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The conservation of biodiversity includes the maintenance of genetic variation
and evolutionary processes. Consequently, identifying evolutionarily significant
genetic lineages within exploited species can benefit the development of
conservation management strategies. With the absence of genetic data life
history traits are sometimes assumed to be good predictors of genetic patterns in
natural populations. Here we used DNA sequences of cytochrome oxidase I and
cytochrome b to test the effects of geographical features on genetic variation in
15 commercially important Brazilian fish species with varying life history traits.
Despite extensive environmental heterogeneity, we did not observe evidence
of concordant patterns of genetic structure for those species along the Brazilian
coast. Similarly, no correlation was found between species traits and levels of
gene divergence or diversity. The inference of past demographic changes
using mtDNA sequence data suggests that most species have maintained stable
population sizes, potentially reflecting the stable environmental conditions in the
southwest Atlantic region.

Keywords: Cytochrome B, Cytochrome oxidase I, Fisheries, Neotropical fishes,
Phylogeography.
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Weak structure in marine fishes from Brazil

A conservagio de linhagens genéticas evolutivamente significativas é considerada
crucial para o manejo de espécies exploradas. As caracteristicas de histéria de
vida sio consideradas bons preditores de padrdes genéticos em populagdes
naturais. Usamos sequéncias de DNA da citocromo oxidase I e citocromo b para
testar o efeito de barreiras geogréficas e de caracteristicas de histéria de vida na
divergéncia genética por meio de anilises de estrutura genética de 15 espécies de
peixes comercialmente importantes no Brasil. Apesar da extensa heterogeneidade
ambiental, nio observamos evidéncias de barreiras ao fluxo génico concordantes
para essas espécies a0 longo da costa brasileira. Da mesma forma, nenhuma
correlagio foi encontrada entre caracteristicas da espécie e niveis de divergéncia
ou diversidade genética. A inferéncia de variagdes demogrificas historicas
utilizando dados de sequéncia de mtDNA sugere que a maioria das espécies
analisadas manteve tamanhos populacionais estiveis, refletindo potencialmente
as condi¢des ambientais estdveis na regido do sudoeste Atlantico.

Palavras-chave: Citocromo B, Citocromo oxidase I, Filogeografia, Peixes
Neotropicais, Pesca.

INTRODUCTION

Identifying congruent patterns of genetic divergence in exploited species can contribute
to the design of ecosystem-level management strategies. Broad-scale patterns of genetic
structure can be shaped by historical processes that influence genetic connectivity
through geographical barriers or corridors (Brown, Lomolino, 1998; Hewitt, 2004).
Historical processes, such as changes in sea level, temperature, salinity, and oceanic
currents, especially during the last glacial maximum, have been shown to affect marine
biodiversity patterns (O’Connor ef al., 2007; Gaggiotti ef al., 2009; White et al., 2010;
O’Brien et al., 2013; Sjoquist et al., 2015; Verba ef al., 2022). Climatic changes during
the Pleistocene may have altered the environment, resulting in population bottlenecks
for some species. However, the genetic signature that remains today depends on the
severity of the bottleneck, the extant distribution, and the dispersal capacity (Ludt,
Rocha, 2015; Baggio ef al., 2017).

Many marine species have large distributions, which can be explained by the lack
of clear barriers in the marine environment (Hauser, Carvalho, 2008). However, many
genetic studies show that genetic population divergence of marine species is more
common than expected (Riginos, Nachman, 2001; Hauser, Carvalho, 2008). River
outflows, coastal upwelling, and oceanic currents are physical barriers affecting a large
diversity of taxonomic groups on the Brazilian coast (Martins ef al., 2022; Gama-Maia
et al., 2024) and other regions. For example, the Amazon outflow is a barrier for several
marine fish species along the West Atlantic coast (Araujo et al., 2022). Similarly, in
the Southeast Pacific, several species of limpets show congruent patterns of genetic
divergence along the Chilean coast, with the split located in an upwelling region (Peluso
et al., 2023). The Cabo Frio upwelling was also reported as an important barrier to
gene flow in a number of studies (Davanso ef al., 2017; Volk et al., 2021). In addition to
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historical processes and extant physical barriers, ecological boundaries may also influence
the patterns of genetic variation and distribution (Palumbi, 1997; Bowen ef al., 2013).

The state of the world’s fisheries is a cause for concern, with overfishing posing a
significant threat to the marine environment. According to the Food and Agriculture
Organization (FAO, 2012), over 30% of all fish stocks are overexploited worldwide.
In Brazil, over 40% of the most fished species are already overexploited or collapsed
(Verba et al., 2020). Depletion of marine resources is of particular concern in developing
tropical countries, where inadequate regulation and vulnerable fishing communities
are prevalent (Bailey, 1988). Therefore, effective management planning is imperative
to ensure fisheries sustainability and should be based on stock delimitation (Cowen,
Sponaugle, 2009; Ovenden et al., 2015). Genetic tools can provide information needed
for fisheries management, for example, identifying low genetic diversity or independent
populations that can inform fishing stocks (Waples et al., 2008).

