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ABSTRACT. Information about the social relations among individuals is essential to define and develop
management plans for a socially structured population. Association data for 25 adult Lahille’s bottlenose
dolphins were obtained from 189 photo-identification surveys that took place between January 2007 and May
2009 in La Coronilla-Cerro Verde and Cabo Polonio, Rocha, Uruguay. Group size averaged 5.22 individuals
(SD= 3.77, n= 255). Coeficients of association were calculated using the Half-Weight Index. Most of the
associations were weak (79.7%) and variation of real association indices was greater than would be expected by
chance. Thus, the null hypothesis that individuals associated randomly was rejected. Standardized Lagged
Association Rate analysis also indicated that nonrandom associations between individuals persisted over the
study period. The exponential decay model that fits best to the data suggested the existence of constant
companions and casual acquaintances. This study is the first report about the social structure of the population
of Lahille’s bottlenose dolphin inhabiting the Uruguayan marine coasts. Cerro Verde and Cabo Polonio were
the first marine protected areas selected by the government of Uruguay. However, information about the
ecology and behavior of the species in these areas is still insufficient. It is recommended that the results of this
study be taken as baseline information to assess the conservation status of this population, as well as for the
development of adequate conservation and management plans.

RESUMEN. Estructura social de la tonina Tursiops truncatus gephyreus (Cetacea: Delphinidae) en
la costa atlantica uruguaya. Para una poblacién socialmente estructurada, disponer de informacién sobre
las relaciones sociales entre individuos es esencial para definir y desarrollar planes de manejo. Se obtuvieron
datos de asociacion para 25 toninas adultas a partir de 189 salidas de foto-identificacion, realizadas entre
enero 2007 y mayo 2009, en La Coronilla-Cerro Verde y Cabo Polonio, Rocha, Uruguay. El tamafio grupal
promedid 5.22 individuos (DS = 3.77, n = 255). Los coeficientes de asociacion se calcularon utilizando el
Indice de Peso Medio. Las asociaciones fueron mayormente débiles (79.7%) y la variacién de los indices de
asociacion fue mayor que lo esperado por azar. Por tanto, se rechazo la hipotesis nula de que los individuos se
asociaron aleatoriamente. El analisis utilizando la Tasa de Asociacion con Retardo Estandarizada también
indicd que asociaciones no aleatorias persistieron durante el periodo de estudio. El modelo exponencial que
mejor ajusta a los datos sugiere la existencia de companeros constantes y compaiieros casuales. Este estudio
reporta por primera vez informacion sobre la estructura social de la poblacion de toninas que habita la costa
marina uruguaya. Cerro Verde y Cabo Polonio fueron las primeras areas marinas protegidas por el gobierno
de Uruguay. Sin embargo, atin es insuficiente la informacion sobre la ecologia y el comportamiento de la
especie en estas areas. Se recomienda que los resultados de este estudio se tomen como informacién de base
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para evaluar el estado de conservacion de esta poblacién, asi como para el desarrollo de planes adecuados de

manejo y conservacion.

Key words: association patterns, half weight index, Lahille’s bottlenose dolphin, protected areas.
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INTRODUCTION

Associations between individuals in a socially struc-
tured population must be nonrandom (Whitehead
et al. 2005). Societies with fission-fusion dynamics
are typical of some mammalian species (Goodall
1986; Packer 1986; Holekamp et al. 1997; Kerth &
Koénig 1999; Archie et al. 2006) including bottlenose
dolphins Tursiops truncatus (Connor et al. 2000).
They consist of unstable groups of variable size and
composition, which form, break-up and merge again
at frequent intervals (Conradt & Roper 2005). This
type of social dynamics was first observed in bot-
tlenose dolphins by Wiirsig (1978) in Golfo San José,
Argentina. He suggested that constant variation in
group size and composition was explained by the
fluidity with which many individuals appeared and
disappeared from the study area.

Associations between bottlenose dolphins have
been explained by variations in many factors. These
include individual adaptation to local ecological
conditions (Wiszniewski et al. 2009), prey avail-
ability (Gowans et al. 2008), resource predictability
(Wiszniewski et al. 2009), residence patterns (Blasi &
Boitani 2014), individual home range overlap (Frére
et al. 2010) and reproductive status (Rogers et al.
2004). However, to analyze the interaction between
these factors and determine how they shape the so-
cial structure of a population seems very challenging.
One approach is to study the social structure from
different populations of the same species in different
environments (Moller 2012).

