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ABSTRACT. A new mark-recapture abundance estimate and a photographic census were carried out to investigate the
possible decline in the abundance of the bottlenose dolphins, Tursiops truncatus (Montagu, 1821), in the Patos Lagoon
estuary due to the high levels of bycatch mortality which occurred between 2002 and 2006 in oceanic coastal areas
close to the estuary. Fourteen systematic boat surveys were conducted between August and early December 2005 to
photo-identify the bottlenose dolphins. The estimated number of animals, with long-lasting marks, in the population
obtained from Chapman’s and Mth models were 51 (95% CI = 49-53) and 52 (95% CI = 51-60), respectively. Taking into
account the proportion of dolphins with long-lasting marks in the population, the total estimated population size
ranged between 84 (95% CI = 76-93) and 86 (95% CI = 78-95) individuals, respectively, which was very similar to the
84 individuals revealed by the population census. Our results did not differ from the abundance estimate carried out in
1998, prior to the high fishing-related mortality event, suggesting that the population is stable. Plausible argument to
explain the stability of the population is that some carcasses found on the oceanic coastal beaches near Patos Lagoon
estuary come from animals that do not belong to the estuary community. Future studies should investigate fine-scale
habitat partition between estuarine and adjacent coastal dolphins. If the existence of different communities living in
close proximity (estuarine and coastal areas near to the estuary) is confirmed, a new abundance estimate is needed to
access the conservation status of bottlenose dolphins in this region.
KEY WORDS. Cetaceans; mark-recapture; photoidentification.

Threats to wild life around the globe have increased as a
result of the growth in human population activities and development. In marine ecosystems, several kinds of fishing operations are known to catch untargeted species and this is probably the major threat to the long-term persistence of some
coastal cetaceans (READ et al. 2006). To know the current size of
a population it is necessary to make quantitative predictions
about how populations will change, to understand both selective and demographic pressures and to make recommendations
for species management (HEPPEL et al. 2000).
Distributed in tropical and temperate waters around the
world the bottlenose dolphin, Tursiops truncatus (Montagu,
1821), inhabits a variety of marine environments such as ocean
pelagic waters, coastal bays and estuaries (LEATHERWOOD & REEVES
1983). In southern Brazil, the species is continuously distributed along the coastal waters of Santa Catarina and Rio Grande
do Sul states, apparently forming small local communities in
four distinct geographical areas: the Imaruí-Santo Antonio La-

goon system (28°30’S,48°55’W); the Mampituba (29°19’S,
49°42) and Tramandaí (29°58’S,50°06’W) river mouths; and
in the Patos Lagoon estuary (32°07’S, 52°05’W) (CASTELLO &
PINEDO 1977, SIMÕES-LOPES & FABIAN 1999) (Fig. 1). Previous research conducted in these areas include behavior, distribution,
acustic, diet, habitat use patterns, abundance and fishery interactions studies (SIMÕES-LOPES & FABIAN 1999, DALLA ROSA 1999,
MATTOS et al. 2007, AZEVEDO et al. 2007, DI TULLIO 2009, FRUET et
al. 2010). The degree of isolation and movements of individuals among these communities remain poorly understood. However, it is known that they constitute distinctive small geographical communities, have strong and long-term site fidelity and apparently few interchange of individuals (DALLA ROSA
1999, SIMÕES -LOPES & FABIAN, 1999). Past photo-identification
data (CASTELLO & PINEDO 1977, DALLA ROSA 1999, SIMÕES-LOPES &
FABIAN 1999) suggest that the largest community resides in the
Patos Lagoon estuary and adjacent coastal waters, where different kinds of human activities (e.g. fishery, boat traffic and
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pollution) may harm bottlenose dolphins. These dolphins tend
to concentrate near the estuary mouth, but the estuary and
adjacent areas are relevant for bottlenose dolphin activities,
including resting, feeding, reproduction and social interactions
(e.g. MATTOS et al. 2007). The use of the photo-identification
technique to recognize individual dolphins in the Patos Lagoon estuary began in the mid 1970s (CASTELLO & PINEDO 1977),
but population abundance was estimated only two decades
later. DALLA ROSA (1999) applied photo-identification data to
mark-recapture models for a closed population and estimated
that 83 dolphins (95% CI: 78-88) inhabited the waters of Patos
Lagoon estuary in 1998.
Until recently, coastal fisheries were thought not to harm
bottlenose dolphins. PINEDO (1986), after seven years of beach
surveys along Rio Grande do Sul state coast, suggested that
incidental catches in fishing gear were not a major cause of
mortality of bottlenose dolphins. However, a recent investigation, based on a time series of stranding data revealed a significant trend of increasing mortality of bottlenose dolphins over
the past 14 years in coastal areas close to the estuary (FRUET et
al. 2010). High levels of mortality, representing 5% to 17% of
the mean population size, occurred between 2002 and 2006.
During this period the bycatch was responsible for, at least 42%
of the overall mortality. Potential Biological Removal (PBR)
analysis (sensu WADE 1998) suggests that current levels of
bycatch in artisanal fisheries are unsustainable and this population could be declining (FRUET et al. 2010). The aim of this
work was to perform a new mark-recapture abundance estimate for the bottlenose dolphins inhabiting the Patos Lagoon
estuary in order to investigate whether or not this population
is declining.

