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ABSTRACT 

 

A recent study using mitochondria DNA and microsatellites identified genetic discontinuity 

between blacknose sharks (Carcharhinus acronotus) caught along the U.S. South Atlantic coast 

(Atlantic), the Gulf of Mexico (Gulf), and the Bahamas. The analytical resolution of these 

markers was unable to assign individuals from the Florida Keys to any regional population with 

any significance. Since this area is at the boundary of the identified Atlantic and Gulf of Mexico 

populations, higher resolution markers were necessary to understand patterns of gene flow in the 

area and gauge if current management policy is satisfactory for this species.   

Patterns of population structure in the blacknose shark were assessed using double digest 

Restriction Associated DNA methods and analyses were performed on 2,178 nuclear encoded 

single nucleotide polymorphism containing loci scored for 249 individual sharks sampled from 

the U.S. South Atlantic, eastern and western Gulf of Mexico.  

Results concurred with findings from the previous study that utilized microsatellites and 

mtDNA, supporting divergence between the Gulf and Atlantic and weak structure between the 

eastern and western Gulf. Individuals from the Florida Keys, an area which could potentially be 

a seasonal mixing zone for Atlantic and eastern Gulf populations, largely assigned to the eastern 

Gulf population. Of 79 Keys individuals analyzed, 50 were assigned to the Gulf, and four to the 

Atlantic with greater than 80% membership probability. Seven potential Gulf migrants were 

identified in the Atlantic and three potential Atlantic migrants were identified in the Gulf using 

the whole data set. When a reduced data set consisting only of markers that were significantly 

divergent between the eastern Gulf and Atlantic was used for assignment only five migrants were 

detected (four in the Atlantic and one in the Gulf).  
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The results presented here indicate that the Straits of Florida do not act as a hard barrier that 

prevents movement between the western Atlantic and eastern Gulf. Despite the number of 

migrants detected exceeding that which is theoretical required to cause gene pools to 

homogenize, the western Atlantic and Gulf remain distinct; suggesting differences in potential 

and realized dispersal over generational scales. Additionally, the presence of migrants between 

the populations but absence of gene flow brings to question if genetic, behavioral, or 

physiological (olfactory, etc.) factors can explain this behavior.   
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INTRODUCTION 

Historically highly vagile marine species have been considered genetically homogeneous 

across large geographic distances (Begg et al. 1999). This concept of homogeneity emerged from 

the assumption that most marine species have large population sizes and potential for long 

distance dispersal, and because barriers limiting gene flow are not easily identified in seemingly 

open marine systems (Shaklee & Bentzen 1998; Palumbi 2009). Though genetic homogeneity is 

observed in some species (Broughton & Gold 1997; Mariani et al. 2005), the identification of 

population subdivisions in wide spread species across seemingly open habitat is also common 

(Ruzzante et al. 2006; Guinand et al. 2008). While marine systems do have some conspicuous 

barriers including: large open ocean expanses (Duncan et al. 2006; Keeney & Heist 2006; 

Portnoy et al. 2010), seascape changes due to tectonic activity (Lessios 1998; Marko 2002; 

Rocha et al. 2007), and deep trenches (Benavides et al. 2011), cryptic barriers, caused by 

geological, oceanographic and/or biological phenomena that are not inherently conspicuous; 

such as marine gyres (Han et al. 2015), and steep temperature gradients (Schopf 1979) are 

important. This is supported by research that has revealed that fishes are less spatially 

homogeneous than expected in terms of life histories (Conover 1992; Shulman & Bermingham 

1995; Blanck & Lamouroux 2007) and genetics (Townsend & Crowl 1991; Avise 1992; 

O’Reilly et al. 2004; Bergek & Björklund 2007) over apparently open expanses.  

From a fisheries perspective, the identification of stocks is vital because the dynamics of 

independent stocks are affected by local processes (e.g. birth rates, natural mortality) more than 

migration and therefore will respond independently to exploitation (Grimes et al. 1985; Begg et 

al. 1999). Independent stocks may also respond differently to environmental variation (Carvalho 

& Hauser 1994) and failure to identify genetically independent stocks may not only result in 
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overexploitation, but loss of adaptive genetic diversity (Smith 1991; Begg et al. 1999; Hilborn et 

al. 2003). Understanding population structure, patterns of potential localized adaptation, and 

breeding behavior is especially critical in sharks, which typically have longer generational times, 

and considerably fewer offspring than bony fishes, resulting in substantially less productivity and 

higher sensitivity to exploitation (Stevens 2000). 

Stocks may be defined using multiple methodologies including tag-recapture studies, life 

history analysis (Grimes et al. 1985), morphological assessment (Savini et al. 2004), and/or 

otolith microchemistry analysis (Ihssen et al. 1981; Clardy et al. 2008). However, these methods 

may only provide insights on contemporary demographics, spanning a small number of 

generations, and observed differences may be a function of seasonal ecotypes (Tallman & 

Healey 1991), plasticity (Conover et al. 2006; Hutchings et al. 2007), and/or latitude (Lindsey 

1975). Molecular approaches also can be used to accurately identify distinct populations by 

identifying genetic divergence between geographic samples (Hauser & Carvalho 2008). Because 

the time scale over which divergence occurs is large, relative to the time scale of contemporary 

demographic process, genetically independent units can be considered demographically 

independent (Carvalho & Hauser 1994; Hauser & Carvalho 2008).  

The most common measures used to assess stock structure with molecular data are FST 

and related fixation indices (Wright 1965; Meirmans & Hedrick 2011), which estimate genetic 

divergence among and between predefined groups and are inversely proportional to the effective 

number of migrants (Dobzhansky & Wright 1941; Wright 1943). Other common methods 

include Analysis of Molecular Variance (AMOVA; Excoffier et al. 1992), which assesses 

partitioning of molecular variation at different hierarchical levels, and discriminant analysis of 

principle components (DAPC, Jombart et al. 2010), which is a multivariate analysis that 
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compresses genetic data into principle components and clusters them based on similarity. Since 

stocks persistence also depends on the maintenance of adequate adaptive genetic variation, 

genetic approaches to stock assessment consider within-stock genetic diversity simultaneously 

(Carvalho & Hauser 1994). 