In the Southwest Atlantic Ocean (SWAO) there
are records of bottlenose dolphins from Amapa State
(04°33’N, 37°00°W), northern Brazil, to the province
of Tierra del Fuego (54°55°S, 67°30°'W), southern
Argentina (Lodi et al. 2016). However, the animals
that occur in the coasts of Argentina, Uruguay
and southern Brazil have a triangular dorsal fin, a
longer rostrum, and a lighter coloring pattern than
those that occur farther north of the distribution
(see review from Ott et al. 2016). Thus, it has
been suggested that two different morphotypes are
present in the SWAO: the truncatus-type and the
gephyreus-type. The latter, as proposed by Lahille
(1908), refers to the animals occurring at the coasts of

Argentina, Uruguay and southern Brazil. Recently,
a re-assessment of the world-wide taxonomy of
Tursiops conducted by the Scientific Committee of
the International Whaling Commission confirmed
the validity of three subspecies (IWC 2018), includ-
ing Lahille’s bottlenose dolphin (T. t. gephyreus)
(Lahille 1908). Lahille’s bottlenose dolphin is a large
form found in the coastal waters of the western
South Atlantic Ocean, and it is morphologically and
genetically different from the offshore population
(T t. truncatus) in the region (Costa et al. 2015; 2016;
Wickert et al. 2016; Fruet et al. 2017). Therefore, the
subject animals of this study are T. t. gephyreus.

On the other hand, Fruet et al. (2014) re-
cently reported that bottlenose dolphin populations
from Florianopolis (Brazil) to Bahia San Antonio
(Argentina) have remarkably low genetic diversity
and a highly differentiated population structure.
Based on the observed patterns of genetic differen-
tiation and estimated low migration rates, the au-
thors proposed that Argentina and southern Brazil-
Uruguay represent two distinct evolutionarily signif-
icant units (ESUs). Five separate Management Units
(MUs) characterized by low to moderate asymmetri-
cal gene flow were also proposed for the southern
Brazil-Uruguay ESU (Fruet et al. 2014). Lahille’s
bottlenose dolphins are found along the marine coast
of Uruguay all over the year. La Coronilla-Cerro
Verde and Cabo Polonio are two zones with a high
occurrence of these dolphins (Laporta 2009; Laporta
et al. 2016a). These animals show no seasonal
variation on occurrence and individuals concentrate
mainly 500 m away from shore. Around 60% of the
individuals are permanent residents, and population
size for 2008 was estimated at 63 animals (CI 95%:
54-74, CV=0.1%) (Laporta et al. 2016a).

Understanding social relationships among individ-
uals helps to define and target management guide-
lines for a population (Lusseau et al. 2006). Moreover,
studying the association patterns between individ-
uals inhabiting adjacent sites seems to help define
population units (Connor et al. 2000). Because many
threats to coastal bottlenose dolphins are geographi-
cally localized (e.g., fisheries, coastal development),
a definition of management units makes it possible
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to relate specific threats to particular population
units, allowing potential impacts assessment and
providing a focus for mitigation efforts (Connor et al.
2000). Thus, information about the social relation-
ships between individuals becomes necessary when
modeling population dynamics, and should be taken
into consideration when assessing viability or trends
in abundance (Lusseau et al. 2006). This study aimed
to analyze the association patterns of identified
adult Lahille’s bottlenose dolphins inhabiting the
areas of La Coronilla-Cerro Verde and Cabo Polonio
in the Uruguayan marine coast. This population
is of interest due to three main reasons. First, a
substantial decrease in the occurrence of the species
along the Uruguayan and Argentine coasts of La
Plata River estuary has been observed during the
last 60 years (Lazaro & Praderi 2000; Bastida et al.
2007). Second, it has been suggested that together
with Lahille’s bottlenose dolphins from the southern
portion of Lagoa dos Patos, which are exposed to
high levels of bycatch in artisanal fisheries, they
comprise a single management unit (Fruet et al. 2012).
Third, the species was included in the list of species
with priority for conservation by the government of
Uruguay; so further baseline information is required.

