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The objective of the present study was to analyze the distribution of manatees, dolphins and sea turtles 
off northea stern Brazil through aerial surveys, relating them to specific habitats and human activities,
with emphasis on marine protected areas (MPAs). Surveys were conducted between January and April 
2010 at 150 m altitude and 140 km h�1, using two independent observ ers. Strip trans ects were flown
in a zigzag pattern. Transects covered 4026 km in more than 27 flight hours. A total of 36 sightings of
manatees (Trichechus manatus manatus , 41 individuals), 28 of dolphins (Delphinidae, 78 individuals,
including 10 Sotalia guianensis ) and 256 of sea turtles (Cheloniidae, 286 individ uals) were recorded. Man- 
atees and sea turtles displayed solitary habits, while dolphins were commonly seen in groups. Manatees 
were positivel y correlated with sea turtles, probably due to their preference for sheltered shallow habi- 
tats with favorable conditions for foraging and resting. Furthermo re, manatees showed a positive rela- 
tionship with mangrove estuaries, and medium-sized coastal cities probably due to the intense urban 
development in many estuarine areas. Manatees and sea turtles were also positively correlate d with 
boats, showing a severe threat for these species. Density of manatees was significantly higher within 
MPAs with preserved mangrove estuaries than in non-protecte d areas, while dolphins and sea turtles 
were observed in high densities MPAs with coral reefs. The elevated density of these organisms shows 
the vital importance of protecting and adequately managing unique ecosy stems to ensure a sustainable 
future for the populations of severely threatene d species.

� 2013 Elsevier Ltd. All rights reserved.
1. Introductio n

Marine mammals and sea turtles are considered key organisms 
for marine conservati on in several parts of the world (Chatwin,
2007). Many populations of these animals occur in coastal areas 
that are intensively used by local people (Ojeda-Martínez et al.,
2011), which make them vulnerable or threatene d by extinctio n
(IUCN, 2012 ). Marine protected areas (MPAs) are thus essential 
tools to ensure the conservati on of these organisms and their 
ecosystems (Hooker and Gerber, 2004 ). However, the efficiency
of MPAs should be based on thorough surveys (Ojeda-Mar tínez
et al., 2011 ), which in effect, are often incipient or too small-scaled 
spatial (Witt et al., 2009; Panigada et al., 2011; Knip et al., 2012 ).
Large-sca le studies that quantitatively determine the correlations 
between endangered species, such as manatees, dolphins and sea 
turtles, coastal features and human activities are rare.

In northeast Brazilian waters, the most important threats to
coastal biodiversity are fisheries and intensive urban developmen t,
thus turning this region one of the most vulnerable within South 
America (Chatwin, 2007 ). The most common marine mammals in
the coastal zone off northeastern Brazil are the Antillean manatee 
(Trichechus manatus manatus ) (Lima et al., 2011 ) and 19 species of
cetaceans , among which the Guiana dolphin (Sotalia guianensis ) is
the most frequent species (Alvite et al., 2004 ). Also, this region 
occur five of the seven living species of sea turtles, the loggerhead 
(Caretta caretta ), hawksbill (Eretmoch elys imbricata ), olive ridley 
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(Lepidochelys olivacea ), leatherback (Dermochelys coriacea ), and the 
green turtle (Chelonia mydas ), the most common species in Brazil 
(Marcovaldi and Marcova ldi, 1999 ). Antillean manatee is the most 
endangered aquatic mammal in Brazil (ICMBio, 2011 ), being classi- 
fied internati onally as ‘‘endange red’’ as S. guianensis is listed as
‘‘data deficient’’ (IUCN, 2012 ). All sea turtles mentioned are under 
threat, D. coriacea and E. imbricata being classified as ‘‘critically 
endangered’’, C. caretta and C. mydas as ‘‘endangere d’’ and L.
olivacea as ‘‘vulnerable’’ (IUCN, 2012 ).

Aerial surveys are considered a standard techniqu e to assess 
distribution , abundan ce and habitat characteristics of marine 
mammals and sea turtles worldwide (e.g. Preen, 2004; Edwards 
et al., 2007; Certain et al., 2008; Witt et al., 2009; Jean et al.,
2010; Langtimm et al., 2011 ). In Brazil, however, few studies have 
been based on aerial surveys (Secchi et al., 2001; Andriolo et al.,
2006, 2010; Danilewicz et al., 2010; Zerbini et al., 2010, 2011;
Wedekin, 2011 ). In the northeaster n coast, only one single aerial 
survey of manatees was performed on a local scale off Ceará state 
(Costa, 2006 ).

The objective of the present study was to quantify and analyze 
the large-scale spatial distribution of manatee s, dolphins and sea 
turtles off northeaster n Brazil, in relation to habitat characterist ics,
current human activities, and the importance of MPAs for the con- 
servation of these animals.
Fig. 1. Map of the study area between the states of Piauí and Alagoas, northeastern Bra
Recifes de Corais, BM – Barra do Rio Mamanguape, CC – Costa dos Corais) and coastal citi
area Delta do Rio Parnaíba (b).
2. Material s and methods 

2.1. Study area 

The northern limit of the study area was the mouth of the Par- 
naíba River Delta, around Canárias Island (02�440S, 41�470W), Piauí
State. The southern limit was the mouth of the São Francisco River 
(10�300S, 36�240W), located in Alagoas State (Fig. 1).

