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Dr. Denise Herzing 

Master of Science 

2007 

Between August 2005 and December 2006, 139 boat surveys were conducted in 

Sepetiba Bay, Brazil to sample behavioral patterns and environmental parameters during 

the occurrence of marine tucuxi groups and aggregations. Aggregations were defined as 

several groups gathered in an area totaling more than 100 animals, usually engaged in a 

specific behavior. A total of 65 aggregations (x= 177) and 192 groups (x=18) were 

recorded. Marine tucuxi groups and aggregations differed regarding behavioral activity, 

geographical location and age composition. Aggregations were temporal associations of 

several marine tucuxi groups performing foraging/feeding activities probably in response 

to prey species, abundance, and distribution. Aggregations were primarily located at the 

interior of the Bay where local topography may aid dolphins in pursuing and herding 

schools of prey. Presence of neonates and calves was highly correlated with aggregations, 

reflecting the potential importance aggregations have in the protection, developmental 

and learning processes of younger animals. 
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I- INTRODUCTION 

Sotalia guianensis, also known as marine tucuxi or estuarine dolphin, is a small 

member of the Delphinidae family that inhabits tropical and sub-tropical coastal waters 

throughout Central and South America. The northern record includes Honduras, and the 

southern limit is south Brazil, where low water temperature is believed to restrict its 

distribution. Along the coast of Brazil, S. guianensis may have an extensive and 

"continuous" distribution ( da Silva and Best, 1996). 

Marine tucuxi are reported to form groups in all its known areas of distribution, 

with lone animals rarely observed. Group sizes vary widely among studies and 

populations, and the behavioral and environmental characteristics that influence group 

formation patterns are also highly variable (Geise et al. , 1999; Edwards and Schnell , 

2001 ; Simao and Poletto, 2002; Lodi, 2003 ; Flach et al. , 2003b; Flores and Bazzalo, 

2004; Azevedo et al. , 2005; Daura-Jorge et al. , 2005; Azevedo et al., 2007; Flores and 

F ontoura, 2006). 

Several evolutionary and ecological factors influence group living among 

different animal species. Some of the detriments of group living may include increased 

parasite transmission, competition for resources, and risk of detection by predators. Some 

benefits of social living include defense against predators, improved foraging information 

and resource acquisition (Alcock, 2005). Predation risk imposed by sharks and killer 

whales, resource protection, and prey acquisition are probably the most considerable 

forces favoring group living among cetaceans, especially delphinids (Connor, 2000). In 
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addition, because dolphins are rarely alone, cooperative searching and hunting for food 

have been reported for several species (Wursig, 1986). 

In areas of marine tucuxi distribution very few studies of population abundance 

have been conducted; Guanabara Bay has a population estimated between 69 - 75 

animals (Pizzomo, 1999 in Santos et al. , 2001), Babitonga Bay houses a population 

estimated to be 230 dolphins (Cremer et al. , 2006), Cananeia estuary has an estimate 

population of 290-360 individuals (Santos and Zerbini, 2006) and Sepetiba Bay has a 

population estimated to be more than 600 animals (Flach et al. , 2003a). 

For most marine tucuxi populations, mean group sizes range from 3 to 13 

individuals (Bolanos, 1998; Spinelli et al. , 2002; Di Beneditto et al. , 2001 ; Edwards and 

Schnell, 2001 ; Azevedo et al. , 2005). However in other locations, especially those 

towards the southern parts of Brazil, group mean sizes are larger than those of northern 

populations; in Rio de Janeiro and Santa Catarina states, southeast and south Brazil 

respectively, mean sizes are 29 and 32 individuals (Daura-Jorge et al. , 2005; Flach et al. , 

2003b; Lodi, 2003)(Figure 1). Flores and Fontoura (2006) have reported unusually large 

group sizes have been regularly recorded in Norte Bay, south Brazil , where most marine 

tucuxi sightings range from 60 to 80 individuals (Table 1). 
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Area Group ran2e Mean Most common Reference 
Cayos Miskito Reserve, 

1-15 3 ? 
Edwards and Schnell, 

Nicaragua 2001 
Zulia state, Venezuela 

1-50 6 1-10 
Bolanos, 1998 

Marapanim Bay, PA 
1-60 6 1-8 Emin-Lima eta!., 2006 

Pipa beach, RN 
2-19 4 ? 

Spinelli eta! ., 2002; 
Pansard et a!. , 2006 

Regencia, ES 
Up to 10 4 4-6 

Alan Cepile 
(pers.comm.) 

Northern RJ 
2-50 8 2-15 

Di Beneditto eta! ., 
2001 

Guanabara Bay, RJ 
1-40 13 2-10 

Azevedo eta!. , 2005 

Sepetiba Bay, RJ 
2-280 30 ? 

Flach eta! ., 2003b 

Paraty Bay, RJ 
1-100 32 31-40 

Lodi, 2003 

Babitonga Bay, SC 
1-30 5 ? 

Cremer eta! ., 2006 

Norte Bay, SC Daura-Jorge eta! ., 
1-80 29 60-80 2005; Flores and 

Fontoura, 2006 

Table 1: Marine tucuxi group sizes among different areas of occurrence (Nicaragua, Venezuela and Brazil) 
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Figure 1: Marine tucuxi mean group sizes along areas of distribution 
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The differences in the group sizes and behavioral patterns found in several 

populations of marine tucuxi may reflect the lack of agreement in methodological and 

terminology used in different studies (Wedekin et al. , 2006). But it may also elucidate the 

behavioral flexibility and adaptive responses that different marine tucuxi populations 

exhibit according to local environmental and ecological characteristics. The observation 

of aggregations of more than 100 animals in some areas of its distribution may provide 

evidence of this behavioral flexibility and adaptive responses of the animals under 

different ecological pressures. 

Aggregations are arbitrarily defined as several marine tucuxi groups gathered in 

an area totaling more than 100 animals, usually engaged in the same behavioral activity 

(Flach et al. , 2003b ). Studies regarding aggregations are lacking; most reports have been 

occasional observations of this phenomenon. Marine tucuxi aggregations have been 

reported in Paraty and Sepetiba Bays in Rio de Janeiro, southeast Brazil (Figure 2). In 

Paraty Bay large aggregations of marine tucuxi , ranging from 150 to 450 individuals 

were observed cooperatively hunting fish of the Clupeidae family (sardines), and also 

performing resting and socializing activities. The formation of these large aggregations 

was considered common in the southern coast of Rio de Janeiro state and unlikely to be 

formed due to predation risk (Lodi and Hetzel , 1998). In Sepetiba Bay, Flach et al. 

(2003b) reported the occurrence of aggregations ranging from 120 to 280 individuals 

performing cooperative foraging-feeding and socializing activities. Monteiro-Filho 

(2000), although not mentioning the size of the aggregations observed in Cananeia 

estuary, reported that smaller groups may gather temporally when moving to an 

apparently goal-oriented direction or when hunting on a large school of fish . He also 
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suggested that these uncommon temporal associations may mcrease the chance of 

catching the necessary feeding resources, and may be dependent on the presence and 

proportion of fish schools. However, specific analyses of the dolphins' behavior, 

location, and environmental influences during the occurrence of aggregations were not 

performed. 

Figure 2: Paraty and Sepetiba Bays, Rio de Janeiro, Southeast Brazil. GPS TrackMaket® 

The main objective of this study was to assess the behavioral contexts and 

environmental conditions during the occurrence of marine tucuxi aggregations in 

Sepetiba Bay. 
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ll- MATERIALS AND METHODS 

A- Study area 

Sepetiba Bay (23°04 ' -22°54' S I 44°03 '-43°34'W) is an elongated semi-enclosed 

water body with a surface area of approximately 520 km2 (Figure 3). The bay contains a 

wide range of habitats, including mangroves, sandbanks, and small estuarine areas 

(Vicentini and Araujo, 2003). The largest west-east extension is approximately 40 km 

and the largest north-south extension is about 20 km (Copeland et al., 2003). The average 

depth is 8 meters, but dredged canals with 20-30 meters in depth are also present (Flach 

et al. , 2003a). The continent delimits the bay on its northern and eastern borders, a sand 

bar (Restinga da Marambaia) separates the bay from the Atlantic Ocean in the southern 

part, and the connection with the ocean is at the western portion of the bay (Flach et al. , 

2003a). 

