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Chapter 2
Long-Term Monitoring of Dolphins in a Large 
Estuarine System of Southeastern Brazil
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Abstract Considering long-term study as one that through constant efforts subsi-
dizes future studies, an example in Brazil is “Projeto Boto-Cinza” adding up more 
than 36 continued years of research and data application on Guiana dolphin biology, 
ecology and conservation. The first effort we dedicated was toward understand the 
fishing strategies used by this species, lasting about 10 years. Latter, as we gained 
knowledge in behavior study, the next step was to access parental care, youngling 
behavior, learning process of fishing, acoustic repertoire, and recently social net-
works. Throughout this time, it was possible to access also the mortality, and based 
on carcasses that gave such information, access parameters of life history such as 
reproductive anatomy of males and females, pregnancy period, birth size, and even 
age. Population density estimates could be done in different periods and areas; 
photo-identification enabled the detection of individual spatial fidelity. Modeling 
permitted to observe which parameters seem to be associated with the spatial distri-
bution of population units inside the estuary. All these data contributed to a greater 
knowledge about the species, creation of public policies by conservation units’ 
chiefs, education purposes, and conservation of the species.
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2.1  Historic Background

Although not being common, researchers developed in African ecosystems several 
natural history long-term studies – those in which constant efforts subsidizes future. 
Some examples of these studies are Jane Goodall’s with chimpanzees (Pan troglo-
dytes), Craig Packer’s with lions (Panthera leo), Holly Dublin’s with elephants 
(Loxodonta africana), Robert Sapolsky’s with baboons (Papio cynocephalus and 
Papio anubis), Laurence Frank’s with hyenas (Crocuta crocuta), among others.

Despite the challenges that arise in marine environment long-term studies, a 
handful of good examples can here be listed. Regarding these studies, we point out 
efforts conducted by Roger Paine as of 1967, initially dedicated to Humpback 
whales (Megaptera novaeanglia) in the United States, then to cetacean conserva-
tion, and more recently to Right whales (Eubalaena australis) in Argentina coast. 
Also, Paul Spong and collaborators since the 1970s with Killer whales (Orcinus 
orca) in Vancouver Island, Canada, and by John Reynolds with Manatees in 
(Trichecus manatus) in Florida also since the 1970s.

Particularly in the Brazilian coast, different studies have been made in long-term 
projects such as the ones conducted by Flávio J. Lima Silva and José Martins Silva 
Júnior with Spinner dolphins (Stenella longirostris) in Fernando de Noronha 
Archipelago, the ones by Leonardo Flach and Elaine Ferreira with Guiana dolphin 
(Sotalia guianensis) in Sepetiba Bay, and the ones by Marta J.  Cremer with 
Franciscanas (Pontoporia blainvillei) in Babitong Bay. All of the above lasting more 
than 15 years of integrated research. Adding up more than 36 years of uninterrupted 
studies in the Cananéia estuary in Southeastern Brazil, the “Projeto Boto-Cinza” 
studies gave support for the presentation here made about aspects of biology, ecol-
ogy, and conservation studies about this species.

2.2  Target Species

Sotalia guianensis (Fig. 2.1) is a Delphinidae with wide coastal distribution between 
Honduras (Edwards and Schnell 2001) and Baía Norte, southern Brazil (Simões- 
Lopes 1988). Since its description, this species received different denominations, 
having been originally described as Delphinus guianensis van Bénéden, 1864 
(Hershkovitz 1966). With a review by Gray in 1866, the species started to belong 
to Sotalia, not Delphinus, remaining for about 100 years. By this time, the 
Sotalia had three species: S. fluviatilis (Gervais and Deville 1853) in Amazon 
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Basin, S. guianensis van Bénéden, 1864 in the northern South America, and 
S. brasiliensis van Bénéden, 1875 strictly at Guanabara Bay in southeastern Brazil 
(Hershkovitz 1966).

During the 1960s, some doubts arose about the validity of such names and in 
1963, Carvalho reports for the municipalities of Santos and Cananéia the presence 
of a common dolphin known as the boto-da-baía-de-guanabara  (Guanabara Bay 
dolphin) (Monteiro-Filho et al. 2008a). In the following years, the doubt remained 
on which name should be given to animals observed in several spots of the Brazilian 
coast. After short considerations about the species, Rice (1977) started to consider 
the existence of a single species (Sotalia fluviatilis), with two subspecies being one 
restricted to the Amazon Basin (S. f. fluviatilis) and the other to the marine coast (S. 
f. guianensis).

For 25 years the classification proposed by Rice (1977) remained, even with 
some authors arbitrarily refusing the possibility of the subspecies. In 2002, 
Monteiro-Filho et al. (2002) published a paper questioning the name given to marine 
and fresh water animals of Sotalia. Authors used geometric morphometric to access 
the skull shape of 104 individual from different locals of the Brazilian coast and 
Amazon fresh waters. In addition to biological knowledge already published about 
the species (see Monteiro-Filho et al. 2008a), the results point to two distinct bio-
logical units, and therefore repurposing the use of S. fluviatilis to describe fresh 
water animals and S. guianensis for marine ones (Monteiro-Filho et  al. 2002, 
2008a).