The northeastern coast of Brazil extends for approximately 
3400 km and displays variety of environm ents such as beaches,
dunes, cliffs, coral reefs, mangrove estuaries, and seagrass beds,
each being governed by specific dynamics and anthropoge nic vul- 
nerabiliti es (Cunha, 2005; Muehe and Garcez, 2005 ). The continen -
tal shelf is 85 km wide in the north and narrows to 40 km in the 
southern part. Climate is tropical, with high temperatures and 
salinities, and low concentrations of nutrients , except for estuarine 
areas, where primary productivi ty and biomass are high (Muehe
and Garcez, 2005 ).

There are four relevant Marine Protected Areas (MPAs) in this 
region, each with its specific conservation targets: ‘‘Delta do Rio 
Parnaíba’’ (manatees, mangroves, beaches, sand banks, estuaries,
coastal grasslands, marshes, dunes, lakes and lagoons), ‘‘Recifes 
de Corais’’ (defined around the ‘‘Parrachos de Maracajaú’’ offshore 
coral reefs), ‘‘Barra do Rio Mamang uape’’ (manatees, mangroves,
zil (a) showing the main Marine protected areas (DP – Delta do Rio Parnaíba, RC –
es (black squares). Inlet: Aerial transects in a zigzag pattern in the marine protected 



Fig. 2. Spatial distribution of manatees, dolphins and sea turtles between the states of Piauí and Alagoas, northeastern Brazil. Marine protected areas are indicated as gray 
rectangles (DP: Delta do Rio Parnaíba, RC: Recifes de Corais, BM: Barra do Rio Mamanguape, CC: Costa dos Corais). White rectangle: area with scarce sightings. A single 
sighting of manatee mother and calf is highlighted in a circle, and specimens of Sotalia guianensis in light blue color. Dotted lines: state borders. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.)
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lagoons, sand banks) and ‘‘Costa dos Corais’’, Brazil’s largest MPA 
(manatees, coral and sandstone reefs, estuarine mangroves) (Figs. 1
and 2). Their function is to protect and preserve natural resources 
and to promote sustainable developmen t (FAO, 2011 ).
2.2. Aerial surveys 

Aerial surveys were accomplished after a pilot study (Alves
et al., 2013 ), using a single-engi ne Cessna 172 A aircraft with a
high-wing design to facilitate viewing the sea surface. It was 
adapted with bubble windows at the rear (Zerbini et al., 2010,
2011), allowing for a wider viewing angle. Sampling was per- 
formed using the strip transect method, assuming that all animals 
within the strip (a band of fixed width on each side of the transect 
line) were detected and counted (Jolly, 1969 ). This method has 
been widely applied for marine mammals and sea turtles (Cardona
et al., 2005; Certain et al., 2008; Witt et al., 2009; Langtimm et al.,
2011; Katsanev akis et al., 2012 ).

A total 899 lines transects were made in a zigzag pattern, with 
an angle of turn of 40�, as to better cover the area and to maximiz e
the flying effort (Secchi et al., 2001; Cardona et al., 2005; Andriolo 
et al., 2006, 2010 ). The surveyed areas extended from estuarine in- 
lets, especially aiming at sightings of manatee s, to the isobaths of
10–20 m (Fig. 1). The flight was standardi zed with 150 m altitude 
and 140 km h�1 speed, which is within the range found in other 
aerial surveys (Morales-Ve la et al., 2000; Olivera-G ómez and Mel- 
link, 2005; Roos et al., 2005; Costa, 2006; Langtimm et al., 2011 ).
The widest sighting angle (approximately 65�) was determined 
with a clinometer during a test flight, and resulted in a sampled 
width of 321.7 m per observer (i.e., the total strip width equals 
643.4 m) (Alves et al., 2013 ). Sea conditions were Beaufort Sea 
state 2 or less (Certain et al., 2008 ), characterized by flat or calm 
sea, and conditions of visibility and water transparency between 
‘‘excellent’’ and ‘‘average’’. Aerial surveys were conducte d during 
the dry season, between January and April 2010, in the morning 
period and at high tide, when the animals have a better access to
shallow foraging areas such as macroalg al banks and seagrass beds 
(Paludo and Langguth, 2002; Olivera-Gómez and Mellink, 2005 ),
and to reduce the potentially confusing effect of reefs and algae 
sandston e substrates that appear at low tide (Costa, 2006; Alves 
et al., 2013 ).

Observations were performed by two independent observer s, lo- 
cated at each of the side windows to minimize perception bias 
(Langtimm et al., 2011 ), and who were wearing polarized sunglasses 
to minimize the effect of glare on the water surface and accentuate 
the color gradient. A registrar, in the front beside the pilot, used a
GPS to indicate sighting points, in addition to the GPS of the plane,
which recorded the route. The registrar also used two photographi c
cameras, a portable recorder, and nautical charts to compile the field
records. Each flight lasted for less than 3 h per day.

All identifications were based on morphological and character- 
istic behavioral diagnostics. Calves corresponded to specimens 
measuring up to 1/3 of the adult size (Hartman, 1979 ). Two or
more animals were defined as a group (Morales-Ve la et al.,
2000). In cases of doubtful sightings or imprecise counts, a circular 
flight around the sighting point was carried out to confirm identi- 
fication (Morales-Vela et al., 2000; Langtimm et al., 2011 ).