MATERIAL AND METHODS
Study area
The Patos Lagoon estuary, located at Rio Grande do Sul
state, southern Brazil, is the world’s largest choked coastal lagoon (KJERFVE 1986). It is connected to the Atlantic Ocean
through a 0.5-3 km wide strait channel in its southern portion.
Although the estuarine ecosystem comprises only 5% of the
total area of the Patos Lagoon this environment holds many
habitats including salt marshes, seagrass and shallow estuarine
bays, which provide critical habitats for the establishment and
development of various fish and crustacean species exploited
by both artisanal and industrial fisheries in the region (COSTA et
al. 1997). The artisanal fishery, which involves approximately
4,000 traditional fishermen, occurs throughout the year in the
estuary and adjacent coastal areas (REIS & RODRIGUES 2003). The
region has intense human activity and a high risk of environmental accidents caused by the continuous traffic of fishing
and merchant vessels, petrochemical and fertilizer industries
established on the estuarine margins and frequent dredging
activities (TAGLIANI et al. 2003).
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Data collection
Between August and December 2005, we carried out 14
bottlenose dolphin photo-identification surveys in the Patos
Lagoon estuary. Surveys were conducted along a predefined
route, comprising an area of approximately 40km2 (similar to
the route adopted by DALLA ROSA 1999) (Fig. 1). All surveys started
at the north portion and extended south to the mouth of the
estuary. Zig-zag transects were run throughout the study area
onboard a 5.3 m aluminum vessel equipped with a 60hp outboard engine at speeds around 18-22 km/h. In all surveys the
same photographer and boat pilot were present. A third person was responsible for recording data and helping the photographer find the dolphins. Usually the surveys extended from
early mornings to late afternoons but were occasionally halted
if weather conditions deteriorated due to rain, fog and/or strong
winds.
A ‘group’ was defined as aggregations of dolphins within
100 m of one another engaged in similar activities and, if moving, heading in the same direction (WELLS et al. 1987). Whenever dolphins were sighted, the survey route was abandoned
and the boat was slowed and the individual(s) approached carefully. The geographical position of the initial sighting location
was recorded using a hand held Geographical Position System
(GPS) Garmin E-TREX Legend. The boat was maintained parallel to the individuals to initiate the photo-identification data
collection following the protocol described by W ÜRSIG &
JEFFERSON (1990). Photographs were taken using a Nikon D70
digital camera equipped with a 300 mm (f 2.1) lens. Photographs were taken randomly from dorsal fins of all animals in
the group, regardless whether there were obvious long-lasting
marks or not. As many photographs as possible were taken aiming to increase the likelihood of obtaining at least one good
quality picture of each group member. Back-lit shots (which
give little detailed of skin markings) were avoided (WILSON et
al. 1999). After ensuring that a sufficient number of good quality pictures had been taken, the group was left and the survey
was continued until the route was completed. After covering
the entire area, we kept searching for dolphins near the estuary mouth where they tend to concentrate (see Fig. 1). Estimations of group size were repeated several times during a survey
and subsequently confirmed with the photographic material
following the procedure described by BALLANCE (1990).

