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Introduction

Fishery managers have long recognized two distinct stocks of black seabass on
the eastern U.S. seaboard, with Cape Hatteras recognized as the stock
separation line. The northern stock migrates from Massachusetts, south and
offshore, to deeper waters in the winter months, and then travels back to warmer
inshore waters in the north again in the spring and summer (Musick and Mercer,
1977). Kendall and Mercer ((1978) stated that the southern stock did not appear
to seasonally migrate, and Mercer (1978) and Shepherd (1991) considered the
black seabass population from Cape Hatteras to Cape Canaveral to be a
population distinct from the northern stock.

Genetic population structure in black seabass was examined by Bowen and
Avise (1990) using mitochondrial DNA (mtDNA) techniques. They discovered
strong differentiation between Gulf of Mexico and Atlantic populations, but no
apparent differences between specimens from north and south of Cape Hatteras
(sampled from Chesapeake Bay and Brunswick, GA). More extensive population
sampling, coupled to more powerful multiple-locus DNA analysis, are needed to
revisit this genetic assessment of stock structure; in particular, to address the
extent of mixing between stocks. There has been anecdotal information from the
North Carolina commercial fishing industry, recently, suggesting there may be a
southward migration of black seabass across the Cape Hatteras boundary during
the winter months. The evidence cited for this is the recent appearance in the
landings of very large fish exhibiting different morphologies than usually seen
(steep sloped foreheads, blue colored faces) (Tony Austin, pers. comm.)

Recently, the issue of population structure in black seabass was identified as a
research priority by the Southeast Fisheries Science Center's SEDAR (Southeast
Data, Assessment and Review) process in March 2005. Research
recommendations from that stock assessment stated “Tagging and genetic
studies should be used to gain information on population structure”. Gary
Shepherd at the Northeast Fisheries Science Center has been tagging black
seabass. Additionally, SEFSC scientists have initiated a Cooperative Research
Proposal (CRP) study to validate the observed morphological differences using
otolith elemental analyses, and describe seasonal and annual migration histories
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of individual adult black seabass using otolith elemental analyses (by laser
ablation inductively coupled plasma mass spectrometry). A study of population
genetic structure of black seabass collected from different locales along the
eastern U. S. seaboard was undertaken to address these stated SEDAR
research recommendations

Material and Methods

Tissue sample collection—Black sea bass adults were collected by hook and line
(headboat and commercial fishermen, fishery-dependent), trap sampling (fishery-
independent), and by NOAA'’s Northeast Fisheries Science Center groundfish
trawl surveys out of Woods Hole, MA (fishery-independent). Opportunistic
sampling was used when necessary, but we controlled as carefully as possible
the approximate size range of the fish selected and the season of collection. In
both 2008 and 2009, we obtained fish between the months of June and October.
These were designated summer/fall collections. An additional seasonal sample
was obtained during the winter/spring season, February through April, from
Onslow Bay. This sample was taken for the purpose of addressing the
hypothesis of winter migration of Mid-Atlantic fish into Onslow Bay, which
hadbeen reported by fishermen (Tony Austin, pers. comm.).

Fifty to 150 individuals were obtained from each of 9 populations (Fig. 1,
Appendix 1), spanning the geographic range of C. striata from the northern Gulf
of Mexico to Nantucket Sound, MA, with 5 Atlantic populations from north of
Cape Hatteras [the Mid-Atlantic (Mid-Atl) stock or region], 3 Atlantic populations
from south of Cape Hatteras [the South Atlantic Bight (SAB) stock or region]. In
the Mid Atl region, one population (North Carolina, north of Hatteras) is best
viewed as geographically transitional, as some fish captured here were taken
either very close to or even slightly south of the Cape by the NOAA groundfish
survey personnel. We use the term “stock” as a provisional category, which
reflects the current management of these subpopulations as stocks separated at
Cape Hatteras. All tissue samples (mostly gill) used for genomic DNA extraction
were stored in salt saturated DMSO (Seutin et al. 1993) at 4°C. Individuals
selected for DNA sequence analysis were chosen to represent a similar size
range across populations. Mean TLs were similar, with a minimum of 181 mm in
the Virginia population, and maximum of 327 mm in the NE Florida (Table 1).
We were also careful to ensure that the winter collection from Onslow Bay
included large fish, and the mean TL of fish from this collection exceeded the
mean TL of fish from the summer Onslow Bay collection (Table 1).

DNA extraction, amplification and sequencing—Genomic DNA was extracted
from gill tissue using a modification of the "Rapid Isolation of Mammalian DNA"
protocol in Sambrook and Russell (Sambrook and Russell 2000), with DNA
extracts typically given a final purification over QIAGEN QIAquick (Valencia, CA)
PCR purification columns. Some DNAs were extracted using the QIAGEN
DNAeasy kit. The full-length mitochondrial DNA (mtDNA) control region was
amplified using universal primers L-Pro-F (5'-
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AACTCTCACCCCTAGCTCCCAAAG-3') and 12S-ARH (5'-
ATAGTGGGGTATCTAATCCCAGTT-3": (Palumbi 1996). For amplification, an
initial denaturation for 1 min at 94 °C was followed by 35 cycles of 45 sec at 94
°C, 30 sec at 55 °C, 2 min at 72 °C, and a final extension step at 72 °C for 5 min.
PCR products were purified over QIAquick minicolumns, and cycle-sequenced
using C. striata-specific sequencing primers (available from the authors) and ABI
Prism BigDye™ v 3.1 terminator sequencing kits (Applied Biosystems, Foster
City CA). Raw sequence data was edited using Sequencher 4.10.1 (Gene
Codes, Ann Arbor MI). Due to the fact that very few insertion-deletion mutations
were found in this part of the control region, sequences were aligned by eye.

Sequence analysis—To obtain a model of molecular evolution that was
appropriate for analysis of genetic differentiation by F-statistics, and for
generating estimates of migration rates between populations, we used Modeltest
3.7 (Posada and Crandall 1998). Based upon the Akaike Information Criterion,
Modeltest selected a TVM + | molecular evolutionary model, with | = 0.775 for the
proportion of invariant sites reflecting the relatively small number of variable sites
in these black sea bass control region sequences. The hLRT criterion selected
an HKY model with rates across sites gamma distributed (o = 0.0064). The HKY
model is similar to the Tamura 3-parameter model, which is designed for
sequences showing high transition bias and G+C-content bias (Tamura 1992), as
in the present case (transition:transversion ratio = 6.628, G+C = 0.393). This
model is available in both Arlequin and MEGA 4, so it was adopted (and is
denoted TM + G)

To construct the haplotype network, we used the method of median-joining
(Bandelt et al. 1999). This method, according to comparisons of those available
(Posada and Crandall 2001) is very rapid for generating large networks (such as
this one) and appropriate for non-recombining segments of DNA (such as fish
mtDNA). Median-joining networks, post-processed using parsimony (Polzin and
Daneschmand 2003) were constructed using the software Network 4.5.1.6
(http://www.fluxus-engineering.com). We estimated genetic distances with
MEGA 4 (Tamura et al. 2007). For estimating haplotype frequencies, estimates
values Fst between all pairs of populations, migration rates, and for conducting
Analysis of Molecular Variance (AMOVA), we used Arlequin 3.5 (Excoffier and
Lischer 2009). Fst was estimated using the method of Hudson et al. (Hudson et
al. 1992), and migration rates were estimated as M = Nm effective migrants per
generation (where N = N, = the effective population size and m = the proportion
of population A exchanging migrants with population B, per generation). This
calculation is based upon the infinite island model (Hudson et al. 1992). Here we
apply migration rate estimates to assess the amount of mixing between black sea
bass populations, and adopt a benchmark value of Nm = 1, below which we
consider migration to be substantially restricted (Slatkin 1985; Wright 1978),
although we note that the change in genetic differentiation at Nm = 1 is not
abrupt (Hudson et al. 1992; Slatkin 1981; Slatkin and Maddison 1989).
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Results

The complete alignment included 645 base pairs of control region sequence in
280 fish total, collected from 9 populations in the summer and fall months (Table
1). This alignment was used for calculations of genetic distances, Fstand
migration estimates between populations, and AMOVA, but included some
ambiguities in the 5" and 3' terminal regions of the sequenced fragment. Since
these create issues for median-joining network construction (Bandelt et al. 1999),
the termini were trimmed and 3 partial sequences were eliminated, leaving a 590
base pair alignment of 277 fish for haplotype network construction. An additional
48 fish collected from Onslow Bay in the winter months were used to assess the
winter migration hypothesis (based on haplotype frequencies). This brought the
total number of individuals characterized to 328, but these winter fish were
excluded from all other analyses, since winter fish were absent from other
populations surveyed (Table 1).