Based on water input, the Sepetiba Bay can be divided in two parts (Figure 3). 

The north-eastern portion (interior) with the best preserved mangrove areas is influenced 

by rivers and tide channels (Silva et al , 2003), receiving the most freshwater inputs 

(Molisani et al. , 2004). The external portion (entrance) receives a high saltwater influence 

(Silva et al. , 2003) that can be affected by strong NE winds, which bring most of the 

fluvial inputs directly through the western main channel into the Atlantic Ocean 

(Molisani et al. , 2004). Overall, the waters are rich in organic nutrients from continental 

drainage and the bottom is predominantly muddy (Vicentini and Araujo, 2003). 
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The bay also houses two important ports (Figure 3). The Sepetiba port (Hubport), 

in operation since 1982, is located at the northern coast of the bay. According to the port 

authorities in Rio de Janeiro, due to location, physical , and natural characteristics of the 

bay, the Sepetiba port has the capacity to become the largest in Latin America. Today, the 

port receives large-sized cargo ships importing and exporting mainly metallurgic 

charcoal, aluminum, sulfur, vehicles, and iron ore (www.portosrio.gov.br/Sepetiba/#a1). 

During 2002, the port had a cargo-flow of 15,887,987 tons of these products 

( www. transportes .gov. br/bitlportos/Sepetiba/ deposepeti ba. htm). Since 1996, the 

Brazilian government's National Development Bank (BNDES) has financed the 

expansion of the Sepetiba port to increase its docks and loading platforms for iron ore 

and grains (www. bndes.gov.br/ conhecimento/publicacoes/catalogo/s _ sepetiba.asp ). The 

Ilha Guaiba port, operated by a mining company (MBR), is located in the western part of 

bay and is mainly used to export iron ore. In 2002, 209 ships used the terminal , 

transporting a total of 26,917,367 tons of 1ron ore (www.transportes .gov.br/ 

bitlportos/Sepetiba/deposepetiba.htm). 
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Figure 3: Sepetiba Bay. GPS TrackMaker® 

Sepetiba Bay lays about 50 km from Rio de Janeiro city (Copeland et al. , 2003) 

and over the past few decades it has suffered the consequences of the expansion of this 

metropolitan region. During the 1960s, the principal activities performed at the bay were 

tourism and fishing (Amado-Filho et al. , 2003). Today, in addition to those activities, the 

establishment of towns and villages along the north side of the bay has increased the 

population from 600,000 in 1978 to 1.7 million in 2000 (Molisani et al. , 2004). Large 

investments and structural modifications have occurred in the region, affecting the socio

economic and ecological environment in the bay's surroundings. With the increasing 

development, Sepetiba Bay is one of the main receptors of industrial effluents from the 

state, especially of heavy metals arriving from the ore-metallurgic industry, and non

treated urban sewage as well (Amado-Filho et al. , 2003). Not only water pollution, but 

also rapid population growth and increased port activities threaten Sepetiba Bay. 

Industrial fishing, although prohibited within some areas of llha Grande Bay complex 

(SUDEPE Portaria n° N-35, 1988), has also been observed (person.obs.) and reported by 
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the Brazilian Institute of Environment and Renewable Natural Resources - IDAMA 

(www.ibama.gov.br/tj). 

B- Field procedure 

The proposed study was developed with a resident population of marine tucuxi 

dolphins in Sepetiba Bay, Rio de Janeiro, Brazil. This dolphin population has been 

studied by the Boto-cinza Project since 2002, by collecting data on marine tucuxi's 

behavior and ecology, and environmental factors . The present study analyzed data on the 

occurrence of marine tucuxi groups and aggregations collected by the Boto-cinza Project 

between August 2005 and December 2006. 

Boat surveys were conducted on a daily basis according to weather and sea 

conditions (::; Beaufort 2) for photo-identification procedures, behavioral sampling 

observations, and measurements of environmental parameters. The boat surveys followed 

four pre-established line transects randomly alternated on each survey day (Figure 4). A 

7.5 meter boat equipped with a 120 hp inboard motor was used during the surveys. Two 

observers were located at the bow at a height of approximately 2 meters above the water 

surface; the pilot observed a goo angle on the right hand side of the boat while the other 

observer covered a goo angle on the left hand side. Observations were conducted 

predominantly with naked eye, but regular scans were also performed with 7x50 Bushnell 

binoculars. 
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Figure 4: Line transects followed during the study. GPS TrackMaker® 

When dolphins were sighted, the boat was moved towards the animals in order to 

record their position with the Global Positioning System - GPS (World Geodetic System 

1984 - WGS' 84) and collect data on environmental parameters (water depth, salinity, 

temperature and tide), sighting size, composition, and behavior. Time was recorded when 

the dolphins were sighted. The GPS position and environmental parameters were 

recorded once the boat reached the point in which the animals were first seen. The 

sightings' size, composition and behavior were recorded using the focal group sampling 

method after five minutes of observation (Mann, 2000). 

To estimate the size of an aggregation, the number of individuals within groups 

was counted and the mean value multiplied by the number of groups observed within the 

observers' visual ranges (i .e., 15 groups with a mean of 7 individuals each, equal an 

aggregation of 105 animals). 
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C- Definitions 

The term sighting was defined as a dolphin encounter with either a group or an 

aggregation during the course of the survey and thus represents the sampling unit 

(modified from Flores and Fontoura, 2006). A sighting was considered an aggregation if 

it contained several groups gathered in an area usually engaged in the same behavioral 

activity, totaling more than 100 animals (Figure 5). During this study, groups were 

defined as dolphins observed in apparent association usually engaged in the same 

behavior, within the observers' visual range. Groups may contain individuals of all age 

classes (Flores and Fontoura, 2006). 

Figure 5: Representation of a marine tucuxi aggregation in Sepetiba Bay 

Animals were classified as adults, juveniles, calves and neonates according to 

morphological characteristics such as body coloration and size (Table 3). Adult marine 

tucuxi were predominantly gray in color with a body size of 1.6 to 2 meters in length. 

Juveniles were considered animals measuring approximately % of an adult animal, also 

lighter in color. Calves measured approximately Y2 the size of an adult and were slightly 

pink in color. In neonates, it was possible to observe fetal folds; they were the smallest 
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animals measunng approximately V4 of an adult animal and also had darker gray 

coloration (modified from Lodi, 2003). 

During a pilot study in Sepetiba Bay between May and August 2005, a behavioral 

repertoire was developed for this marine tucuxi population (Table 2). Approximately 21 

hours of Ad libitum (Mann, 2000) direct observations of the dolphins were conducted and 

the behavioral repertoire developed based on Shane's (1990) list of activities and surface 

behaviors of bottlenose dolphins. The data collected on dolphin sightings during the pilot 

study was not used for analysis. 

Behavioral states Description 
Feeding Surface behavior characterized by repeated, fast, arched dives exposing only 

the dorsal fin (foraging dives) in varying directions in one location 
Foraging Moving steadily in one direction, occasionally stopping and performing 

foraging dives 
Traveling Moving steadily in one direction with rapid dives exposing only the dorsal 

fin porpoise and leaps 
Socializing Some or all individuals in physical contact with one another, chasing, surfmg 

and most of the time at the surface 
Rest Slow movement at the surface, dorsal fin exposed, body little arched 

Mixed behaviors Activities performed by different group members simultaneously 

Unknown Moving in various directions in one location, showing no surface behavior 

Table 2: Manne tucUXl behavioral repertoue based on Shane (1990) 

The variables used during the data collection period are described as follows 

(Table 3): 

Variables Description 
Minimum number Minimum number of individuals counted during the sighting within the 

observers' visual range 
Maximum number Maximum estimated number of animals in the sighting within the 

observers ' visual range 
Month Month of the year in which the sighting was recorded 

Time Hour of day in which the sighting was recorded 

GPS position Latitude Sighting' s north-south distribution 
Longitude Sighting 's east-west distribution 
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Water depth Water depth in meters at the sighting 's point measured with the fish-
finder from the boat 