Individual identification
Each photograph was graded according to its quality:
excellent, medium and poor. The dorsal fin needed to be clearly
visible and large enough to allow the detection of any irregularities on either its leading or trailing edge. To be considered
excellent, photographs were required to be well exposed, without water droplets, in sharp focus, with the dorsal fin orientated parallel to, and occupying a large proportion of the frame
(HAMMOND et al. 1990). Photographs not meeting these criteria
(medium and poor quality photos) were excluded from the
analysis. These data restrictions aimed to reduce the chance of
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period; (4) A marked individual will be correctly recognized
upon recapture; and (5) The capture of an animal does not
affect its subsequent probability of recapture.

Data selection
The pronounced bycatch mortality and births in the Patos
Lagoon community of bottlenose dolphins are seasonally defined, occurring between November and March (Laboratório
de Tartarugas e Mamíferos Marinhos, Universidade Federal do
Rio Grande (LTMM/FURG) – unpubl. data). To reduce the
chance of violating the closed population assumption, we restricted the data analysis from surveys carried out between
August and early December of 2005. On some occasions, we
observed the same groups of dolphins using same sites in our
study area on consecutive days. Thus, surveys carried out on
consecutive days were excluded from the analysis (in this case,
the survey with the lowest number of photographs was excluded) to avoid problems associated with “pseudoreplication”
(WILSON et al. 1999). Pseudoreplication data may introduce negative bias in the estimate because it decreases the likelihood of
“capture” of different individuals in the population introducing dependence between observations.

Mark-recapture models

Figure 1. Survey route followed during survey trips conducted in
the Patos Lagoon estuary, southern Brazil.

incorrect identifications (false positive/negative) (FRIDAY et al.
2000). Only long-lasting marks, such as nicks, cuts and deformities were used for individual identification (WÜRSIG & WÜRSIG
1977). Other mark types such as dorsal fin shape, rakes, epidermal disease and injuries were only used to assist in differentiating individuals without long-lasting marks. After each survey, good quality photographs of dorsal fins possessing longlasting marks were catalogued. Photo-identified individuals
from subsequent surveys, which did not match any of the previously catalogued animals, were added to the catalogue. Otherwise, they were considered as a recapture.

Estimating the number of marked animals
The use of standard mark-recapture models involves some
assumptions and their violation can lead to bias estimates (SEBER
1982). Thus, it is important that they are explored and validated, or that appropriate models are selected to “relax” some
assumptions that are not met (BEGON 1983). Analysis of markrecapture for closed populations usually assume the following:
(1) The population is closed (events of births and deaths, immigration and emigration do not occur during the study period); (2) All individuals in the population have the same probability of capture; (3) Marks are not lost during the sampling

The estimates of the number of dolphins with long-lasting marks in the population were based on two mark-recapture models for closed populations: Chapman’s modification
of the Lincoln-Petersen estimator (CH) (CHAPMAN 1951) and the
Mth model (OTIS et al. 1978, CHAO et al. 1992).
The first model (CH) considers only two sampling periods and assumes the same capture probabilities among individuals. In this case, we considered the first seven surveys as
the capture period and the last seven as the recapture period.
For the second model (Mth) (CHAO et al. 1992), which assumes heterogeneity and time variation in the capture probabilities, an x-matrix representing the capture history of each
marked individual was constructed. This absence/presence
matrix was used to run the model in the Capture software
(REXSTAD & BURNHAM 1991).

