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ABSTRACT. The aim of the present study was to provide a preliminary description of habitat use by Guiana dolphins,
Sotalia guianensis (Van Bénéden, 1864) in the Paranaguéa Estuarine Complex (PEC), state of Parand, Brazil. Approxi-
mately 124 km2were surveyed by small boat from April 2006 to July 2008 in the following subsets of the PEC: Canal do
Superagui (~28 km?); Pinheiros Bay (~34 km?); part of Laranjeiras Bay, which included the Guaraquecaba sub-estuary
(~38 km?); and part of the Mixture Section of the PEC (~24 km?). Our efforts were unevenly distributed in the study area.
During 55 survey days covering seven distinct seasons, we spent 165 hours observing 323 groups of S. guianensis.
Group size varied from two individuals to aggregations as large as approximately 100 dolphins. A total of 49,921
photographs were analyzed; 15,038 (30%) were considered useful for identification purposes. A total of 182 individuals
were catalogued, from which 122 (67%) were cataloged in the last three seasons, when the surveyed area was ex-
panded. The number of individual sightings in distinct days varied from one to 16. A total of 94 individuals (51.6%)
were re-sighted at least once. From the 37 individuals cataloged in the first season, 18 (48.6%) were re-sighted in the
last season. Eleven individuals with 5+ sightings were always observed in the same subset of the estuary, including an
individual with 13 sightings. Sixteen individuals with three to 16 sightings were observed in three of the four estuary
subsets surveyed. An individual cataloged in May 2002 in a pilot study was re-sighted up to August 2006. Our prelimi-
nary results correspond to the first evidence of site fidelity for several monitored individuals; it also revealed, for the first
time, the flexibility of movements throughout the entire estuarine complex by several other individuals
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The Guiana dolphin - Sotalia guianensis (Van Bénéden,
1864) - is found in coastal and estuarine waters of the western
South Atlantic, from southern Brazil to Honduras (FLores 2002).
During the past 15 years, several populations have been sur-
veyed using photo-identification, which has rendered impor-
tant information on ecological aspects such as site fidelity, move-
ments, and social organization (see FLores 1999, Santos et al. 2001,
Azevepo et al. 2004, 2005, 2007, FLores & Bazzaro 2004, FLorEs &
Fontoura 2006, Rossi-Sanrtos et al. 2007, Santos & Rosso 2007,
2008). Even after all these efforts, the species remains listed as
“data deficient” by the World Conservation Union (ReEves et al.
2003, Iucx 2009).

In the southern part of its range, specifically around the
Cananéia island (~25°00’S, 47°50'W) and adjacent areas inserted
in the Lagamar estuary, S. guianensis has been the focus of sev-
eral studies since the 1990s, including behavior (MonTEIRO-FILHO
1995, Santos et al. 2000), feeding habits (Santos et al. 2002), age
estimation (Santos et al. 2003), contaminant loads (Yogcui et al.

2003), acoustics (Pvart & Rosso 2005), group size and composi-
tion (Santos & Rosso 2007), and social organization (Santos &
Rosso 2008). Sotalia guianensis is also found in the southern
range of the Lagamar estuary, more precisely in the Paranagua
Estuarine Complex (PEC) (~25°24’S, 48°24'W) sensu NOERNBERG
et al. (2006). For this portion of the species’ range, there are
only a few published studies based on stranded and inciden-
tally captured individuals (e.g. Rosas & MonteRo-FiLno 2002,
Rosas et al. 2003).

Due to their ecological importance, several areas of the
Lagamar estuary were designated as protected reserves in the
1980s (see ScHAErrErR-NOVELLI et al. 1990, IrarpEs 2001). However,
anthropogenic factors are causes of concern for the protection
of this ecosystem. Although prohibited by Brazilian law since
1985, chlorinated hydrocarbons were widely used until the end
of the 1990s; these pollutants continue to contaminate the es-
tuary (Ferreira et al. 1980, Yocur et al. 2003). The Paranagua
harbour, Brazil’s second most important port, was built in 1935
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in the southern portion of the Lagamar estuary. Oil spills are
quite common in this area. As top-level predators, small ceta-
ceans are exposed to and affected by persistent organic pollut-
ants (POP) including polychlorinated biphenyls (PCBs),
dibenzo-p-dioxins (PCDDs), dibenzofurans (PCDFs) and related
compounds (Ross et al. 1996, Ross 2002). The presence of the
lobomycosis-like disease in a population of S. guianensis from
the Paranagua estuary was recently reported (VAN BREsSEN et al.
2009). The absence of lobomycosis-like in the population in-
habiting the Cananéia area called our attention because this
disease is likely to be contagious. The aim of the present study
was to give a preliminary description of the characteristics of
habitat use by S. guianensis in the southern range of the Lagamar
estuary, based on the application of the photo-identification
technique (see Wursic & WURsIG 1977).