Latter, molecular studies (Cunha et al. 2005) converged to the same conclusion. 
These morphometric and molecular studies surely contribute so that researchers can 
designate the results of their own studies to specific biological units. However, 
despite of the academic importance, such studies are no news since researchers 
described the species as separate units more than 150 years before. This fact brings 
up the fantastic capacity of natural observation of such researchers of the nineteenth 
and twentieth century.

Fig. 2.1 A Guiana 
dolphin, Sotalia 
guianensis, photographed 
at Cananéia Lagoon 
Estuarine Complex, State 
of São Paulo, Brazil 
(Photo: Caio N. Louzada)
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2.3  Study Area

Studies performed by this project were conducted mainly in a large estuarine system 
called Estuarine Lagoon Complex of Iguape Cananéia Paranaguá. The huge biodi-
versity of the region attracted the attention of researchers to this area at the begin-
ning of 1980s. They looked to main species that inhabit that place and one received 
particular attention, the Guiana dolphin. This region presents an environmental 
complexity, composed by several river that flow into the estuary and creates many 
lagoons, mangrove islands, flooded areas and sand beaches. At many of these places 
is possible to watch plenty of coastal and estuarine species that here  to forage, 
breed, and raise offspring.

The estuary is part of the biggest remaining patch of Atlantic rain forest (SOS 
Mata Atlântica 2013), located between boundaries of States of São Paulo and Paraná 
(Fig.  2.2). Belongs to one of the most important Brazilian coastal ecosystem 

Fig. 2.2 Map of at Estuarine Lagoon Complex of Iguape Cananéia Paranaguá, located at boundar-
ies of States of São Paulo and State of Paraná, Brazil. (a) Detailed map of Cananéia estuary, State 
of São Paulo, Brazil. (b) Detailed map of Paranaguá estuary, State of Paraná, Brazil
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(Diegues 1987) and is considered as an internationally sanctuary that needs to be 
preserved (Mendonça and Katsuragawa 2001). According to IUCN (1984), this 
regions is one of the five most productive and less disturbed estuary in the world and 
is a priority to conservation according to the World Conservation Strategy. The estu-
ary is legally protected by several federal, state and municipal protected areas, 
which together create a mosaic of conservation units that aims the conservation of 
local biodiversity (Schaeffer-Novelli et  al. 1990). Besides that, is stated as “The 
Mata Atlântica Biosphere Reserve” and “World Heritage Site” by UNESCO at 1991 
and 1999 (UNESCO 1992, 1999).

Cananéia estuary (24°40′S; 47°25′W and 25°05′S; 48°02′W; Fig.  2.2a) has 
110 km of extension, consisting of a large protected channel (Mar Pequeno), one 
bay (Baía de Trapandé) and three islands (Ilha Comprida at east, Ilha do Cardoso at 
south and Ilha de Cananéia at west). Which communicate with the Atlantic Ocean 
by two inlets (Barra do Icapara at north and Barra de Cananéia at south). The chan-
nels are composed by brackish water, bordered by mangrove vegetation. The three 
main species of mangroves are Rhizophora mangle (red mangrove), Laguncularia 
racemosa (white mangrove) and Avicennia schaueriana (black mangrove) 
(Schaeffer-Novelli et al. 1990).

Paranaguá estuary (25°13′S; 48°06′W and 25°45′S; 48°44′W; Fig. 2.2b) shows 
two distinct components. The first one is represented by sandbars and many lagoons. 
The second one is more affected by the fluvial system. The flow of the water inside 
the estuary is regulated mainly by tidal currents, commonly found in estuarine sys-
tems. The fresh water and salt wedge interacts with each other creating a great dis-
tinctness during low and high tide (Bigarella 1978). The vegetation is mainly 
composed by mangroves, salt marshes and “restingas” (Lana 1986).

Both regions show a high variation of the bathymetry. Sand and mud banks are 
commonly found, which increases heterogeneity of underwater landscape. This 
ground depth variation builts many different coastal formations, flooded marshals and 
floodplains. The formation of vegetation islands enforces the water currents to narrow 
channels, creating a strong flow of water during tidal currents, which impacts water 
dynamics (Miyao and Sarti 1986). All complexity of this system receives high influ-
ence of tides, fluvial flow, and ocean winds (Miranda et al. 1995). The salinity patterns 
change seasonally, according to fresh water outflow, being higher during the Austral 
winter (dry season) and lower at Austral summer (rain season) (Miyao and Sarti 
1986). Consequently, all these features are suitable to build a high heterogeneity habi-
tat, which supports the presence of several species, including the Guiana dolphin.

