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ABSTRACT. Pontoporia blainvillei (Gervais & d’Orbigny, 1844) is threatened throughout its distribution. The
species can be found year-round in the Babitonga bay estuary (26º 02’-26º 28’S and 48º28’-48º50’W), in the
north coast of the state of Santa Catarina, Brazil. Boat surveys were conducted in order to evaluate its abundance and density between 2000 and 2003. Sampling was random and stratified, with 46 transects in five subareas, comprising a total area of 160 km2. Data collection was conducted following the linear transect method
with distance sampling. A total of 1174.7 km was scanned and 38 groups were observed. Franciscanas were not
uniformly distributed in Babitonga bay. Group size ranged from one to 13 animals (mean ± SD = 5.02 ± 3.62).
Model 1 (Half-Normal) showed the best fit to the data. The estimated population size was 50 animals and the
density was 0.32 individuals km-2. Density estimates evaluated in the sub-areas where franciscanas occurred
resulted in a density of 0.46 individuals km-2. Monitoring this population is of considerable importance due to
the constant threats that this species faces in this bay.
KEY WORDS. Concentration area, distance sampling, group size.
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longo de todo o ano no estuário da baía da Babitonga, no litoral norte de Santa Catarina, sul do Brasil. Foram
realizadas amostragens com o objetivo de obter informações sobre sua abundância e densidade populacional
nesta área entre os anos de 2000 e 2003. A amostragem foi aleatória e estratificada, com 46 transecções
estabelecidas em cinco grandes sub-áreas, compreendendo 160 km2. A coleta de dados foi conduzida utilizando
o método de transecções lineares com amostragem de distância. Foram percorridos 1174,7 km e 38 grupos foram
registrados. As franciscanas não apresentaram uma distribuição uniforme na baía da Babitonga. O tamanho de
grupo variou de um a 13 animais (5,02 ± 3,62). O Modelo 1 (Meio-Normal) promoveu o melhor ajustamento
dos parâmetros. A população foi estimada em 50 animais e a densidade foi de 0,32 indivíduos km-2. A estimação
de densidade calculadas apenas para as sub-áreas de ocorrência (áreas 2, 3 e 5; total de 101 km2) resultou em uma
densidade de 0,46 indivíduos km-2. O monitoramento desta população é de grande importância devido às
constantes ameaças que a espécie está sujeita na baía.
PALAVRAS-CHAVE. Amostragem de distâncias; área de concentração; tamanho de grupo.

Coastal cetacean species are affected by human activities
and this problem has increased in the last years. Some human
activities pose significant threats to the viability of some populations, as the case of Pontoporia blainvillei (Gervais & D’Orbigny,
1844). Throughout the distribution of this species, accidental
mortality in fishery operations is the main threat (PRADERI et al.
1989, PINEDO 1994, SICILIANO 1994, ROSAS et al. 2002).
Pontoporia blainvillei is restricted to the southeastern Atlantic Ocean. Its northern limit of occurrence is at Itaúnas, state of
Espírito Santo, Brazil (18º25’S, 30º42’W) (SICILIANO 1994), and