The haplotype network (Figs. 2) showed 3 major regional patterns. First, it
showed that all Gulf of Mexico (GOM) haplotypes were separated from all
Atlantic haplotypes by > 6 and usually > 8 mutations, and that no Gulf haplotypes
were found in Atlantic fish (or the converse). Second, it showed that Atlantic
haplotypes sort predominantly into two large clusters, one largely mid-Atl and the
other largely restricted to SAB fish (Fig 2B). Each of these regional subnetworks
is composed of a single very common haplotype (mid-Atl haplotype A in 39 fish,
SAB haplotype A in 79 fish), surrounded by several uncommon or singleton
haplotypes that are distinguished from the common haplotype by one mutation.
Mid-Atl and SAB haplotype clusters are separated from each other by two
mutations (Fig. 2B), at positions 364 and 391 in the control region alignment.
Third, the haplotype network showed that the population just to north of Cape
Hatteras was transitional, in that approximately half the fish from this population
showed mid-Atl and half showed SAB haplotypes. This third pattern is most
easily discerned in Fig. 2C.

The haplotype network allowed us to define 3 positions along the DNA sequence
at which geographic differentiation in the frequency of base substitutions could
be visualized on a map as “pie diagrams” (Fig. 3). Two of these positions are
364T and 391C, described above (391C = cytosine at position 391) in mid-Atl
haplotype A and related haplotypes, and are 364C and 391T in SAB haplotype A
and related haplotypes. The map (drawn only for the Atlantic populations) shows
strong differentiation in the frequency of these DNA substitutions that coincides
with Cape Hatteras—populations north of the Cape are dominated by 364T and
391C; populations to the south of the Cape are dominated by 364C and 391T.
An exception to this is the population in North Carolina N of Cape Hatteras, in
which 364T_391C and 364C_391T and nearly equally frequent. This transitional
population lies in a narrow region between the Cape and the Virginia border.
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The narrowness of this apparent zone of transition is clear in that the Virginia
population, right over the state border off Virginia Beach, is already dominated by
mid-Atl haplotypes (Fig 3).

This map also suggests that the winter population collected at Onslow Bay does
show a slightly elevated frequency of mid-Atlantic haplotypes, consistent with the
anecdotal information from the North Carolina commercial fishing industry,
suggesting there may be a southward migration of black seabass across the
Cape Hatteras boundary during the winter months. The apparent frequency of
these vagrants was 3/45, and 9/48 fish, in the Onslow summer and winter
samples, respectively, a slight and marginally not significant difference (Gag;
(Williams’ correction) = 3.024, P > 0.05). One final observation from this map
concerns the Massachusetts population, in which fish captured in 2008
(Appendix) show substitutions at position 552 that distinguish them from the fish
from any other Atlantic population. These odd haplotypes were not collected in
2009. Both the weak pattern of NC winter migration and the Massachusetts
“endemic subpopulation” of black seabass may be worth later re-examination.

Analyses based upon genetic distances between haplotypes confirmed and
extended these haplotype-frequency based findings. Based on TM + G
corrected values, the mean pairwise distance was 0.31 and 0.43% within the
mid-Atl and SAB regions, and 0.54% between these regions, reflecting the
additional sequence differentiation across Cape Hatteras. Distances within the
Gulf of Mexico (GOM) region were 0.93%, while between region distances were
2.09 between GOM and SAB and 2.28% between GOM and Mid-Atl. These
comparisons showed the Gulf of Mexico to harbor greater genetic variation than
any Atlantic population, and they also demonstrated that the Gulf/Atlantic
differentiation is about 4 times the differentiation within the Atlantic, across Cape
Hatteras.

Pairwise Fstestimates showed several patterns (Table 2). First, the highest
values separated GOM from Atlantic populations. Second, within the Atlantic,
higher values of Fsr (i.e. greater differentiation) were found in comparisons
across Cape Hatteras than in comparisons within mid-Atl or SAB regions.
Twelve out of 15 cross-Cape comparisons showed Fst > 0.25, the value Wright
(Wright 1978) considered to indicate “very great” genetic differentiation. The 3
comparisons not exceeding this benchmark all involve the northern NC
transitional population. In contrast, none of the 10 comparisons within the mid-
Atl exceeded this benchmark, and while 7 of these are significant, each of these
involves either the northern NC transitional population or the Massachusetts
population. Similarly, none of the 3 comparisons within the SAB show Fgt >
0.25.

Migration rate estimates (Table 3) parallel these same patterns, as is expected
since they derive from Fsr, but this index allows some additional interpretation.
Migration rate estimates can be used as indicators of long-term exchange of
alleles (or in this case, of mtDNA haplotypes) between populations (Slatkin
1985). Values of Nm < 1 indicate that substantial genetic differentiation can
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accumulate between populations, and therefore that rates of adult migration
between populations, and rates of exchange of pelagic larvae, or of mobile
juveniles and subadults, should they exist, are fewer than the number needed to
transfer one “vagrant” gene copy, per generation. Across Cape Hatteras (Table
3), only 5 of 15 population pairs were shown to exchange > 1 migrant per
generation. Of the 5 with Nm > 1, three involve the northern NC population and 2
are marginally above 1. In contrast, all of the 13 population pairs within either the
SAB or the mid-Atl regions exchange > 1 migrant per generation. Apparently,
exchange of propagules and/or of adults between populations on the same side
of Cape Hatteras is relatively free, but mixing is greatly restricted across this
biogeographic barrier.

AMOVA analyses (Tables 4 and 5) provide a final measure of the contribution of
Cape Hatteras towards population genetic differentiation in black seabass. Of
the total genetic variation across the range of populations sampled, we found that
56.5% was due to differences among Mid Atlantic, South Atlantic Bight (SAB),
and Gulf of Mexico (GOM) regions, while only 2.76% was due to differences
among populations within these regions (Table 4). When this analysis was
restricted to the Atlantic (hence eliminating the effect of GOM/Atlantic
divergence), we found that of the total genetic variation, 31.0% was due to
differences among mid-Atl and SAB regions, while only 5.1% was due to
differences among populations within these regions. A fixation indices for
differentiation among mid-Atl and SAB regions (Fcr = 0.310, P < 0.01), again
indicated very great genetic differentiation across Cape Hatteras.

Discussion

Marine biogeographers have long recognized Cape Hatteras as a boundary
between two faunal provinces, the Carolinian Province to the south and the
Virginian province to the north (Briggs 1974; Engle and Summers 1999). This
marks a line of transition between the geographic range limits of numerous
species of benthic invertebrates (Engle and Summers 1999) and fishes
(Schwartz 1989), perhaps set by a combination of dispersal barriers and by the
abrupt change in sea surface temperature where waters originating from the
Labrador current meet waters originating from the Gulf Stream. Indeed, in many
months of the year, the coastal ocean of Cape Hatteras displays one of the
sharpest thermal discontinuities in the world’s oceans (see real-time SST satellite
imagery at
http://marine.rutgers.edu/cool/sat_data/?product=sst&region=capehat&nothumbs
=0). Itis striking, therefore, that with few exceptions, Cape Hatteras has not
often been detected as a population genetic break between populations of
marine species.

Marine species showing genetic differentiation across the Cape have so far been
forms with restricted larval dispersal and sedentary or sessile adults. Gammarus
tigrinus, an estuarine amphipod lacking larvae that survive marine salinities,
shows phylogeographic structure suggesting a genetic break at Cape Hatteras
(Kelly et al. 2006). So does the Bugula neritina bryozoan species complex
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(McGovern and Hellberg 2003), a group with large non-feeding larvae with poor
dispersal powers. Toadfish Opsanus tau, a species that lays large demersal
eggs, shows separate mtDNA clades north and south of the Cape (Avise et al.
1987), and is the only finfish species with a published genetic break at the Cape.
More mobile species, including weakfish (Cynoscion regalis), bluefish
(Pomatomus saltatrix), menhaden (Brevortia tyrannus), marine catfishes
(Ariidiae), and summer flounder (Paralichthys dentatus) show no evidence for
genetic separation at the Cape (Avise et al. 1987; Bowen and Avise 1990;
Graves et al. 1992a; Graves et al. 1992b; Jones and Quattro 1999).