Characterizing genetic connectivity patterns and identifying isolated stocks is
essential for conservation management. When planning conservation areas in marine
ecosystems on a large scale, information on the population structure of species occurring
in the region is usually limited, especially in highly diverse tropical areas (Roberts ef al.,
2002). It has been shown that specific life history traits can predict genetic structuring
in plants, marine fishes, and invertebrates (Bohonak, 1999; Araujo er al., 2022; Kottillil
et al., 2023).

By understanding the genetic structure of certain species and the correlation between
genetic patterns and species traits, we can predict that similar, unstudied species may
exhibit comparable patterns. Variations in life-history traits can lead to differences in the
genetic population structure. For marine fish species, the traits that might be relevant
for population structure are site fidelity, dispersal ability, body size, or habitat (Jones e
al., 1999; Riginos ef al., 2014; Araujo et al., 2022). Although this information is limited
in most developing countries, the available data can still be used to test the effect of traits
on population structure.

In addition to population divergence, genetic diversity is a crucial metric to maintain,
as it influences the ability to adapt to changing environments (Reed ef al., 2002; CBD,
2022). The effective population size predicts the rate at which genetic variation is
lost (N). The N_ is one of the most critical parameters in population genetics and
conservation biology. It translates the census sizes of an actual population into the
size of an idealized population, showing the same rate of genetic diversity loss as the
actual population under study. So, N_is usually much smaller than the total census size,
especially in high fecundity species as most fish (Frankham, 1995; Bucklin, Wiebe,
1998; Hauser ef al., 2002; Ovenden ef al., 2007; Okello er al., 2008). Life history traits
can predict genetic diversity: in birds, it was shown that herbivorous species with
smaller body mass had a higher genetic diversity (Briiniche-Olsen ef al., 2021), while in
mammals, parental-care traits were correlated with genetic diversity (Romiguier et al.,
2014). The main predictors of gene variability in fish are age at maturity, fecundity, and
habitat (Martinez et al., 2018).

To address the hypothesis that fishes with different traits are differentially structured
along the Brazilian coast, we investigated the genetic diversity and structure along with
the demographic history of 15 exploited fish species in tropical and subtropical regions
of Brazil using mitochondrial sequences (cytochrome ¢ oxidase subunit I - COI - and
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cytochrome B - Cytb). Brazil has an extensive coastline with significant heterogeneity
in temperature, productivity, and freshwater outflows, which can potentially restrict
the gene flow. The 15 species selected for this study have different natural histories and
ecological attributes that we predict may affect their genetic patterns. These include
different trophic levels, maximum body size, bathymetric distribution, habitat, and
dependence on estuary areas. Here, we aim to test the effects of six existing barriers
on the patterns of genetic diversity and population structure changes in the effective
population size of fifteen commercially important fish species. We expect species
that live in shallow water, with smaller body sizes, living in brackish water, reef, and
demersal areas to show higher genetic structuring than those with larger body sizes and
high dispersal capability, at least as a legacy of past sea-level changes.

MATERIAL AND METHODS

Study area. The Brazilian coast extends over 8,000 km in the southwest Adlantic,
covering both tropical and subtropical regions (Fig. 1). The wide latitudinal range
represents a gradient of different environments in terms of current and past climate,
including temperature, salinity, oceanic currents, river mouths, continental shelf width,
and sea level fluctuation. The northern zone (north coast), highly affected by the
Amazon River plume, has warmer sea temperatures and strong westward currents. The
northeastern area is characterized by warm sea temperatures and a narrow continental
shelf, and its southern area is affected by the plume of the Sio Francisco River. The
southeastern coast of Brazil has relatively colder sea temperatures and a wide shelf,
marked by an upwelling system around 30°S of latitude (Coelho-Souza er al., 2012).
Depending on the type of data applied, it is divided in two, three or five biogeographical
clades along the coast. Integrating biotic and abiotic factors, the coast is divided into
two marine biogeographic realms, the Tropical Atlantic and the Temperate South
America (Spalding ef al., 2007). When examining reef fish assemblages, the Brazilian
coast is divided in three zoogeographical provinces: the first extending from the state
of Pard to Alagoas, the second from Bahia to Santa Catarina, and the third within the
state of Rio Grande do Sul (Pinheiro er al, 2018). However, a study using a multi-
taxa approach proposed a division into five sub-provinces: North, Northeast, Abrolhos
Bank, Southeast and South (Cord ef al,, 2022). Based on previous studies, we tested six
potential barriers: (1) the extensive mangrove region along the coast of Maranhio, (2)
the influence of the South Equatorial Current off the coast of Rio Grande do Norte, (3)
the outflow of the Sio Francisco River, (4) the Vitoria-Trindade Seamount Chain, (5)
the upwelling phenomenon in Cabo Frio, Rio de Janeiro, and (6) Santa Marta Cape, in
Santa Catarina (Fig. 1).

