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continues to grow and in the United States, public support stands 
fi rmly behind both the MMPA and marine mammal facilities. More 
people are now enjoying the benefi ts of new and exciting training 
programs, shows, presentations, interaction opportunities, and scien-
tifi c discoveries, all facilitated through behavior management. 

   By maintaining a healthy captive population of various marine 
mammal species, comparative data are generated to assist in under-
standing wild animals, and these facilities continue to give material 
support to important research and conservation initiatives. In addi-
tion, these facilities act as part of the Marine Mammal Stranding 
Network, assisting NOAA/NMFS in the rescue, housing, and care 
of stranded wild animals where expertise in medical care can be 
applied. These facilities also develop animal management and hus-
bandry skills in staff members who are also able to assist in health 
assessment studies or during mass strandings, as directed by NMFS. 
Captive marine mammals and the facilities in which they live provide 
a template for handling highly endangered animals, or the establish-
ment of a controlled breeding group, when the need arises. Finally, 
these facilities maintain a living repository of genetic material acces-
sible through behavior management, where candidate animals can be 
carefully and scientifi cally selected and trained for introduction into 
the wild if needed. This successful model has been pioneered in zoo-
logical parks, saving numerous species from extinction, including the 
black-footed ferret and California condor ( Gymnogyps californianus ) 
( Top 10 Wildlife Conservation Success Stories, 2006 ). Behavior man-
agement plans are an intricate and important part of these programs, 
helping to generate public interest through fascinating presentations, 
dynamic behaviors, and invaluable research. These contributions are 
undoubtedly saving the lives of wild marine mammals.  

    XII  .     Conclusion 
   As formal behavior management gains wider application, wildlife 

managers will continue to increase their knowledge and application of 
animal learning principles, particularly as they relate to the conserva-
tion of highly endangered species, shrinking populations, and popula-
tion recovery. Solutions to man/animal encounters, fi sheries depletion, 
survival skill acquisition, translocation, reintroduction, and relocation 
efforts will require a specialized understanding of the learning and 
training processes, pioneered in the learning laboratories, and applied 
in the fi eld of marine mammal training and behavior management.  
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    Tucuxi and Guiana Dolphin
 Sotalia fl uviatilis  and  S. guianensis      

   PAULO A.C.   FLORES   AND     VERA M.F.   DA SILVA      

    I.       Characteristics and Taxonomy 

   The genus  Sotalia  of the family Delphinidae was once considered 
to comprise fi ve species, but in the twentieth century, this was 
reduced to two, the riverine  Sotalia fl uviatilis  and the marine 

 Sotalia guianensis . Later these were further lumped into a single species 
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( S. fl uviatilis ), with marine and riverine ecotypes. Recent morpho-
logical and genetic studies, however, concluded that marine and riv-
erine  Sotalia  are different species (   Cunha  et al ., 2005 ;  Caballero  et 
al ., 2007 ). Based on priority criteria, the name  Sotalia guianensis  (Van 
Bénéden 1864) was assigned to the marine animals, whereas riverine 
dolphins retained the oldest species name  Sotalia fl uviatilis  (Gervais 
1853). No fossil record is known. 

   The common name tucuxi comes from  tucuchi-una  after the Tupi 
language of the Mayanas Indians from the Amazon region of Brazil, 
where it is called  boto-tucuxi ,  boto-cinza , or simply  boto . In the 
other Amazon countries it is usually called  delfi n  or  bufeo gris del 
rio. S. guianensis  is also known simply as  boto  or  golfi nho  and as  boto 
comum  and  golfi nho cinza  along the Brazilian coast;  bufeo gris ,  bufeo 
blanco , or  bufeo negro  in Colombia and Peru;  tonina de rio ,  delfi n 
blanco , or  soplón  in the Venezuela Amazon,  tonina del lago  in Lake 
Maracaibo, and  bufeo negro ,  bufete , or  soplón  in the Orinoco River 
basin in Venezuela;  lam  in Nicaragua; Guyana dolphin or Guiana 
white dolphin in Guyana; and  profuso  or  dolfi jn  in Surinam. There 
is some controversy about a defi nitive international common name 
for  S. guianensis  in English. Various names have been used in the lit-
erature, most frequently marine tucuxi, gray dolphin, estuarine dol-
phin, and recently costero. We avoid the controversy here by using 
“Guiana dolphin,” based on the Scientifi c name. 