Our results with black seabass populations provide the first example of a finfish
species with a Cape Hatteras population genetic break. This is true, despite the
presence of a typical serranid larval form, capable of an approximately 3 week
PLD , which should provide considerable dispersal potential. Moreover, our
results showing that the population off Albemarle Sound NC is a mixture of adults
from both mid Atlantic and south Atlantic stocks, coupled with the finding from
MARMAP surveys (Berrien and Sibunka 1999) that this area shows very high
concentrations of C. striata eggs, suggests the operation of strong reproductive
isolating barriers that prevent genetic exchange between the stocks. Itis
important to emphasize that such a genetic separation between stocks, over the
longer term (which must be true, given their phylogenetic distinctiveness) would
allow for meaningful divergence in life history, behavioral, morphological and
physiological characters relevant to the two separately managed fisheries, and to
the performance of the two stocks in aquaculture. Life history differences,
migratory and other behavioral differences, are thought to exist between mid-Atl
and SAB populations, and the lack of gene flow between them should act to
preserve these.

One question the reader may have asked concerns confidence in the migration
estimates we have generated (Table 3). We can generate confidence limits
around these estimates, for example, by coalescent simulations (Schneider et al.
2000; Slatkin and Maddison 1989). In ongoing analyses, we are doing so, and
are focusing on more recent coalescent estimators of migration rates (Beerli and
Felsenstein 1999; Beerli and Felsenstein 2001) available in the software package
MIGRATE (http://popgen.sc.fsu.edu/Migrate/Migrate-n.html). MIGRATE has two
important advantages over our present, more conventional analysis. First, it
does not assume an equilibrium island model and hence seems more relevant to
marine populations like this one in which star phylogenies (Fig. 2) and explicit
analysis of population size changes (not shown) suggest expanding population
sizes and non-equilibrium population structure as black seabass recolonized their
Atlantic range. Second and more importantly in the present application,
MIGRATE can provide asymmetric, directional migration estimates (e.g. we could
assess a scenario in which migration of southern fish into the mid-Atlantic was
more frequent than in the opposite direction). Results of these analyses are
forthcoming.
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In addition to the break at Cape Hatteras, our results also demonstrate that
genetic separations between Atlantic and Gulf of Mexico populations are older,
and that gene flow is even more restricted. While the sample size in the Gulf is
small, we can also infer that this population has a very different population
structure. Both Atlantic populations show star-like haplotype networks (Fig. 2),
and examination of Tajima’s D and Fu and Li’s D* test statistic shows evidence
that the Atlantic populations are colonizing populations that have undergone
recent expansions in population size. This does not seem to be the case for the
Gulf population, which may reflect a more stable history, such as would be
expected if it served as a refugium during glacial periods (Avise 1992).

Whatever the case, our results indicate that Gulf/Atlantic divergence substantially
exceeds divergence across Cape Hatteras, and (with the caveat that the Gulf
data set is relatively small), shows that two subpopulations are reciprocally
monophyletic. This result would support the recognition of Gulf black seabass as
a separate subspecies—C. striata melana—by some authors (Bortone 1977;
Mercer 1989).

Management implications

Management implications of our results can be summarized as follows. Our work
shows that black seabass mid-Atlantic and south Atlantic stocks, as currently
managed, are well separated and have a long history of limited interbreeding.
This suggests that any migration across Cape Hatteras, such as might occur
during the suggested winter migration of mid-Atlantic fish, has not eliminated the
strong genetic differentiation between stocks, so we would conclude that the long
term effects have been minimal. However, we would emphasize that our method
tracks genetically effective migration, which will generally underestimate
migration rates of adults. For example, if mid-Atlantic fish enter the south Atlantic
fishery in the winter, or as we have shown, that south Atlantic and mid-Atlantic
fish coexist in roughly equal numbers off Albemarle Sound, then the two stocks
interbreed very little in either case. Future research on the winter migration
guestion could utilize multilocus DNA analysis and an “assignment” approach
more explicitly designed to estimate interpopulation dispersal and mixing. Based
on the current analysis, moreover, we would conclude that mixing of the adult
populations appears mostly to be restricted to a narrow region between the VA
border and Cape Hatteras. We emphasize that this finding and the region of
apparent transition between the geographic range limits of the two stocks off
Albemarle Sound is worthy of further study, using a combination of mtDNA
markers developed here, multilocus nuclear DNA markers (e.g. microsatellites),
and perhaps elemental analysis of otoliths. This future work could more
precisely estimate the magnitude and geographic extent of mixing between mid-
Atlantic and south Atlantic stocks of black seabass.
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Table 1. Body size distribution of sequenced black sea bass. TL = total
length.

TL range

Population N (mm) TL mean TL std. dev
Massachusetts 28 59-390 256 99
New Jersey 26 132-326 220 58
Delaware 27 150-433 261 65
Virginia 32 128-287 181 44
NC-north of Hatteras 34 100-295 208 48
NC-Onslow Bay summer 45 176-342 235 41
NC-Onslow Bay Winter 48 172-365 287 43
South Carolina 31 160-321 237 49
East Florida 33 287-396 327 26
Gulf of Mexico 23 156-485 316 106
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Table 2. Fst between populations of Centropristis striata. Values are ®gsr; significance was determined by
permutation (1023 replicates), and in bold: P < 0.001, italics: P < 0.01, plain text: not significant. Note that the highest
values exist between Gulf of Mexico and Atlantic populations (blue shaded cells). Also note the much higher values
across Cape Hatteras (green shaded) compared to within the Mid Atlantic and South Atlantic regions (gray shaded). A

negative value implies Fst = 0.

NE South NC N North . New
GOM Florida | Carolina | Onslow | Carolina Virginia  \g@laware Jersey
GOM
NE Florida 0.655
South Carolina | 9-73% 0.064
NC Onslow 0.701 0.006 0.061
N North 0.699 0.094 |0.211 |0.119
Carolina
Virginia 0.762 0.307 0.509 0.345 0.079
Delaware 0.772 0.390 0.613 0.425 0.157 0.021
New Jersey 0.745 0.308 0.502 0.348 0.079 -0.013 0.008
Massachusetts 0.743 0.349 0.532 0.396 0.176 0.154 0.156 0.123

13



SEDAR25-RD42

Table 3. Estimates of migration rates between populations of Centropristis striata. Values are M = Nm, or the
genetically effective number of migrants between populations per generation, assuming an island migration model (Slatkin
1991). Values below 1 migrant per generation are sufficiently restricted that “meaningful” divergence can evolve in the
island model (Slatkin 1991). Gulf of Mexico populations show highly restricted migration with all Atlantic populations (blue
shaded cells). Migration across Cape Hatteras (green shaded) is restricted in 10/12 comparisons, but the transitional
population in NE North Carolina shows moderate exchange with populations south of the Cape. Migration within Mid

Atlantic and South Atlantic regions (gray shaded) is not restricted.

NE South NC N North o New
GOM Florida | Carolina | Onslow | Carolina Virginia | Delaware Jersey
GOM
NE Florida 0.264
South Carolina 0.180 7.307
NC Onslow 0.213 79.654 7.763
N North 0.215 4.803 1.865 3.712
Carolina
Virginia 0.156 1.129 0.483 0.949 5.774
Delaware 0.148 0.781 0.316 0.675 2.692 22.793
New Jersey 0.171 1.122 0.497 0.935 5.822 0 63.358
Massachusetts 0.173 0.933 0.440 0.763 2.338 2.748 2.696 3.563
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Table 4. AMOVA Analysis: Gulf and Atlantic regions. Of the total genetic
variation, 56.5% was due to differences among Mid Atlantic, South Atlantic Bight
(SAB), and Gulf of Mexico (GOM) regions, while only 2.76% was due to
differences among populations within these regions. Fixation indices: for
differentiation among regions Fcr = 0.565***, for among populations within
regions Fsc = 0.063***, and for both among and within drainages Fst = 0.592***
***P < (0.001; df = degrees of freedom.

