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ANNA SÄRNBLAD
Department of Zoology,
Stockholm University,
SE-106 91 Stockholm, Sweden

ANDERS BIGNERT
Swedish Museum of Natural History,
Box 50007, SE-104 05 Stockholm, Sweden

PER BERGGREN 1
Department of Zoology,
Stockholm University,
SE-106 91 Stockholm, Sweden
E-mail: per.berggren@zoologi.su.se

ABSTRACT
Indo-Pacific bottlenose (Tursiops aduncus) and humpback dolphins (Sousa chinensis)
off the south coast of Zanzibar, East Africa, have been subject to both direct and
indirect takes as well as disturbance from local dolphin tourism during the last
decade. Meanwhile, little or no information on population parameters exists for
these animals. In order to assess the anthropogenic threats, a study was conducted
between 1999 and 2002 to determine population sizes, distribution, and behavior of
these animals. Population sizes were calculated for each year using mark-recapture
methods applied to photo-identification data. The estimates ranged between 136
and 179 for the bottlenose dolphins and between 58 and 65 for the humpback
dolphins in the calculated 26 km2 study area. Patterns in distribution and behavior
were investigated using image and spatial statistic software on data from boat
surveys. Analyses of spatial densities showed that both species concentrated their
activities to smaller areas (2%–11.5%) within the study area. When the study
results were considered in light of the anthropogenic threats, it was clear that
immediate conservation measures were needed. This is critical if the negative impact
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on the species is to be minimized and the dolphins are to continue to represent a
socioeconomic resource in the region.
Key words: mark–recapture, photo-identification, population size, distribution, behavioral ecology, hunt, bycatch, dolphin tourism, critical areas, TISS.