MATERIAL AND METHODS

The PEC (25°15'-25°36’S, 48°02’- 48°45'W) is a large, in-
terconnected subtropical estuarine system comprised of two
main bodies of water (Lana et al. 2001). It has 3,870 km? of
watershed area, of which 551.8 km? correspond to the main
body of water (NoerngerG et al. 2006). The PEC is formed by
five smaller sections including four main bays (Antonina,
Paranagud, Laranjeiras, Pinheiros) and a Mixture Section (Fig.
1). The Laranjeiras Bay is formed by four sub-estuaries:
Medeiros, Itaqui, Benito and Guaraquecaba (NOERNBERG et al.
2006). The present study was conducted at the Pinheiros Bay,
as well as in a section of the Laranjeiras Bay, including the
whole sub-estuary of Guaraquecaba, and in a section of the
Mixture Section, which is in close connection with two islands,
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Figure 1. The Lagamar estuary, from Iguape, Sdo Paulo State, to Pontal do Sul (PS), Parané State, and the Paranagua Estuarine Complex.
Sectors: (1) Mixture Zone, (2) Laranjeiras, (3) Pinheiros, (4) Antonina, (5) Paranagué; sub-estuaries: (A) Guaraquecaba, (B) Canal do
Superagui, (IM) llha do Mel, (IP) Ilha das Pecas, (IS) llha do Superagui, (ICa) llha do Cardoso, (ICo) llha Comprida. Modified from

NoERNBERG et al. (2006).
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Ilha das Pecas and Ilha do Mel (Fig. 1). A pilot study was con-
ducted from 2000 to 2002, when we opted to split the Pinheiros
Bay into two survey areas, which we named “Canal do
Superagui”, and “Pinheiros Bay”. The 14-km long channel con-
necting the main body of water from the Pinheiros Bay to the
coastal waters represents the “Canal do Superagui” (Superagui
channel). The remaining area represents the “Pinheiros Bay”.
Therefore, a total area of about 124 km? of the PEC was sur-
veyed in the following four subsets: 1) Canal do Superagui
(named “Canal” in the present study, ~28 km?), 2) “Pinheiros”
Bay (~34km?), part of Laranjeiras Bay, which included the
Guaraquecaba sub-estuary and was named 3) “Laranjeiras” in
this study (~38 km?), and part of the Mixture Section close to
Ilha das Pecas named 4) “Pecas” in this study (~24 km?) (see
Fig. 1). There are no biological and/or physical barriers isolat-
ing these four sub-areas. They were stratified in order to cover
a significant part of the area where S. guianensis can be found
in minimum amount of days. Two subsets of the estuary were
usually surveyed at a given day.

From April 2006 to July 2008, boat-based (15 hp motor-
ized vessel) surveys were conducted between six and 12 dis-
tinct days per season in the following sequence: fall, winter
and spring of 2006, summer and winter of 2007, and summer
and winter of 2008. Seasons were divided as follows: summer
(December-February), fall (March-May), winter (June-August),
and spring (September-November). Efforts were not evenly dis-
tributed temporally or spatially. All subsets, but the Mixture
Section, were surveyed in all seasons. The latter was included
in surveys mainly from the winter of 2007 on. Surveys were
conducted when sea conditions were good (Beaufort Scale <2).

The survey path followed a zig-zag pattern to maxi-
mize the chances of encountering dolphins. A group of
Guiana dolphins was defined as any aggregation of two or
more individuals, including female-calf pairs, observed in
close proximity to each other within a radius of approxi-
mately 50 m. These aggregations were often, but not always,
engaged in similar activities.A calf was defined as an indi-
vidual up to a half the length of an adult, swimming beside
and slightly behind an adult. Adults were sexed as females
when they were observed consistently in the company of a
calf during 3+ distinct seasons. Observed behaviors were
grouped into four major categories: feeding, traveling, so-
cializing, and resting (sensu SHANE 1990). Dolphin behavior
was collected in an ad libitum manner (ALTMANN 1974, MANN
1999), every five minutes.

