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Abstract: Studies show that the infection of cetaceans by socially transmitted diseases may 

impact the ecology and behavior of individuals and populations. Little is known about the effects 

of intense, short-term outbreaks of disease, typical of cetacean morbillivirus (CeMV). 

Understanding these effects is important in the case of resident populations exposed to multiple 

anthropogenic impacts, as in the case of the Guiana dolphins, Sotalia guianensis, of Sepetiba Bay 

(BSEP), Rio de Janeiro, Brazil. Two hundred and ten Guiana dolphins died of CeMV in BSEP 

between November 2017 and March 2018. We investigated whether the outbreak affected the 
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occurrence of Guiana dolphins in the BSEP and whether the size, composition, and cohesion of 

the dolphin groups shifted significantly. We conducted 25 surveys in BSEP from 2017 to 2019 

and found no significant variation between the two periods (pre-CeMV and post-CeMV) in either 

the occurrence of dolphins or the size, composition, or cohesion of groups. During the pre-CeMV 

period, 33 groups were observed, with a mean group size of 16.60±21.12 individuals, all groups 

containing at least one calf, while the “tight” group cohesion pattern was observed most 

frequently. Twenty-one groups were sighted during the post-CeMV period, with a mean size of 

23.67±27.51 individuals, with 87.50% of groups containing at least one calf and “mixed” 

cohesion being the most frequent. We indicate that, over the short term, there was no significant 

change in the social dynamics of the Guiana dolphin groups in the BSEP after the morbillivirus 

outbreak, although further monitoring over a longer time scale, and focusing on specific aspects 

of the species would be necessary to provide more ample insights into the impacts of morbillivirus 

on this dolphin population. This is important in the context of the cumulative impacts of human 

activities on this population that have occurred over the past decade. 

Keywords: cetaceans; respiratory disease; group size; group composition; cohesion.  

 

INTRODUCTION 

The considerable behavioral plasticity of cetaceans means that many aspects of their social 

organization are still poorly understood, given that variation in environmental and social factors 

may influence the response of the animals at individual, group, and population levels (Tardin et 

al. 2013, Cantor et al. 2021). Socially transmissible diseases can affect the ecology and behavior 

of individuals and populations, for example in sex-dependent survival, dispersal patterns, and 

mating behavior (Guardo et al. 2005). However, the exact effects of acute, short-term outbreaks, 

which are typical of the cetacean morbillivirus, are still unclear. 
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The cetacean morbillivirus (CeMV) is a species of the genus Morbillivirus, a member of 

the family Paramyxoviridae, order Mononegavirales (see Van Bressem et al. 2014). Globally, this 

virus has caused recurrent mortality events in populations of several cetacean species, reported 

since 1988 (Aguilar and Raga 1993, Domingo et al. 1990, 1992, Duignan et al. 1992, 1996, 

Lipscomb et al. 1994, 1996, Raga et al. 2008, Van Bressem et al. 1999, 2009). These species 

include the Mediterranean striped dolphins, Stenella coeruleoalba, bottlenose dolphin, Tursiops 

truncatus, Indo-Pacific bottlenose dolphin, Tursiops aduncus, common dolphin, Delphinus 

delphis, harbor porpoise, Phocoena phocoena, and pilot whale, Globicephala melas (reviewed by 

Van Bressem et al. 2014, Kemper et al. 2016). However, none of these studies evaluated potential 

impacts on their social structure. 

The CeMV is transmitted primarily through the production of aerosols by infected 

individuals (Black 1991), which is probably facilitated by the gregarious behavior and high 

densities of cetacean groups (Raga et al. 2008, Van Bressem et al. 1999). Infected droplets may 

be inhaled from bubbles exhaled during synchronized travel and feeding bouts or social 

interactions (Banyard et al. 2008, Rijks et al. 2012, Van Bressem and Raga 2011). 

Infection by CeMV may affect the lungs, brain, gastrointestinal tract, urinary, and immune 

systems, causing pneumonia and erratic behavior.  In most cases, affected animals are also 

vulnerable to secondary infections by opportunistic pathogens due to the immunosuppressive 

effects of the virus (Van Bressem et al. 2014). 