T)
Total population size estimation (T
Since not all dolphins possess long-lasting marks in the
population, the total population size was obtained by dividing
N by the estimated proportion of marked individuals in the
population (U), with variance estimated using the delta method
(SEBER 1982), as modified by WILSON et al. (1999). Some researchers estimate u as the ratio between the number of high quality-photos of individuals presenting long-lasting marks and the
total number of dorsal fin photographs taken (e.g. WILLIAMS et
al. 1993, CURREY et al. 2008). However, we believe that the use
of this method can produce bias because it is affected by the
individual variation in capture probability within the group
sampled. In our study area, for example, juvenile/sub-adult
dolphins usually got closer to our research vessel than adults
and were easier to photograph, whereas older individuals with
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Parallel to abundance estimates, a photographic census
was conducted by recording the total number of individuals
recognized during the fieldwork period. The individual identification was made based on all kinds of dorsal fin marks, like
dorsal fin shapes, rakes, epidermal diseases and injuries, which
allowed us to recognize individuals throughout the sampling
period. The photographic census was performed independently
for the right and left side of the dorsal fin and included dolphins in all life stages. As young bottlenose dolphins stay in
close association with their mothers in the first three years of
life (WELLS 2000) and in most cases, do not possess any kind of
dorsal fin marks, we assigned as “individual” only unmarked
young dolphins sighted in two or more surveys in close association with the presumed mother. We added the total number
of identified calves to the total marked population census.

RESULTS
Photo-identification
Fourteen photo-identification surveys were made between
August and early December in the study area, totaling 104 hours
of sampling effort (Tab. I). Bottlenose dolphins were found in
all surveys and 135 groups were sighted. The group size ranged
between 1 and 23 individuals (mode = 3, mean = 4.3, SD = 3.4).
We took 2271 dorsal fin photographs and 1427 (62.8%) were
graded as excellent quality photographs. Fifty dolphins were
recognized through conspicuous long-lasting marks on the dorsal fin. The sighting frequency of these individuals during the
study period ranged between 1-10 times (mean = 4.5, SD = 2.5).

Estimates of the number of animals with longlasting marks in the population
The number of marked dolphins seemed to be stable over
the sampling period, with the majority of the individuals (62%)
sighted on 4 or more occasions (Fig. 2). Six dolphins (12%) were
photographed only once in the study area. The rate of newly
identified animals decreased as the survey effort increased, as
indicated by the “discovery curve”, suggesting that almost or all
marked individuals in the population were captured during the
experiment (Fig. 3). During the sampling period the asymptote
(defined as the observation of 95% of the photo-identified dolphins) was reached in the ninth field survey.
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Figure 2. Sighting frequencies of bottlenose dolphins presenting
conspicuous long-lasting marks on the dorsal fin.
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more long-lasting marks (WILSON et al. 1999) stayed farther apart
from the vessel. Therefore, it is expected that a smaller number
of good-photographs from these animals was taken during surveys, underestimating u and overestimating total population
size. This was because marked dolphins compose a large proportion of the population, mean group size is small (4) (MATTOS
et al. 2007) and the varieties of skin markings made it possible
to distinguish the unmarked dolphins in each group.
As recommended by BURNHAM et al. (1987) the 95% confidence interval for all estimates was constructed assuming a
lognormal approximation.
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Figure 3. Discovery curves of identified bottlenose dolphins in the
Patos Lagoon estuary, Brazil. Line with square markers: dolphins
presenting conspicuous long lasting marks on the dorsal fin. Line
with triangular markers: dolphins identified by temporary marks
in the left side of the dorsal fin, without long-lasting marks. Line
free of markers: dolphins identified by temporary marks in the
right side of the dorsal fin, without long-lasting marks.

Both CH and Mth models estimated similar numbers of
dolphins with long-lasting marks in the population (N) (Tab.
II). According to these models, 51 and 52 dolphins possess conspicuous long-lasting marks in the population, respectively.
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Table I. Field effort (expressed as days and hours), number of groups sampled and total number of dolphins photo-identified for each
month during the study period.
N Field surveys

August

September

October

November

December

Total

4

3

3

3

1

14

Time effort (h:min)

29:37

20:15

25:57

22:32

05:39

104:00

N groups sampled

42

31

28

30

4

135

N identifcations

57

62

33

52

22

226

Table II. Capture-recapture abundance estimates of bottlenose dolphins, T. truncatus, inhabiting the Patos Lagoon estuary during the
2005 winter/spring season. The number of dolphins with long-lasting marks in the population (N ), estimated by Chapman’s and the
Mth models, and the mark rate (U ) are also showed. (Mt+1) the number of animals marked during the experiment, (SE) standard error,
(CV) coefficient of variation, (CI) 95% confidence interval.
M t+1

N

SE

CV

C.I

SE

CV

T

CV

C.I

Chapman

50

51

1.21

0.02

49-53

0.61

0.02

0.033

84

0.036

76-93

Mth

50

52

2.13

0.04

51-60

0.61

0.02

0.033

85

0.053

78-95

The proportion of marked animals in the population (U),
estimated from 119 groups (376 individuals), was 60.5% (Tab.
II). This value was used to estimate the total population size,
which ranged between 84 and 86 individuals. Even assuming
the upper limit of the confidence interval provided by Mth,
which represents the highest value in the estimate, the population size did not exceed 95 individuals (Tab. II).