Approximately 1500 km of coastline were flown over in six Bra- 
zilian states, totaling 4026 km along the zigzag path (Fig. 1). The 
total coverage area was 2590.2 km2, calculated as the zigzag path 
multiplied by the strip width (643.4 m). The effective effort ex- 
ceeded 27 flight hours in 11 days. A stretch of only 22 km coastline 
was not surveyed, due to traffic restrictions around the Recife 
internati onal airport (Fig. 1).
2.3. Data analysis 

Sighting data were transferred to GIS using the Arcmap soft- 
ware (version 9.2) and received identification numbers and coordi- 
nates. The data were plotted on nautical charts (1:300.000) to
obtain isobaths and maximal depths for each sighting (with tide 
at 0.0 m).

A descriptive analysis of the large-scal e distribution patterns of
marine mammals and sea turtles was carried out in the different 
areas. The results were also used to perform statistical analyses 
of potential relationshi ps between the sightings of these animals,



Table 1
Summary of the sightings of manatees, dolphins and sea turtles during aerial surveys 
in northeaster n Brazil.

Manatees Dolphins Sea turtles 

Individuals 41 78 286 
Sightings 36 28 256 
Mean N/sighting 1.1 2.8 1.1 
Maximum N/sighting 2 8 2
Positive segments a 29 24 127 
Positive segments (%)a 10 8 43
Maximum N/segment a 3 10 10

a The coastline was divided into 294 segments of 5 km in length. Positive seg- 
ments are those where sightings occurred.
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human activities, and coastline features. For this purpose, the coast- 
line under investiga tion was divided into 294 segments of 5 km
length. For each segment, seven ecological and human parameters 
were examine d. During flights, the following informat ion of occur- 
rence records was obtained for each segment: (1) animal abundance,
(2) coastal zone occupation patterns (shrimp farms, salt works and 
ports), and (3) fishing and tourism activities (trawling boats, motor 
boats, sail boats, and rowing boats). Based on cartograp hic and 
bibliographi c analysis, the following were diagnosed: (4) MPAs 
(‘‘Delta do Rio Parnaíba’’, ‘‘Recifes de Corais’’, ‘‘Barra do Rio Maman- 
guape’’ and ‘‘Costa dos Corais’’), (5) Reefs (Northern Beach Rocks,
Offshore Reef Patches, Coastal Reef Lines) (Castro and Pires, 2001 ),
Fig. 3. Frequency histograms of depth (m) and distance from shore (km) at the sightin
northeastern Brazil. Data are based on 27 h of aerial surveys carried out along the north
(6) Estuarine mouths (complex, mangrove, partially obstructed san- 
dy barrier/small: 0.01–0.05 km, intermedi ate: 0.06–0.1 km, large:
above 0.1 km), and (7) coastal urban centers (small < 180 km2, med- 
ium-size d: 180–840 km2, large > 840 km2) (IBGE, 2007 ).

Spearman rank correlation analysis (Zar, 1996 ) was used to test 
for significant correlations between human activities, coastline fea- 
tures, MPAs, and animal abundan ce per segment. This method of
correlation analysis was chosen due to the non-linearity of relation- 
ships and non-normality and heteroscedas city of most distribut ions.
All analyses were performed using the ‘‘R’’ language and environ- 
ment at a = 0.05 (R Developmen t Core Team, 2009 , version 2.9).

3. Results 

3.1. Distribution of sightings 

A total of 320 sightings of marine mammals and sea turtles 
were recorded during the surveys. Of these, 36 were sightings of
Antillean manatee s (41 individua ls), 28 were sightings of dolphins 
(Delphinidae, 78 individuals), with 10 individuals identified as S.
guianensis, and 256 were sightings of sea turtles (Cheloniidae,
286 individuals) (Fig. 2 and Table 1). Although it was generally pos- 
sible to see head, carapace and fins of turtles on the surface, this 
was not sufficient for identification at species level. Fish were also 
spotted occasional ly, including 22 sightings of individua l flying
fish, seven unidentified large schools, seven rays and two sharks.
g locations for manatees (a and b), dolphins (c and d), and sea turtles (e and f) in
eastern Brazilian coast from the states of Piauí to Alagoas.



Table 2
Results of Spearman correlation analysis of sightings of manatees, dolphins, sea 
turtles, selected coastal features and human activities, based on 27 h of aerial surveys 
in northeastern Brazil. Values given in the table are ‘‘p’’ values of the analyses based 
on N = 294 coastal segments of 5 km in length.

Spearman correlation 

Manatees Dolphins Sea turtles 

Manatees – n.s. n.s.
Dolphins n.s. – n.s.
Sea turtles 0.032 n.s. –

Reefs
Northern Beach Rocks 0.0089 n.s. 0.0041 
Offshore Reef Patches n.s. n.s. 0.0012 
Coastal Reef Lines n.s. n.s. n.s.

Estuarine mouths 
Estuaries (all) n.s. n.s. n.s.
Small n.s. n.s. n.s.
Medium n.s. n.s. n.s.
Large n.s. 0.027 n.s.
Complex n.s. n.s. n.s.
Mangrove 0.027 0.023 n.s.
Sandy barrier n.s. n.s. n.s.