Among regions (Mid-

Atlantic, SAB, GOM) 2 284.77 |1.751 56.52

Ampng populations within 6 23793 | 0.085 276

regions

Within populations 271 |341.85 |1.261 40.72
- ——————————— —— ————— ——————————————

Total 279 | 650.34 |3.097 100
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Table 5. AMOVA Analysis: Atlantic regions separated by Cape Hatteras.
The AMOVA was repeated by eliminating the GOM population, in order to
estimate differentiation across Cape Hatteras. Of the total genetic variation,
31.0% was due to differences among Mid Atlantic and South Atlantic Bight
regions, while only 5.1% was due to differences among populations within these
regions. Fixation indices: for differentiation among regions Fcr = 0.310**, for
among populations within regions Fsc = 0.074***, and for both among and within
regions Fst = 0.361***, ***P < (0.001, *P < 0.05; df = degrees of freedom.

Among regions (Mid-

Atlantic, SAB) 1 71.143 | 0.535 31.01

Ampng populations within 6 23297 |0.088 511

regions

Within populations 248 |273.49 |1.103 63.87
- —  —— — — — — — —— |

Total 255 | 367.93 |1.726 100
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Table 6. mtDNA control region differentiation between populations of black
seabass, in comparison to other well-studied marine finfish species.
Comparisons are limited to studies of comparable effort that employed the
mtDNA control region, and that focused on comparable biogeographic regions.
The bluefin tuna results are provided for comparison across a wider geographic
range in a more mobile, pelagic species.

*P < 0.05, *P < 0.01, **P < 0.001, ns = not significant.
tpairwise ®st,mtDNA control region

*®crfrom AMOVA, mtDNA control region

Bluefin tuna Western .0104* Carlsson et al.
Mediterranean/GOM 2007t

Gag GOM/Atlantic -.00002 ns Cushman et al.

2009t

Black seabass =~ GOM/Atlantic T4B This study’

Summer North/South of Cape -.0016 ns Jones and Quattro

flounder Hatteras 1999°

Black sea bass  North/South of Cape .301** This study’
Hatteras

17
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FIGURE LEGENDS

Fig. 1 Sampling locations

Fig. 2 Median-joining haplotype network for black sea bass mtDNA control
region sequences.

A. Complete network. Each colored ball represents a unique haplotype and
the size of the ball is proportional to the number of individuals that share the
haplotype (i.e. haplotype frequency). The color of the ball indicates geographic
origin of the haplotype; for haplotypes common to multiple populations, color
slices represent frequencies in each source population (e.g. copies of South
Atlantic Bight haplotype B are ~ equally frequent in Onslow Bay, in South
Carolina, and NE FL populations). Branches in the network interconnect
haplotypes, and are scaled by the number of mutations between them (scale
bar). Note the presence of three main subnetworks. The mid-Atlantic and South
Atlantic Bight subnetworks are each dominated by a different, common
haplotypes are embedded in a “star-like” configuration, where the common
haplotype is surrounded by multiple haplotypes, one mutation different. The third
subnetwork represents Gulf of Mexico haplotypes, which are separated from
Atlantic haplotypes by multiple mutations.

B. Atlantic haplotypes: populations. This expanded image shows detail of
relationships among Atlantic haplotypes. Haplotypes from populations in the
mid-Atlantic mostly fall into a subnetwork that is separated from a subnetwork of
haplotypes from South Atlantic Bight populations. These clusters (divided at
Cape Hatteras) are distinguished by two mutations—at nucleotide positions 340
and 367 (indicated by curved arrows). Frequencies of some common haplotypes
are given in the center of the ball (i.e. 79 fish showed haplotype A).

C. Atlantic haplotypes: regions. The same expanded image shows all
haplotypes sorted into Mid-Atl and SAB regions of origin. The NC population
north of Cape Hatteras is shown as a separate category to emphasize the fact
that it carries roughly equal proportions of Mid-Atl and SAB haplotypes.

Fig. 3 Geographic differentiation of mtDNA—nucleotide site frequency “pie
diagrams.”
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Fig. 1

Black Seabass Geographic

Populations '
— @3\\@ g

—_— Cape

Y>

\ /M/‘ Hatteras 3 @

19



SEDAR25-RD42

Fig. 2A
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Fig. 2B
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Fig. 3
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Appendix
Enu.l Pogedatinn  Region LINGW Dt Trulsa 3 Seation Latilids  Lomgbeds TL ﬁﬁ
Sag 1D Lollecbad 1+] {min]

i3] Masaacruisaits Wad et i-Ct-08 ALZ00E-02 D53 41.391 -ThTes am A
daz Masaacrussaits Wad el i-Ct-08 ALZ00E-0% 285 414898 703624 am A
[HIE] Masaacrussaits Wad A3 Zi-Ct-08 ALZ00E-0% 285 41898 703624 350 A
d04 Massacrussaits WAl hled &=Cei-[d ALZ00E-03 1849 415100 S9.77EE 340 A
[HIE] Massacrussits WMad  MAS 1-Ct-08 ALI0ME-03 285 d1daE 703824 ke ] A
0 Marsachussetis WA3 MAG B0 AL2HA-03 150 AT G970 W ¥
T Kassachoseatis kS BT -0 AL2A-N3 G s ] hl
ons Kamsacraseatis kWSl (LR - AL2NA-03 AT T ki
ona Kamsacraseatis kWSl M-8 - AL2NA-03 280 280 ki
wa Kamsacraseatis kWSl G- 0-Sap-08 MA-Shsuney B 41312 -rigen ik ki
b Moezacrageatis  kAAY LG ] - Gap-na Ma-Ssuney BY 41427 -ty 200 ki
Mz Marsschuseatis WA MAIE H)-Cap-Dt MA-Shsuney BT A1A2T  -T0ENT 151 ¥
[ I REisaacFiksalts  Wad AT - Eaapas Fla-SkEiimvay O7 41427 oS30y 186 v
(Y REisaacFiksalts  Wad RLG-1E - Eaapas Fla-SkEiimvay O7 41427 oS30y 188 v
s REisaacriksalt  WMs RLa-10 0-EapaDE FA-St-Euvay OF 41427 00T 1840 v
HEe Massacruisaits  MAd  RA-2009-1 e N HEXEM 155 41312463 -TOETRED 257 A
HT Massacruisaits WMAd  MA-20209.2 D0 HEZEM 155 41312463 -TOETRED 324 L
HE Massacrussaits WMAd  MA-2020.3 e B HEXEM 185 41312463 -TOETRED 254 A
ma Marsachussets WA MAZDOE-T G- HBEZTHEMH 1958 AT M6 -TOATRED M3 L
20 Marsachussets WAE MAZD0E-0 G- HBEZTHEMH 155 A1 M6 -TOATRED A0 ¥
21 Marsachussets WA MAZD08-B G- HEGHGM. 158 A1 A6 -T0ATRED N2 L
o2z Marsschussets WA MAZD0E-11 G- HEZHGH 1595 A1 MZAEY -TOATRED MT ~
023 Marsachussetls WA MAZDOS-1E Lt HEZIHEM 155 A1 MG -TOATREG 008 ¥
a2d Marsachussetis WA MAZD0E-15 Lt HEGTHEMH 155 A1 MEA63 -TnaTRE 13 ¥
a25 Masaacruisaits MAd  MA-2D00.15 &=Dnt-0d HEIEGH 155 4112463 -TOETRED 55 L]
a8 Masaacriisaits MAd  MA-2D091T &=Dt-0d HEXEGM 155 41124683 -TOETRED 75 L]
aaF Massacruisaits  MAd  MA-2D0915 =Dl HEZOE04 155 41 Ma463 -TOSTEED B4 ]
028 Massacruisaits  MAd MA-2D00.20 =Dl HEZOE0 185 41 Ma463 -TOSTRES OF ]
a2h Mew Jarsay Mad KX =T ] ALI0ME-00F  IF 304818 -T4425T 1840 ]
330 Messt Jarsay (L] L B E-Sep-0E ALI00E.00% 23 304418 -Td42ET 185 Ll
oa Hew Jareay L] M1 -5ep-0k AL 27 AR -TAA2ET 20 N
oaz Hew Jareay L] M- T-5ep-0N AL 27 AR -TAA2ET i 1] ki
oas Hew Jareay L] M3 -5ep-0N ALY 27 AR -TAA2ET 183 ki
o34 HMey Jareay L] M3 -Gep-0l ALY 23 JpEm -raA2Ey 208 ki
o3k Hew Jaray L I N I-Gep-08 ALI0MA-003  2F JeEm -radREr an

o3 Hew Jaray ey N 5ep-08 AL2A-003 22 JeEm -radaEr 140 ¥
oar Hew Jaray ag N0 -5ep-08 AL 24 AT -TATHA m ¥
03E Miss Jaisay (A ] MHa-11 E-SpE-0E ALIME-00E 22 309418 74427 125