There are about 25 species of marine mammals in the East African region, many
of which are subject to both direct (hunt) and indirect takes (bycatch in fisheries) as
well as habitat degradation due to anthropogenic activities (Borobia 1997). There is a
recognized need for better information on population parameters such as population
size, distribution, stock structure, behavior, and survival to allow status assessment
of those species present in the East African region (Anonymous 1998). This is true
for the subjects of this paper—the Indo-Pacific bottlenose dolphin (Tursiops aduncus)
and the humpback dolphin (Sousa chinensis) found off the south coast of Zanzibar.
Dolphins are still actively hunted in some areas of eastern Africa where they are
used for bait and human consumption (Stensland et al. 1998). Off the south coast
of Zanzibar, dolphins were hunted until 1996 when 23 animals were taken during
one season. 2 Bycatch in fishing gear has been recognized as the most serious threat
to small cetaceans world wide (Read et al. 2006) and in eastern Africa (Anonymous
1998). Six dolphin and three whale species have been recorded as bycatch in driftand bottom-set gill nets around Zanzibar alone (Amir et al. 2002). Dolphin tourism
is a growing industry worldwide, which in many areas can be an alternative to the
direct utilization of dolphins and in some cases also to the fishing activities that
cause indirect mortalities. Dolphin tourism has been conducted off the south coast
of Zanzibar, Tanzania, since 1992 and in 2001 there were about 35 local boats that
took tourists out to watch and swim with the dolphins. This is one of only a few
areas where a cetacean hunt has been directly replaced by cetacean tourism which
now forms a socioeconomic alternative. However, it has been shown that tourism
activities also pose a potential threat to dolphins under certain circumstances (e.g.,
Lusseau 2003, Constantine et al. 2004). A study comparing dolphin behavior when
proposed guidelines for the dolphin tourism off the south coast of Zanzibar were
either followed or violated, showed that violation of the guidelines caused changes in
behavioral activity and in particular increased frequency of stress-related behaviors
(Englund and Berggren 2002). Further research has also shown that tourism affects
the behavior, movement, and dive patterns of nursing female bottlenose dolphins in
the area (Stensland 2004).
Mark–recapture methods have been used successfully to estimate population sizes
for a diverse range of terrestrial and marine mammals (e.g., Otis et al. 1978, Hammond
1986). The basic method uses data on marked individuals and their proportion in
subsequent samples to estimate population size and other population parameters
(Seber 1982). In cetacean research photo-identification has been widely used to estimate population sizes (see e.g., Hammond 1986, 1990; Williams et al. 1993; Read
et al. 2003).
In order to study dolphin distribution and habitat preferences, information on
sighting locations, relative abundance, and behavior has been utilized to good effect
(see e.g., Wilson et al. 1997, Ingram and Rogan 2002, Bräger et al. 2003, Torres et al.
2003). Analytical tools such as Geographic Information Systems (GIS) are available to
overlay dolphin locations on habitat maps where patterns of distribution and habitat
2
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use can be plotted and investigated (Allen et al. 2001). Heterogeneity in distribution
and varied use of patches within a habitat may indicate where important key habitats
(critical areas) are situated for a population or a species.
To address the lack of information on population parameters of Indo-Pacific bottlenose and humpback dolphins off the south coast of Zanzibar and to assess the extent
of anthropogenic threats, a study was conducted between 1999 and 2002. This study
investigates the population sizes, patterns of distribution, and habitat preferences of
dolphins using mark–recapture methods and novel spatial analyses techniques.
METHODS
Data Collection
Surveys were conducted between January and March 1999–2002 off the south coast
of Zanzibar, East Africa (Fig. 1). During this time of the year the northeast monsoon
prevails with light winds and minimum rainfall. A 5-m outboard powered boat was
used to survey the study area (for a definition of the study area see below) at a speed of
about 10 km/h. All surveys were conducted in Beaufort Sea State 0–3 in clear weather.
Starting at right angles to the boat, two researchers scanned through 100◦ on each
side of the boat. Information on boat position and water depth was logged every 30
s with a GPS/echo sounder (Garmin GPSMAP 185 Sounder, Garmin International
Inc., Olathe, KS) connected to a laptop computer using custom-developed logging
software (for information contact: info@pihldata.com). The number of survey days
during each field season was 11 in 1999, 44 in 2000, 45 in 2001, and 31 in 2002. The
total logged distance surveyed was 4,037 km (excluding distances while observing
encountered dolphins). When a group of dolphins was sighted, the boat slowed
to idling speed while one researcher photographed the individuals in the group
(see below) and the other recorded position, depth, group size, group composition,
and predominant behavior. The predominant behavior was recorded as the activity
displayed by the majority of the animals in the group during the first 5–10 min.
These data were collected by scan sampling of the group (Mann 1999) using four
different behavioral categories: resting, traveling, foraging, and socializing (similar to
those used by Mann and Smuts 1999 and Connor et al. 2000; for detailed definitions
of behavioral categories see Table 1). The dolphins were considered to associate in a
group when any individual occurred within 10 m of another individual. No groups
were sampled more than once each day, however because both species live in nonstable groups (Würsig and Würsig 1977, Smolker et al. 1992, Karczmarski 1999,
Jefferson 2000), some individuals could occur in more than one group in a single
day.
Photo-identification
We attempted to photograph the dorsal fin of all dolphins in the groups using
a 35-mm camera with a 75–300-mm zoom lens and color slide film (100 ISO).
Individual dolphins were identified from nicks and marks in the dorsal fin (Wells
and Scott 1990, Würsig and Jefferson 1990). The best pictures of the identified
dolphins were compiled into a catalog of all identified dolphins in the study area.
All pictures were analyzed regarding photographic quality; good photos had dorsal
fins in focus and perpendicular to the photographer. The photographs were ranked
according to photographic quality (0–4) and only qualities 2–4 were retained in the
catalog to reduce false identification. Pictures of new individuals were added to the
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Figure 1. Map of the study area off the south coast of Zanzibar, East Africa. The gray area
within the rectangle represents the calculated 26 km2 study area.

catalog if the pictures fulfilled the quality criteria. Both left- and right-side pictures
of the dorsal fin were used to identify individuals.
Mark–Recapture
We used the software MARK (White and Burnham 1999) to estimate the
population sizes of the bottlenose and humpback dolphins in the study area. Photoidentification data from four field seasons 1999, 2000, 2001, and 2002 were used for
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Table 1. Definition of behavioral categories.
Behavior
Rest
Travel
Forage
Social