High throughput genomic sequencing of single nucleotide polymorphisms (SNPs) are 

emerging as the tools of choice for molecular ecologists because these methods provide a greater 

number of loci than previous methods such as nuclear-encoded microsatellite genotyping (Vignal 

et al. 2002) which was previously the gold standard for population genetics (Florin & Höglund 

2008; Reiss et al. 2009; Saha et al. 2015). Unlike microsatellites, SNPs do not have to be 

identified a priori, are distributed throughout the genome, and may be in coding or non-coding 

regions, which permits SNPs to be used to assess both neutral variation and potentially adaptive 

variation. Microsatellites are typically non-coding and therefore are not usually useful for studies 

focused on adaptive variation. Empirical evidence suggests data sets of ~ 30 microsatellite 

markers are appropriate for accurate evolutionary inference, though most studies used 

considerably fewer (Koskinen et al. 2004), and that ten SNPs perform as well as or better than 

one microsatellite for resolving population structure (Kwok 2001; Glaubitz et al. 2003; Hauser et 

al. 2011). Because SNP studies utilizing next-generation sequencing technology typically use 

thousands of loci this methodology provides the potential for much higher genetic resolution and 

statistical power. To this end, double-digest restriction associated DNA (ddRAD) is a 

particularly useful RAD-seq approach due to its ability to effectively subsample large genomes 

with great reproducibility (Peterson et al. 2012; Puritz et al. 2014b). 

Unfortunately, genetic stock identification of marine fishes may be complicated by 

migratory behavior, as improper temporal sampling can produce misleading results when 
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reproductively independent stocks mix seasonally for feeding (Schaefer & Fable 1994). As an 

example, Atlantic bluefin tuna, Thunnus thynnus, are a heavily fished (ICCAT 2006) and highly 

migratory species that has distinct spawning areas that are spatially discrete from feeding areas 

where stocks mix seasonally (Rooker et al. 2003; Secor 2015). Initial attempts at identifying 

unambiguous stocks of this transoceanic species were largely inconclusive, not because there 

was only a single stock present but because sampling methods failed to account for temporal 

migratory behavior (Broughton & Gold 1997; Pujolar et al. 2003). Later studies in which 

sampling focused on young-of-the-year Atlantic bluefin tuna allowed for the identification of 

population structure (Carlsson et al. 2007; Riccioni et al. 2010). 

In the United States, tunas and sharks are managed under the larger category of highly 

migratory species (HMS), which is further divided into smaller categories based on life history. 

One of these subgroups is the small coastal shark complex (SCS), which is a multispecies 

management unit comprised of the Atlantic sharpnose shark (Rhizoprionodon terranovae), 

bonnethead shark (Sphyrna tiburo), finetooth shark (Carcharhinus isodon), and blacknose shark 

(Carcharhinus acronotus). Of the SCS species, only blacknose sharks have been given 

independent quotas from the complex, and are separated into a Gulf and Atlantic component due 

to differing mortality rates between the two areas (NMFS 2013). Under the present management 

regulations, when the SCS closes due to overfishing, the blacknose fishery will remain open but 

when the blacknose fishery closes, the SCS closes along with it.  

The blacknose shark is a small coastal shark found in tropical to warm-temperate waters, 

in the Atlantic Ocean from Virginia to the Gulf of Mexico and Caribbean Sea to southern Brazil 

(Castro 2011). The species occupies both soft and hard-bottom habitat (Stafford-Deitsch 2000) 

within a salinity range of 31-35ppt (Ulrich et al. 2006) and typically feed on small bony fishes 
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(Castro 2011). Blacknose sharks are distinguished from other sympatric small, coastal sharks by 

a brown, yellowish, or somewhat greenish coloration and a dark blotch at the tip of the snout 

which is usually but not always present (Castro 2011). Adults of the species reach approximately 

1.3 m and 14 kg (Clark & Schmidt 1965; Carlson et al. 1999a; Compagno 2001). They are 

viviparous with vitellogenesis (yolk formation within ova) occurring in the late summer, mating 

and fertilization occurring in the fall, and parturition occurring the following spring or summer 

(Castro 2011). Females have either annual or biennial reproductive cycles (Hazin et al. 2002; 

Driggers et al. 2004a) and gestation is estimated to last for 9-11 months (Sulikowski et al. 2007). 

Blacknose sharks mature between 3-5 years and females give birth to 3-6 pups (Hendon & Higgs 

2014). Given a longevity estimate of between 16.5-19 years (Carlson et al. 1999a; Driggers et al. 

2004b), an individual female may produce ~70 pups in a lifetime (Sulikowski et al. 2007). Low 

lifetime fecundity and low estimated growth rates (Driggers et al. 2004a; Gelsleichter et al. 

2012) make the blacknose shark particularly susceptible to overexploitation.  

Recent work by Portnoy et al. (2014) assessed patterns of genetic variation in blacknose 

sharks in the U.S. South Atlantic and Gulf of Mexico using maternally-inherited mitochondrial 

DNA (mtDNA) and biparentally inherited nuclear-encoded microsatellites. The study identified 

genetic differences between blacknose caught along the Atlantic coast, the Gulf, and the 

Bahamas, and identified a discontinuity, which potentially indicated differences between the 

eastern and western Gulf. However, the placement of the Florida Keys was ambiguous as it did 

not differ significantly from the eastern Gulf or Atlantic. The observed ambiguity in the Florida 

Keys may result from migratory behavior of the blacknose shark. In the South Atlantic, mature 

individuals of both sexes migrate north and inshore in the summer to give birth and mate and 

overwinter to the south and offshore (Ulrich et al. 2006; Driggers et al. 2010). This migration 
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pattern is supported by the seasonal presence and absence of blacknose sharks around Florida 

and South Carolina identified by tag recapture data (Dodrill 1977; Kohler et al. 1998). In the 

eastern Gulf, blacknose sharks also have been documented seasonally migrating into the area 

near Tampa Bay, (Hueter et al. 2004), and the Florida panhandle (Carlson et al. 1999a); moving 

northward and/or inshore during the spring/summer and southward and/or offshore in the winter 

months (Schwartz 1984; Sulikowski et al. 2007). This movement pattern indicates that blacknose 

stocks may be composed of individuals that return to certain regions seasonally for pupping and 

mating but are free to stray at other times. Therefore, the Florida Keys may be an area where 

Gulf and Atlantic stocks potentially mix (without mating) in the winter months. Alternatively, 

individuals from the Atlantic and Gulf may be breeding in the Florida Keys, making it a zone of 

gene flow between the two populations. Given that the Gulf and Atlantic are managed separately 

and that the species is caught near the Florida Keys (Kohler & Turner 2007), it is important for 

managers to understand how much mixing (if any) occurs between the stocks in this region. In 

addition, Portnoy et al. (2014) suggested that habitat and currents in South Florida might 

represent a physical barrier to dispersal for the species. If animals from both stocks are found 

seasonally in the Keys this would indicated that South Florida is not a barrier to individual 

movement and that some other process is responsible for maintaining genetic differences 

between the stocks. 