dah Miry Jaisay kad  MWA12 ESip-08 HEZE-T 22 309848 -T440DE 154

] Miry Jaisay ksd  HWI13 ESip-08 FF 309848 -T441DE 183 A
31 Miry Jaisay sd M5 ESip-08 HEIE- T 21 309387 74308z 150 A
daz Miss Jaisay Msd M6 t-EapDe ALZ008-00F  1Z7 ELE -] -T4.2411 212 A
[FK] Miss Jaisay Msd N8 ALZ00E-00F 22 309818 -T4425T 188 i
I Hew Jareay Lo I L P SiF Z1-Oet-08 MJ S 13 Mamiakding M anmT -FasEr 28 ¥
oan Hew Jareay WAg NGB Z-Ot-08 MJ S 18 Mamiakding MY anmT -FasEr 27 ¥
e Hew Jaay WA NHIE-OT Fage et MJ S 15 Mandakoking MY anmyy -TISEET k] ¥
T Hew Jamay KA1 NHIE-DE Z-Oot-08 M. a 15 Mamakking W anmyy -TISEET o ¥
L) Hew Jamay WA NS0 T1-Oct-08 M. ' 150 Mamakoking W anmyy -TISEET 24 ¥
] Hew Jemay WA H-IET E-Ot-08 M. S 150 Mamakoking W anmyy -TASEET il ¥
50 M Jarsay sl NO1E - Crt-09 Ml Ema 158 Mamalksking M1 400473 -T3EdET 319 A
151 Mew Jarsay Wisd  NID1E Z1-Ct-09 Ml Ema 158 Mamaksking M1 400473 -T3EdET 313 A
a5z Mew Jarsay WAl NID14 ZH-Cct-00 M) Ema 158 Mamaksking M1 400473 -T3EdET FIL] A
153 Mew Jarsay kAl N3G Z1-Ct-10 Ml Ema 158 Mamaksking M1 400473 -T3EdET ] A
054 Diid i (A5 ] DE-1 14-EapDE ALZHAG0E 09 AR S50 -T4E1T 250 v
155 Diid i (A5 ] DE-Z 14.Eap0s ALHAG0E 09 AR S50 -T4E1Z 235 v
o5 Delmware L] DE-3 14-Sap-08 AL2NA-03 B2 ARG -TAA1Y 2m ki
oar [RE.E 0 L] L] DE-4 14-Sap-08 AL2NA-03 B2 ARG -TAA1Y a2 ki
one Dielwaars ka3 DE-% 14-Gap-08 AL20MA-003 B J0R500 -TaRAl 240 ¥
osa Dielwvars a3 DEE 14-Gap-08 AL20MA-003  BZ JBSTEND  -TROIND ik ¥
) Dielmvars ka3 DE-7 14-Gap-08 AL20MA-003  BR JVBEETT -TASHTE 1 ¥
51 Dielwwars Mad  DE-R 14-Gap-08 AL20MA-003  BR JVBGETT  -TASHTE 130 ¥
o2 Diedmwar [R5 ] DE-= Mg pr. Hac argl i ¥
-5 Drid it [AE ] DE-1d R ] . i argl £33 L
64 Drid it [AE] OE-11 R ] . i argl il L
185 Drid vt [N ] DE-12 LT ] . R aegl o v | W
[ Drid vt [N ] DE-13 LT ] . R aegl =] W
a&7F Drid vt [N ] DE-14 LT ] . R aegl 50 W
11 Drid vt [N ] DE-15 LT ] . R argl o= ] w
oGa Dielwans WA3 DE-16 B4 pf. Hec angl an ¥
o Dielwans WA DE-E00E-21 Ii-SaplR HE-Z3I-04 B3 ALGIEINS -TABGE5AE 248 ¥
T Dielwans WA DE-ZTHS-23 Ii-SaplR HE-Z3I-04 B3 ALGIEINS -TABGE5AE 2 ¥
orE Dielwans WA DE-ZTHS-24 Ii-SaplR HE-Z3I-04 B3 ALGIEINS -TaBGEiaE 20 ¥
ors Dl L] DE-ZH-25 F2-Gapra MBI B2 ARHIFINS -TA887588 2 ki
ord Dl L] DE-ZHr-26 F2-Gapra MBI B2 ARHIFINS -TA887588 2 ki
a75 Dol v Mad  DE-Z0{6-2E il-Eapdras HE-2305304 B3 JBE1ZABS -T4E0250E 20 A
aTe Dol v Mad  DE-20{8-25 il-Eapdras HE-2305304 B3 JBE1ZABS -T420250E 204 A
arr Diid i (A5 ] DE-20{i3-30 F.Eapads HE-ZMI%04 B9 B E1FARS -T4E0250E 204 v
aTE Diid i (A5 ] DE-#0H3-31 F.Eapads HE-ZMI%04 B9 B E1FARS -T420250E 204 Ll
ara Diid i (A5 ] DE-20{i3.33 F.Eapdrs HE-ZMI%04 B9 ABE1FIRS 74202508 233 Ll
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Enu.l‘ Fopsiation  Region LINGW Data Crulssm  Station Latitude  Longbess 1L
Sag 1D i}