2.4  Morphology

As part of our efforts, some studies started almost at the same time because of the 
necessity of collecting carcasses along the beach shores. One example of carcass- 
based study is described above, with the use of geometric morphometric (Monteiro- 
Filho et  al. 2002), counting with great support of other institutions’ scientific 
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collections [Projeto Mamirauá (State of Amazonas), Museu Nacional (State of Rio 
de Janeiro), Museu de Zoologia da USP (State of São Paulo), Museu de História 
Natural da UNICAMP (State of São Paulo), Laboratório de Mamíferos Aquáticos 
da UFSC (State of Santa Catarina)] besides the collection from Instituto de Pesquisas 
Cananéia (IPeC), responsible for the “Projeto Boto-Cinza”. Besides the discussion 
about the group systematics, the study points out to some other aspects. Specific 
adaptive characteristics in skulls were linked to the difference in the environment as 
well as different needs for each species. The authors discuss about differences in 
size of both species, showing that fresh water individuals have skull shape similar to 
younglings (paedomorphosis, Fig. 2.3.) and end up by making a reflection on the 
possibility of both species being more similar if fresh water individuals grew up to 
proportions of marine individuals. It seems not to be the case, since the divergence 
would tend to be even greater.

Concomitantly, Rosas and Monteiro-Filho (2002) evaluated the species’ gonads 
shapes and sizes, describing testis as cylindrical with conical tips with average 
length of 7.36 cm (±1.82) and average width of 2.28 cm (±0.90) in immature and up 
to 25.52 cm (±3.48) and 9.65 cm (±1.14), respectively, in mature animals. Just like 

Fig. 2.3 Skulls of two specimens of Sotalia guianensis used in cranial morphometric studies. 
Upper skull is from a calf specimen and below skull is from an adult. The skull of tucuxi (S. fluvia-
tilis) is very similar to the skull of a calf S. guianensis, due to minor development of temporal 
region and minor projection of condyles occipitals. Specimens are deposited at Instituto de 
Pesquisas Cananéia (IPeC) scientific collection, municipality of Cananéia, State of São Paulo, 
Brazil (Photo: IPeC)
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the size, testis mass vary largely between immature, with 52.3 g (±33.5), and mature 
animals, with 2.270 g (±0.86) (Fig. 2.4). The testis mass correspond to 0.11% of 
body mass in immature and 2.52% in mature individuals, keeping these proportions 
throughout the year, with no apparent seasonality in testis activity detected. Female, 
just as with other Delphinidae, have bipartite uterus (Fig. 2.5) with the shape of a 
small almond (Rosas and Monteiro-Filho 2002; Rosas and Barreto 2008). The 
authors detected little variation in ovary morphometric, ranging from 2.3 cm (±0.5) 
long and 1 cm (±0.2) wide in immature to 3 cm (±0.4) long and 1.7 cm (±0.3) wide 
in mature animals. Differently, ovary masses increase significantly, from 1.6 g (±1) 

Fig. 2.4 Testis of Sotalia 
guianensis of a sexually 
mature specimen dissected 
after necropsy. Specimen 
was found during beach 
monitoring activities at 
Cananéia estuary (Photo: 
IPeC)

Fig. 2.5 Ovaries and 
bipartite uterus of Sotalia 
guianensis of a sexually 
mature specimen dissected 
after necropsy. Specimen 
was found during beach 
monitoring activities at 
Cananéia estuary (Photo: 
IPeC)
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in immature to 7.9 g (±4.2) in mature animals (Rosas and Monteiro-Filho 2002; 
Rosas and Barreto 2008).

The newborn average size was estimated in 92 cm. The estimated gonadal matu-
rity occurs between 165 and 170 cm in females and between 170 and 175 cm in 
males (Rosas and Monteiro-Filho 2002). In relation to the cetacean morphology, the 
skin is mostly evaluated regarding the blubber (e.g. Sokolov 1960; Giacometti 
1967; Simpson and Gardner 1972; Pfeifer and Jones 1993). The skin thickness 
changes according to age in S. guianensis, with expressive ontogenetic variation in 
pigmentation (Randi et al. 2008). Therefore, the pink color that appear in infants 
(Fig. 2.6) results of intense vascularization and a thin blubber layer rather than by 
red pigmentation on the skin. The only detected pigment was melanin, scarce in 
infants and increases with aging. Such increase tend to cover the pink tones of vas-
cularization, making adults mostly grey in the dorsal portion of the body, reducing 
towards the flanks.

2.5  Age Evaluation

Successful age estimates were made with S. guianensis carcasses through counting 
of dentin growth layers deposited in teeth (Schmiegelow 1990; Ramos 1997, Rosas 
2000; Rosas et  al. 2003; Sydney and Monteiro-Filho 2011; Wanderley 2013; 
Fig 2.7). The term “Growth Layer Group” (GLG) describes the distinct lines formed 
by deposition of dentin and cementum in layers. Although different possible tech-
niques may be used to access age in cetacean, Rosas et al. (2003) describe some 
guidelines for age estimates with teeth since there was no specific model for dentin 
deposition or GLG reading for the species. Researches in Cananéia (SP) and 
Paranaguá (PR) registered a variation between 0 (newborn) and 30 years, being 
female the eldest representation (Rosas et al. 2003; Wanderley 2013) and immature 
(up to 6 years old) present greater mortality frequency, indicating a possible greater 
vulnerability to natural and/or anthropic threats due to inexperience of younger ani-
mals (Wanderley 2013).