Therefore, the main objectives of this study are to utilize next-generation sequencing to elucidate 

population membership of Keys individuals to test whether it is an area where Gulf and Atlantic 

stocks mix seasonally and to identify the potential for Gulf and Atlantic individuals to cross the 

barrier associated with South Florida. In order to accomplish this a high resolution genomic re-

assessment of the population structure of blacknose across the Atlantic and Gulf is necessary, 
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which provides a direct comparison of SNP and microsatellite-based population genetic 

approaches.  



                                                

   

  

8 

 

METHODS 

Sampling 

Tissues were a subsample of 318 individual blacknose sharks out of the original 651 used 

in Portnoy et al. (2014). Individuals were chosen to represent nine geographic samples within the 

Atlantic and Gulf (Figure 1). Atlantic Ocean samples consisted of 31 individuals caught off 

South Carolina (SC) from May-August, 31 individuals caught off Georgia (GA) from May-

October, and 25 individuals caught off Cape Canaveral, Florida (CC) from December-March. 

Samples from the eastern Gulf (east of the Mississippi river) included 30 individuals caught in 

the southeastern Gulf (SEG; Tampa Bay to Florida Bay, but not including the Keys) from 

February and August, 31 individuals caught in the coastal waters of the mid-eastern Gulf (MEG; 

Panama City, FL to Tampa Bay) from May-October, and 31 individuals caught in the 

northeastern Gulf (NEG; Mississippi to Panama City, FL) from July-November. Samples from 

the western Gulf (west of the Mississippi River) included 25 individuals off Louisiana (LA) 

caught in September and February, and 32 individuals caught off Texas (TX) in September. A 

final sample was comprised of 77 individuals caught year-round within 60 km of the Florida 

Keys (KEY). To mitigate sex-specific biases, samples included an even representation of 

individuals of each sex when possible.  

Analyses 

A modified double digest restriction-site associated DNA (ddRAD) protocol (Peterson et 

al. 2012) was used to simultaneously discover and genotype individuals at thousands of SNPs. 

Briefly, high molecular weight DNA was extracted from individual fin clips and digested using 

two enzymes (SphI and EcoRI). Known barcode and index sequences were ligated onto the 

digested fragments. Samples were pooled by index and size selected, and flow cell adaptors were 
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ligated via PCR amplification prior to being sequenced on an Illumina HiSeq 2500. Raw 

sequences were then demultiplexed, trimmed, mapped onto a de novo reference assembly, and 

filtered for missing data, data quality, and genotyping error prior to haplotyping. Filtering 

removed individuals and loci experiencing excessive heterozygosity that may have been caused 

by sample contamination or paralogous (multicopy) loci. Filtering also identified loci that 

deviated significantly from the expectations of Hardy-Weinberg equilibrium within geographic 

samples. The data were scanned for outlier loci using the Bayesian modeling framework, 

implemented in BAYESCAN (Foll & Gaggiotti 2008). Further details about methods used to 

create the final SNP dataset, including sample extraction, library preparation, de novo reference 

construction, read mapping, and variant filtering are discussed in Appendix 1. 

Within-sample diversity was calculated as the number of alleles, rarified allelic richness 

(El Mousadik & Petit 1996), Nei’s corrected expected heterozygosity (Nei 1973), and the 

effective number of alleles (Kimura & Crow 1964), using the heirfstat package in R (Goudet 

2005; R Core Team 2015). Effective population sizes were estimated for individual geographic 

samples and regions (Atlantic, eastern Gulf and western Gulf) using the linkage disequilibrium 

method, as implemented in NEESTIMATOR (Waples & Do 2008; Do et al. 2014), with a minor 

allele cutoff of 0.02 and confidence intervals calculated by jackknifing across loci.  

Partitioning of genetic variation was assessed using a hierarchical AMOVA framework, 

with a priori groups, based on Portnoy et al. (2014), being Atlantic, eastern Gulf, and western 

Gulf. AMOVA was performed using 10,000 permutations and implemented in ARLEQUIN 

(Excoffier & Lischer 2010) and a locus-by-locus AMOVA was run simultaneously to identify 

specific significant loci (=0.05). Pairwise FST values were estimated  (Wright 1950, 1965; Weir 

& Cockerham 1984) between localities and between regions using GENODIVE (MEIRMANS & 
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VAN TIENDEREN 2004); significance was assessed by permuting individuals between samples 

10,000 times and alpha was adjusted for multiple comparison (Benjamini & Hochberg 1995).  

K-means clustering was implemented in GENODIVE with simulated annealing and 

100,000 iterations. Bayesian information criteria (BIC) were used to determine the optimal 

number of clusters (K) between 1-9 (Meirmans 2012) for the whole data set and for the Gulf 

separately. Data also were analyzed using the Bayesian clustering algorithm implemented in 

STRUCTURE (Pritchard et al. 2000; Falush et al. 2003). Two sets of runs were implemented, the 

first considered all samples, excluding the Keys, to reassess the population structure identified by 

Portnoy et. al. (2014) and identify the reference populations to which Keys could be assigned in 

later analyses. The second, was performed using only individuals from the Gulf populations to 

address possible hierarchical structure. Models were run with number of inferred clusters set to 

K=2 and K=3, based on the favorable clustering models from K-means clustering. Geographic 

sample location was used to inform priors (Hubisz et al. 2009) in light of low FST observed by 

Portnoy et al. (2014).  

Membership of Keys individuals was assessed using STRUCTURE (Pritchard et al. 2000). 

The three Atlantic localities were used as one reference population, and the three eastern Gulf 

localities used as a second reference population, with the Keys unassigned. Individual 

assignments to the Atlantic or Gulf were determined by examining percent membership for each 

individual, with chosen threshold of >50% to either region (Manel et al. 2002).  

Finally, putative migrants between the eastern Gulf and Atlantic were identified using 

STRUCTURE. The three Atlantic localities were defined as one population, and the three eastern 

Gulf localities defined as a second population (based on the previous results), individuals were 

then assessed for percentage assignment to each population as above. These analyses were 
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performed twice, once for a full data set (all loci) and then using a reduced dataset made up of 

loci identified as significant by the locus-by-locus AMOVA (n=145). The GENSBACK function 

was used to calculate the probability of parental migration up to two generations in the past. 