Land use 
Shrimp farms n.s. n.s. n.s.
Salt works n.s. n.s. n.s.
Ports n.s. n.s. n.s.
Cities (all) n.s. n.s. n.s.
Small n.s. n.s. n.s.
Medium 0.034 n.s. n.s.
Large n.s. n.s. n.s.

Fishing and tourism boats 
Boats (all) n.s. n.s. 0.030 
Trawling n.s. n.s. n.s.
Motor 0.011 n.s. 0.0017 
Sail n.s. n.s. n.s.
Rowing n.s. n.s. n.s.

n.s.: not significant at a = 0.05.
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Marine mammals and sea turtles were recorded throughout the 
study area, except along approximat ely 130 km of coastline around 
the western portion of the state of Rio Grande do Norte (Potiguar
Basin), where only a single sea turtle sighting occurred (Fig. 2).

Manatees and sea turtles were most frequently observed as sol- 
itary animals (86.1% and 88.3%, respectivel y), or as groups of two 
adults. A pair of manatee mother and calf was sighted only once,
at Barreta beach (06�060S, 35�040W, Rio Grande do Norte). Dolphins 
were generally found in groups (64.3%) composed of two to eight 
individuals (mean: 4.4 individua ls per group) (Fig. 2 and Table 1).

Sightings of all three taxa were concentr ated within 2–10 m
depth (Fig. 3). Manatees were clearly concentr ated in shallower 
areas, being most frequently sighted within 6–8 m depth, reaching 
a maximum local depth of 14.8 m. Regarding the distance from the 
coast, manatees were also clearly concentrated in areas closest to
shore, being most frequently sighted at distances that ranged from 
only 0.01 to 3.9 km from the coast, with a continuo us decrease in
frequency toward offshore areas. Accordingly, this species showed 
the lowest mean distance from the coast, with only 1.2 km, as com- 
pared to 2.1 km for dolphins and for sea turtles. Dolphins showed 
maximum frequency at the 8–10 m isobath, and three sightings oc- 
curred within the 16–18 m isobaths. Dolphins showed a more off- 
shore distribution (0.1–4.4 km from the coast), with higher 
frequencies in the central part of the surveyed area, at 1.5–
2.0 km from the coast. Guiana dolphins were recorded between 
2.1 and 9.2 m depth and between 1.6 and 3.2 km from the coast.
The highest maximum values of depth and distance from the coast 
were recorded for sea turtles, with 18.5 m and 5 km, respectively ,
with high frequencies throughout the surveyed area (Figs. 2 and 3).

Spearma n rank correlation analysis showed that manatees were 
positively correlated with sea turtles (p = 0.032, Table 2), while 
dolphins were not correlated with any of these groups.

3.2. Correlations of coastal features and human activities 

Spearma n rank correlation analysis detected several significant
correlations of coastline features and human activities with the 
density of manatees, dolphins and sea turtles (Table 2). A signifi-
cant positive correlation of manatee sightings with reef habitats 
was detected for ‘‘Northern Beach Rocks’’ (p = 0.0089). For sea tur- 
tles, sightings were also positively correlate d with ‘‘Northern 
Beach Rocks’’ (p = 0.0041) and ‘‘Offshore Reef Patches’’
(p = 0.0012). A significant positive correlation (p = 0.027) was de- 
tected between the density of open, mangrove-line d estuaries 
and manatee sightings. Other estuarine types such as partially ob- 
structed sand bar (barrier) estuaries or seasonally obstructed sand 
bar estuaries, which are both typical of coasts with sandy beaches,
sand bars, sand banks, dunes, strong wave action and wind-driven 
currents, showed no correlation with the density of manatees. Dol- 
phin sightings were positively correlated with large estuaries 
(p = 0.027) and mangroves (p = 0.023) (Table 2).

Manatee sightings were positively correlated with the presence 
of medium-sized cities (p = 0.034) and motor boats (p = 0.011). Sea 
turtles were positively correlated with the total number of fishing
boats (p = 0.030) and with motorized boats (p = 0.0017). Shrimp 
farms, salt works and ports did not show any positive or negative 
correlations with any animals (Table 2).

3.3. Marine protected areas (MPAs)

Significant positive correlations with MPAs were detected for 
manatees, dolphins and sea turtles, and varied considerably be- 
tween taxonomic groups and areas (Fig. 4 and Table 3). When con- 
sidering all four MPAs and comparing sightings in these areas to
areas outside MPAs, manatees were the only group to show signif- 
icantly higher density within MPAs (Table 3). The average density 
of manatees within MPAs was 0.3 individuals per 5 km-segment 
(18 individuals along 310 km coastline), three times larger than 
in areas outside MPAs (0.1 individuals per 5 km-segment, 23 indi- 
viduals along 1160 km coastline). This positive relationship was 
confirmed by Spearman correlation analysis (p = 0.001).

