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RESUMO

A pesca de atum é uma atividade crescente no nordeste do Brasil, onde a albacora lage (Thunnus albacares, Bonnaterre 1788) é
a espécie mais abundante. A distribuicdo populacional de T. albacares no Oceano Atlantico equatorial tem sido considerada continua
no meio cientifico, porém a Comissio Internacional para Conservagdo do Atum do Atlantico (ICCAT) trabalha com a descontinuidade
desta populagdo. Por razdes priticas uma hipdtese de “dois estoques”, separados a 30° W, tem sido usada na administragio pesqueira
desta espécie. No presente trabalho foi utilizada a técnica de sequenciamento de de DNA mitocondrial para investigar a variagdo
genética no estoque de T. albacares do Oceano Atlintico equatorial sudoeste, e a posigdo genética desta espécie dentro do género
Thunnus. Dentre 0s 401 pares de bases amplificados do gene do citocromo b, um tinico nucleotideo varidvel foi indentificado entre
35 amostras coletadas de T. albacares. Este nivel de divergéncia é muito baixo e ndo é suficiente para determinar a presenga de
dois estoques na drea estudada. A monofilia do género Thunnus foi confirmada pelas andlises filogenéticas e as albacoras lage do
Canadd e EUA estio mais proximamente relacionadas entre si de que com a brasileira. As espécies mais proximas a T. albacares
foram T. atlanticus e T. tonggol. Com base nos resultados obtidos neste estudo, é sugerido que as autoridades do ICCAT e IBAMA
considerem apenas um estoque de T. albacares para fins de administragio da pesca Oceano Atldntico equatorial sudoeste.
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ABSTRACT

Tuna fisheries is a growing industry in northeastern Brazil, where the yellowfin tuna (Thunnus albacares, Bonnaterre 1788) is
the most abundant species. The distribution of the populational stock of T. albacares in the equatorial Atlantic Ocean has been
considered continuous, however the International Commission for Conservation of the Atlantic Tuna (ICCAT) has worked with
a discontinuous population. For practical reasons a “two stock” hypothesis has been used in most assessments and the two stocks
are separated at 30° W. In the present paper, a DNA sequencing technique was used to investigate the genetic variation in the T.
albacares stock from the southwest equatorial Atlantic Ocean off northeastern Brazil, and the phylogenetic position of this species
in the genus Thunnus. Within the 401-bp amplified segment of the cytochrome b gene, a single variable nucleotide site was identified
among the 35 sampled individuals of T. albacares. This level of nucleotide sequence divergence is very low and it is not enough
to determine the presence of two stocks in the studied area. The monophyly of the genus Thunnus was supported by the phylogenetics
analyses. Yellowfin tuna from Canada and the U.S.A. were more closely related to each other than to the yellowfin tuna from Brazil.
The species more closely related to T. albacares were T. atlanticus and T. tonggol. Based on the results obtained in this study,
we suggest that the fisheries authorities from the ICCAT and Brazilian Institute of Environment (IBAMA) should consider a unique
stock of T. albacares in the southwest equatorial Atlantic Ocean for fisheries management purposes.
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INTRODUCTION

The yellowfin tuna (Thunnus albacares, Bonna-
terre 1788) is the most abundant species of tuna in the
Equatorial Atlantic Ocean (Fonteneau, 1991). Since the
early seventies, it has been believed that there is a
continuous populational distribution of T. albacares in
the equatorial Atlantic Ocean associated with East-
West seasonal migration.

In all the area, individuals captured by longline
and purse seine fisheries CPUE (capture per unit of
effort) data has been identified morphologically as be-
longed to the same population, which supports the
hypothesis of continuous distribution first proposed by
Honma & Hisada (1971) and further elaborated by
Yanez & Barbieri (1980) & Fonteneau (1981).