A 35 mm reflex digital camera with a 400 mm lens was
used to photograph the dolphins in the field. After all indi-
viduals in a group were photographed, the boat moved to the
previous route to find more groups and to cover the remain-
ing area of the specific surveyed subset of the estuary on that
day. The quality of the photographs was analyzed following
the protocol described in Santos & Rosso (2008). We took each
digital image and displayed it on a computer screen without
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the aid of software to match dorsal fins. Each individual with
distinct notches on the dorsal fin was catalogued and com-
pared with subsequent photographs of marked individuals.
Individual archives were created with the following data: date
of sighting; number of notches in the trailing edge; number
of notches on the top; any other distinguishable permanent
mark; geographic coordinates; location (subset of the estu-
ary); group size; presence of calves; identified congeners; num-
ber of the best photograph taken on that day. The total num-
ber of sightings of each individual was counted and plotted
considering the six seasons. In this case, sightings on the same
day were excluded. A rate of discovery curve was also plotted
based on new inclusions in the catalog throughout the seven
monitored seasons.

RESULTS

During 55 days of surveys, 165 hours were spent observ-
ing 323 groups of S. guianensis in the PEC (Tab. I). Most groups
were observed in the Laranjeiras, Canal and Pinheiros subsets
(Fig. 2). Group size varied from two individuals to aggregations
as large as approximately 100 individuals.
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Figure 2. Frequency of occurrence of S. guianensis groups observed
in four distinct subsets of the Paranagué Estuarine Complex (PEC),
Brazil, between April 2006 and July 2008.

Table I. Group size of S. guianensis observed in four subsets of the
Paranagué Estuarine Complex (PEC) from April 2006 to July 2008.

Cheric. groups Mean=sD
Canal 94 6.5+ 8.2 1-60
Pinheiros 88 13.7+18.9 1-80
Laranjeiras 110 16.6 £ 18.6 1-100
Pecas 31 21.6 £22.8 5-90
Overall 323 11.5+14.4 1-100

A total of 49,921 photographs were analyzed; 30% were
considered suitable for identification purposes. One hundred
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and eighty-two individuals were identified from natural dorsal
fin markings. Three individuals had mutilated dorsal fins or
flukes (Figs 3-5). These wounds were likely caused either by
shark bites or by anthropogenic activities that resulted from
interactions with gillnets.

Figures 3-5. Sotalia guianensis photo-identified in the Paranagua
Estuarine Complex, Brazil, showing different mutilations: (3) with-
out dorsal fin and with shark teeth marks, (4) without one fluke,
and (5) with deep wound likely a result of gillnet entanglement.

As expected, the expansion of the survey area during the
last three seasons resulted in a 67% (n = 122) increase in the
number of new dolphins photo-identified (Fig. 6). Over 51%
(n = 94) of photo-identified individuals were re-sighted. Indi-
vidual sighting frequencies ranged from 1 to 16 days (Fig. 7).
Eleven individuals with 5+ sightings, including an individual
with 13 sightings, were always observed in the same subset of
the estuary. Sixteen individuals with three to 16 sightings were
observed in three of the four surveyed subsets of the estuary,
using both main water bodies. Out of 37 individuals photo-
identified in the first season, 49% (n = 18) were re-sighted dur-
ing the last season. An individual cataloged in May 2002 duz-
ing the pilot study was re-sighted in August 2006.

N
N
w
I
(&)
o
~

Number of seasons
Figure 6. Rate of discovery curve for S. guianensis photo-identified
in distinct seasons in the Paranagua Estuarine Complex, Brazil be-
tween April 2006 and July 2008.
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Figure 7. Frequency of sightings of S. guianensis photo-identified
in seven distinct seasons in the Paranagua Estuarine Complex, Brazil,
between April 2006 and July 2008.