Individuals identified as migrants were examined for trends in sex, length, date of capture, and 

maturity. Approximately 10,000 iterations are recommended as an adequate burn-in (Pritchard 

2010), but given the size of these data, burn-in and sampling were configured to 1,000,000 

iterations each to guarantee convergence. Models were run in triplicate, each beginning at a 

different seed value, and posterior estimates were compared across replicates to ensure 

convergence. 
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RESULTS 

Sample distribution 

Demultiplexing raw reads produced 657,986 loci across 318 individuals. Filtering, 

variant calling, and haplotyping, as outlined in the Appendix, produced a dataset of 2,192 SNPs 

across 2,178 loci among 249 individuals (Table1). For assignment testing, all KEY individuals 

were used (60♀, 10♂, 7U), including those that were initially removed for missing data. 

BAYESCAN identified no significant SNP loci at q=0.05 (false discovery rate) in the final SNP 

dataset. 

Population Structure 

Mean rarified allelic richness within sampling groups ranged from 1.72 (SC)-1.74 (TX) 

while the effective number of alleles ranged from 1.27 (SEG)-1.28 (KEY). Averaged expected 

heterozygosity was 0.18 for all samples. Finite estimate of Ne could not be made for five of nine 

geographic samples (Table 2b), but three samples had relatively low estimates with finite upper 

bounds: SC (610, CI: 506-766), MEG (757, CI: 547-1223) and NEG (605, CI: 501-764). For 

regional estimate of Ne the point estimate for the west Gulf (6,215) was considerably less than 

the lower bound of the Atlantic (26,573) and eastern Gulf (inf).  

The component of variation attributable to differences among regions (Atlantic, eastern 

Gulf and western Gulf) was significant (FCT = 0.002, P = 0.018), while the component of 

variation attributable to groups within regions was non-significant (FSC = 0, P = 0.26; Table 3). 

There were 145 significant loci (p < 0.05) identified in the locus by locus AMOVA between 

groups. Sixteen of 34 pairwise FST estimates were significant before correction (15 after 

correction) and all of those except one were between an Atlantic and Gulf sample. The other 

significant pairwise FST estimate was between TX and MEG (Fst = 0.002) and was significant 
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after correction. Pairwise FST calculated under the three-population model identified significant 

differentiation between the Atlantic and eastern Gulf and the Atlantic and western Gulf but 

differentiation between eastern and western Gulf was non-significant (Table 4b).  

BIC scores from K-means clustering favored a 2-population model for the total data set 

(Figure 2a), as well as for the Gulf only (figure 2b). However, BIC scores for K = 1-3 differed by 

only~0.25, less than the difference between BIC scores used to infer significance (2; Raftery 

1995). Given these results and those from previous analysis 2 and 3-population models were 

assessed using Bayesian clustering analyses. Bayesian clustering analysis also favored two 

groups with most Atlantic samples in one population and all Gulf samples in another. All 

individuals except two had >75% membership proportions. The mean likelihood of the two 

population model was -240,188 and the three population model was -240,884 (difference of 

696). Bayesian clustering analysis performed on samples only within the Gulf also favored a 

two-population model, however all individuals had >90% membership proportion to the same 

single population.  

Population assignment – Florida Keys 

KEY individuals (including individuals previously removed by filtering) grouped largely 

with the Gulf. Of the 77 KEY individuals, 67 were assigned to the Gulf with >50% membership 

proportion, with five individuals having missing data (2%, 10%, 52%, 74% missing, Figure 3a). 

Ten individuals assigned to the Atlantic (>50% membership probability); five of these 

individuals had missing data (29%, 39%, 71%, 78%). Of the 67 putative Gulf individuals, 50 

were assigned to the Gulf with >80% membership proportion, and four individuals assigned to 

the Atlantic with >80% membership proportion.  
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Migrants 

Seven potential migrants were identified in the Atlantic: one in South Carolina (♀August), 

three in Georgia (UMay, ♀June, ♂July), and three in Cape Canaveral (♂April, ♀November, ♀December), 

each with greater than 65% membership probability to the Gulf. In the Gulf, one individual was 

identified as a putative migrant in the northeast Gulf (♀November). When no explicit maturity 

assessment was provided in the catch metadata, fork length and total length were used to infer 

sexual maturity (Hendon & Higgs 2014). All migrants were identified as likely sexually mature, 

with the exception of one individual from Georgia for which there was no size data. When 

analysis was run using only the 145 loci significant in the locus by locus AMOVA; five of the 

original eight individuals were identified as potential migrants (Figure 3c, Table 5). These 

included the three Cape Canaveral individuals, and the one male from Georgia (>65% 

membership probability) and the female from the northeast Gulf (membership probability of 

58%). The probability of parental migration between east Gulf and Atlantic never exceed 26% in 

any individual (mean 2.0%, σ=4.19), with one South Carolina individual (25.7%) and one Cape 

Canaveral individual (21.1%) being the most likely to have parents of immigrant origin. The 

probably of grandparental migration between east Gulf and the Atlantic did not exceed 11.8% in 

any individual (mean= 3.0%, σ=2.37).  
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DISCUSSION 

Analysis using 2,178 neutral nuclear-encoded SNP markers confirmed the findings of 

Portnoy et al. (2014) that there are discrete Atlantic and Gulf blacknose populations with weak 

evidence for a division between the eastern and western Gulf. Moreover, assignment tests using 

Bayesian clustering with SNP data showed that blacknose caught year-round in the Florida Keys 

were largely from the Gulf of Mexico population with a few individuals from the Atlantic, a 

result not obtained using microsatellite markers. No evidence for genetic admixture was seen in 

the Keys samples. Further, a few potential migrant individuals were identified in both the 

Atlantic and eastern Gulf, indicating that South Florida does not act as a hard barrier preventing 

movement between the regions. Migrant individuals were equally represented by both sexes, and 

all were likely sexually mature, but the low sample size of migrants (n=8 or n=5) precluded 

testing for sex-biased gene flow.  

Population Structure 

The magnitude of divergence between Atlantic and eastern Gulf blacknose sharks 

observed in the current study (FST=0.002) is consistent with that observed in the Portnoy et al. 