Fig. 2.6 Photography of 
two specimens of Sotalia 
guianensis. Dolphin on left 
is an adult, while the 
dolphin on right side is an 
infant, which is recognized 
by pinkish color of dorsal 
fin, back and flanks (Photo: 
Caio N. Louzada)

E.L.A. Monteiro-Filho et al.
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Beyond the importance of GLG in age estimation in S. guianensis, there is strong 
evidence that the end of milk-feeding period is also registered. Rosas et al. (2003) 
described an accessory layer deposited in the dentin between the neonatal layer and 
first GLG as being possibly linked to the end of milk-feeding of the infants, which 
varied between 6.7 and 10.3 months. According to the authors, the decrease of cal-
cium caused by ablactation could reflect in a hipomineralized layer. Rosas and 
Monteiro-Filho (2002) described the milk composition, where protein (9.5 g/100g) 
and fat (17.1 g/100g) values were similar to those observed in other delphinids’ milk.

2.6  Population Parameters and Habitat Index

Monteiro-Filho (2000) conducted the first studies related to Guiana dolphin group 
organization in Cananéia, defining three categories: individual (Fig.  2.8a), family 
(Fig. 2.8b), and school (Fig. 2.8c). The family organization is the most commonly 
seen in the study region, registered in more than 80% of the field observations 
(Monteiro-Filho 2000). The basic structure is composed by a female and its calf, or 
even by an adult, a female and its calf. For the first months after birth, while the calf 
remains close to its mother (Fig. 2.9), the associated adult may aid the mother in feed-
ing. Schools happen when there is an association of several families (Fig. 2.8c), which 
can happen temporary (from 5 to 60 min) for feeding or displacement purposes.

Beside studies about social organization, it was also necessary to estimate dol-
phin density in the region. For cetaceans, researchers use diverse techniques to 
assess population density such as census, mark-recapture method, land observations 
and line transect. Bisi (2001) and Havukainen et al. (2011) made density estimates 
for Cananéia region based on line transect, dividing the area in sectors and obtaining 
values reaching 12.41 individuals/km2. The division of the area in sectors enabled 
results to show a non-uniform use within sectors.

Fig. 2.7 (a) Sotalia guianensis teeth deposited at Instituto de Pesquisas Cananéia (IPeC) scientific 
collection, municipality of Cananéia, State of São Paulo, Brazil. (b) Photomicrography of apical 
region of Sotalia guianensis teeth, cut at 30 μm and colored with Harris’ Hematoxylin. LN 
Neonatal line, 1° GLG – first growth layer group referring to the first year of life, 2° GLG second 
growth layer group referring to an incomplete second year of life (Photos: Rebeca P. Wanderley)
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The distribution pattern of animals may also be investigated in an individual 
basis and to assess such information the capture-mark-recapture method is the most 
usual. Since the physical capture of the Guiana dolphin would not be an adequate 
procedure, we made use of individual characteristics, captured on film by cam-
corder (de Oliveira and Monteiro-Filho 2008) or photographic camera. The photo- 
identification (Fig. 2.10) well known among cetacean researches, were originally 
based on film revelation (Würsig and Würsig 1977). Being non-invasive and there-
fore unlikely to alter natural behavior of the target species, the individual identifica-
tion through images can answer questions related to individuals. De Oliveira and 
Monteiro-Filho (2008) reported the same individuals captured in image repeatedly 
in the same place: two individuals seen frequently close to a traditional local fishing 
trap, cerco-fixo, and a mother-calf association observed in two beaches in different 
islands. Medeiros (2014) presented similar results for both beaches (Fig. 2.11). 
In one of these areas, the Ponta da Trincheira, the author identified several individu-
als using the area, with no significant difference between them, while in the other, 
Praia do Pereirinha, fewer individuals were captured and all but two individuals 
were captured only once. These two individuals used this site significantly more 
than any other individual did, constantly accompanied by calves. Thereby, it is pos-

Fig. 2.9 A calf of Guiana 
dolphin (Sotalia 
guianensis) is frequently 
observed swimming 
side-by-side with its 
parental (Photo: Caio 
N. Louzada)

Fig. 2.8 Examples of most frequent group structure found at Cananéia estuary Guiana dolphin 
population, State of São Paulo, Brazil. (a) Solitary individual. (b) Family, composed by one adult 
and one calf, and frequently a plus one adult. (c) School, which represents an association among 
several families (Photos: Caio Louzada)

E.L.A. Monteiro-Filho et al.
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sible to observe that dolphins use the area irregularly and some individuals may use 
more frequently one sector. Knowledge such as this may indicate different degree of 
fidelity for the area as a whole as well as for different sectors, besides assisting in 
the creation of management plans for conservation units according to local need of 
a better understanding of the area use of the Guiana dolphin.