However, this model of stock structure for yel-
lowfin tuna was not accepted by the International
Commission for Conservation of the Atlantic Tuna
(ICCAT) in their reports. For practical reasons a “two
stock” hypothesis has been used in most assessments
(Fonteneau, 1991). According to the ICCAT’s hypoth-
esis the two stocks are separated at 30°W. Further-
more, based on morphometric parameters, Mahon &
Mahon (1987) suggested that two stocks existed in the
western Atlantic. These stocks would have distinct
seasonality with one stock moving from the Caribbean
Sea to the north coast of Brazil, and sometimes mixing
with the other stock that comes from Africa.

Transatlantic recoveries of tagged adult yellow-
fin tuna (Bard & Scott, 1991) support the hypothesis of
asinglestock (Honma & Hisada, 1971; Yanez & Barbieri,
1980; Fonteneau, 1981). The ICCAT acknowledge that
it would not be possible to accept the “two stock”
hypothesis if Bard & Scott’s (1991) results are true
(Fonteneau, 1991).

A number of molecular genetic studies have
been carried out on the stock structure of tuna species.
Similarities between mitochondrial DNA sequences of
albacore tuna (T. alalunga) from the Atlantic and the
Pacific were reported by Graves & Dizon (1989), who
did not find any restriction endonuclease sites that
could distinguish the two stocks. Restriction fragment
length polymorphism (RFLP) analysis of mitochon-
drial DNA of T albacares from the Pacific Ocean showed
no evidence of genetic variation among individuals
from distant geographic locations in the Pacific Ocean
(Scoles & Graves, 1993). However, allozyme and re-
striction enzyme analyses have suggested that stocks
of of T. albacares are distinct in the Atlantic, Indian, and
Pacific oceans (Ward et al., 1997).

Bartlett & Davidson (1991) observed interspe-
cific variation in 307-base pair (bp) segments of the
mitochondrial cytochrome b gene between four spe-
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cies of tuna caught off the east coast of Canada: Thunnus
thynnus (bluefin tuna), T. obesus (bigeye), T. albacares
(yellowfin) and T. alalunga (albacore). RFLP analysis of
mitochondrial DNA has shown that the bluefin tuna
(T. thynnus orientalis) from the northern Pacific Ocean
shares a larger number of restriction fragment sites
with the albacore than with its Atlantic correlate (T.
thynnus thynnus) (Chow & Inoue, 1993).

Block et al. (1993) presented the first molecular
phylogeny for the suborder Scombroidei (mackerels,
tunas, and billfishes) based on a 600-bp region of the
cytochrome b gene. The monophyly of the genus
Thunnus, including T. albacares, T. maccoyii and T.
thynnus, T. alalunga and T.obesus, was supported by
bootstrap results. A close relationship between T.
albacares and a T.maccoyii + T.thynnus clade was de-
tected in this study and confirmed by Finnerty & Block
(1995). A second molecular phylogeny for tuna species
of the genus Thunnus based on partial sequences of the
cytochromeb (292-bp) and ATPase (400-bp) genes was
presented by Chow & Kishino (1995). They identified
acloserelationship between T. albacares and two others
species of tuna (T altlanticus and T. tonggol) not studied
by Block et al. (1993) or Finnerty & Block (1995).

Preliminary studies in northeastern Brazil
(02°36’S-04°15’S and 32°34'W-33°45'W), where tuna
fisheries is a growing industry, have shown differences
in four of 19 morphometric characters between the
Brazilian and the African yellowfin tunas (Neiva, 1992).

Inthe present paper, partial nucleotide sequences
(401-bp) of the cytochrome b gene were used to inves-
tigate genetic variationin the T albacares stock from the
southwest equatorial Atlantic Ocean off northeastern
Brazil, and the phylogenetic position of the yellowfin
tuna among the species of the genus Thunnus.

MATERIAL AND METHODS

Samples collection

Yellowfin tuna were collected in 11 voyages of
the Research Vessel (RV) “Riobaldo” from March 1993
to November 1995, in three areas between latitudes
01°00'N and 09°00’S and longitudes 29°00'W and
40°00'W in Brazilian waters (Figure 1). Muscle, liver
and heart tissues of 35 animals were removed and
stored at -5°C.