As live, infected cetaceans are rarely observed during outbreaks, the clinical signs of CeMV 

are poorly documented in free-living cetaceans. However, Duignan et al. (2018) and Flach et al. 

(2019) have described several symptoms, including: disorientation; ataxia; tremors; emaciation 

with impeded swimming capacity; difficulty maintaining a course, balance, and buoyancy; and 

an increased load of ectoparasites and epibionts. 

In November 2017, an abnormal peak of 67 Guiana dolphins was found dead in Ilha Grande 

Bay in southeastern Brazil, with subsequent deaths occurring in the adjacent Sepetiba Bay 
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persisting until the end of March 2018. During this event, at least 210 Guiana dolphins, primarily 

females and immature individuals, perished in Sepetiba Bay (Cunha et al. 2021).  

The CeVM outbreak in Sepetiba Bay killed 60 mature females, 38 calves, 33 immature 

males, 23 immature females and 17 mature males. However, in Ilha Grande Bay a different pattern 

was observed, with 21 calves, 9 immature males, 6 immature and mature females (both), and 5 

mature males found dead (Cunha et al. 2021). The CeVM event profiles in the two Bays were 

significantly different: in Sepetiba Bay, there was an increase in deaths of immature and mature 

females, while the number of immature and mature males deaths decreased. In Ilha Grande Bay, 

there was an increase in mortality of calves and immature females (Cunha et al. 2021). 

Sotalia guianensis (Cetacea, Delphinidae) is classified as Near Threatened by the 

International Union for Conservation of Nature (IUCN 2022), and Brazilian populations are 

considered Vulnerable (ICMBio 2018). This species inhabits coastal and estuarine environments 

at depths of up to 50 m, with an apparent preference for waters from 23 to 27 ºC (Flores and da 

Silva 2009, Lodi and Borobia 2013). These dolphins are gregarious and are found in groups 

ranging from pairs to hundreds of individuals (Nery and Simão 2012, Lodi and Hetzel 1998, 

Daura-Jorge et al. 2005, Geise et al. 1999). 

One of the largest known S. guianensis populations is found in Sepetiba Bay, where 

estimates of the size of the population range from 1,004 to 2,196 individuals (Nery and Simão 

2012, Flach et al. 2008). This implies that the resources available in this region are sufficient to 

sustain a large population of dolphins and, in fact, S. guianensis is considered to be a resident 

species in this bay, where it is represented primarily by females and calves, which spend most of 

their time feeding (Flach et al. 2008, Nery et al. 2008, Nery et al. 2010, Nery and Simão 2012, 

Oliveira et al. 2013). In recent decades, however, there has been a progressive increase in human 

activities, including the installation of two high-capacity shipping terminals and shipyard, 

unregulated urban growth, and the growth of local tourism and fisheries (Araújo et al. 2017, 

Araújo et al. 2016, Gomes-Gonçalves et al. 2020). Recent observations indicate that these 
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processes have had a significant impact on the size of the local dolphin groups, with evidence that 

increasing anthropogenic pressures have resulted in reduced group size, alterations in surface 

behavior, and modifications in the vocal behavior of the dolphins (Maciel et al. 2023). 

While the CeMV outbreak led to a marked increase in mortality rates in the S. guianensis 

population, its impacts on the social organization and other aspects of the dolphin’s behavior 

remain unknown. Given this, the present study compared the social structure of the Guiana 

dolphins in Sepetiba Bay before and after the CeMV outbreak, verifying possible shifts in the 

occurrence, size, composition, and cohesion of the local dolphin groups. We tested the hypothesis 

that the S. guianensis groups were significantly smaller after the CeMV outbreak, with a reduced 

proportion of juveniles, and a decrease in cohesion.  