(2014); despite this low differentiation, significant genetic structure was still identified using 

multiple analytical methods. This division between Atlantic and Gulf populations is seen in a 

number of marine species (e.g.) and is thought to be associated with Straits of Florida where the 

fast moving Florida Current flows out of the Gulf of Mexico into the Atlantic (Wang & Mooers 

1998). The Florida Current could function as a barriers by restricting moment of smaller fishes 

and fish larvae around the Peninsula (Lynch-Stieglitz et al. 1999). While currents are not often 

suggested as barriers to shark movement, the blacknose shark has been shown to have relatively 

high energetic costs associated with swimming as compared to other carcharhinid sharks 
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(Carlson et al. 1999b). In addition, the southeastern edge of the Florida Shelf drops off relatively 

close to the coast (4 km-8 km), and the continuous reef habitat found to the north is fragmented 

from near Key Biscayne to the Florida Keys, possibly caused by freshwater inputs and sand 

deposits (Walker 2009), making the habitat poor for many nearshore fishes (Avise 1992; Gold & 

Richardson 1998). It is possible that habitat fragmentation, lower salinities, the relatively close 

drop off of the Florida Slope, as well as faster currents all contribute to creating a barrier for 

blacknose shark and other marine species. 

Permutation tests between the eastern and western Gulf (FST=0.003, P=0.213) as well as 

Bayesian clustering analysis failed to identify divergence within the Gulf. However, K-means 

clustering, and significant pairwise Fst estimate between TX and MEG support the assertion of 

Portnoy et al (2014) that the northern Gulf is likely not completely genetically homogenous 

Further, estimates of effective population size, which are less sensitive to migration than Fst 

(Waples 2010), differed between the eastern and western Gulf, which may also indicate 

population subdivision (Wang & Caballero 1999). A similar pattern was  observed in red snapper 

Lutjanus campechanus, where differences in variance in effective population size hinted at 

differentiation, but otherwise no significant geographic heterogeneity existed, regardless of 

marker type  (Saillant & Gold 2006).  

There are several reasons to believe that the eastern and western Gulf may be 

independent units. First, blacknose are notably absent from fisheries independent surveys in the 

vicinity of Mississippi River plume (Driggers et al. 2007), an area in the northern Gulf of 

Mexico characterized by low salinity as far as 100 km offshore (Riley 1937; Scruton & Moore 

1953). The Mississippi River plume could act as a barrier because blacknose shark swimming 

inefficiency prevents movement through suboptimal habitat and/or due to potential added 
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energetic costs of osmoregulation in fresher conditions (Carlson et al. 1999b). Similar patterns of 

structure have observed in another coastal shark species, the finetooth shark Carcharhinus 

isodon, where genetic discontinuities were observed across peninsular Florida and within the 

Gulf (Portnoy et al. 2016). Analysis of  mitochondrial DNA sequences and microsatellites for 

blacktip sharks (Carcharhinus limbatus) revealed population structure between Northern 

Yucatan and Atlantic/Gulf , but genetic homogeneity between Atlantic and east/west Gulf 

(Keeney et al. 2005), which may be a factor of larger body size and larger migratory distances 

(Kohler et al. 1998) overcoming the soft barriers blacknose are experiencing. Differentiation 

between the eastern and western Gulf of Mexico has been observed in bony fishes such as red 

drum Sciaenops ocellatus (Hollenbeck 2016) and lane snapper Lutjanus synagris (Karlsson et al. 

2009). 

Given the proposed recent (~20 ka) post-glacial expansion of blacknose sharks into the 

northern Gulf of Mexico and Atlantic (Portnoy et al. 2014), the relatively long generation time of 

the species and large estimates of Ne obtained in this study, it is likely that the magnitude of 

estimated divergence reflects historical demographics more than the amount of gene flow 

(Hauser & Carvalho 2008). The demographic independence of the Gulf and Atlantic is supported 

by differences in life history observed in blacknose sharks between the two areas (Sulikowski et 

al. 2007) and future research may want to focus on whether similar difference exist between the 

eastern Gulf and western Gulf. Such a dynamic, low but significant genetic differentiation 

associated with differences in morphology or life history, has been observed in other North 

Atlantic fishes whose populations were affected by recent glacial cycles (e.g. Atlantic Herring;  

Mcquinn 1997; Horse Mackerel; Abaunza et al. 2008) . 



                                                

   

  

18 

 

While hydrology and bathymetry may play a role in limiting dispersal, natal philopatry, 

fidelity to natal sites that has been observed in many large and small shark species (Hueter et al. 

2004; Gardiner et al. 2015; Chapman et al. 2015), is likely important as well. This kind of 

behavior has been observed in blacknose (Driggers et al. 2004b; Sulikowski et al. 2007) and may 

cause discrepancies between dispersal potential, observed migration, and realized gene flow 

(Weersing & Toonen 2009). Since both males and females of this and other small coastal species 

often breed in the vicinity of nursery areas (Knip et al. 2010), male-mediated dispersal is less 

likely than in larger species where mating and parturition are spatially discrete, and this in turn 

may make population structure on smaller scales more likely in small coastal sharks.  

Population assignment – Florida Keys 

Most blacknose sharks from the Keys were assigned to the Gulf of Mexico population. 

This finding does not support the idea that the Florida Keys represent an independent population 

(Driggers et al. 2007) and indicates that the barrier separating the Gulf from the Atlantic falls 

somewhere between Cape Canaveral and the Florida Keys. The identification of ten Atlantic 

individuals in the Florida Keys, however, suggests that some level of movement by Atlantic 

animals across this barrier is possible. Of the putative Atlantic individuals in the Keys for which 

sex was recorded, four of those captured in July and three in March were female, while the two 

captured in November were both male. Of the 77 individuals captured year-round in the Florida 

Keys for this study, 77% of them were female. In July, when the majority of the individuals were 

captured (n=40), 87.5% of those individuals were female. While the sample size is small, these 

data may imply sex-biased distributions; females may be migrating independently from males 

and occupying the Florida Keys at different times of the year. 
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Migrants 

 The identification of migrants between the Atlantic and Gulf in the face of significant 

differentiation raises questions about the biological implications of movement between the Gulf 

and Atlantic. Theory predicts that it takes approximately one migrant per generation to prevent 

divergence via genetic drift between populations (Mills & Allendorf 1996), and given the 

estimated recency of the split between the Atlantic and Gulf (Portnoy et al. 2014), very little 

gene flow would likely be required to re-homogenize the populations. Given the that the number 

of migrants between Atlantic and Gulf identified in this study (5-8) should be sufficient to 

counteract divergence, our results suggest that for blacknose sharks, movement does not equate 

to gene flow, despite the fact that all migrants, for which there was size information, were likely 

mature. Consistent with this all migrants exhibited low admixture proportions (Figure 3a), 

suggesting that only first generation migrants were present.  