Water temperature Surface water temperature in degrees Celsius at the sighting' s point 
measured with a thermometer attached to the boat 

Water salinity Surface water salinity in parts per thousand measured from water 
collected at the sighting ' s point with a salinometer 

Tide level In Water flowing into the bay 
High Highest peak 
Out Water flowing out of the bay 

Low Lowest peak 
Adults Larger animals with 1.6-2 meters in length, gray in color 

Juveniles Approximately % of an adult animal, lighter in color 

Calves Approximately ~ of an adult animal, slight pink in color 

Neonates Smalle! animals with fetal folds , darker in color 

Foraging/feeding (FF) Animals hunting and presumably consuming food 

Travel (T) Moving steadily in one direction with rapid dives exposing only the 
dorsal fin, porpoise and leaps 

Social (S) Some or all individuals in physical contact with one ·another, chasing, 
surfing and most of the time at the surface 

Rest (R) Slow movement at the surface, dorsal fin exposed, body little arched 

Mixed (M) Activities performed by different group members simultaneously 
(social/feed, rest/feed, travel/social/feed) 

Unknown (U) Behavior not identified during the observation period 

Table 3: Description of variables measured during data collection period 

The derived binary variables used during the data analysis are described as 

follows (Table 4): 

Variables Description 
Sighting categories 
Group Dolphin sightings with minimum size of I to 99 animals 

Aggregation Dolphin sightings with minimum size of 100 animals or 
more 

Temporal distribution 
Seasons Winter May to October 

Summer November to April 
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'I. 

Period of day Morning 6 am to 11:59 am 
Afternoon 12 pm to 5 pm 

Spatial distribution 
Entrance Area of the bay located at west of -43.91340 W 

Interior Area of the bay located at east of -43.91340 W 

Environmental parameters 
Tide level In/Out Water movement in or out of the bay 

High/Low Peak of tide level 
Water depth, temperature and salinity Raw data 

Sighting composition 
With neonates and calves Sightings with at least one neonate and/or calf observed 

Without neonates and calves Sightings composed by juveniles and/or adults only 

Behavioral cate2ories 
Foraging/feeding (FF) Sighting classified as performing FF activities 

Non-foraging/feeding Sighting classified as performing other activities than FF 

Traveling (T) Sighting classified as performing T behavior 

Non-traveling Sighting classified as performing other behavior than T 

Socializing (S) Sighting classified as performing S activities 

Non-socializing Sighting classified as performing other activities than S 

Mixed (M) Sighting classified as performing M behaviors 

Non-mixed Sighting classified as performing other behavior than M 

Unknown Sighting with a non-identified behavior 

Known Sighting recorded in FF, T, S or M behaviors 

Clusters 
Cluster areas Adjacent grids with at least one sighting record each 

Non-cluster areas All remaining sighting records outside cluster areas 

Table 4: Derived binary variables used during data analysis 
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D- Data analysis 

All analyses were conducted using the Minitab 15 Statistical Software. 

1- Sampling effort 

To assess survey effort, the Two Proportion test for summarized data (Z) was 

performed for the number of boat cruises conducted on each route and season; and for the 

total hourly effort spent according to time and location. 

2- Differences between groups and aggregations 

The Chi-Square Cross-Tabulation test (X2
) was performed to examine sighting 

category according to temporal distribution, spatial distribution, tide level, sighting 

composition, and behavioral patterns. In addition, the Pearson Correlation test for ranked 

data (Spearman Correlation)(R) was also performed between sighting category and 

period of day, water depth, temperature, salinity, sightings composition, and behavioral 

patterns. The Mann-Whitney test (U) was performed to investigate differences in water 

depth, temperature and salinity recorded during the occurrence of groups and 

aggregations. 

Additional analyses were performed between tide level and geographic location 

and tide level and behavioral activity using the Chi-square Cross-Tabulation test. 

Sighting composition was analyzed regarding geographical location and behavioral 

activities using the Chi-square Cross-Tabulation and Spearman Correlation tests . 

Behavioral activities were also analyzed according to time and geographic location using 

the Chi-Square Cross-Tabulation test. A Multivariate Regression Analysis was performed 

in order to investigate the existence of co-linearity between sighting category and period 
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of day, geographical location, sighting composition, water depth, temperature, salinity, 

and seasonality and different categories ofbehavior. 

3- Spatial configuration - clusters 

The records of groups and aggregations were plotted in a map using the GPS 

TrackMaker® version 13 . After visual inspection, the map's coordinate system was 

converted from WGS' 84 (degrees) into Universal Transverse Mercator (meters) with 

each grid measuring 1 km2 (Figure 6). Grids with at least one sighting record and adjacent 

to another grid with at least one sighting record constituted a cluster. Sightings outside of 

cluster areas were considered non-cluster areas. 
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Figure 6: 1 km2 grids division of Sepetiba Bay 
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lli-RESULTS 

A- Sampling effort 

Between August 2005 and December 2006, 139 one-day boat surveys were 

performed. A total of 257 dolphin sightings were recorded, including 192 groups and 65 

aggregations (Figure 7). 

Total dolphin sightings between August 2005 and December 2006 
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Figure 7: Marine tucuxi groups and aggregations recorded during the study period 

The daily boat surveys followed four pre-established line transects, totaling 142 

km of routes covering approximately 400 km2 of Sepetiba Bay (Table 5). 

Location Line transects Km Area surveyed Total km 
1 47 

Entrance 3 13 200 km2 78 
4 18 
2 41 

Interior 3 16 200 km2 64 
4 7 

Table 5: Total area and kilometers surveyed in Sepetiba Bay 
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According to the number of boat surveys performed, line transect 2 was the least 

surveyed and routes 1, 3 and 4 had equal effort (Figure 8). 

Figure 8: Survey effort according to line transect. GPS TrackMaker® 

The survey effort was significantly different among seasons, but the occurrence of 

dolphin sightings was not found to differ by season (Table 6) . 

Winter Summer 2 proportion test 

# ofboat surveys 81 58 
Z=-2.8 

p=O.OOS 

#of dolphin sightings 125 132 
Z=0.62 

p>O.OS 

Table 6: Survey effort and dolphin sightings according to season 

Approximately 565 hours were spent in searching and on direct observation of the 

animals. Most of the hourly effort was performed during morning hours when most 

dolphin sightings were recorded and at the entrance of Sepetiba Bay where most dolphin 

sightings were also recorded (Table 7). 
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Mornin2 Afternoon 2 _l)_ro_l)_ortion test 
Hourly effort 

380 hours 185 hours Z=12.57 
p=O.OOO 

# of dolphin sightings 178 73 
Z=10.32 
p=O.OOO 

Entrance Interior 2 _l)_ro_l)_ortion test 
Hourly effort 

346 hours 219 hours Z=7.75 
j>_=O.OOO 

# of dolphin sightings 190 61 
Z=l3.42 
p=O.OOO 

Table 7: Hourly effort and dolphin sightings according to period of day and location within the bay 

B- Are groups and aggregations different? 

1- Sighting sizes 

Dolphin sightings were classified into two separate categories, groups or 

aggregations, according to the minimum number of individuals with the cutoff at 100 

animals (Table 8). 

Si2ht cat. N Mean Median St dev Min Max 
Groups 192 18 10 19.8 1 99 
Aggregations 65 177 163 59.8 100 340 

Table 8: Marine tucuxi sighting categories (groups and aggregations) size values in Sepetiba Bay 

2- Temporal distribution 

Sighting category (groups and aggregations) did not show significant variation 

between summer and winter (X2=1.08; df=1; p>0.05); indicating that groups and 

aggregations occur throughout the year with no apparent seasonality . Nevertheless, 

sighting category varied according to the period of day (morning and afternoon) in which 

it was recorded (X2=18.716; df=l; p=O.OOO), with 91% of aggregations recorded during 

the morning hours, while only 65% of groups were recorded at this same time period. 

Accordingly, sighting category showed a correlation with the period of day, with 
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aggregations being more often registered in morning hours than in the afternoon (R=-

0.248; p=O.OOO). 