 

MATERIALS AND METHODS 

Study area 

Sepetiba Bay is in the southern extreme of the Brazilian state of Rio de Janeiro (Figure 1), 

between latitudes 22°54’ S and 23°04’ S and longitudes 43°34’ W and 44°10’ W. It is a semi-

enclosed coastal lagoon, with an area of 519 km². Sepetiba Bay is relatively shallow, with mean 

depths of up to 10 m, except in the shipping channel, which is dredged to depths of up to 30 m 

(Borges 1990). This bay encompasses several different aquatic habitats, such as islands, 

sandbanks, beaches, mangroves, rocky shores, and intertidal marshes, which support the 

reproduction, foraging, and survival of many different aquatic species (FEEMA/GTZ 1997). 

Despite the rapid recent increase in human interference, the bay is an area of “extremely high” 

priority for the conservation of the Brazilian coastal zone by the Brazilian Environment Ministry 

(MMA 2018). 
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Figure 1. Map of the study area in Sepetiba Bay, southeastern Brazil, showing the pre-defined survey 

routes used to collect data on the behavior of the local Guiana dolphin, Sotalia guianensis. BIG = Ilha 

Grande Bay; BSEP = Sepetiba Bay; RJ = Rio de Janeiro State. 

 

Data collection 

We collected data between January 2017 and July 2019. Depending on availability, we 

surveyed the study area using either a 7 m trawler-type vessel with a 45 HP inboard engine or a 

7.3 m speedboat with an outboard 45 HP motor. In both cases, the surveys were conducted at a 

constant speed of approximately 7 km/h. 

Surveys were conducted along three pre-defined routes (Figure 1) which were established 

to optimize the monitoring of the Guiana dolphin groups in Sepetiba Bay, as well as standardizing 
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the sampling effort to avoid potential spatial and temporal bias in the collection of data. Each 

route was surveyed in either direction (clockwise or counter-clockwise), with a total of six 

possible routes. The route to be surveyed on a given day was chosen randomly before the survey 

and was not altered subsequently. Preferably, the route with the lowest sample number was 

followed, so that the entire bay was sampled equally. 

Data was collected using focal group sampling (Altmann 1974). Whenever a group was 

sighted, the boat approached it on a parallel route, maintaining a distance of at least 50 m. The 

group was then monitored, with the number of individuals, their age structure, and cohesion of 

the group members being recorded on a standard field worksheet. The distance was measured 

with the naked eye by experienced observers. 

We measured group occurrence using the Gi index following Tardin et al. (2013) to 

standardize the differences in the amount of observation time for each sampling period: Gi = 

N/n*100. Where, Gi = standardized proportion of the number of groups observed in sampling 

period I; N = number of groups observed in sampling period I; and n = number of hours of effort 

for each sampling period. 

 We classified a group as an association of at least two individuals within 10 m of each 

other, following the chain rule of Smolker et al. (1992). Immature animals (calves and juveniles) 

were identified based on their body size, i.e., less than two-thirds the size of a typical adult (Geise 

et al. 1999). We classified group cohesion based on the distance between individuals and group 

coordination (Taylor and Davis 2018). Group cohesion was defined by one of three distance 

classes (Table 1). 

Table 1. Definition of the categories of group cohesion (following Tardin et al. 2013). 

Pattern  Definition 

Tight cohesion Animals no more than one body length apart from each other 

Loose cohesion Animals two to five body lengths apart from each other 

Mixed cohesion Group of animals presenting both tight and loose cohesion 
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Data analysis 

As the CeMV outbreak apparently began in November 2017, given the peak in mortality 

recorded that month, we defined the period between January and November 2017 as the “pre-

morbillivirus” (Pre-MV) period, while that between January 2018 and July 2019 was the “post-

morbillivirus” (Post-MV) period. We used the Monte Carlo test with 5000 simulations to test 

whether the occurrence of groups varied significantly between these two periods. We applied 

Wilcoxon-Mann-Whitney’s U to assess whether the number of groups observed per day and the 

size of these groups varied significantly between periods. We used the Chi-square test for two or 

more samples to determine whether group cohesion shifted significantly between the two periods 

(Zar 1984, Siegel 1975). For all analyses, α = 0.05. 