the southern limit is at Golfo Nuevo, Península Valdés, Argentina (42º 35’S, 64º 48’W) (CRESPO et al. 1998). Data obtained from
accidental captures in fishing operations indicate that the occurrence area of the species is limited by the 30 m isobath along
the coast (PINEDO et al. 1989). In Brazil, the species is considered
“threatened” (IBAMA 2003), whereas the “The World Conservation Union” classifies it as “data deficient” (REEVES et al. 2003).
Its relatively small size, discrete surface behaviour, and
dorsally brownish grey coloration, similar to the color of the
water in its habitat, are factors that make its observation diffi-
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cult in the field (CREMER & SIMÕES-LOPES 2005). TRIMBLE & PRADERI
(2006) pointed out that differences in the franciscana’s color
along its distribution could indicate an adaptation to its particular environment. Franciscanas were successfully followed
in the field only in two places along its distribution: Anegada
bay (40º30’S), Argentina (BORDINO et al. 1999, BORDINO 2002)
and Babitonga bay (26º13’S), state of Santa Catarina, Brazil
(CREMER & SIMÕES-LOPES 2005). Most of the knowledge about the
species has been gathered from stranded animals and from accidental captures in fishery operations.
In Babitonga bay, concentration areas were identified and
the animals were monitored year-round (CREMER & SIMÕES-LOPES
2005). Both franciscanas and estuarine dolphins (Sotalia
guianensis Van Bénéden, 1864) occur in this area in broad sympatry (sensu BEARZI 2005) and their ranges show considerable
spatial overlap. In Anegada bay, a coastal marsh zone in Argentina, franciscanas were more frequently observed during
spring and summer, when the species is close to the shore
(BORDINO et al. 1999).
Abundance estimates have been considered a research
priority for this species (REEVES et al. 2003), but this information is scarce due to the inherent difficulties in observing
franciscanas in nature. SECCHI et al. (2001) carried out a pilot
study to estimate franciscana abundance from aerial surveys at
the state of Rio Grande do Sul, Brazil, using line transects with
distance sampling. The present study reports on distribution,
abundance and density estimates of franciscanas in Babitonga
bay, on the northern coast of the state of Santa Catarina, Brazil. There is currently a growing concern about habitat loss
and degradation of this area, that represent direct and indirect
threats to the franciscana population that lives there. This information will provide some guidance on evaluating the magnitude of these impacts on this franciscana population over
time.

MATERIAL AND METHODS
Study area
Babitonga bay is located in the state of Santa Catarina,
southern Brazil (26º02’-26º28’S and 48º28’-48º50’W), encompassing an area of 160 km2 (Fig. 1). The bay is connected to the
ocean through a 1.7 km wide channel. The maximum depth is
28 m in the main channel, with a mean depth of 6 m, and
many tidal flats. Although the estuary receives water flows from
many rivers, it is considered a homogeneous estuary in its physical-chemical parameters (IBAMA 1998). There are many islands
in the inner waters. Its borders consist of mangroves, rocky
shores and muddy-sand beaches. On the west side, the bay receives a large amount of contaminants from the city of Joinville
through the Saguaçú Lagoon and the Cubatão River. The
Linguado Channel, in the southern region of the bay, was closed
in 1938 and undergoes an intense process of siltation that affects the whole bay (OLIVEIRA et al. 2006).

Figure 1. Location of the study area: Babitonga bay, southern Brazil, and sampling design used for Pontoporia blainvillei abundance
and density estimates on boat transects.

Sample design
For the abundance estimates, we used the line transect
method with distance sampling (BUCKLAND et al. 2001, THOMAS et
al. 2002a). Surveys covered the entire study area. Transects were
plotted on a digitized nautical chart (numbers 1804 and 1805 of
the Diretoria de Hidrografia e Navegação; 1:28.000 scale) using
Mapinfo 4.1.2® (Fig. 1). Transects were projected transversally
to the coastline whenever possible. However, the presence of
islands and tidal flats in some locations required transects to be
performed parallel to the coastline. A total of 46 transects were
established, which were ca. 400 m apart when parallel. Transects
were distributed in five sub-areas of different sizes, which were
defined arbitrarily. Sub-area 1: comprises the channel that connects the bay to the ocean; highest depth in the bay (> 20 m)
(42.94 km2); sub-area 2: comprises the central region of the bay,
including the inlet of São Francisco do Sul harbor (25.24 km2);
sub-area 3: comprises the inner region of the estuary, where the
main currents of the bay converge (31.4 km2); sub-area 4: comprises the environment under highest influence of freshwater in
the estuary, also impacted by the contaminants (7.67 km2); and
sub-area 5: comprises the area of Linguado Channel, which receives the largest contaminated discharge in the bay (52.9 km2).
We stratified the sampling based on previous knowledge
on the distribution of the population in Babitonga bay (CREMER
& SIMÕES-LOPES 2005). For each sampling interval (month or season – see explanation below), 50% of the randomly defined established transects in each sub-area were covered, except for area
4, where only one transect was available (Fig. 1). Adjacent
transects were not covered when selected in the random transect
drawings. Our previous experience showed that the animals were
detected at a distance up to 200 m, overlapping the visual fields.
Each transect was considered as a replicate (BUCKLAND et al. 2001).
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Our definition of “group” follows SHANE (1990), which establishes it as “any group of dolphins sighted in apparent association, moving in the same direction, and often, but not always,
engaged in the same activity.” Age-class differentiation was not
considered due to the difficulty in determining the classes at
distance, which could underestimate the number of offsprings.
The term “population” was used here to describe the franciscanas recorded inside the Babitonga bay.