There are several reasons that individuals may be moving between the Atlantic and Gulf, 

but not reproducing. First, individuals who migrate between regions may be unable to identify 

appropriate breeding or nursery areas in the new region. Without conforming to the migratory 

cycles of the recipient population, migrants will be unable to successfully mate, this dynamic 

leads to rapid reproductive isolation in recently founded salmon populations (Hendry 2001). 

Further, if migration and reproductive timing are under genetic control this could facilitate rapid 

divergence (Quinn et al. 2000). It is also possible the putative migrants represent foraging 

individuals rather than reproductive individuals. Females on biennial reproductive cycles are free 

to move away from nursery areas in search of food while in a resting state. Similarly, male 

blacknose sharks need not return to breeding grounds for pupping and thus have a longer period 

to move and search for food before mating. The fact that all putative migrants were likely 

sexually mature suggests juvenile are not capable of these large scale movements. Future study 
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will be needed determine if migrants return to their original populations, and whether or not 

migrants can successfully identify the breeding and nursery areas of the recipient population. 

Finally, while the overall number of putative migrants observed in this study was small, 

all but one were Gulf individuals caught in the Atlantic, possibly indicating asymmetrical 

migration along the east and north-flowing currents associated with south Florida. Moving with a 

current is more energetically efficient compared to movement against one and asymmetrical 

movement with rather than against prevailing currents has been documented in sandbar sharks 

(Medved & Marshall 1983; Wetherbee & Rechisky 2000). Movement along currents has been 

observed in foraging basking sharks Cetorhinus maximus (Sims & Quayle 1998), as well as tidal 

movements of blacktip reef sharks Carcharhinus melanopterus (Papastamatiou et al. 2009). To 

assess asymmetrical movement from the Gulf into the Atlantic, more blacknose migrants need to 

be identified for statistical validation, or individuals will have to be captured in the zone between 

the Keys and Cape Canaveral and fitting with active or passive monitoring tags. 

Management Implications 

The Florida Straits appear to be a corridor for dispersal between the Atlantic and Gulf 

populations. High fishing pressure between the Keys and Cape Canaveral would likely limit the 

already low gene flow between the two populations. Growth rates of blacknose sharks are lower 

in the Atlantic than the Gulf (Driggers et al. 2004a), which may be attributed to genetic 

differences, ingestion rates (Jobling 1997), or prey quality (Knip et al. 2010). In addition, both 

sexes of blacknose sharks have higher theoretical maximum ages in the Atlantic (Driggers et al. 

2004a), indicating that each of these stocks will respond differently to fishing pressure, with 

Atlantic stocks more likely to become overfished (Adams 1980). Preserving these different 

groups is critical for the fishery as a whole, as the combination of locally adapted populations 
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and variation between life history strategies may increase resilience of the stocks to 

environmental changes (Hilborn et al. 2003). With the observed lack of admixture between the 

two zones, fishing between the Keys and Cape Canaveral does not seem to pose a risk to gene 

flow between Atlantic or Gulf populations, as migrants do not appear to  be breeding with their 

recipient populations. Additionally, since the composition of the Keys is predominantly Gulf 

individuals, the recently implemented split-quota regulations for blacknose sharks (NMFS 2013) 

which includes the Keys within the Gulf management unit accurately reflect the genetic stocks 

between Atlantic and Gulf.  

SUMMARY AND CONCLUSIONS 

Using high-resolution genomics markers, previous microsatellite findings for blacknose 

shark that indicated two to three populations in U.S. waters were confirmed. Individuals in the 

Florida Keys largely were found to have ancestry from the Gulf population with a few 

individuals likely from the Atlantic. While significant population structure was not identified 

within the Gulf of Mexico, results indicate subtle heterogeneity. It is possible that hierarchical 

genetic structure exists within the Gulf, but that not enough time has passed since divergence of 

these populations for genetic differences to accrue. Movement of individuals between the 

Atlantic and Gulf also was found, but no evidence of genetic mixing was obtained, suggesting a 

discrepancy between the dispersal of this species and gene flow. Many elasmobranchs are 

sensitive to overfishing (Walker 1998; Musick et al. 2000; McCully et al. 2013), and failing to 

understand and identify patterns of gene flow and movement across the ranges of highly 

migratory species distributed over seemingly contiguous habitat may result in overlooking 

critical factors like migratory corridors and barriers that affect genetic resilience and dispersal 

potential.   
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APPENDIX  

Library Preparation 

DNA was extracted and purified from C. acronotus fin clips stored in ethanol or dimethyl 

sulfoxide buffer using the Mag-Bind Blood & Tissue DNA HDQ 96 Kit (, OMEGA bio-tek), 

with RNase added prior to ddRAD library preparation. Samples were standardized to 500 ng of 

DNA for double-digest with the restriction enzymes Sph1-HF as the P1 and EcoR1-HF as the P2 

(New England Biomedical). Digests were then purified with Ampure XP (Agencourt) and 

quantified using AccuBlue Broad Range dsDNA Quantitation Kit (Biotium) to standardize DNA 

to 100 ng for P1 and P2 FLEX adaptor ligation (New England Biomedical). Following 

successful ligation, samples were again purified with Ampure XP and pooled by index. Size 

selection provides control of the number of homologous fragments returned from digestion, so 

the pooled ligated samples then run through a Pippin Prep 2% Agarose DF Marker L cassette 

(Sage Science) to select for fragments approximately 375bp (± 37 bp) in length. After running in 

silico simulations using the package SIMRAD in R (Lepais & Weir 2014; R Core Team 2015) 

with a simulated genome of 3.5 gb with 42% G-C content, (based on Rhincodon typus sequenced 

genome; Read et al. 2015), the double digest was expected to recover approximately 30,000 

RAD-sequence fragments at ~20x coverage from approximately 125 individuals per run. Size-

selected fragments were multiplexed with barcodes and specific indices (R2, R4, R7, R10, New 

England Biomed), then amplified using 12 cycles of PCR. To minimize sequencing bias in the 

constructed libraries being mistaken for difference between sampling locations, individuals 

sampled from different localities were randomized and distributed evenly between each library. 