 

RESULTS 

We conducted 25 surveys (15 Pre-MV and 10 Post-MV), with a total of 131.17 h of 

sampling effort (78.16 h Pre-MV and 53.01 h Post-MV), including 28.56 h of direct observation 

of the dolphins (19.16 h Pre-MV and 9.4 h Post-MV) (Supplementary Table 1). 

 

Occurrence of dolphins and group size 

A total of 33 groups were recorded during the Pre-MV period, with one to four groups 

being recorded per day, accounting for a Gi of 42.2 (Figure 2); group size ranged from two to 100 

animals (  = 16.56 ± 21.12, Mo =10). During the Post-MV period, 18 groups were recorded, with 

one to three groups recorded per day, accounting for a Gi of 33.9; between one and three groups 

were recorded per day, with sizes ranging from two to 100 animals per group (  = 23.67 ± 27.51, 

Mo =20). Despite these differences, neither the occurrence (X² = 3.92, d.f. = 1, p = 0.07) nor the 

size of the groups (W = 244.5, p = 0.4) varied significantly between periods (Pre-MV and Post-
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MV). Also, there was no significant variation between periods in the occurrence (X² = 1, d.f = 1, 

p = 0.3) and the number of groups per day (W = 67, p = 0.6). 

 

 
Figure 2. Variation in the size of the Guiana dolphin (Sotalia guianensis) groups sighted during the pre- 

(Pre-MV) and post-morbillivirus (Post-MV) study periods in Sepetiba Bay, southeastern Brazil.  

 

Group composition 

In the Pre-MV period, information was obtained on the composition of 29 (90.6%) of the 

32 groups recorded, and all 29 of these groups (100%) contained at least one immature individual. 

Adults and immature individuals were recorded in the groups observed throughout the Pre-MV 

period. During the Post-MV period, information was obtained on 18 of the 21 groups observed 

during the surveys, and 14 (77.7%) of these groups contained at least one immature dolphin. The 

composition of the groups did not vary significantly between the Pre-MV and Post-MV periods 

(W= 244.5, p = 0.4). 

 

Group cohesion 
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During the Pre-MV period, a majority of the records were assigned to the “tight” cohesion 

category (Figure 3), whereas in the Post-MV period, the most frequent category was “mixed” 

cohesion. Despite the overall difference between periods, there was no significant variation in 

group cohesion (X² = 6.0, d.f = 5, p = 0.07). 

 

Figure 3. Cohesion of the groups of Guiana dolphin, Sotalia guianensis, observed in the pre- and post-

morbillivirus periods in Sepetiba Bay, southeastern Brazil. 

 

DISCUSSION 

We observed no clear short-term shifts in the social structure of the Sepetiba Bay S. 

guianensis population when comparing the pre- and post-morbillivirus periods. We expected a 

significant change in group size and composition, mainly because females and calves were 

affected disproportionately by the outbreak compared to historical data that report a higher 

mortality of males. The mortality ratio shifted from 2:1 males/females to 1.5:1 females/males 

during the morbillivirus outbreak (Cunha et al. 2021). 
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Three alternative explanations appear to be possible – (i) the time scale of the study was 

inadequate for the detection of significant changes in grouping patterns, (ii) individuals had 

immigrated from areas surrounding Sepetiba Bay, and (iii) the social groups had undergone 

substantial reorganization and the realignment of social alliances. In the first case, the impacts of 

the morbillivirus outbreak may only become apparent over a longer time interval than that covered 

by the present study. In particular, the male-biased shift in the sex ratio may eventually lead to 

lower birth rates and a decrease in population size. A deviation in the sex ratio may not be 

immediately apparent on a scale of one or two years, especially given the slow sexual maturation 

of S. guianensis (Van Bressem et al. 1999). 

Females reach sexual maturity between 5 and 8 years, their gestation time is estimated at 

12 months and lactation is estimated at 8.7 months. (Rosas and Monteiro-Filho 2002). Birth 

intervals can vary between two and three years (Santos et al. 2001) and they usually have one 

individual per offspring and long parental care of approximately 6 years (Ramos 1997, Tardin et 

al. 2013). 