Data analysis
Data were analyzed using the program Distance 4.0Ò (THOet al. 2002b). The criterion employed by the program to select the best-fitting model is the lowest AIC (Akaike Information
Criterion) value. The probability of detection in the line transect
was assumed to be equal to 1 (g(0) = 1) in this study. The fulfillment of this assumption was considered acceptable taking into
consideration two factors: 1) reduced speed of the vessel (maximum speed of 15 km/h), and 2) ideal sea condition (Beaufort
sea state 0 to 1). Two abundance and density values were estimated: 1) considering the total study area (= Babitonga bay),
and 2) considering only the sub-areas used by franciscana. Group
size was compared between sampling periods using ANOVA
(p = 0.05). A distribution map was generated using the geographical positions of all survey records obtained in effort.
MAS

Figure 2. Distribution of Pontoporia blainvillei groups during boat
transects in Babitonga bay between December 2000 and December 2003.

Data collection
Surveys were conducted in three periods. Between December 2000 and November 2001 (Period 1), we conducted
monthly samplings, as we also did between January 2002 and
December 2002 (without sampling in February and March) (Period 2). In 2003, the samplings were seasonal, extending from
January to November (Period 3). A training period was conducted between October and November of 2000. During this
period, 41 transects were completed and 143.3 km surveyed.
Observers tested the estimate of radial distance considering
floating bodies (buoys). At the same time, distance was measured by the pilot using reticulated binoculars for comparison.
Franciscanas were also detected during the training period (five
groups), but data were not used in the analysis. In all surveys,
the same crew of four observers was maintained.
During the sampling period, two 5.5 m long vessels with
a 40HP and a 60HP outboard engines were used. Each sampling was conducted with two observers, positioned at the bow
of the vessel and a pilot responsible for the notes; each observer was responsible for scanning an angle of 90º from the
bow. The position of the observers was between 2.5 and 3 m
above the water surface. Daily effort varied depending on environmental conditions. Samplings were carried out under calm
sea (Beaufort sea state 0 to 1), mainly during morning periods,
when wind influence is reduced. Poorer sea conditions were
considered to be too limiting for the detection of the species.
When sea condition became unfavorable, sampling was canceled and data discarded. Cruising speed was kept between 10
and 15 km/h, and the viewing angle in relation to the bow was
measured using a large protractor positioned at the bow of the
boat. The radial distance was estimated visually. In addition,
geographical position (using GPS) and group size were recorded.

RESULTS
We spent 92 days, with 1,294.40 km conducted in effort
along the three periods. Table I summarizes the information
regarding the effort and counting.
Thirty-eight groups of P. blainvillei were registered, for a
total 191 individuals. Group size varied from 1 to 13 individuals (mean ± SD = 5.02 ± 3.6, CI = 95%). However, the modal
concentration was in groups of three individuals. The mean
group size (= 5) did not differ between the sampling periods
(F1, 38 = 0.5187, p = 0.963 > 0.05). Franciscanas were not uniformly distributed in Babitonga bay (Fig. 2). Groups were not
detected in sub-areas 1 and 4, and the animals were concentrated in sub-area 3 (n = 31). Sub-areas 2, 3 and 5, where the
animals were registered, covered a total area of about 101 km2.
Table I. Line transect effort along three years for Pontoporia
blainvillei abundance and density estimates in Babitonga bay,
southern Brazil.
Year