When considering individual MPAs, manatees showed signifi-
cantly higher density in two estuarine MPAs (‘‘Delta do Rio Par- 
naíba’’ and ‘‘Barra do Rio Mamanguape’’) than outside, with six 
and five manatees, respectively . Dolphins showed significantly
higher density within the ‘‘Costa dos Corais’’ MPA (24 dolphins ),
while sea turtles showed significantly higher density within the 
‘‘Recifes de Corais’’ MPA (41 sea turtles) (Fig. 4 and Table 3).
4. Discussion 

The data generated by the hitherto largest effort to quantify and 
correlate the distribut ion of manatees, dolphins and sea turtles in
northeast Brazil yielded important new insights into the situation 
of these taxon’s.

This study revealed a wide distribution of manatees, dolphins 
and sea turtles, except for a single area (the Potiguar Basin), prob- 
ably due to specific hydrographi c features and anthropoge nic fac- 
tors in this area. The present data showed that some species 
were associated with each other and with coastal features, such 
as estuaries and reefs. The important role of MPAs was corrobo- 
rated by the high densities of these animals. One alarming finding
was the association of manatees and sea turtles with motorize d
fishing boats and coastal cities, which is a relevant conservation 
issue.



Fig. 4. Density of manatees (left), dolphins (center) and sea turtles (right) in marine protected areas in northeastern Brazil (DP: Delta do Rio Parnaíba, RC: Recifes de Corais,
BM: Barra do Rio Mamanguape, CC: Costa dos Corais, Outside: areas outside marine protected areas). Data are based on 27 h of aerial surveys from the states of Piauí to
Alagoas. N = 294 coastal segments of 5 km length.

Table 3
Marine protected areas (MPAs) in northeastern Brazil and total sightings of manatees, dolphins and sea turt les. Data are based on 27 h of aerial surveys . N = 294 coasta l segments 
of 5 km length. Values given in the table are total number of organisms (N) and density (N per km coastline).

MPAs Area (km2/segment) Main habitat N/Density per segment Spearman correlation 

Manatees Dolphins Sea turtles Manatees Dolphins Sea turtles 

Delta do Rio Parnaíba 3.14/16 Extensive Mangroves 6/0.4 4/0.3 12/0.8 0.004 n.s. n.s.
Recifes de Corais 1.8/14 Offshore Reef Patches 3/0.2 0/0.0 41/2.9 n.s. n.s. 0.0008 
Barra do Rio Mamanguape 0.15/6 Coastal Reef Lines 5/0.8 2/0.3 8/1.3 0.0007 n.s. n.s.
Costa dos Corais 4.14/26 Coastal Reef Lines 4/0.2 24/0.9 22/0.8 n.s. 0.024 n.s.
All MPAs Total: 9.23/62 18/0.3 30/0.5 83/1.3 0.001 n.s. n.s.
Outside MPAs Total: �/232 23/0.1 48/0.2 203/0.9 

n.s: not significant at a = 0.05.
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4.1. Spatial distribution 

Manatees, dolphins and sea turtles occurred more or less con- 
tinuously along the study area. The only extensive area with virtu- 
ally no sightings of animals was the Potiguar Basin, located at the 
northweste rn coast of Rio Grande do Norte state. This region pre- 
sents extremely harsh conditions due to the high energy of winds,
waves and tides, with strong alongshore currents in westerly direc- 
tion (Silva and Amaro, 2008 ). It is also considered one of the most 
oligotrophic regions of Brazil and has the lowest estuarine influ-
ence of the entire coastline, with virtually no freshwater input 
(Júnior et al., 2010 ). Furthermore, intensive resource exploration 
and coastal degradation have persisted for many decades due to
the activities of the offshore oil industry, salt works and shrimp 
farming (Silva and Amaro, 2008 ), as observed during the survey.
Seismic surveys associated with the offshore industry may cause 
severe physiological and behavioral changes in several organisms,
especially in marine mammals (McCaule y et al., 2000; Early, 2001 ).
However, the present study and earlier assessments (Parente et al.,
2006; Parente and Araújo, 2011 ) are still insufficient to evaluate 
the influence of offshore activities on the distribution and behavior 
of marine mammals and sea turtles in northeastern Brazil. The dis- 
tribution of manatees, that forage on macroph ytes and seagrass 
beds and are known to actively seek freshwater to drink, seems 
to be fundamentally determined by the availability of freshwater 
and food sources, and shelter in estuaries for reproduction (Hart-
man, 1979; Reynolds et al., 2009 ). However, the extreme harshness 
of the dynamic coastline, the scarcity or absence of freshwater 
sources and foods, the scarce and inaccessible sand bar estuaries,
the absence of any shelter provided by barrier reefs and the intense 
human exploration may together explain the absence of manatees 
in the Potiguar Basin. This area and the eastern portion of the state 
of Ceará show the largest numbers of cases of manatee strandings ,
especiall y neonates, probably related to these factors (Parente
et al., 2004; Meirelles, 2008; Lima et al., 2011 ).