A summary of ddRAD library preparation can be seen in Figure 4. 
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For de novo SNP assembly, the first two libraries (n = 120 individuals) were sequenced 

as a paired-end reads (2 x 150 bp) on an Illumina HiSeq 4000 (Illumina, San Diego, CA) and a 

subset of individuals were used as a reference for further SNP calling of subsequent libraries, 

which were sequenced as single-end reads (1 x 150bp).  

de novo Reference Assembly and Genotyping 

Samples underwent simultaneous de novo SNP discovery and genotyping using the 

DDOCENT pipeline (Puritz et al. 2014a), a script that runs sequence data through a suite of third-

party software on a Unix platform. DDOCENT uses TRIM GALORE! (http://url.ie/z76h) to remove 

all genotypes with <5 reads per individual and loci called among <90% of individuals across and 

within populations. Trimmed reads from 50 individuals from paired-end runs were used to 

construct a reference library using CD-HIT (Fu et al. 2012). The 50 individuals were chosen 

based on having coverage within 0.5 standard deviations of the mean coverage. Representative 

individuals meeting these criteria from all localities were used to avoid site-based bias in the 

assembled library. Reference assembly parameters were chosen by running the diagnostic bash 

scripts REFMAP and REFERENCEOPT (https://github.com/jpuritz/dDocent/tree/master/scripts). To 

set the cluster similarity (C) for reference assembly, REFMAP was run to test for values of C 

across a range of K1 and K2 values (number of times the contig appears within individuals and 

between individuals, respectively). The C chosen as a result of the REFMAP script (C=0.8) was 

then used to run REFERENCEOPT, which holds parameter C constant and calculates covariance, 

contig count, mean contigs mapped, sum of mapped reads, sum of properly mapped reads, mean 

mapped reads, mean properly mapped reads, and mean mismatched reads within a predefined 

range of K1 and K2 combinations (Figure 5). Appropriate K1 and K2 aim to maximize properly 

mapped reads and minimize improperly mapped reads, but exclude reads only observed within 
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one individual. From these diagnostics, K1=3 and K2=2 were chosen for reference assembly. 

DDOCENT was then run again to map reads of only forward-reads using BWA (Li & Durbin 

2009) with parameters A (match score), B (mismatch score), and O (gap penalty) set to 1, 3, and 

5, respectively. The defaults for BWA within DDOCENT are based off of mapping for the human 

genome, and these custom parameters have demonstrated to be more appropriate for genomic 

data of marine species (unpublished data). DDOCENT further called up FREEBAYES (GARRISON & 

MARTH 2012) for SNP discovery. SNPs that met a cutoff of 97.5% presence among individuals, 

conform to the expectations of Hardy-Weinberg equilibrium (HWE) within samples, and have a 

minor allele frequency >5% were retained for downstream analysis (Portnoy et al. 2015). 

 

SNP Quality Filtering 

Initial DDOCENT processing recovered 374 individuals and 657,986 loci. Trimmed reads 

were further filtered using VCFTOOLS (V1.11, DANECEK ET AL. 2011) and VCFLIB (from the 

FREEBAYES package https://github.com/ekg/vcflib). The TotalRawSNPs.vcf (variant call format) 

file generated from DDOCENT were filtered in a step-wise fashion modifying the minimum 

quality threshold (minQ), minimum call rate for each individual (mind), minimum genotype 

quality (minGQ), and minimum read depth (minDP), and cutoff for proportion of missing data 

(geno) parameters incrementally, with final values minQ=20, mind=0.5, minDP=5, and 

geno=0.5. The output was then run through DDOCENT_FILTERS 

(https://github.com/jpuritz/dDocent/tree/master/scripts). This script assumes individuals and loci 

with low call rates have been removed and automatically filters the VCF file based on criteria 

related to depth quality versus depth at a site, strand representation, allelic balance at 

heterozygous individuals, paired read representation, and recombines all filters into a single VCF 
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file. The output from DDOCENT_FILTERS was run with VCFALLELICPRIMATIVES (from VCFLIB) to 

deconstruct haplotypes. Afterwards, VCFTOOLS were used again to remove insertions and 

deletions (indels), and set max alleles to 2 (bi-allelic sites). The data were then filtered for loci 

whose observed heterozygosity was significantly greater than expected heterozygosity at 

=0.05, results were corrected for multiple comparisons (Benjamini & Hochberg 1995). After 

the removal of these loci, VCFTOOLS was used to set minor allele frequency (maf) to 0.05, and 

proportion of missing data cutoff to 0.95. The output was then run through the perl script 

RAD_HAPLOTYPER (https://github.com/jpuritz/rad_haplotyper; Willis et al., in press), which 

builds haplotypes with maximum allowable number of individuals with more than expected 

number of haplotypes (mp) set to 0, depth of sampling reads for building haplotypes (d) set to 

100, and proportion of missing data cutoff (m) set to 0.95. After initial haplotyping, GENODIVE 

(MEIRMANS & VAN TIENDEREN 2004) was used to asses conformance of each locus to 

expectations of Hardy-Weinberg Equilibrium (HWE) within sampling localities and sequential 

Bonferroni correction were applied (Rice 1989). Loci identified as significant in a single locality 

after correction were removed.  Final haplotyping was done using the same parameters as before 

(mp=0, d=100, m=0.95). Haplotypes of duplicate individuals sequenced in separate libraries 

were compared to address genotyping error by counting the number of errors at a locus across all 

individuals and loci that exceeded errors in greater than 10% of total individuals were removed 

from analysis. Additionally, BAYESCAN (Foll & Gaggiotti 2008) was used to compare the level 

of differentiation at specific loci to the background differentiation across all genomic loci. A 

diagram summarizing the filtering process can be seen in Figure 6. 
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Figure 1. Map of study area and individuals compared for study. TX, Texas; LA, Louisiana; 

NEG, northeastern Gulf; MEG, mideastern Gulf; SEG, southeastern Gulf; KEY, Florida Keys; 

CC, Cape Canaveral; GA, Georgia; SC, South Carolina. 
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Figure 2. Bayesian information criterion (BIC) of K-means clustering for (a) Atlantic Ocean 

and Gulf of Mexico individuals and (b) Gulf of Mexico individuals. Lowest value is notated in 

bold. 
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SC GA CC SEG NEG MEG 

Figure 3. Structure plots of (a) assignment test for Keys individuals clustering with the Gulf of 

Mexico (blue) or Atlantic Ocean (red), and (b) identification of migrants between Atlantic and 

Gulf using 145 significant loci.  
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Figure 4. Diagram of double digest Restriction-Site Associated DNA (ddRAD) library 

preparation 
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Figure 5. REFMAP results for K1, K2 combinations at C= 0.8 (cluster similarity). Using these 

diagnostics, K1 (times a contig appears within individuals) was set to 3 and K2 (times a contig 

appears between individuals) was set to 2 for de novo reference assembly. 
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Figure 6. Overview of filters used on TotalRawSNPs output file from DDOCENT (Puritz et al. 