DNA extraction

DNA was isolated from frozen or DMSO-pre-
served specimens by a acid guanidium thiosulfate-
phenol-chloroform extraction procedure modified from
Chomczynski & Sacchi (1987). DNA was extracted
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Figure 1 - Map of northern Brazil showing the areas in the southwest Equatorial Atlantic where samples of yellowfin tuna (Thunnus albacares)
were collected, and where genotypes (gendétipos) I and II where found. “Rochedos” represents the Sao Pedro and Sao Paulo Islands.
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with chloroform-isoamyl alcohol, precipitated with
isopropanol, washed with 75% ethanol, and resus-
pended in 50pl distilled water.

DNA amplification

PCR (polymerase chain reaction) was used
to amplify 401-base pair sequences of the mitochon-
drial DNA cytochrome b gene from the collected
samples. The primers used were L14724 (5’'-
CGAAGCTTGATATGAAAAACCATCGTTG-3") and
H15149 (5'-GCCCCTCAGAATGATATTTGTCCTCA-
3’) (Irwin et al., 1991). Each amplification reaction was
performed in a 100pl solution contaning: 67mM Tris-
HCI (pH 9.0), 1.96 mM HCl, 9.94 mM B-mercap-
toethanol;2 mM of eachdATP,dCTP,dGTP and dTTP;
0.4 uM of each oligonucleotide primer; 1 to 3 units of
Amplitag ™ DNA Polymerase (Perkin-Elmer Cetus,
Mississauga, ON); and 2 pl of isolated DNA. One drop
of light white mineral oil was placed in each tube to
prevent evaporation. Amplification was carried outin
a Perkin-Elmer Cetus TC-1 Thermal Cycler as follows:
initial denaturation at 95°C for 5 minutes, followed by
35 cycles consisting of 93°C for 1 minute (denatur-
ation), 55°C for 40 seconds (annealing), 72°C for 2
minutes (extension), and a final step of 72°C for 10
minutes. Eletrophoresis of 5ul of PCR product with 1pl
dye though 2% NuSieve GTG agarose (FMC Bio-
products, Rockland, ME) gel in 1.0M TBE buffer. PCR
product was visualized by staining the gel with
ethidium bromide and exposing to ultraviolet (UV)
light on Ultraviolet Transilluminator (Ultra-Violet Prod-
ucts Inc., San Gabriel, CA) to check if successful ampli-
fications were obtained.

Purification of PCR product

DNA was purified using Wizard™ Magic PCR
Preps DNA Purification System (Promega Corp., Madi-
son, WI) following the manufacturer’s instructions.
Purified DNA was then quantified with a DNA Fluo-
rometer model TKO 100 (Hoefer Scientific Instruments,
San Francisco, CA). Measurement of DNA concen-
tratiom (ng/pl) were obtained using fluorochrome bis-
benzimide-zole (Hoechst 33258) which binds to DNA
and allows rapid quantification.

DNA Sequencing

The optimum mass of DNA solution was deter-
mined by the fluorometer readings (DNA concen-
tration(ng/nl) =400 / (fluorometer reading x 0.4)) and
dried under reduced pressure. Each sample was then
resuspended in 7.3 pl of distilled H O, 9.5 pl of reaction
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premix (Applied Biosystems PRISM™ Ready Reaction
Dye Deoxy terminator Cycle Sequencing Kit) and 3.2
pl of ImM primer. Both primers were used in separate
reactions. Sequencing reactions were carried out in a
Perkin-Elmer TC-1 Thermal Cycler in 25 cycles, on the
following step-cycle profile: 98°C for 1 second, 50°C for
15seconds, and 60°C for 4 minutes. Excess primers and
unincorporated dye were removed by passing the
reaction product through a Sephadex G-50 spin col-
umn. The eluted DNA was then dried under reduced
pressure and resuspended in 5 pl of 5:1 mixture of
deionized formamide and 50 mM Na EDTA (Sigma
Chemical Co., St. Louis, MO). Sequencing of both
strands of the 401 base pair region was done on an ABI
373A (Applied Biosystems, Inc., Foster City, CA) Auto-
mated DNA Sequencer. Samples were loaded into 6%
polyacrylamide (19:1 Bis), 7M urea gels, and elepho-
resed at 32 watts constant power for 11 hours. DNA
sequence data were collected using the ABI collection
analysis software package version 1.0.2. Alignments of
sequences were done by eye and complementary
strands were compared using the Sequence Navigator
DNA sequence editor version 1.0.1. (Perkin Elmer,
Inc.). Alignment of sequences in a publishable format
was obtained from the Eyeball Sequence Editor (ESEE)
version 3.0S (Cabot & Beckenbach, 1989).