   The two  Sotalia  species are very similar in coloration, differing 
mainly in body size and number of teeth, and somewhat resembling 
a small bottlenose dolphin,  Tursiops  ( Fig. 1   ). They are light gray to 
bluish gray on the back and pinkish to light gray ventrally, with a dis-
tinct line from the mouth gape to the fl ipper’s leading edge. There is 
a lighter area on the fl ank between the fl ippers and the dorsal fi n and 

another mid-body at the level of the anus. The marine species has 
another light gray rounded streak on both sides of the caudal pedun-
cle. In both species, the eyes are large, and there is black countershad-
ing around the eyes. A case of atypical white coloration was recently 
reported, although it was not confi rmed whether it was albinism or 
another type of anomalously light pigmentation. The dorsal fi n is tri-
angular and sometimes slightly hooked on the tip. The tucuxi has a 
moderately slender beak, a rounded melon and 26–36 teeth in each 
mandibular ramus. The Guiana dolphin has more upper teeth and 
is larger than the tucuxi, with a maximum total length of 220       cm and 
about 80       kg body mass vs a maximum length of around 152       cm and 
mass of 55       kg.  

    II.       Distribution and Abundance 
   The tucuxi occurs in the main tributaries of the Amazon/Solimões 

River basin in Brazil as far inland as southeastern Colombia, east-
ern Ecuador, and northeastern Peru, with records in all three types 
of water that occur in this region. Several rivers contain impassable 
falls, rapids, and shallow waters. On the tributaries of the right side 
of the Amazon basin, the Teotônio and Santo Antônio Falls on the 
Madeira River, the Santa Isabel Falls on the R. Xingú, and S. Luis 
Falls on the Tapajós river are impassable barriers, whereas on the 
left side the falls on the Rio Negro and Raudal La Liberdad on the 
Caquetá River (Colombia) are also important. The tucuxi does not 
occur in the Beni/Mamoré River basin in Bolivia and is not known 
in the upper Rio Negro. The presence of the species in the Orinoco 
River basin is still controversial, since a stretch of rapids and falls in 
the Negro River and the 354       km of numerous rapids and outcrops of 

 Figure 1          Guiana dolphins. (Photo by P.A.C. Flores).    
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the Cassiquiare Channel block the species ’  movements. Its distribu-
tion is infl uenced by seasonal river level fl uctuations, with channels 
and lakes occupied during rising and high waters but avoided at low 
water. The tucuxi is abundant in the Solimões and Japurá Rivers as 
well as in large black water lakes such as Tefé Lake (Brazil) and the 
El Correo lakes system (Colombia). Tucuxis do not go into fl ooded 
forest as does the sympatric boto,  Inia geoffrensis , but these spe-
cies share a preference for areas with reduced current and water-
way junctions. Mean density along the margins of main rivers in the 
central Amazon, Brazil within 150       m survey strip of 1,319.7       km was 
3.2 individuals per km 2 , with 54% of the individuals occurring within 
50       m of the edge ( Martin  et al ., 2004 ). At the border of Colombia, 
Brazil, and Peru,  Vidal  et al . (1997)  found along about 120       km of the 
Amazon River a density of 8.6/km 2  in lakes, 2.8 along main banks 
and 2.0 around islands   ( Fig. 2   ). 

