC, Wells RS, Stamper A, Bordino P. (2010b) Genetic 688 
evidence highlights potential impacts of by-catch to cetaceans. Plos One. 689 
5(12):e15550 690 

Moller L (2012) Sociogenetic structure, kin associations and bonding in delphinids. 691 
Molecular Ecology, vol 21, 3. 745-764 692 

Moritz C (1994) Defining Evolutionarily-Significant-Units for Conservation. Trends in 693 
Ecology & Evolution 9: 373-375 694 

Palstra FP, Ruzzante D (2008) Genetic estimates of contemporary effective population 695 
size: What can they tell us about the importance of genetic stochasticity for wild 696 
population persistence? Molecular Ecology 17: 3428-47 697 

Palstra FP, Fraser DJ (2012) Effective/census population size ratio estimation: a 698 
compendium and appraisal. ecology and Evolution 2: 2357-2365 699 

Pilot M, Dahlheim ME, Hoelzel AR (2010) Social cohesion among kin, gene flow 700 
without dispersal and the evolution of population genetic structure in the killer whale 701 
(Orcinus orca). Journal of Evolutionary Biology 23: 20-31 702 

Pinheiro L, Cremer MJ (2003) Etnoecologia e captura acidental de golfinhos (Cetacea: 703 
Pontoporiidae e Delphinidae) na Baia da Babitonga, Santa Catarina. 704 
Desenvolvimento e Meio Ambiente (UFPR), Curitiba, v. 8, p. 69-76 705 

Pike N (2011) Using false discovery rates for multiple comparisons in ecology and 706 
evolution. Methods in Ecology and Evolution, v. 2, n. 3, p. 278-282.  707 

Piry S, Luikart G, Cornuet J-M (1999) Computer note. BOTTLENECK: a computer 708 
program for detecting recent reductions in the effective size using allele frequency 709 
data, Journal of Heredity, Vol 90(4) -502–503. 710 

Pritchard JK, Stephens M, Donnelly P (2000) Inference of population structure using 711 
multilocus genotype data. Genetics, 155, 945–959. 712 

Pritchard JK, Wen W (2003) Documentation for structure software: Version 2. 713 
Available from http://pritch.bsd.uchicago.edu Department of Human Genetics, 714 
University of Chicago.  715 

Prugnolle F, de Meeus T (2002) Inferring sex-biased dispersal from population genetic 716 
tools: a review. Heredity 88: 161-165  717 

 Rosas FCW, Monteiro-Filho ELA (2002) Reproductive parameters of Pontoporia 718 
blainvillei (Cetacea, Pontoporiidae), on the coast of São Paulo and Paraná States, 719 
Brazil. Mammalia, 66 (2): 231-245 720 

Reeves R, Dalebout M, Jefferson TA, Karkzmarski L, Laidre K, O’Corry-Crowe G, 721 
Rojas-Bracho L, Secchi E, Slooten E, Smith BD, Wang JY, Zerbini AN, Zhou K 722 



21 
 

(2012) Pontoporia blainvillei. The IUCN Red List of Threatened Species 2012: 723 
e.T17978A17623386. 724 

Rosel PE (2003) PCR-based sex determination in Odontocete cetaceans. Conservation 725 
Genetics 4, 647–649. 726 

Rosenberg NA (2004) Distruct: a program for the graphical display of population 727 
structure. Molecular Ecology Notes. 4, 137-138.  728 

Sambrook J, Fritsch EF, Maniatis T (1989). Molecular Cloning: a Laboratory Manual: 729 
Cold Spring Harbor Lab. Press. 730 

Sartori, C.M., Paitach, R.L. and Cremer, M.J. 2017. Photo-identification of franciscanas 731 
(Pontoporia blainvillei) in Babitonga Bay, Santa Catarina state, Brazil. The Journal 732 
of Cetacean Research and Management 16: 49-55. 733 

Secchi ER, Danilewicz D, Ott PH (2003) Applying the phylogeographic concept to 734 
identify franciscana dolphin stocks  implications to meet management objectives 735 
Journal of Cetacean Research Management 5: 61-68 736 

Shinohara M, Domingo-Roura X, Takenaka O (1997) Microsatellites in the bottlenose 737 
dolphin Tursiops truncatus. Mol Ecol 6: 695-696 738 

Schuelke M (2000). An economic method for the fluorescent labeling of PCR 739 
fragments. Nat Biotechnol 18, 233–234.  740 

Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4  Molecular evolutionary genetics 741 
analysis (MEGA) software version 4.0. Molecular Biology and Evolution 24: 1596-742 
1599.  743 

Taylor BL, Chivers SJ, Larese J, Perrin WF (2007) Generation length and percent 744 
mature estimates for IUCN assessments of cetaceans. Administrative Report LJ-07-745 
01, Southwest Fisheries Science Center, 8604 La Jolla Shores Blvd., La Jolla , CA 746 
92038, USA. 24 pp. 747 

Valsecchi E, Amos W (1996) Microsatellite markers for the study of cetacean 748 
populations. Mol Ecol 5: 151-156 749 

Valsecchi E, Zanelatto RC (2003). Molecular analysis of the social and population  750 
structure of the franciscana (Pontoporia blainvillei): conservation implications.  751 
Journal of Cetacean Research Management. 5(1): 69-75. 752 

Van Oosterhout C,  Hutchinson WF, Wills DPM, Shipley P (2004). Micro‐checker: 753 
software for identifying and correcting genotyping errors in microsatellite data. 754 
Molecular Ecology Notes. 4 (3) 535-538. 755 

Waples RS, Do C (2008) LDNE: a program for estimating effective population size 756 
from data on linkage disequilibrium. Computer Programs. Molecular Ecology 757 
Resources 8, 753–756  758 

Wells R, Bordino P, Douglas DC (2013) Patterns of social association in the 759 
franciscana, Pontoporia blainvillei. Marine Mammal Science. 29(4). 760 

Zerbini, A.N., Secchi, E.R., Danilewicz, D., Andriolo, A., Laake, J.L. & Azevedo, A. 761 
(2011). Abundance and distribution of the franciscana (Pontoporia blainvillei) in the 762 
Franciscana Management Area II (southeastern and southern Brazil). Paper 763 
SC/62/SM7 presented to the IWC Scientific Committee, Agadir. 764 

Zerbini AN, Secchi E, Crespo E, Danilewicz D, Reeves R. (2017). Pontoporia 765 
blainvillei (errata version published in 2018). The IUCN Red List of Threatened 766 



22 
 

Species 2017: 767 
e.T17978A123792204.https://dx.doi.org/10.2305/IUCN.UK.2017.RLTS.T17978A50768 
371075.en. 769 

 770 


