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Abstract: The franciscana,Pontoporia blainvillei, is a dolphin that experiences extensive incidental mortality in
fisheries throughout its restricted distribution and is perhaps the most exploited species along the Atlantic coast of
South America. However, the basic information required for effective conservation of this species is lacking. To
understand the population structure of this platanistoid dolphin, we sequenced 418 base pairs (bp) of the control region
and 68 bp of the adjacent pro-tRNA gene of the mtDNA from 20 franciscana that were captured incidentally by gill-
net fisheries of Rio Grande do Sul and Rio de Janeiro, Brazil. Of 11 haplotypes found, 5 were exclusive to franciscana
from Rio Grande do Sul and 6 were found only in franciscana from Rio de Janeiro and no haplotypes were shared
between locations. Reconstruction of the phylogenetic relationships among the haplotypes through a maximum-
likelihood analysis of sequences revealed two distinct lineages that were consistent with the geographic sampling
locations. Analysis of molecular variance also showed the population structure (φST = 0.403,p < 0.0001). Furthermore,
the estimate of nucleotide diversity for the northern population (0.38± 0.13%) was significantly lower than for the
southern population (1.01± 0.30%). The genetic evidence indicated that at least two populations of franciscana exist.

Résumé: Le Dauphin de la Plata,Pontoporia blainvillei, est un animal fréquemment victime de blessures mortelles
encourues lors d’opérations de pêche dans sa répartition restreinte et il représente peut-être l’espèce la plus exploitée le
long de la côte atlantique sud-américaine. Cependant, l’information de base qui serait nécessaire à des tentatives
efficaces de conservation de l’espèce fait défaut. Pour comprendre la structure démographique de ce platanistoïde, nous
avons procédé au séquençage de 418 paires de base de la région de contrôle et de 68 paires de base du gène adjacent
de l’ARNt-pro dans l’ADNmt de 20 dauphins capturés accidentellement dans des filets maillants à Rio Grande do Sul
et à Rio de Janeiro au Brésil. Des 11 haplotypes identifiés, 5 étaient exlusifs aux dauphins Rio Grande do Sul et 6
étaient exclusifs aux dauphins Rio de Janeiro et aucun haplotype n’était commun aux dauphins des deux endroits. La
reconstitution des relations phylogénétiques entre les haplotypes par analyse de la vraisemblance maximale des
séquences a révélé l’existence de deux lignées correspondant aux positions géographiques des sites d’échantillonnage.
L’analyse de la variance moléculaire a également mis en relief la structure des populations (φST = 0,403,p < 0,0001).
De plus, la divergence entre les nucléotides des populations (0,83%) était plus élevée que la diversité des nucléotides
au sein de chacune des populations du nord (0,38%) et du sud (1,01%). Les analyses génétiques indiquent qu’il existe
au moins deux populations de Dauphins de la Plata.

[Traduit par la Rédaction] Secchi et al. 1627

Can. J. Zool.76: 1622–1627 (1998) © 1998 NRC Canada

1622

Received December 1, 1997. Accepted April 16, 1998.

E.R. Secchi and C.C. Rocha-Campos.Marine Mammals
Laboratory, Museu Oceanográfico “Prof. Eliézer C. Rios,”
C.P. 379, CEP 96200-970, Rio Grande-RS, Brazil.
J.Y. Wang,1 B.W. Murray, and B.N. White. Department of
Biology, McMaster University, 1280 Main Street West,
Hamilton, ON L8S 4K1, Canada.

1Author to whom all correspondence should be addressed
(e-mail: wangjy@mcmail.mcmaster.ca).

I:\cjz\cjz76\cjz-09\ZooSept(A).vp
Thursday, February 11, 1999 3:51:25 PM

Color profile: Disabled
Composite  Default screen





haplotypes, used in the above equations, were estimated under the
Jukes–Cantor model, using the computer program MEGA (Kumar
et al. 1993). Determination of the phylogenetic associations among
the haplotypes employed the maximum-likelihood algorithm of the
Phylogenetic Inference Package (PHYLIP) version 3.5c
(Felsenstein 1995). To test the hypothesis that at least two geneti-
cally distinct (northern and southern) populations of franciscana
exist in the coastal waters of Brazil, the distance values between
haplotypes, generated by the above analysis, were subjected to the
analysis of molecular variance (AMOVA) of Excoffier et al.
(1992) with 10 000 permutations. Also, to demonstrate the rela-
tionships among the haplotypes, a minimum-spanning network of
the nucleotide changes was constructed.