Phylogenetic Analyses

A consensus sequence of the genotypes of T.
albacares identified by DNA sequencing was analyzed
together with sequences of T. albacares from Canada
(Bartlett & Davidson, 1991) and the United States
(Block et al., 1993). These sequences were analyzed
alongside those of another six Thunnus species (T.
thynnus, T. alalunga, T. atlanticus, T. maccoyii, T. obesus,
T. tonggol) and three tuna species from other genera
which were used as the outgroup (Euthynnus affinis,
Katsuwonus pelamis, Auxis thazard). Sequences of T.
atlanticus and T. tongoll (Gen Bank accession numbers
D63492 and D63493) were from Chow & Kishino (1995).
Sequences of T. albacares from U.S., T. thynnus, T,
alalunga, T. maccoyii, T. obesus (L11556-L11560) and E.
affinis, K. pelamis, A. thazard (L11534, L11539, and
L11532, respectively) were from Block et al. (1993).
Phylogenetic analyses were performed with the PAUP
[version 4.0d61] program of Swofford (1997). Maxi-
mum parsimony trees were identified with the heuris-
tic search algorithm (tree-bisection-and-reconnection)
with random addition and delayed-character-trans-
formation optimization. Ratios of transversions to tran-
sitions of 10:1, 3:1, and 1:1 were used. Bootstrap analy-
ses were performed by means of the heuristic search
algorithm with 10 random taxon additions and the



tree-bisection-and-reconnection option in each of 1,000
replicates. NeighborJoining (INJ) analysis was performed
using the Kimura-2-parameters (Saitou & Nei 1987).

RESULTS

Within the 401-bp amplified segment of the
cytochrome b gene, a single variable nucleotide site
was identified among the 35 sampled individuals of T.
albacares (Figure 2). It was a silent third position pyri-
midine (C-T) transition at the 66" nucleotide position.

The most common genotype (T.albac-01), identi-
fied by a thymine at position 66, was found in 29
individuals, and theless common genotype (T.albac-02),
identified by a cytosine at position 66, was observed in
six individuals (Figure 2). Genotype T. albac-01 was

detected in the Areas I, II, III and “Rochedos”, while
Genotype T.albac-02 was observed in the Areas II, I1I,
and “Rochedos” (Figure 1). Three T.albac-02 were
sampled in the “Rochedos” area, two in the Area Il one
specimen in the Area III (Figure 1).

The consensus sequence (T.albac-BR), of the two
genotypes differed in two positions from the 299-bp
cytochrome b sequence of yellowfin tunas from the east
coast of Canada (Bartlett & Davidson, 1991). It also
differsin three positions from the 286-bp fragment of the
cytochromeb sequence of the U.S. east coast (Blocket al.,
1993). All substitutions are third positionsilent changes.

The three T. albacares sequences (from Brazil,
Canada, and U.S.) were ranked in a monophyletic
group in all the maximum parsimony analyses with
bootstrap values of 59, 55, and 52, respectively for
transversions:transitions ratios of 10:1, 3:1 and 1:1.

Another monophyletic group, con-
stituted by T. thynnus and T. maccoyii,
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and nucleotide sequences, respectively.



Thunnus albacares BR
Thunnus albacares CA
Thunnus albacares US
Thunnus atlanticus
Thunnus tonggol
Thunnus thynnus
98 6'— Thunnus maccoyii
98 Thunnus obesus
Thunnus alalunga
‘__I———— Euthynnus affinis
95 Katsuwonus pelamis
Auxis thazard

Figure 3 - Consensus bootstrap tree (1,000 replicates) of heuristic
search algorithm and Neighbor Joining using Kimura-2-parameters,
inferred from 286-bp mitochondrial cytochrome b sequences of 12
species of scombrids. The three non-Thunnus species were used as
outgroup. Numbers indicate bootstrap values.