Further, recent studies seek to understand what factors influence the occurrence 
and habitat use of Guiana dolphins in Cananéia region. Godoy et al. (2015) observed 
that dolphins concentrate mainly in the region close to the adjacent ocean. The 

Fig. 2.10 Individuals of photo-identification catalogue of Instituto de Pesquisas Cananéia, used in 
studies of population dynamics, special patterns and social organization of Guiana dolphin’s popu-
lation of Cananéia estuary, State of São Paulo, Brazil

Fig. 2.11 Individual photo-identification in two close, but geomorphologically distinct sites; Site 
“T”, known as “Ponta da Trincheira”, and Site “P”, known as “Praia do Pereirinha”. Light shaded 
circle and dark shaded diads represents single individual captured exclusively in one or in both 
sites, respectively. Circle size refers to the number of months individuals were seen in each site, 
regardless the capture frequency within each month
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authors verified that the generalized linear model with best fit presented salinity and 
depth with a positive correlation with the Guiana dolphin occurrence in the region. 
For a better understanding about the correlations between the species occurrence 
and environmental factors, the former researcher is developing additive generalized 
model to evaluate the use of habitat surrounding Cananéia Island, using several 
environmental variables and fish captured in the cerco-fixo fishing gear (Godoy 
et al. unpublished data). This study aims to evaluate anthropic interference in the 
distribution of Guiana dolphins through a predictive modelling.

2.7  Behavior

The first activities carried out with this species in the Cananéia region were the 
behavior studies. The naturalistic observations of the Guiana dolphin began early, in 
the 1980s, and had as main objective to document and describe the various behav-
iors performed by these animals, even facing various difficulties at the time. Initially, 
researchers did only land-based observations, since the geomorphological charac-
teristics of the region favored this method of observation from some beaches. 
However, over time, there was the need to expand the observations of behavior in 
different areas of the estuary, thus scientists started to use different types of boats, 
making it possible to obtain data from different perspectives.

The more than 600 h of observations of different behaviors carried out in 
Cananéia estuary allowed a detailed description of the main behavioral events asso-
ciated with different strategies, and measure them. The first set of descriptions of the 
Guiana dolphin behaviors resulted from an effort of 10 years of observations, 
detailed in the first doctoral thesis on cetaceans in Brazil (Monteiro-Filho 1991). 
The author observed that the animals spend most of their time foraging activities, 
and there may be small shifts to other areas suggesting heterogeneity in the distribu-
tion of food resources within the estuarine waters. Similarly, night observations also 
have identified the same behavior performed and previously described for the day 
periods (Atem and Monteiro-Filho 2006).

Monteiro-Filho (1991) described some basic behaviors such as swimming, shal-
low diving, deep diving, and rest, as well as a number of hunting strategies, 
 individuals and those carried out in groups. Fishing behaviors described for Guiana 
dolphin range from more general behaviors such as pursuit (Fig. 2.12a), to more 
complex behaviors such as pursuit with bubbles (Fig.  2.12b). Beside, there are 
cooperative fishing activities, as circle formation (Fig. 2.12c), which may involve a 
large number of individuals fishing cooperatively on a shoal.

The descriptions of such behaviors opened the door to further studies to identify 
details in each behavior initially observed. Variations of these main behaviors 
received emphasis and then compared with behavior of populations from other estu-
aries in order to identify possible variations due to changes in environmental char-
acteristics (Domit 2006). Monteiro-Filho (1992) observed interspecific interactions 
of the Guiana dolphin with at least five different species of marine and estuarine 
birds commonly spotted in the region: boobies (Sula leucogaster, Boddaert, 1783), 
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frigatebird (Fregata magnificens, Mathews, 1914), terns (Sterna hirundinacea, 
Lesson, 1831), gulls (Larus dominicanus, Lichenstein, 1983), and cormorants 
(Phalacrocorax brasilianus, Gmelin 1789; Fig. 2.13).

One notable feature of the Guiana dolphin behavior in Cananéia estuary is the 
interaction with the artisanal fishing traps, regionally called cerco-fixo (for more 
information on the operation of the cerco-fixo see Dias 1990; Oliveira and Hanazaki 
2011). The dolphins use the fishing apparatus to aid in hunting strategies (Monteiro- 
Filho 1995; Louzada 2013; Fig.  2.14). In this positive interaction between local 

Fig. 2.12 Large variations 
of feeding behaviors were 
described for the 
population of Guiana 
dolphin at Cananéia 
estuary and Paranaguá 
estuary. (a) An individual 
pursuits a shoal of fishes 
and finalizes its attack with 
prey capture (a mullet, 
Mugil sp.) at water surface 
(Photo: Eric Medeiros). (b) 
Another more complex 
strategy used by dolphins 
during its foraging is the 
pursuit with bubbles, 
whereas the dolphin exhale 
air from lungs during a 
dive and creates a bubble 
barrier that encloses the 
shoal to opposite direction, 
where dolphins are waiting 
to prey on (Photo: Clarissa 
R. Teixeira). (c) 
Cooperative fishing is also 
observed as the circle 
formation in the picture 
(Photos: Eric Medeiros)
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fishermen and dolphins, both sides benefit, as the Guiana dolphin is able to catch 
fish more easily and fishermen get higher fish catch in the presence of animals hunt-
ing near the cerco-fixo (Louzada 2010).