2014). Double-hyphenated filters are flags employed in VCFTOOLS with their respective values 

at those steps. Single-hyphenated filters are flags employed in RAD_HAPOTYPER (Willis et al., in 

press) with their respective values at those steps. 
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Table 1. Sex distributions of individuals used for analyses after quality filtering DNA 

sequences. 

Population Code Region ♀ ♂ unk total 

South Carolina SC Atlantic 13 15  28 

Georgia GA Atlantic 18 12  30 

Cape Canaveral CC Atlantic 7 13 1 21 

Florida Keys KEY ? 50 9 5 64 

Southeast Gulf SEG East Gulf 10 10  20 

Mideast Gulf MEG East Gulf 14 13  27 

Northeast Gulf NEG East Gulf 9 9  18 

Louisiana LA West Gulf 4 11  15 

Texas TX West Gulf 10 15 1 26 

Total   135 107 7 249 
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  SC GA CC KEY SEG NEG MEG LA TX 

N 28 30 21 64 20 27 18 15 26 

HS 0.179 0.180 0.179 0.180 0.178 0.180 0.180 0.181 0.180 

AR 1.721 1.727 1.719 1.726 1.725 1.728 1.725 1.729 1.736 

AE 1.274 1.276 1.272 1.278 1.271 1.274 1.276 1.274 1.275 

 

Regions Locality NE (95% C.I.) 

Atlantic combined inf (26,573-inf) 

 SC 610(506-766) 

 GA inf(inf-inf) 

 CC 17309(2136-inf) 

East Gulf combined inf (inf-inf) 

 KEY inf (inf-inf) 

 SEG inf (inf-inf) 

 MEG 757 (547-1223) 

 NEG 605 (501-764) 

West Gulf combined 6215(2945-inf) 

 LA inf(inf-inf) 

 TX inf(inf-inf) 

 

Table 2. Summary statistics for (a) each sampling locality, averaged across 2178 SNP loci in 

249 individuals. N, number of individuals sequenced; HS, total heterozygosity; AR, mean 

rarified allelic richness; AE, effective number of alleles, and (b) Effective population (NE) 

size within groupings calculated using the linkage disequilibrium method with minor allele 

frequency of 0.02 and 95% confidence intervals in parenthesis. 

 

(b) 

(a) 
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 df SS VC %V Ф Ф-value P-value   

Among localities 2 465.251 0.34453 0.18 ФCT 0.0018 0.01795   

Among regions within 

localities 
5 957.557 -0.00186 0 ФSC 0 0.26361   

within regions 362 69357.83 191.5962 99.82 ФST 0.00179 0.00002   

total 369 70780.63 191.9389       

 

Table 3. Results of hierarchical AMOVA (Atlantic, eastern Gulf, western Gulf) for blacknose 

sharks, based on neutral SNP markers. Populations are Atlantic (SC, GA, CC), eastern Gulf of 

Mexico (KEY, SEG, MEG, NEG) and western Gulf (LA, TX): df, degrees of freedom; SS, sum 

of squares; VC, component of variance %V, percent of variance; Ф, equivalent pairwise 

differentiation statistic calculated; F-value, value of corresponding Ф-statistic. 
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 SC GA CC KEY SEG MEG NEG LA TX 

SC - 0.806 0.550 <0.001 0.005 <0.001 0.054 0.001 0.097 

GA -0.001 - 0.142 <0.001 0.003 <0.001 0.068 0.003 0.027 

CC <0.001 0.001 - <0.001 0.001 <0.001 <0.001 0.004 0.008 

KEY 0.002 0.002 0.003 - 0.608 0.091 0.680 0.688 0.671 

SEG 0.002 0.002 0.003 <0.001 - 0.168 0.209 0.315 0.469 

MEG 0.003 0.004 0.005 0.001 0.001 - 0.335 0.504 0.002 

NEG 0.002 0.001 0.004 <0.001 0.001 <0.001 - 0.620 0.171 

LA 0.003 0.003 0.003 <0.001 0.001 <0.001 <0.001 - 0.174 

TX 0.001 0.001 0.002 <0.001 <0.001 0.002 0.001 0.001 - 

 

 

 Atlantic eGulf wGulf 

Atlantic - 0.017 0.033 

eGulf 0.003 - 0.213 

wGulf 0.002 <0.001 - 

 

Table 4. Pairwise FST values of neutral SNP markers for pairwise comparisons (below 

the diagonal) and p-values (above the diagonal) of (a) localities, (b) regions under the 

hierarchical structure model. SC, South Carolina; CC Canaveral; KEY, Florida Keys; 

SEG, southeastern Gulf; MEG, mid-eastern Gulf; NEG, northeastern Gulf; LA, 

Louisiana; TX, Texas; eGulf, eastern Gulf of Mexico; wGulf, western Gulf of Mexico. 

Significant FST values after correction Benjamini-Hochberg correction are noted in 

bold. FST values significant before but not after correction are underlined 

(a) 

(b) 
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Table 5. Migrants identified between Atlantic and Gulf through Bayesian cluster analysis in 

STRUCTURE. Sex (male or female), fork length (mm), year of capture, and month of capture. 

SC, South Carolina; GA, Georgia; CC, Cape Canaveral; KEY, Florida Keys. An asterisk (*) 

denotes animals large than the size of 50%sexual maturity inferred from fork length 

(~800mm; Driggers et. al 2004b, Sulikowski et al. 2007, Hendon & Higgs 2013,). Individuals 

appearing in bold were also identified as migrants using the 145 significant SNP loci dataset. 

 

individual sex fork year month 

SC_011 f 862* 2010 Aug 

GA_006 m 797 2010 Jun 

GA_033 m 875* 2010 Jul 

CC_005 f 900* 2009 Nov 

CC_008 f 880* 2009 Dec 

CC_019 m 890* 2013 Apr 

KEY_006 m 810* 2011 Nov 

KEY_041 f ? 2011 Jul 

     

 

 