Species selection. The 15 species selected for this study represented more than
50,000 tons and almost 10% of the total fish caught in Brazil in 2010 (Tab. S1; Freire
et al., 2015). These species belong to eight different Teleostei families: four Lutjanidae,
three Scombridae, three Sciaenidae, and one species each of Epinephelidae, Haemulidae,
Malacanthidae, Clupeidae and Pomatomidae. Additionally, these species have a wide
diversity of biological traits, and threat levels. For example, their maximum body
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FIGURE 1 | Brazilian coast with bathymetry gradient, state abbreviations: PA - Para, MA - Maranhio, PI - Piaui, CE - Cear4, RN - Rio Grande
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size ranges from 32 to 130 cm, their trophic level between 3.3 and 4.5, and there are
species with demersal, pelagic, and reef habitats (Froese, Pauly, 2000). They also show
a variety of reproduction and developmental traits, including having some aggregation
and estuarine spawners, different lengths of pelagic phase, and protogynous species.
Most species are considered Least Concern by IUCN, 2019 (N = 9), although four have
unknown population trends and two have been decreasing. Of the remaining six, all
show signs of decreasing populations, with two species not evaluated by [IUCN, 2019,
one considered as Data Deficient (Ocyurus chrysurus), two Near Threatened (Lutjanus

—

analis and L. synagris), and one Vulnerable (Pomatomus saltatrix) (Fig. 2A). Analysis
based on historical catch data indicates that two of the analyzed species are considered
‘overexploited” (Conodon nobilis and Lopholatilus villarii). At the same time, six are ‘fully
exploited’ (Cynoscion jamaicensis, L. analis, L. campechanus, Menticirrhus americanus,
Opisthonema oglinum and Scomberomorus brasiliensis), meaning that the catch is near the
limits of sustainability (Fig. 2A; Verba ef al., 2020). Overall, the species analyzed here
are either of conservation concern or important fishing targets.

Molecular analyses. Each PCR reaction consisted of 5-10 ng of sample DNA,
2 il of 5X Master Mix containing 12.5 mM MgCl, (final concentration of 2.5 mM)
(Solis BioDyne, Tartu, Estonia), 0.25 iM of each primer, 200 iM dNTPs, 0.5 mg BSA,
and nuclease-free water for a final concentration of 10 il. The primer pair L14735
(F 5-AAAAACCACCGTTGTTATTCAACTA-3" 25 mers) and H15149AD (R
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5-GCICCTCARAATGAYATTTGTCCTCA-3' 26 mers) (Sotelo ef al., 2001) was
used for Cytb amplifications, whereas primers FishF2_t1-F forward (F 5-TGTA-
AAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC—S’) and FishR2
tl reverse (R 5- CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAAT-
CAGAA-3’) (Ivanova et al., 2007) were used for amplifying COL. PCR was performed
with an initial denaturing step of 4 min at 94 °C, followed by 35 cycles at 93 °C for
305,50 °C for 40's, and 72 °C for 1 min, and a final extension step of 7 min at 72 °C.
PCR products were inspected using 2% agarose gel electrophoresis and purified enzy-
matically by incubating 5 il of PCR product for 15 min at 37 °C in 6 il of an aqueous
solution containing 0.08 units of alkaline phosphatase (FastAP, Fermentas, Waltham,
MA, USA) and 0.83 units of exonuclease I (Fermentas). Sequencing was performed
using the BigDye Terminator v. 3.1 Ready Mix kit (Applied Biosystems, Foster City,
CA, USA) on a 3500 Genetic Analyzer (Applied Biosystems).

ni.bio.br | scielo.br/ni
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Forward and reverse DNA sequences were assembled using Geneious Prime
software v. 2019.1.2 (Biomatters Ltd., Auckland, New Zealand). The sequences were
used for species identification using similarity searches and phylogenetic analyses.
In the similarity-based approach, a threshold of 98% similarity was used for species
identification. Custom local BLASTn searches were conducted against a database
containing all fish COI and Cytb sequences available at NCBI, supplemented by an in-
house sequence database. Only sequences with a minimum length of 450 bp for COI
and 700 bp for Cytb were used. COI sequences were available for eight species and
Cytb for 12 species. Following this publication, new sequences produced by Centro
Nacional para a Identificagio Molecular do Pescado (CENIMP) initiative will be
publicly available to help build a robust database that can aid future phylogeographical,

molecular systematic, and fish forensics studies.