Population Census
We could identify 24 and 25 dolphins for left and right
sides, respectively. Nine young dolphins (seven calves born
during the 2004/2005 summer and two, more than one yearold, juveniles), without conspicuous marks in their dorsal fins,
were identified by their close association with the presumed
mother and added to our population census. Considering that
50 dolphins were identified by conspicuous long-lasting marks,
our census revealed that at least 84 bottlenose dolphins inhabited the Patos Lagoon estuary during the study period. The discovery curve of individuals was very similar for both sides of
the dorsal fin, reaching the asymptotic in the seventh and
eighth surveys for right and left sides, respectively (Fig. 3), suggesting that the unmarked population also remained stable
during the experiment and that probably all individuals in the
study area were sampled.

DISCUSSION
Abundance estimates
The assumptions of mark-recapture models used for closed
populations appears to be satisfied in this study. The use of excellent quality photographs, the high re-capture rates of marked
individuals, the short sampling period and the pattern of the
discovery curve strongly suggest that the population remained
closed to events of immigration and emigration during the study

U

period (assumption 1). Chances of failure of the closed population assumption could be introduced by the occurrence of births
and deaths during our sampling period (four field trips (28.5%)
were performed during a period of pronounced bycatch and of
bottlenose dolphins births, within the Patos Lagoon estuary
community). However, a 96.2% re-sighting rate of photo-identified individuals between 2005 and 2006 (only one individual
captured in 2005 was not recaptured in 2006) (Laboratório de
Tartarugas e Mamíferos Marinhos, Universidade Federal do Rio
Grande (LTMM/FURG) – unpubl. data) and the undocumented
presence of newborns in the groups sampled up to the last survey trip virtually eliminate this possibility. Photograph quality
and short sampling period also reduce the chances of failure of
assumptions 3 and 4 (marks are not lost during the experiment
and a marked individual will be correctly recognized on recapture, respectively). By using the Mth model, which takes into
account the temporal and individual variations, and the
Chapman modification of the Lincoln-Petersen estimator, which
tends to reduce the effects caused by individual heterogeneity
(CALAMBOKIDIS et al. 1990), it was possible to “relax” assumption
2 (all individuals have the same capture probability). The use of
photographs to capture individual dolphins increases the likelihood of satisfying assumption 5 (the capture of an animal does
not affect its subsequent probability of recapture).
The similar results provided by both mark-recapture models and population census indicate that the Patos Lagoon estuary population is small and that our results are very close to the
true population size. Since the population census can be considered as a measure of the minimum population size, at least 84
dolphins inhabited the waters of Patos Lagoon estuary during
winter and spring. The shape of the discovery curve and sighting frequencies of marked dolphins confirmed that the majority
of the individuals sighted are residents of the surveyed area.
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The population size estimated for the Patos Lagoon estuary is within the range of values reported for coastal populations of T. truncatus around the world – e.g. 71 in Doubtful
Sound, New Zealand: CURREY et al. (2007); 129 individuals in
the Moray Firth, Scotland: WILSON et al. (1999); 100 individuals, Sarasota Bay, Florida: WELLS & SCOTT (1990) –, and confirms
the occupancy patterns as described for other coastal areas
which form small resident communities associated with highly
productive rivers mouths, estuaries, bays and fjords.
The restricted geographic ranges, disjunct distributions,
limited movements and strong dependence of bottlenose dolphins on specific environmental characteristics, make them
particularly vulnerable to habitat loss and degradation (REEVES
et al. 2003). As the population size decreases, the risk of extinction increases due to loss of genetic diversity as a result of inbreeding, along with environmental and demographic stochastic effects (e.g. FOWLER & BAKER 1991). Population viability analysis of well known small coastal cetacean species – e.g. T. truncatus
and Cephalorhynchus hectori (P.-J. van Bénéden, 1881) – indicates that populations composed of less than 100 individuals
have high probability of extinction even when non-natural