   The Guiana dolphin is found in the Western Atlantic coastal 
waters of South and Central America from southern Brazil (27 ° 35’S, 
48 ° 35’W) to Nicaragua (14 ° 35’N, 83 ° 14’W), including Colombia, 
Costa Rica, French Guyana, Guyana, Panama, Suriname, Trinidad, 
Venezuela, and possibly Honduras (15 ° 58’N, 79 ° 54’W). In the 
Orinoco River dolphins seen as far up as Ciudad Bolivar may be of 
this species. The Guiana dolphin is found mostly in estuaries, bays, 
and other protected shallow coastal waters, although it has also been 
recorded at the Abrolhos Archipelago, around 70       km off the coast of 
Bahia State, Brazil. The species ’  southernmost limit is infl uenced by 
the cold waters of the Malvinas current in South Brazil. It is nota-
bly recorded throughout the year in many coastal locations such as 
Baía Norte in Santa Catarina State, Cananéia Estuary and Baía de 
Guanabara (both in southeastern Brazil), Baía de Todos os Santos 
and around Fortaleza (northeastern Brazil), Bahia Cispatá and Golfo 
de Morrosquillo (Colombia), as well as on the Cayos Miskito Coast in 
Nicaragua. Standard abundance estimates are scarce for the Guiana 
dolphin, but the species seems to be abundant in various locations 
along its distribution, mainly in South-Southern Brazil outside of 

Guanabara Bay. Stocks or signifi cant evolutionary units are evident 
from residency, site fi delity, genetic and acoustical data.  

    III.       Ecology 
   The Guiana dolphin feeds on neritic prey distributed through the 

water column, mainly on neritic fi shes such as clupeids and sciae-
nids, but cephalopods, shrimps, crabs, and fl ounders are occasionally 
taken. Usually young specimens of these teleost fi shes, including over 
20 species, are the most important diet items. Tucuxis feed mainly on 
schooling pelagic fi sh such as characiforms, freshwater clupeids, and 
sciaenids, no larger than 35       cm. Feeding may occur in pairs, usually 
mother and calf, and in larger groups or subgroups when different 
strategies and cooperation among individuals are employed. During 
feeding activities, Guiana dolphins often associate with birds such as 
the brown booby ( Sula leucogaster ), terns ( Sterna  spp.), frigate bird 
( Fregata magnifi cens ), and kelp gull ( Larus dominicanus ). Mixed-spe-
cies fl ocks of up to a hundred birds can be seen in such associations. 
In the Amazon, tucuxis may feed occasionally in association with terns 
( Phaetusa simplex ). These associations are initiated by the birds and 
have no impact on the dolphins. 

   There are no known predators for either species, although bites from 
sharks of unidentifi ed species have been seen on Guiana dolphins. 

   Because of the huge regional differences in habitats from tem-
perate waters in the south to the tropical waters, including estuaries 
such as the Amazon estuary, Guiana dolphins are found in a wide 
range of water depth, temperature, salinity, and turbidity. 

   No mass stranding has been reported. Individuals often wash 
ashore, sometimes due to incidental catch in fi sheries in both marine 
and freshwater environments.  

    IV.       Behavior and Physiology 
    Sotalia  dolphins show a variety of aerial behaviors such as full leaps, 

somersaults, fl uke-ups, spy-hopping, surface rolling, and porpoising. In 
coastal areas, feeding and traveling are by far the most common behav-
iors, although resting and milling are rare. Socializing involves various 
tactile contacts, and herding of females by males has been occasionally 
seen in southern Brazil. Bow-riding has not been recorded, but Guiana 
dolphins may surf in waves and wakes produced by passing boats. 

   Spontaneous swimming interactions with domestic dogs ( Canis 
familiaris ) and a lone wild Guiana dolphin sociable toward humans 
were recorded in southeastern Brazil. Epimeletic behavior and hand 
feeding were also recorded in the same area ( Santos  et al ., 2000 ). 
Apparent mating behavior with bottlenose dolphins was recorded 
off Costa Rica   In Baía Norte, South Brazil, at the southernmost dis-
tributional limit, Guiana dolphins do not associate with bottlenose 
dolphins, and rare encounters even result in aggression by bot-
tlenose dolphins or escape behavior by the Guiana dolphins (   Flores 
and Fontoura, 2006 ). Epimeletic behavior toward an offspring was 
recorded at that locality. 