1] Didersain &1 DE-2003-34 22-Eapd HE-20504 B3 JpE1ARE 74202508 212 L]
e Wirginia 0 I 11-Bu-08 HEZHa-00T 72 JBE3EE TRAMEE 143 A
daz Wirginia hidd WA 12-EapDE ALZ0E-003  T& AT0548  -7HATTA 157 A
08z Virginia a1 WA 12-EapDE ALIHE-003 9 aT0s48  7EATT 144 A
84 Wirginia L I 13-EapDe ALIOME-0D3 T2 70549 54T 153 A
ons Yirginia L I ] 13-Gap-D& ALIHB-003 B ATTE -THA0 186 ¥
L] Yirgna L ] 13-Sap-0s AL2MA-003 By ATHERT TR 2R 1m ¥
onr Yirginia T WAT 12-Sap-na ALZA-0N3 TR AToEE  -TRATTY 134 ki
ane Wirgina AT AR 12-Sap-na ALZA-MN3 TR AToNE -TRATTY 148 A
one Yirgna KA1 AT 13-Sap-0s ALIE-0T B ATTER -THAE 14 ¥
aen Yirginia A W12 12-Sap-na ALZA-0N3 TR AToEE  -TRATTY 218 ki
81 Yirgina AT WA 12-Sap-na ALZA-MN3 T3 AT05E -THATTY 130 ki
daz Yirginia WAl WA1E 12-EapDE ALIOME-003 TR aTo54a 75477 182 A
00z Virginia a1 ¥a-1E 7 T ? 205 A
304 Virginia A AT 13-Eap-De ALIODE-0DT  BE 772 5440 128 A
a5 Yirginia WAl WA-1E ¥ T ? 154 A
1] Virginia L 7 T ? 1 A
aar Virginia KA WA -EapDd HEXH3- 04 70 JB.TEETHY -7548EBE1 204 L
oL Yirginia i I L M-Tap0a HEZNG-04 1O ARTEETEY -TRanm 192 M
] Yirginia WA WARETHES-D H-Gap-ra HEZHG-04 O JGTGETEY -TRENEZ 134 L
gL Yirgna WA AR H-Sap-ra HEZIHRG-04 1O AGTHETRY -TREANZ 18 L
il Yirginia KT AT -Tap0a HEZNG-04 T3 AGSOXINZ -THAN1ITE 128 ki
g Yirginia WA WARETHISS Faic ] ] HEZHG-04 -~ BO ATARSTOY -TAEG41Z 214 L
ELE] Yirgina WA WARITHIS-T Eh-Gapda HEGHG-04 IO ATARSTOY -FAgEG41z 212 b
04 Virginia WAl AR IN-Eapls HEZHE-04  BD ATABETOY -T4=64412 174 L
105 Wirginia Kl ARG 16-Eapa HEZMHG-04 25 I645100% 742680195 242 L
o] Wirginia Wi WAIECID 16-Eaprs HEHE-02 25 J6AEITEHE -T4E04525 257 L]
o7 Virginia WAl WAIrE11 16-Exaplrs HEZTHE- 04 & JEAEITHY -TAB04525 2TH L
i0e Wirginia e WA 16-Eapa HEZH04 25 JBAGITEY -T4804LI5 287 A
08 Yirginia WAl WAMIET3 -Eaprd HEZHG-04 T2 ATA10ATE -T490MEE 230 L
mn Yirgna L s I it ] H-Sap-ra HEZNG-04 T3 ATAINETS -TASTEEA 178 L
m Yirginia KT AT M-Sap0a HEZNG-04 TR ATHICGTE T4 STHE 150 ki
nz2 Yirginia A AT H-Sapr2 HEZNE-d T ART20TLE -THAGLTIN 184 ki
m Horhesst NC A1 NN 11-Smge00 HEHHE-HT T I -TRETER 130 ¥
4 Hortheasi NC AT HRC-T 11-Seg- HEZM-IT T A TRITER lan ki
s Horheasi NC AT NNCE 11-Sep-08 HEHNS-20T GBS pLE AL E ] 120 M
16 Horhesst NC A1 NRNC-G 11-Segel HETHA-HIT 62 AGINAG  -THEANT 120 ¥
17 Moriaast HC kiad  HMC-AT 10-EapaD& HEZHE-00T - B4 357018 -TEIEE 7 A
118 Mortiaast HNC kA1 NMC-18 SBap-08 HEZHGE-T 42 A5 7EEH  -T4EGED 150 A
113 Mortiaast NG ked MMNC294 15-Eaprs A A57315 54482 2049 A
120 Moriaast HC kidd  HMC2E.2 15-Eaprs LT 357315 -THA4E 183 A
1 Mortiaast HNC kAl NMC-08-3 15-Exaprs M 357318 -TEA4EX 182 A
122 Mortiaast NG Kad MMNC00-4 15-Eapra A 357315 54482 157 A
23 Hortheasi NC WA MRS 15-Sape M ALTIG -THAMEE ] A
24 Horheset NC L0 e B ] 15-Sap-re M, WWTWE -TRAMGE 205 ¥
28 Horheasi NC KA NRCOS-T 15-Bap2 MiA, ALTIE -TRANEE 280 ki
26 Hortheasi NC KT NRC-08-R 15-Sap-re M, ALTIG -THAMEE 25 A
zZr Horhesst NC W1 NNGOS-8 15-Gap-ra M AETWE -THAMRE 1 ¥
28 Hortheasi NC W1 MMNC-08-10 15-Gap-0a MiA, ALTIG TRANEE 157 ki
120 Morthaasi HC kad HMC29-11 15-Eap-0a A 357318 54482 174 A
130 Morthaasi NG ad NMNC-9-12 15-Eapra i A57318 754482 187 A
131 Moriaast NC ka1 NMC09.13 15-Exaplrs L] 357315 -THA4ET 244 A
132 Mortiaasi HC K HMNCOO9-14 15-Eap-0a A 357318 54482 254 A
133 Mortiaast NG kad MMNC29A1E 15-Eapra A 357315 54482 260 A
134 Moriaast NG kidd  HMC2016 15-Eap.0s LT 357315 -THA4EF 20 A
ih] Horheset NC W1 MNC-8-18 15-Sap-0a M, WWTWE -TRAMGE 280 ¥
gkl Hortheasi NC KA1 MRE0E-20 15-Sap02 MiA, ALTIE -THAAEE 200 ki
nr Horheast NC A1 NRC-08-21 15-Sap-E M, JETIE -THAMGE 200 ¥
gLl Horheset NC W1 NRNC-08-22 15-Sap-r M, WWTWE -TRAMGE 12 ¥
e Horheasi NC KT MRC08-23 15-Bap02 MiA, ALTIE -TRANEE lar ki
&0 Horheasi NE KT NRCOE-Zd 15-Sapra M, ALTIG -THAMEE =7 A
L)) Horhesst NG ki NNC-08-Z5 15-Sap-r M, AWTWE -TRAGE 27 ¥
14z Mortiaast HC ka1 NMC-00-28 15-Exaprs L Te) 357318 -TEA4EX 1 A
183 Mortiaast NG W MMNC29-27 15-Eapra A 357315 54482 172 A
124 Mortiaasi NG Wl NMNC09-2B 15-Eapra i A57318 754482 156 A
125 Mortiaast NC ka1 NMC-08-30 15-Exaplrs i 357315 -THA4ET 284 A
128 Mortiaasi HC kad MMC09-32 15-Eap-0a A 357318 54482 245 A
a7 Mortaasi NG Wad MMNC09-33 18-Eapa HEZHG-04 52 35654 -T4 &1 255 L]
il L] Onsiowm Bay NG 588 051 e Jun-08 C5-Tag L] JiA -TTAd 30 ¥
il Onglos By MG 580 0052 - Jon-08 5T L2 qd4 1742 1540 ki
0 Onslos Bay MG 580 OQ5G-3 f-Jon-08 C5-Tag 17 qd4 1747 208 ki
51 Onslow Bay HC 548 OG-4 rJon-8 G5 Thg B16 JdA T4l 185 ¥
ne Onglos Bay WG 548 OG5 e Jon-8 CE-Tag L2 JaA -TTAd &7 ¥
it Onslos Bay MG 580 OG-0 E-Jon-08 5T B2 qd 4 174l amn ki
154 Onishe Sarg S AR 0BT E-duii-08 CE-Tag a2 344 1743 M2 A
155 Cnsbom Bay HC 548 0SB E-dori-08 CE-Tag 656 344 -1T43 234 A
158 Cndkem Bay HC  5A8  OS-0 E-duri-0E CE-Tay H18 344 -1T43 255 A
157 Onishee Barg S BA8 OS50 E-daii-08 CE-Thg [l 344 1743 247 A
158 Cnsbom Bay HC 548 OS.11 E-dori-08 CE-Tay Bt 344 -1T43 180 A
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Eﬂ.l Fopslation  Region UNGW Taty Crulss i Statien Laliide  Lomgteds 1L Oiolt
Sag ID Colluctad i limin]
150 Cnshom Bay HC  5A8 [ el [ CE-Thg 344 -TT 43 1&7 A
160 Crshem Bay WC 548 L= Y E=dori-0E CE-Tagy Fr=d 344 -Trdi =4 W
161 Crishom Bary HC 543 2514 S duri-0E CE-Thg [ ] 344 -Tr43 am b