3- Spatial distribution 

Sighting category showed a significant difference in geographical location 

(entrance and interior) within Sepetiba Bay (Figure 9); 59% of aggregations were found 

at the interior whereas only 12% of groups were found at this same location (X2=52.476; 

df= l ; p=O.OOO). 

Figure 9: Spatial distribution of marine tucuxi groups and aggregations in Sepetiba Bay. 

GPS TrackMaket® 

4- Environmental parameters 

Water depth registered for aggregations did not show significant differences from 

the depth recorded for groups. Water temperature registered for aggregations did not 

show significant differences from the temperature recorded for groups either. However, 

the occurrence of aggregations was correlated with water salinity, with aggregations 

being registered in significantly lower salinity waters than groups (Table 9). 
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Variables Sighting N Mean Median St Min Max Spearman Mann-
category dev correlation Whitney 

Depth Group 133 11.7 11 4.8 3.1 26 R=0.076 U=6734.5 
(meters) Aggreg 64 12.1 11.3 3.7 6.9 28 p>0.05 p>0.05 

Temperature Group 152 23.1 22.5 1.9 20 29 R=-0 .007 U=5423 .0 
(OC) Aggreg 53 23 .0 22.5 1.9 19 27 p>0.05 p>0.05 

Salinity Group 165 32.1 32 1.5 27 35 R=-0.174 U=5042.5 
(ppt) Aggreg 55 31.2 31 2.3 20 35 p=O.OlO p=O.Oll 

Table 9: Water depth, temperature and salinity values recorded for groups and aggregations (Aggreg) 

Tide level was not found to have an influence on sighting category (X2=2.128; 

df= l ; p>0.05), on the location ofthe sightings within the bay (X2=0.108; df=l ; p>0.05), 

or on behaviors (X2=0.872; df=4; p>0.05). 

5- Sighting composition 

The presence of neonates and calves was correlated with the occurrence of 

aggregations (R=0.445 ; p=O.OOO). In fact, in all aggregations recorded in Sepetiba Bay it 

was possible to verify the presence of neonates and calves, whereas their presence was 

observed in only 51% of groups (X2=71.396; df= l ; p=O.OOO). 

The presence of neonates and calves was correlated with the interior of the bay 

(R=-0.201 ; p=O.OOl); 32% of sightings with neonates and calves occurred at the interior, 

while only 12% of sightings without their presence occurred at this same location 

(X2= 13 .127; df= l ; p=O.OOO). 

Overall , behaviors varied according to the presence or absence of neonates and 

calves (X2=30.547; df=4; p=O.OOO)(Figure 10). Comparing each binary behavioral 

category to sighting composition, significantly more sightings with neonates and calves 

were recorded during foraging/feeding activities than sightings without their presence 

(X2=22.792; df= l ; p=O.OOO). Significantly more sightings without neonates and calves 
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were registered during "unknown" behaviors than sightings with their presence 

(X2=22.13 ; df=l; p=O.OOO). Traveling (X2=2.122; df=l ; p>0.05), mixed (X2=0.056; df=l ; 

p>0.05), and socializing behaviors (X2=0.461 ; df= l; p>0.05) did not show significant 

variation according to the presence or absence of neonates and calves in the sighting. 
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Figure 10: Distribution of behaviors in marine tucuxi sightings with and without the presence of neonates 
and calves 

6- Behavioral patterns 

Overall, behaviors varied according to sighting category (X2=34.858; df=4; 

p=O.OOO)(Figure 11). Behaviors classified as "unknown" were registered only in groups 

(20% of occurrence) and resting was infrequently recorded (0.5% of all occurrence). 

Comparing each binary behavioral category for aggregations versus groups, 

foraging/feeding activities were more likely recorded in aggregations than in groups 

(X2=16.435; df=l ; p=O.OOO). Traveling behavior was more likely registered for groups 

than for aggregations (X2=7.6; df= l ; p=0.006). Mixed behaviors (X2=2.939; df=l ; 

p>0.05) and socializing activities (X2=1.121 ; df=l ; p>0.05) did not show significant 

variation according to sighting category. 
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Distribution of behaviors in groups and aggregations 
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Figure 11 : Distributipn of behaviors in marine tucuxi groups and aggregations 
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Accordingly, the occurrence of aggregations was correlated with the presence of 

foraging/feeding activities (R=0.267; p=O.OOO), whereas the presence of groups 

correlated with traveling behavior (R=-0.171 ; p=0.012). Sighting categories did not show 

correlation with mixed (R=0.123; p>0.05) or socializing behaviors (R=-0.066; p>0.05) . 

In general , behavioral patterns were not found to vary significantly according to the 

period of the day (X?=7.098; df=4; p>0.05). 

Overall, behaviors varied according to geographic location within Sepetiba Bay 

(X2=11.645; df=4; p=0.020)(Figure 12). Comparing each binary behavioral category for 

the entrance versus the interior of the bay, socializing activities were more likely 

recorded at the interior than at the entrance (X2=5 .782; df=1; p=0.016) and behaviors 

classified as "unknown" were more likely registered at the entrance than at the interior 

(X2=4.912; df= 1; p=0.027). Traveling (X2=0.290; df=1; p>0.05), foraging/feeding 

(X2=0.038; df=1; p>0.05), and mixed (X2=1.716; df= 1; p>0.05) behaviors did not show a 

primary site of occurrence. 
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Figure 12: Distribution of behaviors according to geographic location within Sepetiba Bay 

7. Spatial configuration - clusters 

The spatial configuration of marine tucuxi groups was visually different from the 

spatial configuration of aggregations within Sepetiba Bay (Figures 13 and 14). Groups 

were more widely distributed within the bay and it was not possible to visualize a marked 

separation in their distribution pattern (Figure 13). 

Figure 13 : Spatial configuration of marine tucuxi groups within Sepetiba Bay. GPS Track.Maker®. 
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Figure 14: Spatial configuration of marine tucuxi aggregations within Sepetiba Bay. GPS TrackMaket®. 

Aggregations formed two visually distinct clusters of distribution, one at the 

entrance (E)(Figure 15) and one at the interior (!)(Figure 16) of Sepetiba Bay. 

Figure 15: Aggregation cluster Eat the entrance of Sepetiba Bay. GPS TrackMaket®. 
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Figure 16: Aggregation cluster I at the interior of Sepetiba Bay. GPS TrackMaker®. 

The effort in clusters and non-cluster areas was different. The overlap of routes 3 

and 4 with routes 1 and 2 in some areas of the Bay produced an increased survey effort in 

some regions. Considering the number of boat surveys and the area of clusters and non

cluster, a greater effort was performed at cluster E (112 boat surveys) than in cluster I 

(92) and non-cluster areas (48 on average). 

An occurrence analysis considering area and survey effort in clusters I and E and 

in non-cluster yields considerably different densities of aggregations in these areas (Table 

10). For cluster E (11 km2
) , 112 boat surveys were performed, spotting a total of 20 

aggregations; this translates into 0.016 aggregations observed per km2 per survey . 

Similarly, the success rat~s in cluster I and in non-cluster areas are 0.034 and 0.00055 

aggregations spotted per km2 per survey. Therefore, there is a 30 times higher chance of 

spotting aggregations in cluster E than in non-cluster areas, and a 62 times higher chance 

of spotting aggregations in cluster I than in non-cluster areas. Similarly, there is a 2.06 

higher chance of spotting aggregations in cluster I than in cluster E. 
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Clusters Cluster E Cluster I Non cluster 
Area(km2

) 
11 11 378 

Boat surveys 
112 92 48 (average) 

Opportunity (Area x boat smveys) 
1,232 1,012 18,144 

( km2 x boat surveys) 
Aggregation records 

20 34 10 

Success (Aggreg./Opportunity) 
0.016 0.034 0.00055 

(Aggreg . per km2 per boat survey) 
Density ratio 30 x non-cluster 62 x non-cluster 0 .033 x cluster E 
(in relation to other areas) 0.48 x cluster I 2.06 x cluster E 0.016 x cluster I 

Table 10: Occurrence analysis considering area and survey effort in clusters and non-cluster areas 

Aggregations in clusters varied significantly according to size and water salinity, 

with larger aggregations and lower salinities recorded at cluster I. No significant 

differences were found between clusters regarding water depth or temperature (Table 11 ), 

behaviors (X2=1.512; df=1; p>0.05), time (X2=1.091; df=1; p>0.05), and season 

(X2=0.016; df=1; p>0.05). 