The coexistence of manatees and sea turtles found in this study 
has been recorded in various other locations worldwide (Fertl and 
Fulling, 2007 ). This positive relationshi p is a function of the ecolog- 
ical requiremen ts of both taxa, which may share common shelter 
and coastal foraging areas. Herbivory is a common trait among 
sirenians and C. mydas , feeding on seagrass beds and macroalgae 
(Hartman, 1979; Borges et al., 2008; López-Mendilaharsu et al.,
2008; Guebert-Barth olo et al., 2011 ). There is a correlation of both 
taxa and fishing boats, both being concentrated close to shore, in
the same, productive areas. This proximity implies a high risk of
collision, accidental capture and habitat destruction , mainly by
shrimp trawlers (Borges et al., 2007; Meirelles, 2008; Eguchi 
et al., 2010; Guebert-Bar tholo et al., 2011 ). In Florida, most 
of the reported mortaliti es and serious mutilations of manatee s
(T. m. latirostris ) are due to collisions with motor boats (Nowacek
et al., 2004; Rommel et al., 2007 ). In northeastern Brazil, previous 
reports indicate that the interaction of T. m. manatus with motor 
boat traffic represents a direct threat for this species, causing le- 
sions and deaths (Borges et al., 2007; Meirelles, 2008 ). In San Diego 
Bay, an intensively urbanized coastal area, frequent strandings of
green turtles have been reported, probably related to collisions 
with motor boats (Eguchi et al., 2010 ).

4.1.1. Antillean manatee 
Studies on the distribution of manatee s in Brazil have been con- 

ducted since the 80s, based on informat ion from fishermen and 
stranding data (Parente et al., 2004; Luna et al., 2008; Lima et al.,
2011). Only one single study in the eastern part of Ceará state used 
an aerial survey, however with difficulties associated to the observa- 
tion of these animals in turbid waters during the rainy season and 
flight logistics (Costa, 2006 ). Conversel y, the aerial methodology 
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used in this study was very favorable for the detection of manatees,
highlighting its importance for the conservation of this endangered 
species.

The detection of some manatees has been hampered due to the 
following factors: (1) solitary habit, (2) barely visible exposure on
the surface, and (3) cryptic brownish color surrounded by turbid 
waters near estuaries. These limitations may make counting and 
identification inaccurate (Edwards et al., 2007 ), one alternative 
being the use of a side-scan sonar (Gonzalez -Socoloske et al.,
2009). During periods of cold weather, aerial surveys conducte d in
Florida uncovered large groups of manatees in areas of warm and 
transparent water, which facilitated the counting (Edwards et al.,
2007). In the study area, the almost constant temperat ure of coastal 
waters prevents this type of phenomeno n (Lima et al., 2011 ).

The social structure of manatees, predomin antly solitary or in
couples, was also found in other studies in this region (Borobia
and Lodi, 1992; Paludo and Langguth, 2002; Costa, 2006 ). The pres- 
ence of calves on Barreta beach, Rio Grande do Norte state, was also 
recorded by other researchers (Oliveira et al., 1990; Paludo, 1998 ),
suggesting the existence of a nursery area. The mating period of
manatees in northeastern Brazil is the dry season, from October to
May (Paludo, 1998; Parente et al., 2004; Meirelles, 2008; Lima 
et al., 2011 ). The observation of a single calf only within the repro- 
ductive season (March) during the aerial survey may be considered 
worrisome for the conservation of this species, which is threatened 
by the destruction and degradat ion of its estuaries (Parente et al.,
2004; Meirelles, 2008 ). Furthermor e, these few records may be
due to lack of sampling within the estuaries, which are ecosystems 
using for reproduction and parental care of manatee s (Hartman,
1979; Lima et al., 2011 ), or detection difficulty related smaller size.

The presence of manatees in shallow coastal waters, generally 
with less than 12 m depth, seems to be related to the availability 
of food sources (Hartman, 1979; Olivera-Gómez and Mellink,
2005; Rodas-Tr ejo et al., 2008; Langtimm et al., 2011 ). Furthermor e,
these are often shallow sheltered sites that allow animals to spend 
less energy in respiratory intervals (Smethurst and Nietschman n,
1999; Bacchus et al., 2009 ). The access to shallow foraging areas at
high tide only introduces additional variability to the depth range 
of manatees. In previous studies conducted in northeastern Brazil 
with observations from shore or on boats, water depth of manatee 
sightings varied between only 0.4 and 5.6 m (Borobia and Lodi,
1992; Paludo and Langguth, 2002; Costa, 2006 ), which is much shal- 
lower than the range observed in our study (most frequent ly within 
6–8 m, reaching 14.8 m). This difference is probably due to the more 
efficient coverage of deeper waters in this aerial survey as compared 
to earlier studies. The most common seagrass in this region, Halod- 
ule wrightii, which is considered one of the main food sources for 
this species (Borges et al., 2008; Lima et al., 2011 ), is found from 
the intertidal zone down to 10 m depth (Laborel-Deg uen, 1963 ).

Furthermor e, the occurrence of manatees near well-preserved 
mangrove estuaries located in the northern part of the study area 
reflects the use of these types of habitats for breeding and foraging 
(Olivera-Gómez and Mellink, 2005; Rodas-Trejo et al., 2008; Lima 
et al., 2011 ). In many other estuaries surveyed in this study, the 
visible deforestatio n of mangrove vegetation due to the expansion 
of shrimp farms, salt works, and urbanizati on has caused the clos- 
ing of estuaries with sand bars, hampering the access by manatees 
(Lima et al., 2011 ).