162 Onibem Bary HC 843 2515 Eeduri-0E CE-Tag 654 344 -TT43 %5 b
183 Crishem Bay WC  BAS L= ) E—duri-0E CE-Thgy -] 3d4 -Trda =5 W
iL] Omslye Hay KNG 548 Les-17 - Jan-N8 e Tag LAN] JdA =TrAdl 30 b
165 Onglye Bay WG 5AH e5-18 = ban-N8 L5 Thg L] Jdd =rrAdl 20 W
il Cnslom Hay MG 548 513 T ban-N8 5 Tag L] JdA =TTAl o hi
167 Onslom Hay KNG 5AH e 20 B Jban-N8 L5 Thg hzd Jdd =1l et 1] ¥
ili] Cnslom Hay HG 548 521 T ban-N8 5 Tag GET JdA =TTAdl A2 A
168 Onslow Bay NG 540 X523 Eban-08 G5 Tag 611 Jad =174l M ¥
1 Cnslym Hay MG 548 524 - Jban-N8 LE-Thg ] Jdd -Trdl | ¥
T Cnshom Bay HC 5A8 525 [ CE-Tay =] 344 -TT 43 2E8 A
Tz Crshem Bay WC 548 22T E=dori-0E CE-Tagy 3 b 344 -Trdi 205 W
T3 Cnshom Bay HC  5A8 525 [ CE-Thg -] 344 -TT 43 Fa ! A
174 Crshem Bay WC 548 26830 E=dori-0E CE-Thg 344 -Trdi 205 W
iT5 Crishom Bary HC 543 26531 S duri-0E CE-Tag =] 344 -Tr43 238 b
178 Ciishem Bary NG 5A8 =Ny B duri-0E CE-Tag B30 344 -TT 43 233 A
Ty Onglye Bay WG 5AH - X3 = ban-N8 CE-Tag BE Jdd =rrAdl 20 W
TH Omslye Hay KNG 548 L5 - Jan-N8 CETAg L] JdA =TrAdl 120 b
T8 Onglye Bay WG 5AH 65~ X% = ban-N8 CE-Tag ] Jdd =rrAdl 22 W
il 1] Cnslom Hay MG 548 L5 T ban-N8 LE Thg Bz JdA =TTAl o0 hi
m Onslom Hay KNG 5AH [wih B Jban-N8 G5 Tag LT JdA =1l 212 ¥
mz Cnslym Hay MG 548 X2 - Jban-N8 5 Tag L 44 -Trdl 122 ¥
183 Ciisbem Bary NG 5A8 L= 1s] B duri-0E CE-Tag B3 a4 -TT43 & A
B4 Crishem Bay WC  BAS [N Y | E—duri-0E CE- [T 1] a4 e k| 23 W
165 Cnshom Bay HC 5A8 [ [ CE-Thy ¥ ] 344 -TT43 | A
gl: 1] Crshem Bay WC 548 ey E=dori-0E CE-Tag 344 -Trdi 178 W
187 Cnshom Bay HC  5A8 (e [ CE-Thg [: =] 344 -TT 43 215 A
168 Onibee iy N 543 2545 Eeduri-08 CE-Tag B52 384 -4 | y
il ] Cnslym Hay MG 548 [ B Srdan-NH LE-Thg k] Jdd -l 127 ¥
il ] Omslye Hay MG 548 [ T - Jan-Nn G5 Tag L L] JdA =TrAdl i b
m Onglye Bay WG 5AH [wo B - han-NH L5 Thg Bl Jdd =rrAdl 212 W
18z Omslye Hay KNG 548 Les-13 T Jan-N8 L5 Tag LA F] JdA =TrAdl 24 b
183 Onslom Hay KNG 5AH [wocihie] T ban-NH C5-Thg Feld Jdd =1l 201 ¥
184 Cmslom Hay HC 548 AN 17-Feio-0d JdA =TTAdl 2 A
il H] Onslom oy KNG 5AH [ 17-Feit-08 Jdd =1l 260 W
108 Crishem Bay HC* BAS ARG 17-Fuza2d 3d4 -Trda 2E4 W
a7 Ciisbem By HC- 5A8 [0 17-Fus04 344 -TT43 P 1] A
10k Ciishem Bay HC* BAB AR E) 17-Fusa2a 344 -Trda 3% W
a8 Cnishom Bay HC° 5A8 CARNDEHES 1T-Fusd 344 -TT 43 23 A
200 Gishem Say WC° BAS AR 17-Fusa2a 344 -Trdi 2E4 W
201 Ciisbem By HC® BAB Lt i 17-Fus2 344 -Tr43 258 b
mz Cinslom Bay MG 548 DWTHE 17-Fe-08 Jad =174l 20 ¥
203 Onslow Boy NG 540 [ B 17-Fei-08 Jdd -Trdl 20 ¥
2 Onslom Bay NG 540 DAY 15 17-Feis-08 JdA =TrAdl 25 b
205 Onglye oy KC° 5AH DA 17-Fais-04 Jdd =rrAdl p=r) W
20 Cnglom Bay K 5AH AN TN 17-Feio-0d JdA =TTAl ] hi
207 Onslom Bay NG 540 B 17-Fes-08 Jdd =1l 28 ¥
208 Crisbem Sy HC* BAS [ i 1 17-Fued 344 -Tr43 s b
209 Crishem By HC® 5A8 L 17-Fus0 344 -TT43 sy A
Hb Ciishem Bay HC* BAB CARKET e} 4 Epe-0rd 3d4 -Trda 11} ]
1 Ciisbem By HC® 5A8 CANEALRY A A 344 -TT43 352 ]
by ] Crshem Bay HC* A8 ARIESFY 4 Epe 0 344 -Trdi i 1]
3 Cnsbem Bay HC° 5A8 CAREE A EprLek 344 -TT 43 = 1] ]
Al Onslos Bay MC" 580 [l A - a4 =741 4 L]
215 Cinglom Hay WG 548 AN A -Bpr-TF Jdd -Trdl 20 L]
Fakd Cinslom Bay MG 548 NN A-hpr-{8 Jad =174l 283 L}
2T Onslow Boy NG 540 CARSAR A-Bpr-IF Jdd -Trdl an L]
218 Onslos Bay NG 540 AN A-fpr-{r JdA =TrAdl an L]
k] Onslow Bay NG SA0 ARG oA -Rpr-IF3 Jdd =rrAdl 1 L]
220 Onslow Bay NG 540 CANSTIER d-Fpr-{rF JdA =TTAl 280 L]
Pl Onibze By NG 5AS CANEE R 4-Apr-D 344 -TT43 258 Ll
23z Ciisbom By HC* 548 CAREEHEY dEapiLek 344 -Tr43 1&4 H
233 Ciisbem By HC- 5A8 CAAHED A Epi L 344 -TT43 2E0 ]
24 Crishem Bay HC* BAS 2AT100 A EpeOrd 3d4 -Trda 305 ]
235 Cnishom Bay HC® 5A8 [ L] dEsprLek 344 -TT 43 3t ]
238 Crishem Bay HC* 548 CAAI400 4 Epe Ok 344 -Trdi 1] 1]
227 Cmslom Hay HC 548 AN INEE d-Fpr-{r JdA =TTAdl b ) L]
228 Onslom oy KNG 5AH CANIHE A -Rpr-lF Jdd =1l 2 L]
228 Cnslym Hay MG 548 AN INEE A-Bpr-IF Jdd -Trdl a2 L]
230 Cmskye Hay NG 548 AN nEE A-mpr-{r JdA =TrAdl 2m L]
am Onglye oy KC° 5AH AR oA -Rpr-IF3 Jdd =rrAdl L]
22 Cmgkye Hay NG 548 A1Ine A-fpr-{r JdA =TrAl = L]
5% Crishem Bay HC* 548 2A1305 4 Epe Ok 344 -Trdi 172 1]
234 Ciisbom By HC* 543 A0S dEapiLek 344 -Tr43 304 H
235 Onibze By NG 843 C140E 4-Apr-0k 344 -TT43 355 Ll
238 Crishem Bay HC* BAS CAs0E A EpeOrd 3d4 -Trda =] ]
23T Ciisbem By HC® 5A8 AN TE0S A EpiLrE 344 -TT43 23 ]
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Popaiation  Ragion LNCW Dats Crulss @3 Station Lalilids  Lomgibess TL  Oiolt
] Collustad ] {mim}
FET] Onskem Hay G- B8 ORTTTOE FETT 344 EEFE] 7 M
230 Onskem Bay MO BAB  OAN11308 PR 344 q743 M
240 Oriskem Bay MO BA3 OARI2100 R 344 q743 M
241 Orskem By MO BAB 0412300 PR 344 q743 m M
242 Eeuth Carckna  BAB  BC-004 i-0eki MARMAF 332813 TAA4BE 174 ¥
243 Souh Carcina 548 50082 TGoHE MARMAR 1AM TNAaRs 1 ¥
26t South Carcina  5A8  S0-09- TGoHE MARMAR WIMT TRAARE P ¥
245 Souh Camcina  SAB  SC-09- TGoHE MARMAR AIMI TRAARE 20 ¥
246 Souh Carcina  5AB  SC09-8 TGoHE MARMAR IAIMI THAARE A ¥
247 Souh Carcina S8 50080 TGoHE MARMAR IAIMI TNAARE aM ¥
4R Souh Carcina 5B 50087 1GoHE MARMAR WIMI TNAARE T ¥
248 Souh Carcina  SA8  SC-08-0 TGoHE MARMAR 1AM TNAARS Bm ¥
250 Eouth Carcinag 5B SC-09.0 i-0ekid MARMAF 332813 JAA4EE  IT ¥
251 Eouth Carcing 58 BC-00-490 i-Dekid MARMAF 332813 JAA4ES 179 ¥