Variables Cluster N Mean Median St dev Min Max Mann-Whitney 
Size E 20 156 140 52 100 262 U=397 

(#dolphins) I 34 202 163 60 100 340 p=0.006 
Depth E 20 12.4 12.3 2.6 7.5 16.9 U=636.5 

(meters) I 34 11.6 11.2 2.2 8.4 19.5 p>0.05 
Temperature E 16 23 .1 22.7 1.7 21 26 U=345.5 

(OC) I 28 23 .2 23 2 19 27 p>0.05 
Salinity E 17 32.6 33 1.5 30 35 U=560 

(ppt) I 30 30.7 31 1.6 26 34 p=O.OOO 

Table 11 : Aggregations size, water depth, temperature and salinity in clusters E and I 

8- Regression analysis 

To verify the existence of co-linearity between the variables sampled for groups 

and aggregations, a multivariate regression analysis was performed between sighting 

category and time period, geographical location, presence of neonates and calves, water 

depth, temperature, salinity, seasonality, and behavioral category. 
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Controlling for all other variables, location had a significant influence on the 

occurrence of aggregations. The same was observed for the presence of neonates and 

calves, foraging/feeding behavior, and seasonality. Time, water depth, temperature, 

salinity, as well as mixed, social and traveling behaviors, did not show significant 

influence on sighting category in the presence of the aforementioned predictors (Table 

12, Test 1). Unknown behavior was removed from the regression analysis because it is 

highly correlated with other variables. 

Table 12: Regression analysis 

To explain the significant influence of seasons in the formation of aggregations, 

analyses between water depth of dolphin sightings and season were performed. Among 

them a multivariate regression analysis was done between sighting category and the 

aforementioned variables except water depth. In this analysis, season was not found to be 

significant (Table 12, Test 2). A Mann-Whitney test was performed in order to test for 

differences between the depth occupied by the dolphins during the summer and winter, 

and differences between the water depths occupied by groups and aggregations separately 

according to season. In addition, a Spearman correlation was performed between water 

depth and seasons (Table 13). 
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Variables . Test P value 
Depth summer x winter U=9955 .5 0.004 
Group depth summer x winter U=3949.0 0.032 
Aggreg depth summer x winter U=l309.0 >0.05 
Water depth x seasons R=0.205 0.004 

Table 13 : Water depth (meters) according to season and within groups and aggregations 
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IV - DISCUSSION 

A- Why are groups and aggregations different? 

1- Sighting sizes 

During the present study, marine tucuxi aggregations were registered ranging 

from 100 to 340 individuals with a mean size of 177 individuals. So far, aggregations of 

over 100 animals have only being reported in Paraty and Sepetiba Bays, both part of the 

Ilha Grande Bay complex in Rio de Janeiro state, southeast Brazil. In Paraty Bay, 

aggregations were recorded ranging from 150 to 450 individuals, with an average size of 

290 animals (Lodi and Hetzel , 1998). In Sepetiba Bay, aggregations ranging from 100 to 

280 animals were recorded by Flach et al. (2003b), with an average size of 193 animals. 

The occurrence of such large sizes along these two close areas of marine tucuxi 

distribution might be related to the similar environmental characteristics and fish species 

of both areas (Araujo and Azevedo, 2001), and also to a cultural trend shared by these 

two populations. The geographic proximity of both locations might allow the contact 

between individuals form Paraty and Sepetiba Bays; however the extent of interactions 

between individuals from those areas is unknown. 

Flores and Fontoura (2006) suggested that the southeastern-southern areas of 

marine tucuxi distribution house larger group sizes than the remaining regions of 

occurrence. In Norte Bay, south Brazil, 85% of the marine tucuxi sightings were 

composed of groups of 60 to 80 animals (Flores and Fontoura, 2006). This unusual group 

size, together with the commonly recorded groups of 30 to 40 individuals in Paraty Bay 
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(Lodi, 2003) and mean group size of 30 individuals in Sepetiba Bay (Flach, 2003b ), 

supports observations of larger southeast-southern group sizes that are probably 

attributable to prey availability and abundance (Flores and Fontoura, 2006). However, not 

all marine tucuxi southeast-southern locations house larger group sizes. Guanabara Bay, 

Rio de Janeiro, southeast Brazil, is considered the most degraded area along marine 

tucuxi distribution. The most common group size recorded in this area is 2 to 10 

individuals (mean=13), with groups larger than 30 animals rarely registered. The poor 

environmental conditions of Guanabara Bay seem to limit resources for this population, 

thus affecting group size (Azevedo et al. , 2005). In northern Rio de Janeiro state, 85% of 

groups recorded had up to 15 animals (mean=8)(Di Beneditto et al. , 2001) and in 

Cananeia estuary, southeast Brazil, the most common group size was 2 to 5 individuals 

(Geise et al. , 1999). Therefore, local conditions may play an important role in 

determining group size in different marine tucuxi populations. 

In Norte Bay, the result of living in large groups containing all age classes seems 

to result from prey availability, predator protection, and reproductive insurance (Flores 

and Fontoura, 2006). In Paraty Bay, the formation of aggregations seems not to be driven 

by predation risk (Lodi and Hetzel , 1998) as the presence of orcas (Orcinus orca) is only 

occasionally observed and big sharks such as the tiger shark ( Galeocerdo cuvier) are 

currently caught outside the bay at open sea (Lodi , 2003). In Sepetiba bay, the occurrence 

of orcas is also rarely observed, but large sharks such as the hammerhead (Sphyrna sp) 

are still caught within the bay. Further evidence of predation pressure at the llha Grande 

Bay complex may arise as photos of animals bearing shark wounds and scars are 

analyzed (Flach, person.comm.). 
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2- Temporal distribution 

No seasonality in the records of aggregations was found in Sepetiba Bay. For 

marine tucuxi groups, lack of seasonality has been reported previously (Flores and 

Fontoura, 2006; Edwards and Schnell, 2001). No seasonality in the occurrence of 

aggregations might be supported by the absence of seasonal variation in marine tucuxis' 

prey items in Sepetiba Bay (Araujo et al., 1998). Although individual prey species suffer 

seasonal changes in abundance, different prey items are available for the dolphins 

throughout the year (Pessanha et al. , 2003). 

Aggregations were more likely recorded during mormng hours than in the 

afternoon in Sepetiba Bay. This daily variation might be driven by the peaks in 

abundance of marine tucuxis' prey species during the day and by displacement of prey at 

sunset and sunrise. Some marine tucuxis ' prey showed a diel pattern, with higher 

abundances during daylight hours and peaks at sunset and sunrise (Pessanha et al. , 2003). 

Daura-Jorge et al (2005) observed group size variation along the day probably linked to 

the behavioral activity of the group. Feeding activity tended to decrease in the afternoon, 

while traveling activities increased. Azevedo et al. (2007) also observed diel variations in 

the behavioral patterns of marine tucuxi in Guanabara Bay probably caused by 

fluctuations in the abundance and distribution of prey . The animals performed 

foraging/feeding activities during the morning with a second peak in late afternoon, 

whereas traveling and socializing behaviors were more frequent in the afternoon. In 

Cayos Miskito, Nicaragua, Edwards and Schnell (2001) reported marine tucuxi groups 

occupying different areas of the reserve according to time of day, however behavioral 

activity did not vary between morning and afternoon. 
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3- Spatial distribution 

Marine tucuxi aggregations tended to occur at the interior of Sepetiba Bay, while 

groups were more frequent at the entrance. Previous studies confirm this pattern of 

distribution. Flach at al. (2003b) reported most of marine tucuxi groups at the entrance, 

while aggregations were more frequent at the interior. The variance in the distribution of 

groups and aggregations might be related to prey species and availability, in addition to 

environmental structure leading in site selection where specific behaviors are observed. 