Genetic diversity and population structure. The sequences we obtained and
Genbank sequences from the same species and geographic location were combined
and aligned in MEGA4 (Tamura ef al., 2007) using the MUSCLE function. We used
DNAsp software (Librado, Rozas, 2009) to define population sets to perform pairwise
analyses and an Analysis of Molecular Variance (AMOVA) using Arlequin 3.5 software
(Excoftier, Lischer, 2010) with 10,000 permutations; values were considered significant
when p < 0.05. These parameters were calculated in two ways: i) among some localities,
grouping combinations considering the six possible barriers (P -barriers) and ii)
among each sampling site, independent of the occurrence of possible barriers (®, -sites).
After defining the population structure, we calculated the following genetic diversity
parameters: DNA polymorphism, haplotype number, haplotype diversity, number of
polymorphic sites, and nucleotide diversity. To visualize the haplotype diversity, we
built networks using PopArt (Leigh, Bryant, 2015) and the TCS network function. We
edited the figures using the InkScape software (Bah, 2009).

Life history, exploitation status and genetic diversity. To assess the effect of life
history traits on @ and genetic diversity measures (nucleotide and haplotype diversity),
we applied several statistical tests in R. We estimated genetic divergence for each species
by calculating the average pairwise @ -sites across all combinations of sampling sites. An
ANOVA test (aov function, Girden, 1992) was used to examine habitat effects (demersal,
reef; or pelagic), while a t-test (t.test function, Student, 1908) tested the effect of estuarine
dependence (related or unrelated). For continuous variables (maximum bathymetry
in meters, body size in cm, and trophic level), we performed correlation tests (cor.test
function). P-values were used to determine whether genetic measures differed between
groups or correlated with continuous life history variables. We also investigated if there
is a correlation between exploitation status (Population trend, Red List, and Exploitation
Status) and haplotype diversity, using an ANOVA test in R.

Historical demography. We used three different and complementary approaches to
identify population size tendencies (expansion, stability, or decline). First, we applied
two neutrality tests (Tajima’s D and Fu’s Fs) using Arlequin (considering a significant
p-value lower than 0.02 after Bonferroni correction). Tajima’s D test uses information
on mutation frequency to distinguish stable from expanding or contracting populations
(Tajima, 1989). However, these changes in mutation frequency can be attributed to
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changes in population size or positive selection (Ford, 2002). Fu’s Fs uses haplotype
distribution information to infer changes in population size (Fu, 1997). Fu’s Fs can be
sensitive to small sample sizes but more potent in identifying population expansion
under some conditions (Ramos-Onsins, Rozas, 2002).

Since neutrality tests alone cannot capture all signals of historical demography, we
also used an additional coalescent Bayesian Skyline Plot in BEAST v. 1 and BEAUt
(Drummond, Bouckaert, 2015). This analysis permits inferring changes in population
size over time. In the lack of specific rates for each species and each markers, the
parameters included in BEAUti were clock rate = 1.2E-08, which was based on the cytb
mitochondrial gene substitution rate in fish (Bermingham, 1997). Because of that, the
time of effective population size change should be consider with cautious, especially for
the COI results. The chain length used was 10,000,000, but this number was increased
whenever the Effective Sample Sizes of any parameter were less than 200. Convergence
was assessed by the Bayesian Skyline. The reconstruction graphs were made using
Tracerv. 1.7.1.