Over the years, the accumulation of hours of behavior recordings within the estu-
ary found that dolphins used different sets of fishing behaviors in different areas. 
Such remarks oriented future studies to search which factors influence the behav-
ioral patterns observed in the Guiana dolphin population in Cananéia estuary. After 
quantifying different fishing strategies in estuarine regions with different geomor-
phological characteristics, Louzada (2014) noted that dolphins adapt the fishing 
strategies to fit better in each distinct areas of the estuary. This finding helped to 
understand the reasons why dolphins presented some behaviors with particular 
characteristics at specific locations (adaptations due to site geomorphology) and 
different one across the estuary (adaptations due to the prey characteristics). 
Moreover, the different associations between individuals and the group composi-
tion, while foraging, was also a factor influencing the fishing strategies used. 
Therefore, the author suggested that the Guiana dolphin has a behavioral plasticity 
large enough that allows it to adapt their foraging strategies to different fishing loca-
tions and different group structures. This behavioral plasticity had already been 
suggested to explain small differences in descriptions presented by different authors 
in different geographic areas (Monteiro-Filho 2008).

Louzada (2014) also assessed whether the fishing strategies varied according to 
the different types of prey consumed, once that prey exert a great influence on many 
ecological patterns of their predators (Würsig 1986). By grouping the Guiana dol-
phin main prey in the region according to their ecological guilds (i.e. resident estua-
rine species, marine visitors, and juvenile marine species), vertical guilds (i.e. 
benthic, pelagic, nektonic demersal, and benthic-pelagic demersal), and shoal for-
mation habit (i.e. forming small shoal, forming large shoals, and not forming shoals) 
and comparing them to the foraging strategies, no relationship was found between 
both factors. The author suggested, once again, that behavioral plasticity of the 
Guiana dolphin allows the development of foraging strategies specific to several 
types of prey and under different environmental conditions. Thus, the set of behav-
ioral studies of dolphins in the region, has allowed us to show that the animal has an 
extensive repertoire of foraging strategies, leading it to fish effectively, on different 
guilds, in different regions of the estuary, and in different group structures. If such 
behaviors were not efficient in the process of prey capture and intake, the same 
would not be part of this vast repertoire and would be discarded long ago.

Studies such as this, that evaluate the types of prey consumed by the Guiana 
dolphin, were only possible thanks to years of beach monitoring in the Cananéia 
region in search of stranded carcasses. Carcasses collected serve as osteological 
material and as samples for natural history studies of the species. By analyzing the 
stomach contents (to study methods and analysis of stomach contents see Fitch and 
Brownell 1968), researchers determined that the Guiana dolphin feeds on a wide 
variety of prey, which together add up to 34 different species (29 teleost species, two 
species of cephalopods, and three species of crustaceans). However, even the dol-
phins being able to consume a large variety of prey, some particular item in their 
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diet have a greater relative importance of the total ingested items. These items pos-
sibly represent prey species that are abundant in the region during some periods, 
since the richness of teleost, crustaceans and cephalopods available for consump-
tion is almost twice as much as the number of species ingested by the Guiana dol-

Fig. 2.13 An interspecific interaction among Guiana dolphin and several species of seabirds is fre-
quently observed at Cananéia estuary. At this picture is possible to see a large group of brown boobies 
(Sula leucogaster) foraging in association with a Guiana dolphin group (Photo: Caio N. Louzada)

Fig. 2.14 At Cananéia estuary, Guiana dolphins have a positive interaction with artisanal fisher-
men. At the estuarine waters, fixed fishing traps are built, which benefit dolphins foraging due to a 
limitation of escape routes for shoals during foraging. Groups of Guiana dolphins are found fre-
quently using these traps during fishing activities (Photo: Caio N. Louzada)
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phin in the region, showing that the dolphins are able to select some species for 
consumption (Louzada 2014).

One of the factors that strongly influences the fishing strategies is the presence of 
calves in the group (Monteiro-Filho 1991, 2000). Calves require great attention of 
parents, especially during the first months of life, when they are more vulnerable to 
environmental adversities. Rautenberg and Monteiro-Filho (2008) described in detail 
the key behaviors of parental care observed for the Guiana dolphin in the Cananéia 
estuary. These authors identified one of the key behaviors, as already described for 
other species of cetaceans, was the echelon swimming (Fig. 2.15). Other behaviors 
identified were the alternation, escort, meeting among families and crèche.

Later, it was possible to deepen the studies to understand how the quality and 
quantity of parental care varies according to the calves’ ontogeny and the variations 
of parental care in different sites of the estuary. Teixeira et al. (unpublished data) 
observed that while offspring developed, contrary to what was initially expected, 
there is no decrease in the quantity of parental care effort, but a change in the qual-
ity. In the same way, extrinsic factors, such as changes in geomorphological charac-
teristics of the site, are able to influence the frequency of care for the calves executed 
by parents (Teixeira 2013).