The use of different areas for distinct behaviors has been reported for several 

marine tucuxi populations. In Norte Bay, feeding and traveling were performed in two 

different areas of the bay reflecting the habitat heterogeneity of these coastal waters, 

which requires distinct behavioral responses by the dolphins (Daura-Jorge et al. , 2005). 

In Cayos Miskito, feeding and traveling activities were also performed in different 

locations within the reserve, where resource abundance and availability and water depth 

were the major determinants of marine tucuxi distribution (Edwards and Schnell, 2001 ). 

The entrance and interior of Sepetiba Bay have different fish communities. In 

addition, the richness of fish species at the interior of Sepetiba Bay is lower than at the 

entrance, but abundance of specimens js higher (Araujo et al., 1998). Considering the fish 

species marine tucuxi in Sepetiba Bay prey upon (Table 14) and their distribution within 

the bay, the occurrence of aggregation primarily at the interior of the bay might be related 

to prey distribution. The sciaenid species Micropongonias furnieri which constitutes 

important marine tucuxi prey item, with 7.5-20% frequency of occurrence (Di Beneditto 

and Ramos, 2004; Di Beneditto and Siciliano, 2006) is the second most abundant fish in 

Sepetiba Bay and is only present at the interior of the Bay (Pessanha and Araujo, 2003). 

33 



Family Fish Species Common Name Habitat Behavior 
Sciaenidae Micropogonias Whitemouth Demersal Small to large 

furnieri croaker schools 
Sciaenidae Cynoscion Jamaica weakfish Demersal Small to large 

jamaicencis schools 
Sciaenidae Umbrina canoasai Sand drum Demersal Small to large 

schools 
Sciaenidae Menticirrhus sp. King croaker Demersal Small to large 

schools 
Engraulidae Sardinella brasiliensis Herring Pelagic Huge schools 

Engraulidae - Anchovy Pelagic Huge schools 

Clupeidae Anchoa marinii Anchovy Pelagic Huge schools 

Engraulidae Sardinella brasiliensis Herring Pelagic Huge schools 

Mugilidae Mugil sp. .. Mullets Pelagic Huge schools 

Serranidae Dules auriga Seabass Demersal Alone to small 
schools 

Mugilidae Mugil sp . Mullets Pelagic Huge schools 

Mugilidae Mugilsp. Mullets Pelagic Huge schools 

Centropomidae Centropomus sp. Snooks Demersal Alone to small 
schools 

Sparidae Pagrus pagrus Common seabream Demersal Small to large 
schools 

Table 14: Fish species present m stomachs contents of marine tucuxi animals accidentally caught in gillnets 
in Sepetiba Bay (Flach, unpublished data) 

The manner in which food is gathered depends in great part on the type and 

accessibility of prey (Wursig, 1986). The presence of different prey items at different 

areas of Sepetiba Bay may favor the selection of different foraging/feeding strategies by 

the marine tucuxi . The considerable presence of aggregations at the interior of the 

Sepetiba Bay may reflect the utilization of cooperative feeding strategies in order to 

increase resource acquisition. 

The topography of the area used by foraging/feeding animals may also help in 

capturing prey (Wursig, 1986). Topography of the area and the prey species being 
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pursued by marine tucuxi groups determined feeding strategy employed. When preying 

upon a school of sardines by a pier or along the beach in Cayos Miskito reserve, the 

animals would pursue the fish towards the base of the pier or shoreline (Edwards and 

Schnell , 2001). In Moray Firth, Wilson et al. (1997) observed most of the sightings of 

bottlenose dolphins at narrow points, possibly acting as bottlenecks, with deep waters, 

rapid changes in bottom relief, and strong tidal currents. Such features may attract fish 

and facilitate prey capture by providing obstructions on which the dolphins can herd or 

ambush fish, and reduce the energetic cost of foraging. In Sepetiba Bay, aggregations 

were located near rocks and islands and by different water depth channels (Figure 17). 

These structures may function as barriers in which the animals can pursue and herd 

schools of fish, therefore facilitating prey capture. 

Figure 17: Distribution of aggregations along different water depths. Map cordially provided by Dr Phillip 
Scott, Laquasig. 
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4- Environmental parameters 

Water depth was not found to influence the occurrence of manne tucuxi 

aggregations in Sepetiba Bay. However, water depth has been reported to influence the 

area of occurrence and behavior of other marine tucuxi . Azevedo et al. (2007) observed 

that water depths used by marine tucuxi in Guanabara Bay differed significantly from the 

depths available within that bay, with the animals preferentially occupying waters 

between 5 and 15 meters, probably related to prey distribution and water quality. 

However, the dolphins also occupied shallower waters (less than 5 meters) within the 

most preserved areas of the bay, where a lesser degree of human impact and activity was 

observed. In Sepetiba Bay, Simao and Poletto (2002) correlated the predominance of 

dolphin sightings at the entrance of the bay with a preference in occupying deeper areas 

in order to prey upon demersal fish species. Also in this bay area, Flach et al. (2003b) 

registered marine tucuxi groups preferentially in water depths of 6 to 16 meters at the 

entrance and 6 to 11 meters at the interior, probably related to the diversity and 

abundance of prey . In Norte Bay, Flores and Bazzalo (2004) observed that marine 

tucuxi ' s movement patterns followed a 3 meters depth contour parallel to the coast line, 

suggesting that the animals may use the contour as a guide line. 

Water temperature was not found to influence in the occurrence of marine tucuxi 

aggregations in Sepetiba Bay or elsewhere (Edwards and Schnell, 2001; Flores and 

Fontoura, 2006). This lack of influence might be related to the moderate water 

temperature variation observed in this area (Araujo and Azevedo, 2001 ; Flach et al. 

2003a). 
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Aggregations tented to occur in less salty waters than groups, and this fact might 

be related to the primary presence of aggregations at the interior of the bay (Figure 18). 

The interior of Sepetiba Bay has the best preserved mangrove areas (Silva et al. , 2003) 

and receives most of the freshwater inputs coming from the continental drainage of rivers 

at the northeastern coast of the region (Molisani et al. , 2004). Marine tucuxis are 

considerably dependent on the productivity derived from mangrove ecosystems (Reeves 

et al. , 2003), and the presence of estuaries may be necessary to support marine tucuxi 

populations. The lack of freshwater drainage and the lower percentage of mangrove 
. ·' 

coverage along the shoreline of a lagoon in Cayos Miskito reserve may have accounted 

for the infrequent sightings of marine tucuxi groups in this area (Edwards and Schnell, 

2001). 

Salinity probably has little direct influence on manne tucuxis, it appears to 

indirectly influence marine tucuxis ' prey distribution instead (Edwards and Schnell, 

2001). Water salinity has been reported to influence the distribution of fish assemblages 

in Sepetiba Bay (Pessanha and Araujo, 2003; Silva and Araujo, 2003). The sardine 

(Sardinella brasiliensis, 2.5% frequency of occurrence in marine tucuxi stomach 

contents- (Di Beneditto and Ramos, 2004; Di Beneditto and Siciliano, 2006)) constituted 

10% of the total fish captures in the Bay and was negatively correlated with water salinity 

(Silva and Araujo, 2003). 
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Figure 18: Marine tucuxi aggregations distribution according to water salinity . Map representing average 
water variation over a 10 month period, cordially provided by Dr Phillip Scott, Laquasig 

Tide level was expected to influence the occurrence of groups or aggregations and 

their behavioral patterns, however no variation was found according to tide level during 

this study . Azevedo et al. (2007) also expected tidal cycle to influence the dolphins' 

activities in Guanabara Bay, however no effect was observed. This is probably due to the 

semi-diurnal, low amplitude and low level of spatial variation at different tide levels 

there. In Paraty Bay, tide level was not found to affect in marine tucuxi group size as well 

(Lodi , 2003). However, in Sepetiba Bay, marine tucuxi groups showed a high frequency 

of foraging/feeding activities during flooding and ebbing tides probably related to the 

movements offish going in and out ofthe bay (Flach et al. , 2003b). 