RESULTS

Genetic diversity and population structure. We analyzed 362 sequences from the 15
species, 116 of COI from seven species, and 246 of Cytb from 11 species (Tab. 1; Figs.
3—4). For COI, nucleotide diversity ranged from 0.00030 (Conodon nobilis) to 0.00563
(Stellifer rastrifer), and haplotype diversity ranged from 0.154 (C. nobilis) to 0.950 (S.
rastrifer). For Cytb, nucleotide diversity ranged from 0.00108 (Lutjanus synagris) to
0.00497 (Lutjanus campechanus), and haplotype diversity ranged from 0.575 (Ocyurus
chrysurus) to 1.000 (Auxis thazard). Although none of the estimates of ® -barriers were
statistically significant (p > 0.05, Tab. S1), certain species exhibited genetic divergence
that could be potentially attributed to at least one of the tested barriers. These species
included Cephalopholis fulva (Sio Francisco River, Vitoria-Trindade Chain, and/or
Cabo Frio), Cynoscion jamaicensis (Cabo Frio), Lopholatilus villarii (Vitoria-Trindade
Chain, Cabo Frio, and/or Santa Marta Cape), Ocyurus chrysurus (SEC, Sio Francisco
River, Vitoria-Trindade Chain, and/or Cabo Frio), Pomatomus saltatrix (Cape of Santa
Marta), and Scomber japonicus (Vitoria-Trindade Chain, and/or Cabo Frio). Stellifer
rastrifer showed significant genetic difference (pairwise @ -sites, Tab. S2) among all
three sample localities - (Rio de Janeiro - R], Sio Paulo - SP and Par4 - PA), although
the AMOVA results were not significant (Tab. $3). Similar patterns were observed in
Menticirrhus americanus and Lutjanus synagris, where two out of three pairwise ®,-sites
comparisons were significant (Tab. S2). However, these genetic differences could not
be attributed to any of the tested barriers. The observed divergence in these species
may also be influenced by ecological speciation, in which local adaptation to distinct
environmental conditions plays a role in shaping genetic structure (Rocha er al,, 2005).

Life history, exploitation status and genetic diversity. We found no significant
difference in either ® -sites or nucleotide diversity between species in different habitats
(Figs. 2C-D). We also found no significant correlation between genetic and continuous
life history measures (depth, maximum body size, and trophic levels), or exploitation
status (Population trend, Red List status, or Exploitation status).
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TABLE 1 | Species selected, their population trend according to IUCN (2019), and their status based on catch data (Verba et al., 2020), the
markers analyzed, number of sequences for each marker (# sequences), total number of sites, polymorphic sites (S), haplotype diversity (h),
nucleotide diversity (pi), sampling locations, with the number of samples in each area in parenthesis, and the tested barriers. Abbreviation for
states are: PA - Pard, MA - Maranhao, PI - Piaui, CE - Cear4, RN - Rio Grande do Norte, PB - Paraiba, PE - Pernambuco, AL - Alagoas, SE - Sergipe,
BA - Bahia, ES - Espirito Santo, RJ - Rio de Janeiro, SP - Sao Paulo, PR - Parand, SC - Santa Catarina, RS - Rio Grande do Sul.

Family Habitat Tll'gs:\lic Ele;: Po}t)ll'lelfl:lmn Stﬁfll:sl()(gz;;;net
(IUCN) al.. 2020)
Auxis thazard (Lacepéde, 1800) Scombridae Pelagic 50to ? no 65 44 LC Stable -
Cephalopholis fulva (Linnaeus, 1758) Epinephellidae Reef 1to 150 no 41 4.1 LC Decreasing Developing
Conodon nobilis (Linnaeus, 1758) Haemulidae Demersal 1 to 100 no 33.6 3.6 LC Unknown Overexploited
Cynoscion jamaicensis (Vaillant & Bocourt, 1883)  Sciaenidae Demersal 1to70 yes 50 3.8 LC Stable Fully exploited
Lopholatilus villarii Miranda Ribeiro, 1915 Malacanthidae Demersal - no 107 3.8 - - Overexploited
Lutjanus analis (Cuvier, 1828) Lutjanidae Reef 25t0 95 yes 94 3.9 NT Decreasing Fully exploited
Lutjanus campechanus (Poey, 1860) Lutjanidae Demersal 236 450 no 100 3.6 - - Fully exploited
Lutjanus synagris (Linnaeus, 1758) Lutjanidae Reef 12050 no 60 3.8 NT Decreasing Developing
Menticirrhus americanus (Linnaeus, 1758) Sciaenidae Demersal  ?to 40 yes 50 BY5 LC Unknown Fully exploited
Ocyurus chrysurus (Bloch, 1791) Lutjanidae Reef 0to 180 no 86.3 4.0 DD Decreasing Developing
Opisthonema oglinum (Lesueur, 1818) Clupeidae Reef 1to 50 no 38 4.5 LC Unknown Fully exploited
Pomatomus saltatrix (Linnaeus, 1766) Pomatomidae Pelagic 0 to 200 yes 130 4.5 VU Decreasing -
Scomber japonicus Houttuyn, 1782 Scombridae Pelagic - yes 65 3.9 LC Stable -
;comberomqrus izt Collziis, Rukso & Scombridae Reef - no 125 8.3 LC Decreasing Fully exploited
avala-Camin, 1978
Stellifer rastrifer (Jordan, 1889) Sciaenidae Demersal 0 to 40 yes 32 34 LC Unknown -
—)
TABLE 1 | (Continued)
Average
Marker | sequences | Ngmber | Pobymorpiic | Maplowpe | Maplope | Nucloude || bof,
differences
Auxis thazard (Lacepéde, 1800) CytB 12 1022 22 12 1 0.0048 4.909
Cephalopholis fulva (Linnaeus, 1758) CytB 18 1043 7 8 0.752 0.00118 1.235
Conodon nobilis (Linnaeus, 1758) COI 13 517 1 2 0.154 0.0003 0.154
Cynoscion jamaicensis (Vaillant & Bocourt, 1883) COI 13 452 2 8 0.295 0.00068 0.308
Lopholatilus villarii Miranda Ribeiro, 1915 CytB 20 896 7 5 0.821 0.00238 2.132
Lutjanus analis (Cuvier, 1828) CytB 12 724 11 7 0.773 0.00291 2.106
Lutjanus campechanus (Poey, 1860) CytB 51 779 40 44 0.995 0.00497 3.87
Lutjanus synagris (Linnaeus, 1758) CytB 17 725 5 6 0.588 0.00108 0.779
Menticirrhus americanus (Linnaeus, 1758) Ccor 23 565 5 S 0.644 0.00153 0.862
Ocyurus chrysurus (Bloch, 1791) cor 16 564 4 4 0.575 0.00137 0.775
Opisthonema oglinum (Lesueur, 1818) (¢0)4 13 600 11 8 0.91 0.00496 2.974
Pomatomus saltatrix (Linnaeus, 1766) CytB 36 736 22 19 0.927 0.00259 1.908
Scomber japonicus Houttuyn, 1782 CytB 20 1043 15 13 0.947 0.00256 2.674
‘Zggf,’;’;‘fg‘;';‘i’;f‘i;’;gs"ﬁ‘"‘Sis Collette, Russo & cor 22 625 11 11 0.913 0.00296 1.853
Stellifer rastrifer (Jordan, 1889) CoI 16 627 12 11 0.95 0.00563 3.525
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FIGURE 3 | Cytochrome B haplotype networks for each commercially marine fish species. Abbreviations
refer to Brazilian coastal states: PA - Pard, MA - Maranhao, CE - Ceara, RN - Rio Grande do Norte, PE -
Pernambuco, SE - Sergipe, BA - Bahia, ES - Espirito Santo, R] - Rio de Janeiro, SP - Sdo Paulo, PR - Parana,
SC - Santa Catarina, RS - Rio Grande do Sul. Individuals collected in unknown locations are marked in