MATERIALS AND METHODS

Survey Area

Fieldwork was carried out in two marine protected areas
of the Departamento de Rocha, La Coronilla-Cerro Verde
(33°38 S, 53°24” W) and Cabo Polonio (34°23S, 53°46W)
during January 2007 and May 2009 (Fig. 1). Surveys to
photo-identify dolphins were carried out either from rocky
points on land or from a boat. During land surveys, scan
sampling was applied to look for dolphins. Once a group
was detected, photographic identification sessions started.
Boat surveys were conducted onboard either on a 3.7 m or
a 4.2 m long inflatable boat powered with 25hp and 40hp
outboard engines, respectively, under favorable weather
conditions (Beaufort Sea State < 3). Boat surveys following
pre-defined transects both parallel and perpendicular to
the coast of the study area extended up to 2.5 km offshore
and covered approximately 50 km?.

A total of 189 photo-identification surveys were con-
ducted; 104 in La Coronilla-Cerro Verde and 85 in Cabo
Polonio (Table 1). Photographs were taken using a digital
camera fitted with 80-400 mm zoom lenses. Attempts were
made to photograph the dorsal fin of all animals in a group.
The boat remained with a group until photographs of all in-
dividuals were supposedly photographed or until dolphins
disappeared. At every sighting, Global Positioning System
(GPS) location, time, group size, group composition, and
the number of calves were recorded. A group of dolphins
was defined as any aggregation of dolphins in close spatial
cohesion (within an area of 100-m radius), engaged in the
same activity or behavior (modified from Wells et al. 1987;
Shane 1999; Karczmarski 1999). Calves were identified as

individuals less than three-quarters of adult size, usually in
close association with an adult (Chilvers & Corkeron 2002).

Photograph selection and individual
identification

Following Hammond et al. (2009), four primary criteria
were considered when selecting the photographs: 1- sharp-
ness; 2- the absence of glitter and foam; 3- the proportion of
the dorsal fin that is exposed; and 4- angle between the an-
imal’s body axis and the photographer. Then, photographs
were assigned based on their quality in excellent, good and
poor categories. Photographs were considered as excellent
when the dorsal fin was well exposed, occupying a large
proportion and oriented parallel to the frame, in sharp focus
and without water droplets. Good quality photographs
included sharp images but taken at a greater distance,
not fully exposed dorsal fin or on a diagonal direction
to the photographer, with a small quantity of glitter and
foam. Photographs not meeting these criteria (poor quality
photos) were excluded from the analysis (Fig. 2a).

Individual identification was made using natural, long-
lasting marks such as cuts, notches, and scars as proposed
by Wiirsig & Wiirsig (1977), as well as coloration patterns.
After each survey, identified animals with long-lasting
marks were included in a catalog as explained in (Laporta
et al. 2016a, Fig. 2b).

To verify the variation of the number of animals with
long-lasting marks as regards the photo-identification plat-
form used (boat or fixed point), Laporta (2009) compared
the abundance estimates of marked individuals using pho-
tographs taken from land and from boat separately. Results
indicated that estimates of the number of marked animals
were similar for the three-year study regardless of the type
of photo-identification platform used. So, excellent and
good quality photographs of animals with long-lasting
marks were taken either from land or boat were included
in the association analysis.

Association analysis

Associations were defined based on group membership,
then assuming that individuals in the same group were
associated (Whitehead & Dufault 1999). In some groups, it
was not possible to identify all individuals. Thus, to avoid
underestimating association patterns, only groups that had
50% or more of the group identified were included in the
analysis (Parra et al. 2011). Coefficients of association were
calculated using the Half-Weight Index (HWI, Cairns &
Schwager 1987), which quantifies associations on a scale
from 0 (two individuals never seen together) to 1 (two
individuals always seen together). The HWI is the least
biased estimator in cases where individuals of a pair are
more likely to be observed separately rather than together
in the same group (Cairns & Schwager 1987), which seems
to be the situation of the dolphins in the study area. It also
allows comparisons with other bottlenose dolphin studies
(Wells et al. 1987; Smolker et al. 1992; Bejder et al. 1998;
Lusseau et al. 2006; Frére et al. 2010). The resulting indexes
were then grouped into three association categories: low
(< 0.30), moderate (0.30- 0.50) and high (>0.50) as suggested
by Blasi & Boitani (2014). Mean and maximum HWI were
also calculated for each individual. To test whether the
observed association patterns were different from what it
would be expected if individuals associated randomly, a
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Fig. 1. Study area of La Coronilla (LC) — Cerro Verde and Cabo Polonio (CP), Rocha Department, Uruguay.