DISCUSSION

The presence of different stocks or populations
in determined area is generally associated with a rea-
sonable amount of genetic variation (Scoles & Graves,
1993; Avise, 1994). The level of nucleotide sequence
divergence in yellowfin tuna from the northeastern
coast of Brazil is very low. The single nucleotide differ-
ence in a 401-bp fragment of the cytochrome b gene
between the genotypes T.albac-01 and T.albac-02 is
not enough to determine the presence of two stocks in
the studied area. Previous study on the Pacific yellow-
fin tuna also did not detect significant genetic differen-
tiationamong individuals from geographically distant
locations, including samples from the Pacific and At-
lantic oceans (Scoles & Graves, 1993).

There is no indication that there are distinct
stocks of T. albacares in the area studied. The genetic
homogeneity of yellowfin tuna from the southwest
equatorial Atlantic suggests that the stock present in
that area shares a common gene pool. In two instances
both genotypes were observed in the same Areas IIand
III (Figure 1), which indicates that tuna with different
genotypes probably travel together in the same schools.

Comparison of mtDNA sequence data (Scoles &
Graves, 1993) with morphological data (Schaefer, 1991;
1992) from the same locations in the Pacific Ocean have
shown that although morphometric characters and
gill-raker counts differed significantly, genetic differ-
ences were not observed. Scoles & Graves (1993) sug-
gested that the morphological variation among Pacific
yellowfin tunas was the consequence of the pheno-
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typic plasticity of this species, evidencing that mor-
phological characters were environmentally influenced.
Previous observation of greater morphological varia-
tion among yellowfin tuna from the Pacific than varia-
tionbetween the Atlanticand the Pacific tunas (Schaefer
& Walford 1950) also supports this suggestion.

T. albacares is a migratory species (Collete &
Naven, 1993) and several studies of tagged adults have
demonstrated that they do make trans-Atlantic cross-
ings (Bard & Scott, 1991) and can travel large distances
between regions in the Pacific (Fink & Bayliff, 1970;
Bayliff 1984; Itano & Williams, 1992). The circumtropical
occurence of T. albacares larvae in both Atlantic and
Pacific oceans (Nishikawa et al., 1985) suggests the
existence of spawning areas throughout the tropical
oceans and consequently allows gene flow between
distant locations (Scoles & Graves, 1993). The results
obtained in this study were in agreement with the
hypothesis of gene flow in the Atlantic Ocean (Homna
& Hisada, 1971), since different genotypes were ob-
served in the same region. The neighbor joining results
(Figure 3) show that the genotypes found in North
Atlantic and South Atlantic are distinct.

The low frequency of occurrence of the geno-
type T.albac-02 is congruent with the concept that
“unusual” mitochondrial DNA genotypes do not oc-
cur in high frequencies (Slatkin, 1985). This condition
has been observed in other fishes species, where high
gene flow has been verified, such as marine catfishes of
the family Ariidae (Avise et al., 1987), bluefish,
Pomatomus saltatrix (Gravesetal., 1992),and Greenland
halibut, Reinhardtius hippoglossoides (Vis et al., 1997).

The low nucleotide variation in the mitochon-
drial DNA sequences of T. albacares from northeastern
Brazil is consistent with the hypothesis that there is only
asinglestock of yellowfin tunain the southwest Atlantic
Ocean. The genetichomogeneity of the T. albacares stock
occuring in the studied area suggests that the stock
shares a common gene pool. It also implies that this
species sustains sufficient gene flow in that area to
prevent genetic variation. These results are similar to
those obtained in the Pacific Ocean by Scoles & Graves
(1993). Based on the results obtained in this study, we
suggest that the fisheries authorities from the ICCAT
and Brazilian Institute of Environment (IBAMA) should
consider a unique stock of T. albacares in the southwest
Atlantic Ocean for management purposes.
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