252 Ecuth Carcing  BA8  BC-00-11 i-Dekid MARMAF 332813 JAA4BE  2E ¥
5% Eouth Carcinag  BAB  BC004Z i-Dekid MARMAF 332813 TAA4BE 180 ¥
254 Eouth Carcing 588 BC00-14 1-Oeki MARMAR 332813 JAA4BE 28 ¥
55 Boufh Carcing  BAB  SC09415 1-0sRF MARMSP 332813 THA4EE 2 ¥
56 Souh Camcina  SAB  SC08-18 TGcHE MARMAR AN TRAARE T ¥
5T Souh Carcina  SAB  SG0847 TGoHE MARMAR WIMI TRAARE FT¥
a5n Souh Carcina  5AB  SG-09-08 TGoHE MARMAR NI TNAARE 0¥
258 Souh Carcina 5B 5008409 1GoHE MARMAR 123N TNAARE ¥
60 Souh Carcina  5A8  SC-08-24 TGoHE MARMAR IAIMI TNAARE WET ¥
261 Souh Carcina  5A8  SC-09-25 TGoHE MARMAR AN TnAaRs zT ¥
262 Ecuth Carcing 58 BC-00.25 i-0ekid MARMAP 332893 JAA4ES  BE ¥
263 Eouth Carcing  5AB  SC-00.27 i-Dekid MARMAP 332893 TAA4ES B0 ¥
264 Ecuth Carcinag  BAB  SC-00-28 i-Dekid MARMAF 332813 JA44BE A ¥
265 Eouth Carcinag  SA8  BC00.258 j-Oekid MARMAR 332813 JH44EE  17A ¥
266 Eouth Carcing  5A8  BC-00.30 1-Oeki MARMAR 332813 JEA4BE 20 ¥
267 Bouth Carcing 58 SC-09-31 i-0ekid MARMAF 332813 TAA4BE 25 ¥
268 Souh Camcina  SAB  SG08-07 TGoHE MARMAR AT THAEE @G ¥
25n Souh Carcina  5AB  SG-09-03 TGEHE MARMAR IAIMI THAARE AW
arn Souh Cargina S8 500840 TG MARMAR IAIMT TNAARE zE ¥
an Souh Carcina  5AB  SC-08-25 VOB MARMAR 1AIMI TNAARE 3W ¥
arz Souh Carcina  5A8  SC-08-35 TGCHE MARMAR 1IN TndaRs 1 ¥
ara HE Flarica A8 EFLY 4-0npZ000  Headboal  Sen Spirk 2 = |
i HE Flarica a8 EFL2 4-Onc-Z000  Hensdboal  Sen Spirk 2 M
75 ME Flsiida ESE EFL3 4-Due-dD08  Hasmiboal  Baa Spii 2 ¥
78 ME Fleiida E53 EFLA4 4-Dne2D08  Hasiboal B Spii 2 A ¥
77 ME Flsiida 553 EFLS 0-Mew-Z00E Hasdboal WSS Copa Candwiral A ¥
I7E ME Fleidia 558 EFLE 0-Mew-Z008 Hasdboal  Miss Caga Canawiral e ¥
278 ME Fleidia BB EFLE 4-Due-2D08  Headboal B Spii 2 ¥
280 ME Fleiida 53 EFLG 4-Dwe-Z008  Hasdboal  Baa Spii 2 [y ¥
am HE Flarica 5B EFL-10 4-Omc-2000  Wesdboal  Sen Spink 2 ELU |
gz HE Florida SAB  EFL-TT 4-Owc-2000  Wesdboal S Spink 2 L
an3 NE Flonca SA8 EFL-1Z S-0wc-2000  Westhoal  Supsr Griter 2 Ma ¥
m NE Flanica A8 EFL-1D SOmc2000  Mesthoal  Supar Grimer 2 M1 ¥
ns HE Flarica S0 EFL-1 SOmc2000  Headboal  Supsr Griter 2 M3 ¥
ng HE Flarida S0 EFL-IS S-Omc-2000  Hesihoal  Super Griter 2 mE¥
287 ME Fleiida Es8 EFL-1H EDue D008 Haaiboal  Bupar Critar 2 35 ¥
IBE ME Fleiiza BAR  WEF-ZOA0  IT-AugD®  Hasdboal w73 FL Canisseral FL 2/ ¥
288 ME Fleiitia BAB  NEF-Z0001  27-AugD¥  Hasdboal w73 PL Canisral FL ¥
a0 ME Fleridia 5B NWEF-Z00-10  I-AugD8  Heasdboal w53, Fonse inki FL e ¥
201 ME Fleiida SA3  MEF-Z00R-20  26-Aug-D8  Hasdboal v 53, Ponse ki FL 34 ¥
FTH ME Fleiida 5A3 MEF-2O0R-21 Hagdlboal v 53, Ponse ki FL ET
FLE] HE Florica SAH NEFZNE-2Z  1T-Aug0R Wesdboal w73 PR Canmeral FL ¥
LT HE Flarica SAH  MEF-ZNE-23  1T-Augi8  Wesdboal w73 PL Canmeral FL nrow
FLH NE Flonda SAH MEF-ZOB-28  1T-Aup08 Mesthoal v T3 PL Canmersl FL ECTI |
85 HE Florica S8 NEF-ZB-25  1T-Aun09 Weasdboal w73 FL Canmesral FL b I |
a7 HE Flanda SAH MEFZUER-26 SR8 Hesdboal w376 Sebastian FL Mo ¥
2un HE Flarica SAH MEF-ZNER2T  S-fglB Hesdboal w376 Sebastian FL wmoow
FLL] HE Flaricda SAH  MEF-ZNE-2N S-Sl Wesdboal w376 Sebastian FL mow
] ME Fleitia BB MEF-Z0{9-20  I3-AupDF  Hasdbsal v 350 Maypo FL ¥
an ME Fleridia SAB  NEF-ZME-A0  33-Aup0F  Hasdboal v 350 Maypon FL WY
anz ME Fleiida SA3 MEFZO0-31  33-AupDF  Hasdboal v 350 Maypon FL ¥
03 ME Fleiida SA3  MEF-200R-32  33-AupDF  Hasdboal v 350 Maypon FL Ha ¥
and ME Flsiida EAE MEF300-33  33-AugD8  Hasdboal v 320 Maypon FL Y ¥
05 ME Flaiida EA8  WEF-00RR38  ShuglS  Haddboal v 350 baw Sriggma Ben FL WY
G NGl of Mericn GOM HGOM-Z 13-un Mesdhoal WA MY
wmr W el ol Mericy GOM NGOM-3 T-Jun® Hesdboal WA - |
0n W Gl ol Mericn GOM NGOR-S T2 Hesdboal WA ¥
L] H Gl ol Moy GOM HGOM-T Zh-Jun@ Hesihoal WA as ¥
»o W Gl ol Mericn GOM HGOM-B Zh-Jun@ Wesdhoal WA v
m W Gl ol Mericn GOM HGOM-G Z-un@ Wesdhoal WA ar v
2 M Gl ol Manicn GOM HOOM-10 H-undE Heasdbsal  HA S5 ¥
3 M Gl ol Manicn GOM HOOK-11 H-undE Heasdbsal  MA WY
M4 M Gl ol Manics OOM HOOM-12 MJuicld Hasdboal  MA a5 ¥
HE M Gl ol Munics GOM HOOM-14 M-Juicld Hasdboal  MA B/2¥
HE M Gl ol Manicn GOM HOOM-15 i-dul- 0B Hugdboal A 85 ¥
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Fuu.t Fegstation  Reglon UNGW Dt Grulsa®m  Staton Latiide  Longtess TL ﬁﬁ
Bag 1D Colluctad ] fmin]
a7 M Goll ol Muics GOM GOM-05-1 14-JukEl  Fishnd TEQGOAE 207065 B4EAEZ 24
LT MGl ol Masics GOM GOM-0312 13-Jubd Fishelnd TEQRA% J06TE  B4ETH 2ME Y
a MGl ol Masics GOM GOM-0313  14-Juk00 Fishelnd TEODO8 207515 A4E154 374 Y
azn M Gul ol Masics GOM  QOM-03-14  TDwe03  Fishelned GLDEZI0303 2TARlG 430415 282 Y
an M Gul ol Manico GOM  GOM.0G16  8Dwe0d  Fishend GRMDFEITI0 I757E4  A2E4ER 158
22z N Gell ol Mesicy GOM GOM-D31T  18-Mo-08 Fisheing HIMIEN 0104 FUREYL BT T T I
2za N Gell ol Mesicy GOM GOM-03-10 18-No-08 Fisheing HMIENN 08 anores  Azazml ol
a4 N Gill of Mesicy GOM  GOM-05-2 Wk Fisheind TE0R0aN WIME AN 1= Y
azs N Gl of Mesicy GOM  GOM-05-5 -k Fisheind TEORoaN WA AAETEZ 2T ¥
226 H Gl of Mesicy GOM GOM-05-7 ke Fisheind TEnRCaN maTE TR 1m0 Y
aer N Gill ol Meicn GOM  GOM-05-2 ke Fisheind TEnRCaN ELT R T T Y BT |
hEL] N Gl of Meicn GOM  GOM-05-3 W-ubE  Fisheing THOBCAG BATE  AETZ WG Y
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