permutation test was run according to Bejder et al. (1998),
with modifications following (Whitehead et al. 2005).

We increased the number of permutations performed
until the obtained p-value stabilized (Bejder et al. 1998);
this number was as a result set at 20 000 permutations.
Associations were permuted within weekly sampling in-
tervals since during most surveys only a single group of
dolphins was sighted. The null hypothesis of no preferred
long-term associates could be rejected if the Standard
Deviation (SD) or the coefficient of variation (CV) of all
association indexes is highly significant (Whitehead et al.
2005). Since short-term associations tend to lower both SD
and mean HWI values (Whitehead et al. 2005), the CV was
chosen as a test statistic for long-term associations. The
p-values were not considered a formal statistical threshold,
but rather as indicating the strength of evidence for non-
random associations (Bejder et al. 1998). Dyadic 2-sided
significance levels were estimated using a= 0.05 to test
whether dolphin pairs had association indexes higher than
their null expectancy.

Changes in association rates over time were estimated
using the Standardized Lagged Association Rate (SLAR,
Whitehead 1995). This association rate was chosen because
it is possible that not all the real associates of an indi-
vidual were identified during the sampling period when
it was seen (Whitehead 2009). The SLAR is an estimate
of the probability that if two individuals are associated
any time, the second is a randomly chosen associate of
the first after a given time (Whitehead 1995). The SLAR
was compared to the standardized null association rate to
determine whether non-random patterns of association
occurred over the entire study period. Additional models
of temporal stability were fitted to the observed data to
characterize the social components of the society. The
quasi-Akaike information criterion (QAIC) was utilized to
choose the model best describing the temporal dynamics
of association patterns. It was used (rather than the AIC)
to compensate for over dispersed data (Whitehead 2007).
Standard errors for the SLAR and parameter estimates were
obtained by jackknife methods (Efron & Stein 1981), and

reported as a + 1 standard error interval around the mean.
This procedure estimated the precision of the parameters
by sequentially omitting 30-day sampling periods in which
association data were collected (Whitehead 1995). All
analyses were conducted using the compiled version of
SOCPROG 2.4 (Whitehead 2009).

RESULTS

Group structure and individual
identifications

A total of 8 204 photographs were analyzed, 40.5%
of which were classified as excellent or good quality
photographs. Dolphin sightings occurred in 39.7%
of the surveys (n= 75), totaling 255 groups. Thirty-
one individuals were identified through dorsal fin
marks, totaling 392 re-identifications; 30 of which
were identified after 40 sightings (survey No. 123,
cumulative total of identifications = 205). The last
dolphin was not identified until the subsequent 30
sightings, thus indicating that most of the individuals
in the study area were known (Fig. 3). The mean
number of re-identifications per individual was 12.64
(SD= 8.92, range: 1-32) (Fig. 4). Group size averaged
5.22 individuals (n = 255, SD= 3.77, range= 1-30,
median= 4) and the ratio of groups observed to
contain calves was 29%.

Association patterns

Only 77 groups were included in the association
analysis as they had at least 50% of the group’s
individuals identified. These groups consisted of
25 identified individuals who were re-identified at
least 6 times during the study period. Most of the
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Fig. 2. a) Examples of photographic categories of quality (1= excellent, 2= good, 3= poor); b) Catalogue photographs, which
are used to identify each individual. These examples belong to the IDs # 5, #7 and #9 (R = right side, L= left side).
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Fig. 3. Discovery curves showing the cumulative number of individuals identified with increasing effort indicated by the
cumulative number of dolphins photo-identified (including re-identifications) from encounters on 75 days, between 2007 and

2009.

associations were low (79.7%; HWI < 0.30), 16.3%
were moderate (0.30 < HWI < 0.50) and 4.0% were
estimated as high associations (HWI >0.50) (Table 2).
The CV of the observed pairwise association indices
was significantly higher than those from the per-
muted datasets (p<0.01), meaning that the variation
of observed association indexes was greater than
that expected if individuals associated randomly.