white as NA.
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Conodon nobilis Cynoscion jamaicensis
Menticirrhus americanus Ocyurus chrysurus
Opisthonema oglinum Scomberomorus brasiliensis
Stellifer rastrifer
@PA OR
@CE OSP
@ PE @ sC
@ AL @ NA
@ BA

FIGURE 4 | Cytochrome oxidase I haplotype networks for each commercially marine fish species.
Abbreviations refer to Brazilian coastal states: PA - Para, CE - Ceard, PE - Pernambuco, AL - Alagoas, BA -
Bahia, R] - Rio de Janeiro, SP - Sdo Paulo, SC - Santa Catarina. Individuals collected in unknown locations

are marked in white as NA.

Demographic history. According to Tajima’s D neutrality tests using COI, no
species showed signs of population size variation, while for Cytb, five species showed
signs of expansion (Tab. 2). Fu’s Fs provided evidence of population expansion in 12
species, while signatures of expansion were common in the analyses of three species.
Analysis of changes in population size over time, using Bayesian Skyline Plots, indicated
that all but one species that showed expansion (L. campechanus) were demographically
stable (Tab. 2; Fig. S4).
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TABLE 2 | Demography results of each marine commercial fish species and marker in Tajima’s D, Fu's
Fs, and Bayesian Skyline Plot (BSP) analyses. For Tajima’s D and Fu’s Fs, only significant results (p <

0.02) were included.

I 7 I A

Auxis thazard Cytb  Non-significant Expansion Stability
Cephalopholis fulva Cytb  Non-significant Expansion Stability

CoI Non-significant Non-significant Stability
Conodon nobilis

Cyth Expansion Non-significant Stability

COI Non-significant Expansion Stability
Cynoscion jamaicensis

Cytb  Non-significant Expansion Stability
Lopholatilus villarii Cytb  Non-significant Non-significant Stability
Lutjanus analis Cytb Expansion Non-significant Stability
Lutjanus campechanus Cyth Expansion Expansion Stable expansion through time
Lutjanus synagris Cytb  Non-significant Expansion Stability
Menticirrhus americanus COI Non-significant Non-significant Stability

CoI Non-significant Non-significant Stability
Ocyurus chrysurus

Cyth Expansion Expansion Stability
Opisthonema oglinum COI Non-significant Not significant Stability
Pomatomus saltatrix Cyth Expansion Expansion Stability
Scomber japonicus Cytb  Non-significant Expansion Stability
Scomberomorus brasiliensis COI Non-significant Expansion Stability
Stellifer rastrifer COI Non-significant Expansion Stability