Parallel to the study of Guiana dolphin parental care behavior, some studies 
focused their observations on the behavior of infants and juveniles. The fact that 
births occur throughout the whole year in the Cananéia region (Schmiegelow 1990; 
Rosas and Monteiro-Filho 2002) favored behavioral studies of calves, rarely done in 
other regions of the country by the time. The calves are born after a gestation period 
ranging from about 11.5 to 12 month (Rosas and Monteiro-Filho 2002), with an aver-
age size of 88–98 cm long (Monteiro-Filho et al. 2008b). Through the observations, 
researchers characterized the behavior of infants, as has been observed for other spe-
cies, by a high frequency of contacts between calves and parents (Domit 2002). The 
author also noted that the young are involved in many events of play, consisting of 
jumps, chases, and capture of possible prey. Many of the observations of these plays 
are associated with fishing learning periods (Domit 2002, 2006). Markedly, calves 
also perform various activities near the surface to perform a visual recognition of the 
area as to spot other individuals in the surroundings (Monteiro- Filho et al. 2008b). 
Finally, through the behavior, one can recognize four age classes for the Guiana 
dolphin calves classified as newborn, F1 infant, F2 infant, and juvenile (Fig. 2.16).

Fig. 2.15 One of most executed parental care behavior is the echelon swimming, in which calf 
swim side-by-side of its parental during whole dive and surfacing time. Most of times the behavior 
is synchronic and the calf keeps a physical contact with the adult (Photos: Caio N. Louzada)
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2.8  Acoustic

Our acoustic studies with the Guiana dolphin began in the 1980s and after 10 years 
of sampling, Monteiro-Filho and Monteiro (2001) described the specie’s sound rep-
ertoire, categorizing sounds in whistles, calls, clicks and gargle (emitted by calves; 
Fig. 2.17), and even some complex sequences, as possible phrases. This was the first 
study to assess sounds produced by the species in natural environment, as prior 
studies only investigated Guiana dolphin in captivity (e.g. Caldwell and Caldwell 
1970; Kamminga et al. 1993; Sauerland and Dehnhardt 1998).

Following the sound characterization for the species, studies have assessed the 
influence of noise generated by vessels, concluding that anthropogenic noise forces 
dolphins to raise the frequency range of the sounds used in social communication, 
seeking a new acoustic niche (Rezende 2008; Fig. 2.18). Also in relation to the noise 
produced by ships, Monteiro-Filho et  al. (2008c) found that wooden boats and 
inboard engines (fishing vessels) generate low intensity noise and in frequencies 
below those used by dolphins. On the other hand, vessels with outboard engines 
(fishing sports, passenger transport, and tourism) generate high intensity noise with 
frequency equivalent to the lowest frequencies produced by dolphin, which may 
cause the phenomenon of interference (Fig. 2.18).

Despite advances in knowledge of the sound emission of the species and the 
context in which emission happen such as social, fishing, and nocturnal activities 
(Monteiro-Filho and Monteiro 2001, 2008; Rodrigues 2003; Atem and Monteiro- 
Filho 2006; Wanderley 2006; Oliveira et al. 2008; Rossi-Santos and Monteiro-Filho 
2008), samples were specific and limited to 8 kHz and then to 20 kHz. Since such 
frequencies did not allowed the interpretation of some features of dolphins’ acoustic 
universe, from 2011, with availability of better equipment and systematic sampling, 
we began evaluating sounds that reach sampling frequencies up to 48 kHz (Deconto 
and Monteiro-Filho 2013, 2016; Fig. 2.19).

The most recent studies have advanced in relation to the characterization of the 
sounds used in daytime and nighttime activities (Deconto and Monteiro-Filho 
2016). The authors brought up a the new classification of dolphin sound emission in 
the region, braking down the calls, originally described by Monteiro-Filho and 
Monteiro (2001), into burst pulse sounds and low frequency narrow-band sounds 

Fig. 2.16 The color patterns of calves skins are used to identify different ages classes. (a) A new- 
born shows a strong pinkish color the whole body. (b) F2 has an light pinkish color mainly at 
dorsal fin and flanks. (c) In calves, the skin pigmentation is almost complete and only a small 
region of dorsal fin remains pink, while the whole body is a dark-grey, like other adults (Photos: 
Eric Medeiros)
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(LFN sounds; Fig.  2.20). Moreover, authors demonstrated a greater amount of 
sounds emitted, excluding the clicks, with lower frequencies during the day than the 
night. Thus, the sound repertoire of the species is daylight dependent, with influence 
on their social communication.

Another result of the study phase that began in 2011 was the observation of high 
initial and minimum frequencies of Guiana dolphin whistles in the region compared 
to previous studies for the species in Brazil. Deconto and Monteiro-Filho (2013) 
recorded sounds with these parameters very close to those recorded in Costa Rica 
(May-Collado and Wartzok 2009). Until then, the most accepted hypothesis was 
that the frequencies of the Guiana dolphin whistles increased from higher latitudes 
toward areas of lower latitudes (Azevedo and Van Sluys 2005; Rossi-Santos and 
Podos 2006). Thus, reinforcing a hypothesis initially raised by Rossi-Santos and 
Podos (2006), Deconto and Monteiro-Filho (2013) present new evidence that the 
latitudinal variations reflect adaptations to the environment, a fact recently con-
firmed (Leão et al. 2015).