Thus, the null hypothesis that individuals associated
randomly was rejected. Moreover, three pairs of
dolphins had higher HWTI than the null expectancy
(ID#44-1D#10, HWI = 0.53, p<0.01; ID#46-ID#19,
HWI =0.67, p<0.01; ID#6-ID#27, HWI = 0.36; p<0.01).

SLAR analyses indicated that nonrandom associa-
tions between individuals persisted over the study
period; it remained above the null association rate
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Fig. 4. Frequency distribution of identifications per individuals (including re-identifications) from encounters on 75 days,
between 2007 and 2009, La Coronilla-Cerro Verde and Cabo Polonio, Uruguay.
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Fig. 5. Standardized Lagged Association Rate (SLAR) of 25-adult Lahille’s bottlenose dolphins observed in La Coronilla-
Cerro Verde and Cabo Polonio, Uruguay. Error bars generated by jackknife techniques (+ 1 standard error) shown. The
moving average was over 4500 associations. The maximum likelihood best fit model represents associations with constant
companions and casual acquaintances (SLAR 3). Second best fit model is also shown (SLAR 2- Casual acquaintances). The
null association rate represents the theoretical SLAR if individuals had random associations.

as time increases (Fig. 5). Therefore, animals main-
tained nonrandom relationships during the study
period. The exponential model that best fit the
curve suggested the existence of long-term com-
panions and casual acquaintances (QAIC= 10162.11).
However, the AQAIC between this model and the
others consisting only of casual acquaintances or
long-term companions is less than 4 (Table 3). In any

case, SLAR analyses suggests that most individuals
remained associated for a few days and then split.

DISCUSSION

This study is the first report about the social struc-
ture of the Lahille’s bottlenose dolphin population
inhabiting the marine coasts of Uruguay.
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Table 2
Association index (HWI) estimates for 25 adult
Lahille’s bottlenose dolphins observed in La
Coronilla — Cerro Verde and Cabo Polonio from
January 2007 to May 2009.

% low associations (<0.30) 79.7%
% moderate associations (0.30 -0.50) 16.3%
% high associations (>0.50) 4.0%
proportion of non- zero elements 0.787
Mean HWI (SD) 0.19 (0.06)
Max HWI (SD) 0.54 (0.10)

Estimated group size resembles those reported
for other coastal populations of the species (e.g.,
Rogers et al. 2004; Blasi & Boitani 2014; Genoves
et al. 2018). Regarding the association patterns
between individuals, the results confirm that the
population has a social system characterized by
fission-fusion dynamics, as previously reported for
many other bottlenose dolphin populations (Wiirsig
1978; Connor et al. 2000; Rogers et al. 2004; Gero
et al. 2005; Vermeulen & Cammareri 2009; Blasi
& Boitani 2014; Louis 2015; Genoves et al. 2018).
It is known that some of these dolphins move to
southern Brazil in winter (Laporta 2009; Laporta et al.
2016a), perhaps due to the increased prey patchiness
and scarcity during this season (Jaureguizar et al.
2004). Additionally, these movements occur out of
southern Brazil and Uruguay populations’ estimated
breeding season and are not limited to one sex
or age class (Laporta 2009; Fruet et al. 2015). It
is then possible that these movements determined
which conspecifics they encountered in Uruguay
and consequently shaped the social associations
recorded here. In southern Brazil, social network
analyses revealed the existence of at least three
distinct communities, which partially overlap in
range near the Lagoa dos Patos estuary (Genoves
et al. 2018). One of these communities is strongly
associated with the southern adjacent marine coasts
of the Lagoa dos Patos estuary (Genoves et al. 2018).
Since this southern community has been suggested
to belong to the same MU along with the population
of Uruguay (Fruet et al. 2014), further social analysis
including all individuals from both populations is
recommended. This would bring additional support
to the proposition of a southern Brazil- Uruguay MU,
as it would be endorsed by both genetic and social
information.