DISCUSSION

Low genetic structure and stable demography were observed in most of Brazil’s 15
commercially exploited marine fish evaluated. The lack of genetic structure for most
of these species implies that each can be managed as a single unit. However, more
variable markers may provide more resolution to detect stocks with a more subtle level
of differentiation. In addition, the lack of differentiation for some of the species may
be attributed to small sample sizes, and could benefit from the use of highly resolving
nuclear markers and larger sample sizes. Levels of genetic variation were similar in the
two mitochondrial markers used, with the lowest variation reported in Conodon nobilis
and Cynoscion jamaicensis.

Measures of genetic diversity are critical to determining risks of inbreeding or lack
of adaptive potential and are increasingly being officially considered in evaluating
conservation status (Hoban er al., 2021; CBD, 2022; Bertola ef al., 2024). Considering
the lack of data on many fish species exploited in the tropics, information about
the distribution of genetic diversity can contribute to prioritizing and directing
conservation efforts (Hoban er al., 2024). Although a significant correlation was not
found between genetic diversity and threat status, the nucleotide diversity (COI-3)
measures of all seven species with available COI data were below the threshold reported
for non-threatened species (Petit-Marty et al., 2020). This finding suggests that these
species may be experiencing population declines, and could benefit from limitations on
their exploitation in Brazil.
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Our general finding of no significant genetic structure indicates that the considerable
environmental variability along the Brazilian coast, such as the sea surface temperature,
large river outflows, and variability in the occurrence of reefs and mangroves, does not
lead to significant genetic structure in the analyzed species. It is important to emphasize
that, at least for some species, the small sample size and limited number of localities may
affect our findings. However, most previous studies in the same area found a similar
pattern (Silva-Oliveira ef al., 2008; Silva er al., 2015; Peres et al., 2020), even when
analyzing many markers (Verba er al., 2022, 2023; Coelho ef al., 2024). Low genetic
structure in marine organisms can be partially attributed to a pelagic larval phase for
many species, which allows gene flow and the mixing of young individuals in the early
stages of their lives (Palumbi, 1994). In addition, most species analyzed are large-bodied
(76.2 cm on average), facilitating the crossing of adults over what might otherwise be
considered a marine barrier (Luiz ef al., 2013; Araujo ef al., 2022).

Despite the lack of statistical significance, higher @ -barriers level may provide
some insights into possible barriers in marine organisms. Among the six barriers tested
in this study, five were associated with at least one species with a ®ST-barrier value
higher than 0.1. The only potential barrier that did not appear to influence the genetic
distribution of the tested species was the Mangroves in the state of Maranhio (MA).
However, this hypothesis was tested with only three species, which limits the capacity
to draw conclusions.

For the South Equatorial Current barrier hypothesis, we analyzed eight species, with
only one (Ocyurus chrysurus) showing a high of ®ST-barrier value with one of the markers
(COI ®ST-barrier > 0.5). The Sdo Francisco River, although considered a weak barrier,
is known to be relevant barrier for some marine fish (Costa et al,, 2022). In this study,
we analyzed 10 species for this barrier, with two (C. nobilis and O. chrysurus) showing
@ -barrier value larger than 0.2. However, for both species, the sampling site do not
allow us to exclude the potential influence of the other barriers, such as Vitoria-Trindade
Chain and Cabo Frio on their genetic patterns. The Vitoria-Trindade Chain, which
affects the distribution of fish and other marine organisms, appears to act as a genetic
barrier for four out of the 10 analyzed species (C. nobilis, L. villarii, O. chrysurus, and S.
japonicus). Similarly, the temperature variation in Cabo Frio appears to influence the
genetic structure of five out of eleven analyzed species (C. nobilis, C. jamaicensis, L. villarii,
O. chrysurus, and S. japonicus). For the southernmost barrier hypothesis at Santa Marta
Cape, we were able to analyze three species. Of these, two (L. villarii and P saltatrix)
exhibited ® -barrier values higher than 0.15, suggesting potential genetic influence.

Ocyurus chrysurus is a reef species that showed higher ®  -barriers values for
comparisons across four of the six tested barriers. However, it is important to note that
we had more than one sample only from two sampling sites, CE and SP, while PE
and BA had only one sample each. This limitation makes it challenging to determine,
which barrier most significantly explain the observed genetic patterns. For this species,
we also analyzed the Cytb marker from a larger number of sampling sites, which
consistently yielded negative ® -barriers values, in alignment with a previous study
conducted in the same region (Silva er al., 2015). The difference in structure levels
between COI and Cytb markers for this species may be attributed to the disparity in
samples size, potentially leading to an overestimation of structure in the COI marker. A
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similar pattern was observed in the demersal species Conodon nobilis, where COI marker
showed ®_ -barriers values of 0.28, while Cytb marker exhibited values that were 10-
fold lower (0.02).