Days

Kilometers

2001

42

554.2

2002

35

391.8

2003

15

294.4

The half-normal model without data adjustments was the
best fit for perpendicular distance data in both analyses. The
population density estimate for Babitonga bay was 0.32 indi-
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vidual km-2 (CI = 0.18-0.57), with a mean abundance of 50 individuals (CI = 28-89, p = 0.05) (% CV = 29.93) (AIC = 441.8).
Considering only the sub-areas of franciscana occurrence
(= 101 km2) (sub-areas 2, 3 and 5), the mean abundance was slightly
lower, with 47 individuals (CI = 26-84, p = 0.05) (% CV = 29.61)
(AIC = 441.8). Mean density was higher with an estimation of
0.46 individual km-2 (CI = 0.26-0.82, p = 0.05). Table II summarizes the encounter rates, mean group size and the model parameters used. Figure 3 shows the distribution of perpendicular
distances and the detection function adopted for the study area
analysis.
1.0

Detection probability

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

50

100

150

200

250

300

350

400

450

Perpendicular distance (m)

Figure 3. Frequency distribution of perpendicular distances of
Pontoporia blainvillei sightings during line transects with distance
sampling in Babitonga bay. The continuous line represents the
best fitted function.

DISCUSSION
Three assumptions are considered essential for estimation
of density and abundance using distance sampling method: 1)
all animals on the trackline are detected; 2) the animals did not
move in response to the research vessel; and 3) distances are
measured accurately (THOMAS et al. 2002b). The first assumption
was met, considering the low velocity of the boat during the
transect and the good sea conditions inside the bay. We are confident, therefore, that any biases in detection of animals on the
trackline were small. SECCHI et al. (2001) obtained franciscana
abundance and density estimates for the coastal waters of Rio
Grande do Sul State through aerial sampling (150 km/h) and
applied a correction factor of 0.358. Some authors have pointed
the difficulty in detecting the species with the use of motor boats
(BORDINO et al. 1999, SECCHI et al. 2001), and this may affects estimates of perpendicular distance from the trackline. Auditory
sensitivity in cetaceans can be high but our present understanding of how these animals respond to sound is insufficient to
allow predictions of behavioural responses (HILDEBRAND 2005).
Small boat traffic is frequent in the preferential area of
franciscanas in Babitonga bay. It is possible that a reduction of
responsiveness over time occurs due to the animals becoming
used to this noise (HILDEBRAND 2005), reducing the effect of our
research boat during the surveys. So, we consider that the use of

motorboats can be an applicable strategy to conduct population estimates, mainly for small cetaceans. Accurate measures of
radial distance are difficult to obtain in the sea. It was very difficult to use reticulated binoculars to estimate the perpendicular
distance, because of the bay characteristics (presence of islands
and mountains). We sought to correct this bias with observers
training in the beginning of the work. It is likely, therefore, that
this assumption was violated and influenced our franciscana
density and abundance estimate.
BURNHAM et al. (1980) pointed out the relevance of group
size estimates. The precise counting of individuals in a group
during transect sampling is difficult due to the small size and
discrete behaviour of franciscana. Although the mean group size
obtained in effort was of five individuals, the numerous opportunistic observations of the species in this area suggested that,
in general, it occurs in greater groups, ranging from 15 to 20
individuals (CREMER & SIMÕES-LOPES 2005). Groups of 10 to 17
individuals have been reported in literature (CRESPO et al. 1998,
DI BENEDITTO et al. 2001). It is probable that franciscana abundance was underestimated in Babitonga bay. Possibly, this influenced the data obtained by SECCHI et al. (2001), where the mean
was lower (= 1.16 individuals), considering that this was an aerial
sampling. However, the mean group size was also very small in
Anegada bay (mean ± SD = 2.8 ± 1.3) (BORDINO et al. 1999). In
addition to the sea conditions as limiting factor for the detection of the species in distance sampling, a reduced cloud cover
was also considered a positive parameter for sightings.
Franciscanas showed a clumped dispersion pattern (sensu
BEGON et al. 1996), with an obvious preference for some areas, as
observed by CREMER & SIMÕES-LOPES (2005). This distribution pattern was similar to that observed for S. guianensis, sympatric in
the bay (CREMER et al. 2004), but no interactions between the
species were recorded during the present study. It is possible that
franciscanas occur elsewhere in Babitonga bay, including movements in and out of the bay. Preferential areas can represent keyhabitats associated to the occurrence of important resources
(mainly prey), so as indicated by some authors to explain the
distribution of small cetacean populations in coastal areas
(KARCZMARSKI et al. 2000, EDWARDS & SCHNELL 2001). Environmental
factors, whether involved or not in prey abundance can affect
movement of coastal dolphin species, such as depth, sea floor
relief and tide (WÜRSIG & WÜRSIG 1980, BALLANCE 1992, KARCZMARSKI
et al. 2000, EDWARDS & SCHNELL 2001, BORDINO et al. 1999, BORDINO
2002). In Bahia Anegada, P. blainvillei sightings were seasonal
and positively correlated with surface water temperature (BORDINO
et al. 1999). Studies indicated that the movements of franciscanas
were not random inside Bahia Anegada and were significantly
associated to tidal conditions (BORDINO 2002).
The franciscana distribution in Babitonga bay indicated
that human activities also influenced the species distribution.
The animals were never seen near the harbor, as observed for
S. guianensis in the same area (CREMER et al. 2004). Probably
franciscanas are very sensitive to the disturbance caused by
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Table II. Estimated model parameters, density and abundance of Pontoporia blainvillei in Babitonga bay, southern Brazil.
Parameter