Continuing the acoustic study focusing on environmental influence on the spread 
of Guiana dolphin sounds, IPeC researchers have conducted experiments in natural 
environment both in the Northeast (Praia da Pipa) and in Southeastern Brazil 

Fig. 2.18 A spectrogram highlighting the “noise” produced by a vessel equipped with an outboard 
motor, represented by the green color horizontal band, which reaches up to 15 kHz
Note that whistles and clicks produced by Sotalia guianensis are masked by noise. Y axis repre-
sents frequency in kHz; X axis time in seconds

Fig. 2.17 Sounds produced by Sotalia guianensis and categorized by Monteiro-Filho and 
Monteiro (2001). From left to right: whistles, screams, clicks, gargle. Y axis represents frequency 
in kHz; X axis I time in seconds
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(Cananéia). The two study areas were chosen because they are two different habitats 
with respect to environmental and geomorphological parameters, which we expect 
that after the analysis, will recognize the influence of latitude, temperature, salinity, 
depth, turbidity and the sound source of the distance in the repertoire Guiana dol-
phin sound.

Fig. 2.19 A spectrogram showing the sampling frequency of 48 kHz, highlighting different 
sounds produced by Sotalia guianensis, which could occupy this acoustic niche. 1 Whistles; 2 
burst pulses; 3 clicks. Y axis represents frequency in kHz; X axis time in seconds

Fig. 2.20 The calls produced by Sotalia guianensis described by Monteiro-Filho and Monteiro 
(2001) were subdivided into two categories by Deconto and Monteiro-Filho (2016), burst-pulse 
sounds (a) and low frequency narrow-band sounds (b)
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2.9  Conservation

Throughout this period of study, information on the biology and ecology of the 
estuarine dolphin allowed us to understand some of its needs in Cananéia estuary as 
well as the various interactions of this species with humans and their technologies.

Cananéia is within an area of great biological and scenic abundance [“World 
Natural Heritage Site” and “Atlantic Forest Biosphere Reserve” (UNESCO 1992, 
1999)]. Here,  two activities are widely developed: artisanal fishing and tourism. 
Both activities involve the use of vessels with vary propeller engines. Even consid-
ering that the estuary is large and the number of vessels is not very big, we could 
detect different reactions of the Guiana dolphin in relation to wooden vessels with 
inboard engine, aluminum vessels with outboard motors, and fiber sport vessels 
(Fig. 2.21). The study showed that the central engine of wooden vessels produce 
low intensity noise in the water, because wood is a great sound conductor and dis-
perses noise produced into the air. Thus, boats used on local artisanal and some 
wooden boats used in tourism, produce low intensity noise and are not fast, allowing 
Guiana dolphin to control proximity (Monteiro-Filho et al. 2008c). However, the 
same can not be said for vessels with outboard engines, which sometimes alter the 
behavior of the dolphins (Monteiro-Filho et al. 2008c). Aiming to minimize the pos-
sible impact of noise produced by vessels, a series of tests were done and so gener-
ated a simple proposal, by reducing the speed when the conductor sighted the 
dolphins, noise was also reduced and dolphins were able to manage the approach of 
vessels.

After these studies, new questions began to arise. How many vessels could oper-
ate simultaneously with tourism activities? How close these vessels could approach? 
How should captains proceed before dolphin groups? In search of these answers, 
studies were conducted for about 3 years evaluating possible interactions between 
vessels and Guiana dolphin, how vessels were conducted, and periods and distances 
that these vessels should remain without interfering with the dolphins’ activities 
(Fig. 2.22).

Fig. 2.21 Different kinds of vessels navigate at Cananéia and Paranaguá estuary waters, Brazil. 
(a) Fishing boats are made of wood equipped with inboard engine. (b) The dolphin-watching tour-
ism are performed mainly by small aluminum boats equipped with outboard motor (Photos: Eric 
Medeiros)
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Fig. 2.22 An informative poster was created as a public politic  activity developed by Projeto 
Boto-Cinza in order to advertise the population about the best way to approach and observe dol-
phins with minimum impact created by vessels
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The results produced with the studies on the production of noise (Monteiro-Filho 
et al. 2008c), added to onboard tourism activities (Filla and Monteiro-Filho 2009 a, 
b, c), on the estuarine dolphin economic valuation in the estuary of Cananéia (Filla 
et al. 2012), subsidized municipal legislation that established procedures and restric-
tions of nautical activities in the region (municipal Law No. 2129/2011), without, 
however, interfering with commercial activities.

Currently, our data is constantly requested by conservation unit managers in the 
region for the proposal of nautical activities establishment and standardization. In 
the year 2015, during the development of the Management Plan of the Cananéia- 
Iguape- Peruibe Environmental Protection Area (ICMBio 2016), the results of works 
on distribution and space use by the estuarine dolphin in Cananéia estuary were 
presented to sustain the creation of a Sustainable Use and Protection of Cetaceans 
Estuarine Zone (ZEUSPC). Through a technical feedback by some of the project’s 
researchers, the total area of the special zoning was expanded to include areas with 
considerable concentrations of groups, previously not been taken into account.
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