mortality rates are relatively low (THOMPSON et al. 2000, SLOOTEN
2007). Due to the high bycatch mortality rates of bottlenose
dolphins registered after 2002, there would be an expected
decline in the population size from 1998 (the year of the first
abundance estimate – see DALLA ROSA 1999) to 2005 (present
study). Nevertheless, the two abundance estimates were very
similar, suggesting that this decline has not occurred. WILSON
et al. (1999) estimated that more than eight years is needed to
detect significant trends in the population size of bottlenose
dolphins with a declining rate of less than 5% a year when
precise mark-recapture abundance estimates (with CV of up to
0.12) are obtained. On average, 10 dolphins were found dead
on the beach each year between 2002 and 2005, which represents a minimum annual mortality rate of 11% of the entire
population. Considering that the estimated number of bottlenose dolphin’s mortality might be under-estimated (as some
dead animals might not have been found) and our abundance
estimates have twice the accuracy of those described by WILSON
et al. (1999), the rate of change should be high enough to detect population decline.
A plausible argument to explain the stability of the population is that the carcasses found on the oceanic coastal beaches
near Patos Lagoon estuary come from another group of dolphins that do not regularly inhabit the estuary and do not belong to the population from which we obtained the abundance
estimates. “Coastal” and “estuarine” communities of Indo-Pacific bottlenose dolphins Tursiops aduncus (Ehrenberg, 1832)
living in close proximity were recently described in Australia
(MÖLLER et al. 2007). The authors could identify five dolphin
communities (two estuarine and three coastal) along 130 km
of coast and reported that dolphin communities living in very
close geographic proximity (<16 km) but in two different envi-
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ronments – open coast and enclosed embayment – exhibited
unexpected genetic differentiation. In fact, bottlenose dolphins
living in protected coastal environments usually show a high
degree of site fidelity to local areas and belong to relatively
small communities or populations (WELLS et al. 1987), whereas
those inhabiting less protected waters such as open coasts tend
to display more extensive ranging patterns and gene flow. During surveys conducted to investigate the habitat use of bottlenose dolphins in oceanic coastal areas adjacent to the Patos
Lagoon estuary, we recorded some marked dolphins that have
never been photographed in the estuary. If these animals were
mixed in the stranding samples, as they probably were, this
would overestimate the effect of fishing-related mortality to
the estuary population. In this way, expanding the photo-identification sampling area towards the coastal zone is critical for
better understanding the social structure and habitat partitioning of the bottlenose dolphins in this region. If the existence
of different communities living in close proximity (estuarine
and coastal areas adjacent to the estuary) is confirmed a new
abundance estimate is needed to assess the conservation status
of bottlenose dolphins in this region. Furthermore, molecular
analysis for these estuarine and open coast communities as well
as stranded carcasses would enhance the possibility of evaluating the potential impact of non-natural mortality to these communities.
Even though many questions remain unanswered, there
is no doubt that fisheries are affecting bottlenose dolphins in
southern Brazil. Conservation and management strategies
should address the incidental catch issue by implementing
mitigation methods to reduce dolphin mortality. Bycatch was
the only human cause of bottlenose dolphin mortality addressed here. Rio Grande city is the main town on the Patos
Lagoon estuary margins, with its economy based primarily in
port and industrial activities. Contamination of water
(NIENCHESKI et al. 2006) and sediments (MIRLEAN et al. 2003) of
the estuary by heavy metals caused by urban effluents, fishprocessing industry and port activities have been described.
Infrastructure investments and development projects are occurring in the region and deep social and environmental
changes in the near future are expected (TAGLIANI et al. 2003).
The increase in human activities directly related to the use of
the estuarine waters suggest an uncertain future for the population of bottlenose dolphins and warns of the need to monitor this population on a long-term basis to allow the detection
of possible changes in their dynamics as a consequence of such
activities.
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