Results also indicate that some individuals asso-
ciate preferentially with others. These associations
might be based on the benefits gained when carrying
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Table 3
Models fit to Standardized Association Rates (g’) of Lahille’s bottlenose dolphins as shown in figure 3. AQAIC

indicates the relative support for each model.

Model Best fit

QAIC  AQAIC

SLAR 1- Constant companions
SLAR 2- Casual acquaintances
SLAR 3- Constant companions
+ casual acquaintances

SLAR 4- two levels of casual
acquaintances

g =0.055
g = 0.058e-0.0018t

g’ =0.053 + 0.069e-1.219t

g’ =-0.057e-0.0018t + 0.063e-0.0018t

10165.49 3.38  Less support
10163.69 1,58  Some support
10162,11 0,0 Best

10167,69 5,6  No support

out specific behaviors (Gero et al. 2005; Moreno &
Acevedo-Gutiérrez 2016), that are chosen to maxi-
mize efficiency or survival when associating with
individuals of a particular sex (Connor et al. 1992;
Smolker et al. 1992) or kinship (Frére et al. 2010;
Wiszniewski et al. 2010). As information about sex
and genetic relatedness is not available for most
individuals, including those whose HWI was higher
than the null expectancy, it was not possible to test
this hypothesis.

SLAR analyses suggested that most associations
were brief, as most parsimonious models included ca-
sual acquaintances. Interestingly, the best-supported
model also contained long-term companions, which
is an indication of the presence of some long-term as-
sociations. The analyses also supported the hypoth-
esis of nonrandom associations, as the association
rate remained higher than that of the null association
model over the entire study period.

The social structure plays a crucial role in many
ecological and biological aspects of a population as
it influences its genetic make-up, spread of diseases,
and the way animals explore their environment
(Lusseau et al. 2006). Thus, studies on popula-
tion social structure become an essential element
in the management and conservation of a species
(Sutherland 1998). Bottlenose dolphin has been clas-
sified as Least Concern (LC) in the ITUCN’s Red List
(Hammond et al. 2012), but in our region (Argentina,
Chile, Brazil, Uruguay and Malvinas Islands) data
are still insufficient.

Major threats to Lahille’s bottlenose dolphin pop-
ulations in Uruguay include by-catch mortality in
Lagoa dos Patos, RS, Brazil (Fruet et al. 2012), and a
plan to establish a deep-water port on the Uruguayan
marine coast

Furthermore, Lahille’s bottlenose dolphins along
both Uruguayan and Argentine coasts of the Rio de
La Plata estuary have decreased over the past 60
years (Lazaro & Praderi 2000; Bastida et al. 2007;
Coscarella et al. 2012). In fact, their abundance

and occurrence critically decreased all along the
coasts of Argentina (Bastida et al. 2007; Vermeulen
2017). Thus, the conservation status of the species
in the Rio de La Plata estuary must be revisited and
perhaps should not be considered as least concern
by the IUCN. Both Cerro Verde (Decree N° 285/2011)
and Cabo Polonio (Decree N°337/2009) have been
selected as the first marine protected areas by the
government of Uruguay. Therefore, information
about the ecology and behavior of the species in
these areas becomes essential for developing ade-
quate conservation and management plans for this
population. Since further studies to assess the con-
servation status of this population are needed, we
strongly encourage inclusion of the information
provided here when modeling the dynamics and
assessing the viability of this population, as well
as for investigating patterns of residence, gene flow,
disease transmission and habitat use.

CONCLUSIONS

Lahille’s bottlenose dolphins off the marine coast
of Uruguay have a socially structured population
characterized by fission-fusion dynamics, where in-
dividuals have nonrandom associates. Associations
may be brief (lasting a few days) or persist even
longer. Some individuals preferentially associated
with others, but the nature of this preference is
still unknown. It is highly recommended that this
information be taken as baseline information for
future conservation status assessments and manage-
ment plans. These must also consider the social
structure of dolphins from the community of the
southern adjacent marine coasts of the Lagoa dos
Patos estuary.
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