A total of 486 base pairs (bp) of mtDNA (68 bp of proline
tRNA and 418 bp control region) was sequenced from 20
franciscana. Nineteen variable sites resolved 11 unique se-
quences (or haplotypes) of which 5 were found exclusively
in animals sampled from the Rio de Janeiro region (northern
group) and the other 6 were exclusive to animals from Rio
Grande do Sul (southern group), i.e., no haplotypes were
shared among animals from these two sampling regions (ex-
amination of specimen information revealed no apparent sex
bias in the distribution of haplotypes). Diagnostic characters
were found for distinguishing northern and southern groups
(i.e., each group was fixed for different bases at sites 202
and 356) (Table 1). Three haplotypes of the northern group
were closely related to the most commonly occurring
haplotype (A), differing by only one substitution: B and D
differed by one transition and C differed by a transversion.
In the southern group, K–J and G–F differed by one substi-
tution. Other relationships were not as simple (Fig. 2). The
relationship of haplotype E to the other haplotypes is unclear
in the network. The closest haplotype to E differs by six
transitions (both A and I). Haplotype A occurred most fre-
quently (six) followed by F (three), I (two), and K (two).
The remaining seven haplotypes all had single representa-
tives.

© 1998 NRC Canada

1624 Can. J. Zool. Vol. 76, 1998

H
a

p
lo

ty
p

e
1

6
2

5
7

6
1

0
3

1
4

4
1

6
8

20
2

3
0

5
3

4
1

3
4

7
3

5
4

3
5

5
35

6
3

5
9

3
9

7
4

2
9

4
6

2
4

6
3

4
6

4
F

re
q

u
e

n
cy

S
a

m
p

lin
g

lo
ca

tio
n

A
T

T
A

A
C

T
G

A
A

A
C

T
C

A
G

C
A

A
C

6
N

B
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

1
N

C
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
C

.
.

1
N

D
.

.
.

.
.

.
.

.
G

.
.

.
.

.
.

.
.

.
.

1
N

E
.

.
.

.
.

.
.

G
.

G
T

.
.

G
A

T
.

.
.

1
N

F
.

.
.

G
T

.
A

G
.

.
T

C
T

.
.

.
.

.
T

3
S

G
.

.
.

G
T

.
A

G
.

.
T

.
T

.
.

.
.

.
T

1
S

H
.

G
G

.
T

.
A

G
.

.
N

C
T

.
N

T
.

.
N

1
S

I
.

.
.

.
.

.
A

G
.

.
.

C
T

.
A

T
.

.
.

2
S

J
C

.
.

.
.

C
A

G
.

.
.

.
T

.
.

.
.

G
.

1
S

K
C

.
.

.
.

C
A

G
.

.
.

.
T

.
.

.
.

.
.

2
S

N
ot

e:
D

ia
gn

os
tic

si
te

s
20

2
an

d
35

6
ar

e
in

di
ca

te
d

in
bo

ld
fa

ce
ty

pe
.

T
he

sa
m

pl
in

g
lo

ca
tio

ns
ar

e
no

rt
h

(N
)

an
d

so
ut

h
(S

)
of

S
an

ta
C

at
ar

in
a,

P
ar

an
á,

an
d

S
ão

P
au

lo
st

at
es

.
D

ot
s

re
pr

es
en

t
se

qu
en

ce
id

en
tit

y
to

ha
pl

ot
yp

e
A

.
R

ep
re

se
nt

at
iv

e
se

qu
en

ce
s

of
a

no
rt

he
rn

(B
)

an
d

a
so

ut
he

rn
(K

)
ha

pl
ot

yp
e

w
er

e
de

po
si

te
d

in
G

en
B

an
k

(a
cc

es
si

on
nu

m
be

rs
A

F
03

75
93

an
d

A
F

03
75

94
,

re
sp

ec
tiv

el
y)

.

Ta
bl

e
1.

M
ito

ch
o

n
d

ri
a

l
D

N
A

h
a

p
lo

ty
p

e
s

o
f

th
e

fr
a

n
ci

sc
a

n
a

,
P

o
n

to
p

o
ri

a
b

la
in

vi
lle

i,
a

n
d

th
e

1
9

va
ri

a
b

le
si

te
s

th
a

t
ch

a
ra

ct
e

ri
se

e
a

ch
h

a
p

lo
ty

p
e

.
T

h
e

fr
e

q
u

e
n

cy
o

f
o

cc
u

rr
e

n
ce

a
n

d
th

e
sa

m
p

lin
g

lo
ca

tio
n

s
a

re
a

ls
o

sh
o

w
n

fo
r

e
a

ch
h

a
p

lo
ty

p
e

.
Fig. 2. The minimum-spanning network for mitochondrial DNA
haplotypes of franciscana. Dashes represent transitions and dots
represent transversions. The sizes of the circles approximate the
frequency of occurrence of each haplotype in the sample
analysed (20). The lengths of the line joining the haplotypes
approximate the number of substitutions separating the
haplotypes.
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Nucleotide diversity of the northern population was sig-
nificantly lower (~2.7 times) than in the southern population
(t = 1.915,p < 0.05 (one-tailed test), df =∞; see Kumar et
al. 1993; note: a one-tailed test was chosen because there
was evidence that the northern population was smaller (see
later)). Sequence divergence between the populations was
higher than within the northern population but lower than
within the southern population. Estimates of haplotypic di-
versity were lower for the northern group than the southern
group as well (see Table 2).