   Dives for Guiana dolphins last about 30–120       sec with shorter dives 
of 5–10       sec in between. Tucuxis are fast swimmers, spending less than 
a second at the surface, with an average dive time of about 2       min. 

   The  Sotalia  species are social dolphins, almost always in cohe-
sive groups engaged in the same activities. Tucuxis are often found in 
groups of one to six individuals, although larger groups up to 20 indi-
viduals are also recorded ( Faustino and da Silva, 2006 ). Groups of up 
to 50 or 60 Guiana dolphins are common, whereas the average group 
size is two to six. Large aggregations of up to 200 are reported at Baía 
de Sepetiba and around 400 individuals in Baía da Ilha Grande   on the 

 Figure 2          Distribution of the tucuxi  Sotalia fl uviatilis  and the 
Guiana dolphin  S. guianensis .    
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southeastern Brazilian coast, where these larger aggregations are usu-
ally engaged in cooperative feeding. Apparently, larger groups are more 
common in the south and southeastern Brazilian coast. Mixed groups 
of adults and calves are common. Individual associations are known 
only for the Cananéia Estuary population in Brazil; these are weak to 
moderate, except for a few pairs of individuals with apparently stronger 
associations, suggesting a relatively fl uid society with individuals in fi s-
sion–fusion ( Santos and Rosso, in press ). 

   Photo-identifi cation studies have shown that Guiana dolphins may 
be resident within and between years for up to 10 consecutive years 
(e.g.,  Flores 1999 ;    Flores and Bazzalo, 2004 ). Home ranges are poorly 
known and apparently among the smallest for small cetaceans with a 
mean of about 15       km 2  in southern Brazil and up to 265       km 2  in another 
location. Movement patterns vary among warm and cold seasons in 
the temperate region, whereas no variation was found in warm waters. 
In any case, daily movements are small. Freeze-branded tucuxis in 
Central Amazon were recorded for several years in the same area, sug-
gesting residency and seasonal use of areas. 

   Comparative analysis of the whistles of Guiana dolphins in different 
areas along the Brazilian coast revealed signifi cant effects of geographical 
location. However, is diffi cult to discriminate between adjacent 
populations. Guiana dolphins produce mainly upsweep whistles, 
shorter and less complex in shape than for other species of dolphins. 
The range of whistle fundamental frequencies recorded was 0.21–
24       kHz and durations 38–1064       ms ( Azevedo and Van Sluys, 2005 ). 

   Research with acoustic pingers in Fortaleza, Brazil, during 345       h 
of experiment showed that Guiana dolphins avoided areas where 
pingers were active ( Monteiro-Neto  et al ., 2004 ).  

    V.       Life History 
   Calving is year-round and gestation is estimated to be around 11–

12 months for the Guiana dolphin, with calves ranging in size from 
90 to 100       cm of total length. Calving interval is believed to be 22–24 
months based on photo-identifi cation data. Tucuxi calving occurs 
between September and November, during low water season, after 
a gestation time estimated at 11 months, with calves at birth measur-
ing from 71 to 83       cm ( da Silva and Best, 1994 ). 

   According to tooth growth layer groups (GLGs), life span can 
reach 30 and 35 years for the Guiana dolphin and tucuxi, respectively  .
Natural mortality rates are unknown for both species.  