5- Sighting composition 

The presence of neonates and calves was more likely registered during the 

occurrence of aggregations than groups. All aggregations recorded in Sepetiba Bay 

contained neonates and calves while only half the groups were registered with their 
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presence. For marine tucuxi groups in Paraty Bay, sightings without calves were rare. In 

addition, groups with calves were significantly larger than groups without them (Lodi, 

2003). In Guanabara Bay a similar trend was observed, with calves occurring in larger 

groups. In general , nursery groups were twice the size of non-calf groups (Azevedo et al ., 

2005). This fact suggests the importance of larger groups in providing better individual 

protection, sensory integration, and cooperative foraging, which may aid in the 

development and learning of the calves (Karczmarski, 1999). 

In this study, the presence of neonates and calves was correlated with location, 

with most of their sightings registered at the interior of Sepetiba Bay. Flach et al . (2003b) 

also found more marine tucuxi groups with neonates and calves at the interior than at the 

entrance of Sepetiba Bay, suggesting the use of this region as a nursing and calving area. 

Edwards and Schnell (2001) also observed a differential distribution of mothers and 

calves in Cayos Miskito, with most of their sightings registered along the coast where the 

inlet may provide safer and calmer feeding areas than offshore regions. 

The occurrence of seasonality in the records of neonates and calves vanes 

according to study and area of marine tucuxi distribution. In Norte Bay, Flores and 

Fontoura (2006) did not find variation in group composition according to season. For the 

same location however, Daura-Jorge et al. (2005) found a significant increase in the 

records of calves during spring and summer. In Paraty Bay, an increase was also 

registered in the records of calves during the summer, and may indicate an adaptive 

response to the seasonal variation in prey availability, which is greater in the summer, 

thus compensating for the energetic demand of lactating females . In Sepetiba Bay, a 

slight but not significant increase in the records of neonates and calves during the 
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summer was found, and the lack of significant seasonality might be related to continual 

food availability throughout the year (Flach et al., 2003b ). 

Behaviors varied according to the presence or absence of neonates and calves 

(Figures 19 and 20). Sightings with neonates and calves were registered more during 

foraging/feeding activities than sightings without their presence. In Paraty Bay, Lodi 

(2003) observed a constant presence of calves and juveniles in foraging/feeding groups, 

which may support the development of their learning processes. In a marine tucuxi 

population in Rio Grande do Norte, northeast Brazil, calves have been observed 

participating in hunting events and also receiving prey items from adults . Prey transfer 

between adults and calves may act as both a food supply and as an opportunity to obtain 

information about the food eaten by other group members, possibly improving the 

hunting skills of the calves (Spinelli et al., 2006). 

Behavioral expressions of marine tucuxi sightings with the presence of 
neonates and calves 

,o 
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• 0 0 
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Figure 19: Distribution of behaviors in marine tucuxi sightings with neonates and calves. Foraging/feeding 

(FF), traveling (Tr), mixed (Mix), Unknown (Unk), socializing (Soc). 

40 



Behavioral expressions of marine tucuxi sightings without neonates and 
calves 

6%Soc 

30% Unk 

22%Tr 

Figure 20 : Distribution of behaviors in marine tucuxi sightings without neonates and calves. 

Foraging/feeding (FF), traveling (Tr), mixed (Mix), Unknown (Unk), socializing (Soc). 

6- Behavioral patterns 

During the present study, manne tucuxi groups were primarily engaged in 

foraging/feeding activities (Figure 21). However, when the behaviors of groups and 

aggregations were compared, groups were more likely to perform traveling behavior than 

aggregations, and aggregations were more likely to perform foraging/feeding activities 

than groups. 
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Distribution of behaviors for marine tucuxi groups in Sepetiba bay 

20% 
49%FF 

20%Tr 

Figure 21 : Distribution of behaviors in marine tucuxi groups. Foraging/feeding (FF), traveling (Tr), mixed 

(Mix), Unknown (Unk), socializing (Soc). 

For most marine tucuxi groups in other areas, the primary behavior recorded was 

also foraging/feeding (Azevedo et al. , 2007; Daura-Jorge et al. , 2005). In Cananeia 

estuary however, the most common activity performed by marine tucuxi groups was 

traveling (Geise et al., 1999). 

During this study, there was a considerable percentage of marine tucuxi groups' 

behavior classified as "unknown" (20% of occurrence). In another study with the same 

population, 13% of the behaviors were also classified as "unknown" (Flach et al., 2003b ). 

In other studies sites of marine tucuxi behavior, the category "unknown behavior" is 

either not mentioned (Geise et al. , 1999; Daura-Jorge et al. , 2005) or infrequent (1.5% in 

Guanabara Bay - Azevedo et al. , 2007). This might be related to inability of the observers 

to identify the behavior or to a misclassification due to different methods of 

measurement. In Sepetiba Bay, during such events, the animals move in various 

directions showing no oriented displacement or conspicuous surface behaviors. Usually 

the group remains close to the surface performing quick dives . A similar description of 
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behavior is given by Shane (1990) for bottlenose dolphins during "mill" behavior, in 

which the animals "move in varying directions in one location but showing no surface 

behaviors and no apparent physical contact between individuals; usually staying close to 

the surface" . Classifying this behavioral pattern as "unknown" or "mill" still does not 

provide a consistent description of the behavior. Simple observation of the animals might 

not be enough to recognize and describe this behavior and additional measurements and 

analysis, such as acoustical recordings should be conducted. The prevalence of 

"unknown" behaviors recorded at the entrance of Sepetiba Bay provides further support 

for the necessity of additional measurements during such events. 

In Sepetiba Bay, aggregations were recorded primarily engaged m 

foraging/feeding activities (Figure 22). Similarly m Paraty Bay, most aggregations 

recorded were engaged in random and cooperative fishing activities (Lodi and Hetzel, 

1998). In Sepetiba Bay, Flach et al. (2003b) reported the occurrence of aggregations 

performing cooperative foraging/feeding activity, but also engaged in social and sexual 

behaviors. Wursig (1986) observed small groups of bottlenose dolphins coalesce into 

larger groups when feeding cooperatively, probably to increase the area being 

investigated and to more effectively catch prey items. 
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Distribution of behaviors for marine tucuxi aggregations in Sepetiba bay 

13% 

Figure 22 : Distribution of behaviors in marine tucuxi aggregations. Foraging/feeding (FF), traveling (Tr), 

mixed (Mix), socializing (Soc). 

Several ecological factors such as prey quality, availability, and abundance are 

critically important in order to allow the formation of such large congregations of animals 

and reduce overexploitation and competition for resources. Food quality and its 

dispersion in the habitat were considered strong factors allowing the formation of 

aggregations of up to 300 individuals of colobus monkeys (Colobus angolensis) in 

Nyungwe forest, Africa. In the case ofNyungwe's colobus, there was neither evidence of 

unusual predation pressure, nor the need for resource defense as causal mechanisms for 

the extremely large groups observed. Environmental conditions at Nyungwe forest 

resulted in high nutritional quality and evenly distributed food, minimizing the potential 

for resource competition and contributing in the colobine's ability to live in exceptionally 

large congregations (Fimbel et al., 2001). 

Differently from the colobus monkeys in Nyungwe forest, the marine tucuxi in 

Sepetiba Bay prey upon spatially and temporally distributed patches of prey (Araujo et 

al., 2002), and the utilization of cooperative foraging/feeding strategies may in fact 
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mcrease resource acquisition (Wursig, 1986). But similarly, the apparent lack of 

predation pressure and competition, in addition to high resource productivity and quality 

may be favoring the occurrence of large cooperative foraging/feeding aggregations of 

marine tucuxi in Sepetiba Bay. 

Marine tucuxi dolphins are top predators and only marine mammals known to be 

residents of Sepetiba Bay. Other delphinid species have been regularly observed within 

the llha Grande Bay complex, such as spotted dolphin (Stenella sp) and rough-toothed 

dolphin (Steno bredanensis), however there are no records of these species inside 

Sepetiba Bay (Flach, person. comm.). In Norte Bay, marine tucuxi and bottlenose 

dolphins (Tursiops truncatus) have been observed feeding upon the same prey species, 

but are rarely observed in the same location concurrently, though food competition 

between these dolphins may be a possibility in this region (Flores and Fontoura, 2006). 