Three other species showed relatively higher ®_ -barriers values, which could be
attributed to at least one of the tested barrier. Lopholatilus villarii, a large demersal
species, presented relatively high ®  -barriers values associated to three tested barriers
(VT Chain, Cabo Frio and Santa Marta Cape). Two of these barriers, VT Chain and
Cabo Frio, may also influence the genetic structure of the pelagic species Scomber
Japonicus. Pomatomus saltatrix, a pelagic species inhabiting waters up to 200 m deep,
exhibits divergence, consistent with the presence of Santa Marta Cape (Fig. 1; Tab. S1).
However, when analyzing & -sites (without considering the barriers), we found no
significant genetic difference between any sample localities and ES, north of Cabo Frio.
This lack of differentiation can be likely attributed to the low sampling size (N = 2).
Recently, a study focused on the same species used COI to reveal a significant genetic
break between samples from Argentina and Brazil, and some divergence between R]
and SP, also identified here. Interestingly, there were no genetic differences between
Rio de Janeiro and Venezuela (Queiroz-Brito ef al., 2022). A related study (Villela et al.,
2024) reported a deep divergence between nuclear and mitochondrial genes of anchovy
groups along the Brazilian coast. Pomatomus saltatrix is a globally distributed large-
bodied species (Froese, Pauly, 2000), indicating a high dispersal capacity potentially
facilitating gene flow. Environmental factors may be more important than biological
traits in explaining the genetic structuring (Jenkins er al., 2018; Lehnert er al., 2019).

We combined three methods to identify the demographic history (Eytan, Hellberg,
2010). Each test presents caveats, responding differently to sample size and departures
from neutrality (selection) (Grant, 2015; Domingues e al., 2018). They also provide
information about different evolutionary periods. Despite some contrasting results
between different analyses, most species showed stable or expanding populations. The
high connectivity across sites and the West Atlantic climate stability could explain the
population stability found in 15 species (BSP results).

Coastal-dependent species may have been subject to more population bottlenecks
followed by expansion in response to past sea level declines (Ludt, Rocha, 2015;
Domingues et al., 2018). However, the only species that showed consistent evidence of
population expansion was L. campechanus, which is not dependent on coastal habitats
and is found in waters more than 300 m deep (Froese, Pauly, 2000) The distribution of
L. campechanus is primarily tropical and is associated with warmer waters (Froese, Pauly,
2000). Contrary to expectations, its expansion could have been due to environmental
changes related to sea level changes and increased habitat availability given by the
expanded continental shelf (Hoareau ef al., 2013).

Here, we provided helpful information for managing marine fisheries resources in
Brazil. The results suggest that the Brazilian marine environment can be managed as
a single unit for its fished species, although the relatively low levels of genetic diversity
could indicate the need for management strategies. Protective management is even
more relevant for species with the lowest levels of genetic diversity that additionally are
already experiencing population reductions or lacking sufficient data. Based on both
our findings of low genetic diversity (below 0.002) and threatened status (Population
trend, Exploitation status as overexploited, and Red List classification as Vulnerable,
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Near Threatened or Data Deficient), we recommend prioritizing the following species:
Cephalopholis fulva (Cytb-8 = 0.00118), Conodon nobilis (COI-8 = 0.0003), Lutjanus
synagris (Cytb-8 = 0.00108), and Ocyurus chrysurus (COI-8 = 0.00137). Furthermore,
species considered threatened under at least two of these categories and exhibiting
relatively low nucleotide diversity (between 0.002 and 0.003), such as Lopholatilus
villarii and Lutjanus analis, should also be managed with precaution. It is important
to remember that low levels of genetic structure may not have been detected (Mariani
et al., 2005) with the markers used. Subtler levels of differentiation could be detected
using more variable and multilocus markers (e,g., microsatellites, SNPs; Xue et al., 2014;
Drinan et al., 2018). Mitochondrial DNA is traditionally used to identify management
units, but applying different markers can yield finer-grained insights into genetic
connectivity (eg., Knutsen er al., 2003; Nielsen er al., 2004). Although our study
presents some methodological caveats (e.g., low sample size and the spatial arrangement
of the data), this is the first available information on the genetic structure of many
species along the Brazilian coastline. This baseline information could be applied in
evolutionary and molecular systematics studies in addition to management strategies
and conservation efforts.
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