    VI.       Interactions with Humans 
   Historically, these species have not been exploited commercially, 

although incidental mortality in local and commercial fi sheries such 
as those using gillnets and seines are a direct threat to  Sotalia  dol-
phins. Bottom-set nets for lobsters also occasionally capture Guiana 
dolphins. On the coasts of Amapá, Maranhão, and Pará States, north-
ern Brazil, Guiana dolphins are killed for shark bait, although they 
have some protection from myths and legends. This is especially true 
for the tucuxis in the Amazon ( Gravena  et al ., in press ). There, their 
genital organs and eyes have a local market as love charms, and teeth 
and bones are used for arts and crafts. Guiana dolphins in some parts 
of their distribution, mainly on the northern and northeastern coasts 
of Brazil, may also be used for human consumption. Although these 
dolphins are fully protected by Federal laws in Brazil, forbidding the 
harassment, hunting, fi shing, or capture of tucuxis and all cetaceans, 
pinnipeds, and sirenians in national waters, law enforcement may not 
be effective. In other countries such as Colombia, Ecuador, Peru, 
and Venezuela, tucuxis are not clearly protected by laws. 

   Acoustic pingers attached to gill nets may successfully reduce 
or prevent by catch of Guiana dolphins as suggested by a single 
study conducted with free ranging dolphins in northeastern Brazil 
( Monteiro-Neto  et al ., 2004 ). 

   Dams and hydroelectric power facilities in the Amazon region inter-
rupt fi sh migration, reducing fi sh abundance, and consequently prey 
availability for dolphins. Mercury from gold mining, water pollution, 
seismic activities, oil spills, and boat traffi c are other potential threats to 
tucuxis in the Amazon, while the same factors, except gold mining, plus 
marine culture farms and destruction of habitats, mainly mangroves and 
salt marshes, strongly affect the Guiana dolphins. Hand feeding and 
the behavioral effects caused by boat activities also deserve concern, as 
these may affect at least populations off the coasts. Bioaccumulation of 
contaminants and growing pollution outfalls are also concerns. 

    Sotalia  dolphins are susceptible to capture stress, quickly become 
entangled and sometimes suffocate in nets, and are not robust to long 
periods of transportation or handling after capture. However, Guiana 
dolphins captured off the coast of Panamá in the late 1970s were kept 
in captivity in Europe for more than 20 years, and one animal is still 
alive today. A few Guiana dolphins are still kept in Colombian facilities, 
although since 2005 it has been illegal to maintain them in captivity. 

   The separation of the two species is too recent to appear in any of the 
Species Conservation Status lists, although both  Sotalia  species should 
be listed as  “ insuffi ciently known ”  by the World Conservation Union 
(IUCN) as was the status of the unifi ed species. Because of its coastal 
habits, aggregating in estuaries and bays, and in river channels and lakes, 
 Sotalia  dolphins are vulnerable to almost all human activities through-
out their range. A large proportion of the distributional area of the two 
species is close to human habitation. Consequently, these habitats are 
subject to intense fi sheries, boat traffi c and sewage, industrial waste, 
and high levels of contaminants. Examples are the Santos and Rio de 
Janeiro harbors in southeast Brazil, Recife and Rio Grande do Norte in 
the northeast Brazil, Maracaibo in Venezuela, Golfo de Morrosquillo in 
Colombia, and Belém, Santarém and Manaus in the Brazilian Amazon.  
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    The Tuna-Dolphin Issue 
   TIM   GERRODETTE   

    I.       The Problem 

   In the tropical waters of the Pacifi c Ocean west of Mexico and 
Central America, large yellowfi n tuna ( Thunnus albacares ) 
swim together with several species of dolphins: pantropical 

spotted ( Stenella attenuata ), spinner ( S. longirostris ), and common 
( Delphinus delphis  and  D. capensis ) dolphins. This ecological asso-
ciation of tuna and dolphins is not clearly understood, but it has had 
two important practical consequences: it has formed the basis of a 
successful tuna fi shery, and it has resulted in the deaths of a large 
number of dolphins. This is the heart of the tuna-dolphin issue. 