The positive correlation between manatees and medium-sized 
cities highlights the intense human occupation of the coastal zone 
around estuarine and sheltered areas that are important for this spe- 
cies. The attractivene ss of bays and estuaries for human populations 
in Brazil resulted in a long process of intense urban developmen t,
fisheries, ports, industrie s and recreational activities in these areas,
which are major threats for coastal ecosystems (Cunha, 2005 ) and 
many endangered species.
4.1.2. Dolphins 
Even under ideal conditions of water transparenc y and swim- 

ming in groups, the identification of dolphins was difficult due to
their quick movements in opposition to the speed of the aircraft.
The small morphological variations between some cetaceans make 
aerial identification difficult (Preen, 2004 ). S. guianensis was diag- 
nosed by the morphology of the rostrum and melon, pink–gray col- 
oration and its triangular dorsal fin (Flores, 2002 ).

Groups of two to eight Guiana dolphins found in this study are 
commonl y observed in northeastern Brazil (Araújo et al., 2001,
2008), while groups of this species may reach 150 specimens in
the southern region (Flores, 2002 ), where waters are more produc- 
tive due to seasonal upwelling (Muehe and Garcez, 2005 ). This ex- 
plains the tendency of large groups to inhabit the southern and 
southeastern region, and small groups to occur in the northeastern 
region (Araújo et al., 2008 ).

The higher frequency of dolphins in deep waters, reaching a
depth of 17.1 m and at a distance of up to 4.4 km from the coast 
in the present study, is similar to findings of previous studies on
Guiana dolphins in Brazil, with up to 16 m depth and four km from 
the coast (Bazzalo et al., 2008; Wedekin et al., 2010 ). Previous 
studies showed that the bathymetry is important for the distribu- 
tions of dolphins, mainly due to the depth-rel ated distribution of
prey (Baumgartne r et al., 2001; Certain et al., 2008 ). This may re- 
flect their search for food, corroborated by the migration of fish
to deeper areas and away from the coast due to environmental per- 
turbations in nearshore reef ecosystems in northeastern Brazil 
(Frédou and Ferreira, 2005 ). The search of these animals for more 
offshore areas may suggest a strategy to find favorable foraging 
areas, and possibly to avoid the intense coastal artisanal fishing
activity recorded in this study. Accidental capture in fishing nets 
is a main threat for Guiana dolphins in Ceará state, cetacean spe- 
cies with highest (62%) incidence of strandings (Meirelles et al.,
2009). This species and bottlenose dolphins (Tursiops truncatus )
have foraging as a determinan t factor for habitat choice (Hastie
et al., 2004; Wedekin et al., 2010 ).

The occurrence of dolphins close to estuaries may indicate the 
search for food sources that are associate d to these important nurs- 
eries for crustaceans and fish, both for resident species and for 
marine migratory species (Blaber, 2000 ). In Brazil, S. guianensis fre-
quently occurs in estuarine areas and their surroundings (Flores,
2002; Araújo et al., 2008 ), suggesting that many unidentified spec- 
imens are probably of this species.

4.1.3. Sea turtles 
Sea turtles were the most abundan t taxon in this study. This is

the first aerial survey of sea turtles carried out in Brazil. This meth- 
odology has been shown to provide important abundance esti- 
mates of sea turtle populations, especially in foraging or nesting 
grounds (Epperly et al., 1995; Cardona et al., 2005; Roos et al.,
2005; Witt et al., 2009 ).

Individuals from the family Cheloniidae have been identified by
the greenish-brow n shell coloration, that is distinct from Dermoch- 
elyidae, which have a black color and very prominent ridges. The 
detection of the specimens, even in moderate visibility condition s,
occurred through the total body exposure and turbulence at the 
water surface caused by the fins during the dive, which could reveal 
the number of animals (McClellan, 1996 ). However, flight altitude 
and speed, and escape behavior caused by the noise of the aircraft,
made the identification at species level difficult, as observed in other 
studies (Shoop and Kenney, 1992; Epperly et al., 1995; McClellan,
1996). The smaller size of sea turtles in relation to other taxa studied 
also contributed as a limiting factor for identification to species 
level. Previous studies based on aerial surveys suggested a minimum 
size of 30 (Epperly et al., 1995 ) to 75 cm (Shoop and Kenney, 1992 )
carapace width for a specific diagnosis of sea turtles. Conversel y,
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in the present study, identification to species level was not possible 
even for large-siz ed specimens .

The high number of solitary sea turtles sighted could indicate 
that the areas studied did not include major breeding grounds,
since mating occurs in large groups in shallow waters (Hirth,
1980). In Brazil, green turtles, for example, may be sighted in
groups during the reproductive period from September to March,
which includes the study period. This species uses oceanic islands 
for mating, being rarely sighted in large groups along the continen- 
tal northeastern coast of Brazil. The northeastern coast harbors 12
of the 19 main breeding areas for sea turtles in country (Marcova l-
di and Marcovaldi, 1999 ). However, none is included in the study 
area, although nesting areas along the coast have been recorded.
Aerial and snorkel census techniques for estimating green turtle 
abundance in foraging areas identified small groups of 4–5 individ- 
uals, that apparent ly were randomly distributed (Roos et al., 2005 ).
It is therefore likely that the study area is mainly used for feeding 
and resting.