The phylogenetic tree produced by the maximum-
likelihood approach showed two distinct groupings of
haplotypes that corresponded to the geographical sampling
locations (Fig. 3). Haplotypes A–E constituted the northern
lineage, while haplotypes F–K made up the southern lineage
(Fig. 3). Haplotype E appears to be a divergent haplotype
whose relationship to the rest of the northern haplotypes is
supported by diagnostic differences at sites 202 and 356 and
the results of the neighbour-joining approach (results not
shown). Rosel et al. (1995) also reported similar low boot-
strap values for lineages of harbour porpoise haplotypes that
were clearly separated by network interrelationships and ge-
ography.

Further support for the partition of the northern and south-
ern forms was obtained from the AMOVA. The variance
among populations (φST = 0.403) was highly significant (p <
0.0001).

The results of the present study provided direct genetic
evidence for at least two populations of franciscana in Bra-
zilian waters: one to the south and one to the north of Santa
Catarina, Paraná, and São Paulo states. The phylogeny of the
haplotypes, two diagnostic substitutional differences (sites
202 and 356), network of haplotype interrelationships, and
AMOVA show that the franciscana samples separated into
two lineages. With the small sample size of the present
study, we were not able to examine other aspects or details
of population structure of the franciscana (e.g.,
subpopulations within these populations, differences in
philopatric behaviour between the sexes (see Wang et al.
1996), zoogeography, etc.). Nevertheless, the results of this
study provide direct genetic support for population distinc-
tions that are critical for conservation. Management-decision
makers must recognise at least two (and potentially more)

genetically distinct populations of franciscana. The crude
separation of franciscana into a northern and a southern pop-
ulation may not be sufficient for effective conservation of
this species. Analysis of many more samples throughout its
distribution is necessary to refine our understanding of
franciscana populations. Once a distribution-wide genetic
survey is complete, information on differences in population
demographics, incidental mortality, and reproductive season-
ality may be integrated and considered when conservation
strategies are designed.

The lower genetic diversity found in the northern popula-
tion (relative to the southern population) is consistent with
the belief that this is a smaller (Secchi et al.)2 or declining
population. The network of interrelationships among haplo-
types also supports this hypothesis; the southern population
contained matrilines that shared a more ancient ancestry
than the northern lineage, while all northern haplotypes (ex-
cept E) were closely related and most of the samples be-
longed to one haplotype (A). However, these findings also
suggest that the northern population was established more
recently by a founder lineage from the south or, alterna-
tively, that an ancient lineage has survived in tropical waters
even though most haplotypes dispersed south into more tem-
perate regions. Although the divergent haplotype E may in-
dicate that a second lineage also colonised (or survived in)
the northern regions, we believe that the shared diagnostic
sites (202 and 356) indicate a single colonising (or surviv-
ing) lineage. These competing hypotheses regarding the pop-
ulation size or direction and pattern of franciscana dispersal
require further study. To test the contribution of heavy ex-
ploitation to the low diversity estimates for the northern
population, comparisons of the present diversity estimates
with pre-exploitation levels or with estimates of the popula-
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Northern
population

Southern
population

Estimate of
haplotypic
diversity

Northern population 0.38±0.13 0.83±0.36 0.67
Southern population — 1.01±0.30 0.89

Note: The estimates of nucleotide diversity (× 100; mean ± standard
error) are shown along the diagonal and the nucleotide divergence
estimate (× 100; mean ± standard error) is shown above the diagonal.

Table 2. Genetic diversity indices for two populations of
franciscana,Pontoporia blainvillei.

Fig. 3. Relationship of mitochondrial DNA haplotypes of
franciscana, based on the maximum-likelihood method of
phylogeny reconstruction. Numbers in the boxes placed on the
major lineages show bootstrap values. Diagnostic sites 202 and
356 are also indicated on the tree.

2 E.R. Secchi, M.C.O. Santos, S. Siciliano, and P.H. Ott. Is the abundance of coastal cetaceans determined by co-existence with sympatric
species?: A study case in Brazil. In preparation.
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tion in the future are required. Additional genetic, morpho-
logical, and palaeontological studies are required to evaluate
these hypotheses. Nevertheless, the low diversity indicates
that the smaller northern population may be particularly vul-
nerable to decline and may be in need of special conserva-
tion attention.
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