Apparently within Cayos Miskito reserve, bottlenose and marine tucuxi dolphins avoid 

interactions with one another. In that area, bottlenose dolphins are regularly seen offshore 

in deeper waters whereas marine tucuxis are often seen inshore in shallower waters 

(Edwards and Schnell, 2001). 

7. Spatial configuration- clusters 

Aggregations in Sepetiba Bay formed two distinct clusters : one at the entrance (E) 

and another at the interior of the bay (I). During the study period, aggregations were more 

likely recorded in cluster than in non-cluster areas, especially in cluster at the interior of 

the bay (I), despite the greater survey effort at the entrance. In Cayos Miskito, marine 

tucuxi distribution was non-random, with a tendency towards clumping, where the 
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animals preferentially inhabited particular areas of the reserve (Edwards and Schnell , 

2001). 

In Sepetiba Bay, aggregations in cluster E were smaller in size and also had lower 

salinity records than in cluster I. This variation in size and salinity might be related to the 

location of the clusters, similar to the previously discussed differences in spatial 

distribution of marine tucuxi sightings within the bay. There was no variation in 

behavioral activities between the two clusters, indicating that the aggregated animals 

might be selecting both locations to perform foraging/feeding activities. The formation of 

clusters of aggregations in Sepetiba Bay may indicate that the dolphins are frequenting 

particular areas where they have found food before, and orienting themselves towards 

known areas of prey concentration. In this case, memory of previous successes may 

improve random searches for food (Wursig, 1986). 

The observation of preferential use of certain areas by marine tucuxis may support 

the implementation of management and conservations strategies, such as the creation of 

environmental protection areas with fishing and boat traffic regulations. Flores and 

Bazzalo (2004) found a moderate to high overlap of marine tucuxi overall home range 

and the borders of the Environmental Protection Area of Anhatomirim (EPAA) in Santa 

Catarina, Brazil. Although the EP AA does not include the whole area of distribution of 

the dolphins and some parts of the EP AA are not used by the animals, the core areas 

determined for this population were completely within the borders of the protective area. 

The heavy utilization of shallow shoreline areas, preferred feeding sites, and the unequal 

distribution of mothers and calves within Cayos Miskito reserve in Nicaragua suggests 

the need for protection of those areas (Edwards and Schnell, 2001 ). Similarly, areas at the 
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interior of Sepetiba Bay may represent a potential site for the creation of a protected area 

for the marine tucuxi population, considering the concentration of aggregations, the 

observation of foraging/feeding activities and the presence of neonates and calves in 

those areas . 

Marine tucuxis are the most common bycatch in coastal waters of Brazil (Reeves 

et al. , 2003). In addition to bycatch, intentional hunting and the presence of fishing 

objects within specimen' s stomachs have also been reported (Barbosa and Barros, 2006). 

Non-fatal fishing gear interactions have also been observed by photographing animals 

with remaining fishing devices attached to their bodies. This kind of interaction might 

seriously compromise the animals ' welfare of the animals, but has been poorly studied 

(Flach, unpublished data) . 

Increased boat traffic and noise have been reported to disrupt distribution and 

behavior of marine tucuxis. Boats with stern motors that reach high speeds as well as jet 

skis interfere in the acoustic activities and may be fatal (Filla and Monteiro-Filho (2006). 

In the presence of boats, Santos-Jr. et al. (2006) reported alterations in the movement 

pattern of marine tucuxi groups, especially those with calves. Watanabe et al. (2006) also 

reported significant changes in the whistle patterns of marine tucuxi associated with boat 

presence, with an overall increase in the frequencies and duration of the vocalizations. 

Boat collision marks have been observed during photo-id studies where pictures of 

deformed dolphins may indicate another impact from boat presence and velocity (Flach, 

unpublished data) . 

The conservation of estuarine regions, better management of fishing stocks, and 

monitoring of marine tucuxi bycatch in gillnets are important measures which should be 
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taken into consideration in order to protect manne tucuxi populations and their 

environments (Edwards and Schnell, 2001). Habitat degradation has a strong influence on 

marine tucuxis ' distribution. In Guanabara Bay, the animals are concentrated in the most 

preserved areas ofthe region where less human activity and larger mangrove margins are 

found . In addition, dolphins were not observed in areas of great sewage discharge, low 

dissolved oxygen concentration, and low water renovation (Azevedo et al., 2007). 

8- Regression analysis 

Salinity was found to vary with sighting location. In fact, water salinity showed 

co-linearity with location (less salty waters at the interior than at the entrance), and the 

dolphins ' distribution might be indirectly influenced by water salinity, since the latter 

affects the distribution and type of prey species within Sepetiba Bay. On the other hand, 

the presence of neonates and calves, foraging/feeding activities, and seasonality are 

directly influencing in the occurrence of aggregations. 

The finding of season influencing the occurrence of aggregations according to the 

regression analysis was in fact unexpected, since no significant difference was found 

between the depths occupied by marine tucuxi groups and aggregations in previous tests. 

However, the significance of seasonality was only noticeable when the water depths 

recorded during the dolphin sightings were added to the regression equation. Water 

depths occupied by the dolphins showed co-linearity with season, with animals 

occupying deeper areas during the summer than during the winter. This relation was 

found to be driven by dolphin groups (but not aggregations) occupying deeper waters 

during the summer than in the winter. Therefore, when controlling for depth and other 

variables in relation to sighting category, season became a significant factor. It can be 

48 



concluded that both depth and season are not by themselves significant drivers of the 

formation of aggregations. However, when coupled, due to the strong correlation between 

them, one of them (seasonality) emerges as significant in the formation of aggregations. 
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V- CONCLUSIONS AND FINAL REMARKS 

A- Marine tucuxi aggregations in Sepetiba Bay 

In Sepetiba Bay, aggregations are temporal associations of marine tucuxi groups, 

totaling more than 100 animals observed during foraging/feeding behaviors, gathered 

primarily at the interior of the bay, although some aggregations are also recorded at the 

entrance. The animals might be aggregating in response to resource type, abundance, and 

distribution, especially considering the schooling fish species marine tucuxi usually prey 

upon, and the advantages of cooperative group hunting during these occasions. Predation 

pressure imposed by sharks might also be an influence in the formation of aggregations in 

Sepetiba Bay. 

The considerable presence of neonates and calves at the interior of Sepetiba Bay 

may indicate the use of the area as a nursing and calving site. In addition, their presence 

during the occurrence of aggregations may reflect the importance aggregations have in 

the protection, developmental and learning processes of younger animals . 

The frequency of occurrence of aggregations in Sepetiba Bay indicates that this 

phenomenon is a recurrent characteristic of the marine tucuxi population in this area. 

B- Conservation importance 

Sepetiba Bay, as part of the Ilha Bay complex, is an important site of occurrence 

of marine tucuxi dolphins along the coast side of Brazil. Considerable concerns about the 

health of this population and the whole estuarine community arise considering the rate of 

development in and around Sepetiba Bay and the eminent increase of human pressure on 

50 



the system. 

The current abundance estimates and behavioral patterns observed for marine 

tucuxi in Sepetiba Bay reflect the relevance of this population to the conservation of the 

species as a whole. The formation of clusters of aggregations in some regions of the bay 

indicates potential marine protected areas that could be designated for the conservation of 

the species in the region. 

C- Future research 

Marine tucuxi is listed as data deficient by the IUCN Red List (Reeves et al. , 

2003). This study regarding marine tucuxi aggregations in Sepetiba Bay provided an 

initial insight about this behavioral characteristic of the species, illustrating how animals 

respond to their environment according to the local ecological pressures. Further research 

exploring acoustical and visual communication between the animals, and the manners in 

which the dolphins coordinate their movements to effectively catch prey would add 

valuable knowledge during the occurrence of such events. Studies about marine tucuxi 

predators in Sepetiba Bay and their effect on individual dolphins and behavioral 

responses would also add important knowledge during the occurrence of aggregations. 

Information about aggregations in other locations, population interactions and gene flow 

would aid in the preservation of this trait and consequently to the conservation of the 

species. Considering the increasing anthropogenic impacts in marine ecosystems, studies 

concerning human-dolphin interactions are urgent and necessary in order to adequately 

implement management and conservationist strategies for marine tucuxis in Sepetiba Bay 

and beyond. 
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