In this study, varying depths (0.9–18.5 m) and distances from 
the coast (from the coastline up to 5 km) occupied by sea turtles 
showed the diversity of existing habitats. Their spatial distribution 
can be influenced by physical and biological parameters, and depth 
distribution is closely related to their feeding, breeding and resting 
behavior (Griffin and Griffin, 2003; Roos et al., 2005; Witt et al.,
2010). In a previous study in Brazil, green turtles were sighted dur- 
ing scuba dives feeding at 6 m depth (Guebert-Barth olo et al.,
2011), and swimmin g in areas with vegetatio n at 10 m depth 
and up to 10 km distant from the coast (Parente et al., 2006 ). These 
numbers are within the range recorded in this study, suggesting 
the occurrence of important foraging areas in northeaster n Brazil.

The positive correlation of sea turtles with reef formatio ns such 
as Northern Beach Rocks and Offshore Reef Patches, as observed by
the high density of individuals in the MPA ‘‘Recifes de Coral’’ may 
be intimately related to the search for shallow sheltered areas and 
for areas with abundant macroalgae that grow on sandstone sub- 
strates. Likewise, an aerial survey carried out in Western Australia 
revealed a higher density of sea turtles in reef areas (Preen et al.,
1997). In a study conducted in the South-West Indian Ocean, the 
distribution of these animals close to coral reefs and on the outer 
reef slopes was explained by the availability of shelter and food 
(Jean et al., 2010 ), similarly to the findings of the present study.

4.2. Marine protected areas (MPAs)

The high density of manatee s in the MPAs ‘‘Delta do Rio Par- 
naíba’’ and ‘‘Barra do Rio Mamanguape’’ highlights the importance 
of these areas for the protection of this species and its habitats.
These areas are mainly composed of a complex deltaic environ- 
ment with well-preserved mangroves (‘‘Delta do Rio Parnaíba’’)
or estuarine mangroves with adjacent coastal reef lines (‘‘Barra
do Rio Mamanguape’’), allowing for the occurrence of groups of
manatees in sheltered, well-preserved areas and an open access 
to upstream environments for reproduction and resting (Borobia
and Lodi, 1992; Lima et al., 2011 ). In the Persian Gulf, areas with 
high densities of dugongs and sea turtles were related to habitats 
that are rich in seagrass beds and coral reefs, and were chosen 
for the establishment of MPAs (Preen, 2004 ).

The occurrence of dolphins and sea turtles in MPAs character- 
ized by linear coastal reef formatio ns can ensure sheltered areas 
for foraging and resting. The MPA ‘‘Recifes de Coral’’, with high 
numbers of sea turtle sightings, has coastal and offshore reefs, as
well as seagrass beds and banks of macroalgae, which likely repre- 
sent food sources for these animals (Guebert-Barth olo et al., 2011 ).
In the MPA ‘‘Costa dos Corais’’, the configuration of a large-scale 
barrier reef may allow for higher food availability and facilitate fish
capture strategies by dolphins. The use of specific foraging 
techniqu es is commonpla ce for some species of delphinids , such 
as the bottlenose dolphin, that adapt its distribution patterns to- 
wards habitats that are favorable for prey capture (Hastie et al.,
2004; Torres and Read, 2009 ). In Brazil, Guiana dolphins feed pref- 
erentially in bays, barrier reefs and estuaries, where they can direct 
fish schools to shallower waters (Araújo et al., 2001; Rossi-Santos 
and Flores, 2009 ). Such areas are widely found in the MPA ‘‘Costa 
dos Corais’’ (FAO, 2011 ).

It is notewort hy that there is a captive manatee reintroduction 
program within the MPA ‘‘Costa dos Corais’’, located in the north- 
ern part of the state of Alagoas. This very successfu l program has 
possibly provided an increase of the manatee population in this 
area (ICMBio, 2011 ). However , proximity and easy access of human 
populations to reef areas found in the study can directly affect the 
biologica l communi ties (Castro and Pires, 2001 ). Habitat loss and 
the degradation of feeding areas for sea turtles are a potential 
cause of population decline (López-Mendilaharsu et al., 2008; Gue- 
bert-Bart holo et al., 2011 ) and the presence of motor boat traffic
and trawling can cause behavioral changes in dolphins (Constan-
tine et al., 2004; Wedekin et al., 2010; Carrera et al., 2008 ).

The results of the present study cannot be used to test whether 
the existence of MPAs increases the density of endangered species 
in these areas, as in other studies (Witt et al., 2009; Panigada et al.,
2011; Knip et al., 2012 ). All MPAs were delineated around special 
coastal features, such as outstandingl y large or exception ally 
well-preser ved estuaries and barrier reefs, which create favorable 
and essential habitats for these and many other species. Rather 
than proving the effect of MPAs, the elevated density of these 
organisms shows the vital importance of protecting and ade- 
quately managing such unique ecosystems to ensure a sustainab le
future for the populations of severely threatened species.

5. Conclusi ons 

The spatial distribut ions of manatee s, dolphins and sea turtles 
show the different types of behavior of these species and the vari- 
ety of ecosystems along the coast, with a preference for well-pre- 
served foraging and resting habitats.

In northeastern Brazil, aerial monitoring in areas of occurrence 
of marine mammals and sea turtles, that are susceptibl e to habitat 
loss, can encourag e the developmen t of managemen t, environm en- 
tal conservation and recovery programs. The diagnosis and moni- 
toring of ecosystems are essential for the survival of marine 
biodivers ity, highlighting the role of MPAs for the protection of
ecosystems and species.
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