A second possible alternative is the dispersal of Guiana dolphins from Ilha Grande Bay, 

located to the west of Sepetiba Bay, which would have buffered any significant decreases in the 

size or occurrence of groups (Tardin et al. 2020). This alternative seems unlikely, however, given 

the limited home range of the individuals in Ilha Grande Bay (less than 10km – Espécie, 2015) 

and that previous studies have recorded a low turnover of individuals between populations 

(approximately 10%). Specifically, movements from individuals of Ilha Grande Bay to Sepetiba 

Bay were even lower, accounting for 3.25% (Galvão 2013, Anibolete 2022). 

It is important to recognize that the CeMV outbreak originated in Ilha Grande Bay, 

resulting in significantly fewer fatalities - only 67 individuals compared to 210 in Sepetiba Bay 

(Cunha et al. 2021). This discrepancy could be linked to the diminished immunity of dolphins in 

Sepetiba Bay, attributed to ongoing chronic and cumulative human disturbances (Maciel et al. 

2023, Silva et al. 2024). 
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Although we have not conducted a social network analysis, the third possible alternative 

seems less likely because we would expect to observe dolphins forming more groups, in smaller 

sizes and with mixed social cohesion. We expected mixed cohesion to increase following the 

morbillivirus outbreak, given that individuals that had previously been unlikely to associate, 

would now aggregate to accrue the benefits of group living, such as enhanced foraging efficiency 

and protection from predators (Beauchamp 2013). However, dolphins have a fission-fusion type 

of social organization, based on relatively short-lived associations and with no stable groups, 

which allows absorption of new members. It is important to notice that our sample size was small 

and our p values were marginally significant. Further behavioral data and more samples will 

nevertheless be necessary to better define the level of association between the different 

individuals. 

 Over the last two decades, the S. guianensis population in Sepetiba Bay has experienced a 

63.4% decline in group size, leading to increased foraging time at the expense of feeding, 

attributed to synergistic and cumulative human impacts (Maciel et al. 2023). However, the groups 

observed in Sepetiba Bay are still relatively large in comparison with many other Brazilian 

populations, in which groups typically contain no more than 15 individuals (Mucuripe estuary of 

Ceará state – up to eight individuals (Meirelles et al. 2022); Cananéia, in São Paulo state - up to 

eight individuals (Molina 2017); estuary of the Doce River, in Espírito Santo – up to 10 

individuals, (Pinheiro 2014); Guanabara bay, Rio de Janeiro state - of up to 13 individuals 

(Azevedo et al. 2005)). Overall, then, while Sepetiba Bay has suffered increasing anthropogenic 

pressure, exacerbated by the morbillivirus outbreak, the local S. guianensis groups are still 

relatively large, with a large proportion of offspring, which reinforces its importance as a breeding 

area. 

This study investigated the influence of the morbillivirus outbreak on the standard 

parameters of social structure used in cetacean behavioral studies (Tardin et al. 2013, Flach et al. 

2019, Szott et al. 2022) and, although no significant variation was found between study periods, 
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this does not mean that the outbreak did not impact the study population. To begin with, the 

demise of more than 210 individuals (Cunha et al. 2021) of a Vulnerable species in an altered 

environment is likely to have a major, long-term impact on the population. The impacts of the 

morbillivirus outbreak may in fact be apparent in other aspects of the population that were not 

evaluated directly here, including patterns of residence, abundance, habitat use, growth rates, and 

social interactions. Over the short term, however, no significant shifts were found in the 

occurrence, size, composition, or cohesion of the S. guianensis groups found in Sepetiba Bay after 

the outbreak. Further, more detailed research over a longer period will be necessary to provide 

more conclusive insights into the real impacts of the morbillivirus on this population. 
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SUPPLEMENTARY MATERIAL 

 

Table S1. Sampling effort details of Guiana dolphins’ data collection in Sepetiba Bay from 

2017 to 2019. Dates are in the format DD/mmm/YYYY, h = hour. 
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