DISCUSSION

In order to conduct a preliminary investigation of the
use of the area by S. guianensis in the PEC, four subsets of the
estuary were surveyed. Due to time and budget, it was not
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possible to survey the entire 550 km? of the PEC watershed.
Efforts were invested in 124 km?, which represents 22.5% of
the whole area. Up to the last three seasons, efforts were con-
centrated in the Laranjeiras and Pinheiros bays, as well in the
Canal do Superagui subsets. As the research team got ac-
quainted with the site, it was possible to expand the surveyed
subsets to the Mixture Zone sensu NOERNBERG et al. (2006),
called Pecas in this study. As a result of the latter addition, 82
individuals were added to the catalog, representing 45% over
all cataloged individuals (Fig. 2). Although only 31 groups
(9.6% overall) were photographed in the Pecas subset, they
were usually larger (see Tab. I), which resulted in a consider-
able number of individuals being included in the catalog.
Future survey efforts should concentrate in the same subsets
to check the tendency of the discovery curve. On the other
hand, a significant increase of cataloged individuals in newly
investigated areas may indicate preferences in the use of the
area and provide clues on the characteristics of the social or-
ganization of the surveyed population.

Our preliminary results correspond to the first evidence
of site fidelity for several monitored individuals (n = 11); it also
revealed, for the first time, the flexibility of movements through-
out the entire estuarine complex by several other individuals (n
=16). One of the first cataloged individuals, sighted for the first
time in May 2002, was still found in the local estuary four years
later, always at Pinheiros Bay. Those individuals sighted in three
different subsets of the estuary moved between the two main
water bodies (see Fig. 1). The pathway used for such movements
is unknown. Dolphins could move through inner channels or
use coastal waters. When choosing the latter, Guiana dolphins
are at risk of predation. One of the cataloged individuals was a
victim of a predatory attempt, confirmed by the wound of a
shark bite on the body (Fig. 3). The wound had already healed
when the cataloged dolphin was sighted for the first time and
no clues were available regarding where the attack took place.
Sharks are known to occur in coastal waters with occasional in-
cursions into inner estuarine waters (Sapowsky 1971, HerrHAUS
2001). Surveys along the coast would be interesting in order to
check for dolphin displacements to outer waters.

Two recognizable individuals had injuries to parts of their
body. No conclusion was reached on the possible cause of the
mutilated fluke showed in figure 4. The healed area resembles
the cut-like wound observed in a Guiana dolphin showed by
Azevepo et al. (2008). The authors attributed the cut-like wound
to the release from a gillnet after an incidental capture at the
Guanabara Bay, Rio de Janeiro (~22°S). The damage observed
in figure 4 was either caused by a predator or by a propeller.
The injured individual was sighted on 11 different occasions
in a small range of the Pinheiros Bay, always followed by a calf.
Was the fluke mutilation responsible for a smaller range of the
injured dolphin? Was the Pinheiros Bay preferred by this muti-
lated dolphin because of its injuries? A longer-term study may
help answering such questions. Comparisons of movements
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displayed by other mutilated S. guianensis would also represent
an important clue to answer such questions. The mutilation
presented by another cataloged individual in figure 5 is likely
to be the result of an interaction with gillnets. Azevepo et al.
(2008) showed a photograph of an individual with similar
wounds in the Guanaraba Bay, but on that occasion, the in-
jured individual entangled in a rope. The adult dolphin sighted
in the PEC was first sighted on April 2006; it was re-sighted on
February 2008 in the company of a newborn calf. Although
the use of gillnets is not allowed in the inner waters of the PEC
(IrarDES 2001), we witnessed their use on several occasions,
mainly in the Laranjeiras Bay.

Site fidelity of S. guianensis had been observed in other
locations throughout the species distribution (e.g. FLores 1999,
Sanros et al. 2001, Azevepo et al. 2004, Rossi-Santos et al. 2007).
Therefore, we expected to find evidence of site fidelity in our
short-term, preliminary study. However, relatively long-distance
movements between the two main water bodies were not ex-
pected. Future studies should compare the recent photo-iden-
tification catalog gathered in the PEC with another one in an
update process gathered in the northern range of the Lagamar
estuary, more precisely the Cananéia estuary. Other popula-
tion parameters of the surveyed population in the PEC are under
investigation based on photo-identification efforts, such as
abundance and social organization both. The forthcoming re-
sults of a longer-term study are important to understand the
dynamics on the use of the area by the cataloged dolphins. As
an important element of the trophic level in a highly produc-
tive ecosystem, the knowledge on a flagship species like S.
guianensis will represent an important tool for the PEC conser-
vation purposes.
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