Point estimate
A1

A2

Standard error
A1

A2

% CV
A1

95% CI
A2

A1

A2

f (0)

0.005

0.005

0.0005

0.0005

9.41

9.41

0.004 - 0.006 0.004 - 0.006

P

0.458

0.458

0.0430

0.0430

9.41

9.41

0.379 - 0.554 0.379 - 0.554

203.200

203.200

19.1190 19.1190

9.41

9.41

Encounter rate (n/l)

0.031

0.044

0.0080

0.0110

25.35

24.98

0.018 - 0.051 0.027 - 0.073

Density of groups (groups/km2)

0.075

0.109

0.0200

0.0290

27.04

26.69

0.044 - 0.128 0.063 - 0.185

ESW (km)

168 - 246

168 - 246

Average group size (s)

4.219

4.218

0.5410

0.5410

12.82

12.82

3.256 - 5.466 3.256 - 5.466

Density of individuals

0.318

0.459

0.0950

0.1360

29.93

29.61

0.178 - 0.570

0.256 - 0.821

50.000

47.000

14.9630 13.9170

29.93

29.61

28 - 89

26 - 84

Abundance

A1) Corresponds to the analysis for the study area (160 km2); A2) corresponds to the analyses for the sub-areas of franciscana occurrence
(101 km2).

the harbor activity, such as ship movement, that produces a
strong underwater noise (NRC 2003). Franciscanas do not occur in the inner parts of the bay. Sub-area 4 has low salinity
values (OLIVEIRA et al. 2006) and it is possible that this parameter influence the distribution of preys. The animals were not
registered also in the Lagoa do Saguaçú and Canal do Linguado
region (inside sub-area 5), that are very impacted by industrial
and domestic discharges from Joinville, and by a continuous
silting process (OLIVEIRA et al. 2006).
Density and abundance estimates of P. blainvillei population in concentration areas (0.46 individuals km-2) were lower
than those found at the coast of the state of Rio Grande do Sul,
Brazil, which was of 0.66 individuals km -2 (SECCHI et al. 2001).
However, if franciscanas show a clumped distribution pattern
along the coast, similar to that observed in Babitonga bay, it is
not worth whereas to conduct simple extrapolation to obtain
abundance estimates. Population abundance can be overestimated or underestimated with simple extrapolation of data.
Differences between density and abundance of small cetacean populations in different areas probably reflect differences
in productivity and availability of prey, so as the effect of human impacts caused by overfishing, habitat degradation, contamination by chemicals and incidental mortality in fishing gear
(BOWEN & SINIFF 1999). Babitonga bay is affected by all of these
impacts, but the absence of population estimates for the species
in other estuarine areas does not allow comparisons. Franciscana
and estuarine dolphin populations share some prey items in
Babitonga bay, and competition is also considered an important
factor that affects population abundance (BEGON et al. 1996).
Franciscanas were never observed in the outer parts of
the estuary (sub-area 1) but it is probable that movements in
and out of the bay may occur. The high concentration in the
innermost parts and year-round occurrence of the species inside the bay indicate that the population may have some level
of fidelity regarding this area. Genetic studies for stock identification will be of great importance, considering the possibility of the existence of an isolated population in Babitonga bay.
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