   The bycatch of dolphins in the eastern tropical Pacifi c (ETP) 
purse-seine tuna fi shery stands apart from marine mammal bycatch 
in other fi sheries, not only in scale but also in the way the dolphins 
interact with the fi shery. Marine mammals interact with most fi shing 

gear only incidentally, but in the ETP tuna fi shery the dolphins are an 
intrinsic part of the fi shing operation ( Perrin, 1969 ). The fi shermen 
intentionally capture both tuna and dolphins together, then release 
the dolphins from the net ( National Research Council, 1992 ). Further, 
unlike in most other fi sheries, the vast majority of dolphins captured 
by the ETP tuna fi shery are released alive; thus, an individual dolphin 
may be chased, captured, and released many times during its lifetime. 

   The number of dolphins killed since the fi shery began in the late 
1950s is estimated to be over 6 million animals, the highest known 
for any fi shery. For comparison, the total number of whales of all 
species killed during commercial whaling in the twentieth century 
was about 2 million. The bycatch of dolphins in the ETP tuna fi shery 
has now been successfully reduced by more than 99%, but even at 
the present level of 1500 dolphins/year, it remains among the largest 
documented cetacean bycatches in the world.  

    II.       Purse-Seining for Tuna 
   Prior to the development of modern purse seines, tropical tuna 

were caught one at a time using pole-and-line methods. In the late 
1950s, the twin technological developments of synthetic netting that 
would not rot in tropical water and a hydraulically driven power-
block to haul the net made it possible to deploy very large purse-
seine nets around entire schools of tuna, and thus to catch many tons 
of fi sh at a time. Purse-seining for tuna in the ETP can be conducted 
in one of three ways: the net may be set around schools of tuna 
associated with dolphins ( “ dolphin sets, ”  which catch large yellow-
fi n tuna), around schools of tuna associated with logs or other fl oat-
ing objects ( “ log sets, ”  which catch mainly skipjack but also bigeye 
and small yellowfi n tuna), or around unassociated schools of tuna 
( “ school sets, ”  which catch small yellowfi n and skipjack tuna). The 
proportions of different set types have varied over the history of the 
fi shery, but in recent years, about half have been dolphin sets, one 
quarter log sets and one-quarter school sets. 

   Dolphins are killed almost exclusively in dolphin sets. During 
 “ porpoise fi shing ”  (the fi shermen’s term), schools of tuna are located 
by fi rst spotting the dolphins or the seabird fl ocks which are also 
associated with the fi sh. Speedboats are used to chase down the dol-
phins and herd them into a tight group; then the net is set around 
them ( Fig. 1   ). The tuna-dolphin bond is so strong that the tuna stay 
with the dolphins during this process, and tuna and dolphins are 
captured together in the net ( Fig. 2   ). Dolphins are released from 
the net during the backdown procedure ( Fig. 3   ). If all goes well, the 
dolphins are released alive, but the process requires skill by the cap-
tain and crew, proper operation of gear, and conducive wind and sea 
conditions. As with any complicated procedure at sea, things can go 
wrong, and when they do, dolphins may be killed. 

   From an ecosystem perspective, management of the ETP purse-
seine tuna fi shery poses interesting challenges. The three methods of 
purse-seining for tuna, log-, school- and dolphin-fi shing, catch different 
mixes of tuna species and sizes, and in addition have different amounts 
and composition of bycatch. Dolphin sets result in dolphin mortality, 
but dolphin sets have the least bycatch overall. Log sets have about 30 
times the bycatch of school sets by weight per set, which in turn have 
about 3 times the bycatch of dolphin sets. Most of the bycatch, though, 
even on dolphin sets, is fi sh, primarily tuna, marlin, and dorado. These 
fi sh have much higher reproductive rates than dolphins, sea turtles, 
sharks and rays, so the effect of the bycatch is smaller. Although the 
effects of the fi shery on dolphin populations have been strong and are 
relatively well known, the effects on other marine populations of con-
cern, such as sharks and sea turtles, are mostly unknown.  