Definition
Low level of activity, dolphins moving slowly (speed <2 knots). Slow surfacings
3–4 times before diving for an extended period of time.
Persistent and directional movement (speed >2 knots). Dolphins could be
meandering but still moving in a general direction.
Rapid energetic surfacings, frequent directional changes, fish chases, and
observations of dolphins with fish in mouth. Peduncle and tail-out dives
common.
Petting, rubbing, mounting, chasing, genital inspections, play and displays, and
other physical contact between individuals.

the mark–recapture analysis. Only individuals with distinct marks in the dorsal fin
(large marks or several smaller nicks) were used in the mark–recapture analyses.
A total of 129 bottlenose dolphins and 27 humpback dolphins met the criteria as
marked animals and were used in the analyses but not all marked individuals were
sighted each year. Calves were excluded from the mark–recapture analysis as their
probability of capture is not independent from that of their mothers (Wells and
Scott 1990). Individuals with small nicks or no marks were classified as unmarked
dolphins. We calculated the proportion of unmarked individuals (non-calves) in the
population as the total number of unmarked individuals identified (in pictures of
quality 2–4) divided by the total number of individuals identified in all sightings.
To calculate the proportion of calves in the population we pooled the average number
of calves estimated in the field from all field seasons compared to the average group
size estimated in the field from all field seasons.
We grouped the identification data of all marked individuals within each year to
maximize the capture probability. The populations were considered closed within
each field season. We constructed and compared models in MARK, for estimation of
population sizes following standard models (Otis et al. 1978). For our estimates we
used the models that were found to be most appropriate based on the AIC-criterion
(Burnham et al. 1995).
As we only used marked non-calf individuals for the mark–recapture analysis we
recalculated the population estimates derived by MARK and adjusted the estimates
(following the equation used by Williams et al. 1993) with the proportion of unmarked individuals (non-calves) and the proportion of calves in the population to
calculate N̂to tal as:
N̂to tal =

N
û

/f̂

where û is the proportion of marked individuals in the population (1 minus the
proportion of unmarked non-calves) and f̂ is the proportion non-calves (1 minus
the proportion of calves in the population). The confidence intervals were adjusted
correspondingly.
Residency
We calculated the cumulative number of identified dolphins over the four field
seasons to investigate if the rate of newly identified dolphins decreased over time,

672

MARINE MAMMAL SCIENCE, VOL. 22, NO. 3, 2006

which would indicate that most of the marked dolphins had been identified. We used
two measures to investigate the residency of the marked animals in the study area.
First we counted the number of days each marked individual had been identified
(Chilvers and Corkeron 2003) and secondly we calculated the resighting frequency
of marked individuals in subsequent years. The photo-identification data from 1999
to 2002 were collected during the same season every year (December–March) and for
comparison we also included an additional data set, from a pilot-study for a biopsy
sampling program conducted in September 2002. We investigated how many of
the known marked individuals were found in the area during this time of the year,
indicating potential year round residents.
Study Area and Patterns of Distribution
The size of the study area was calculated using the Thematic Images and Spatial
Statistics (TISS) software package (version TISS, 02-05-17) developed by A. Bignert.
TISS presents spatial information on maps where patterns of distributions can be
investigated and described by different statistical parameters. The points on the
resulting maps may be transformed to surfaces using several approaches such as
placing the points into a matrix or grid where they can be generalized to a layer
through interpolation. We calculated the size of our study area from the survey
data, excluding the time and positions when the boat approached dolphin groups.
We laid a grid with a cell size of 100 × 100 m over the entire area and for every
grid cell calculated time spent searching for dolphins in each cell. The study area
was then defined as the smoothed polygon enclosing all neighboring cells that were
visited for at least 1 min during the study period. The TISS software package was
also used to investigate distribution patterns. A total of 184 Indo-Pacific bottlenose
and 53 humpback dolphin group sightings were available for analyses. Given that
tourist boats may affect the dolphin distribution, we excluded sightings of dolphin
groups with tourist boats when investigating patterns in dolphin distribution. This
left 128 bottlenose and 50 humpback group sightings for analyses. Maps of dolphin
distribution were constructed in a similar way as when calculating the size of study
area (see above). For every 100 × 100 m grid cell a dolphin group density value was
calculated by drawing a circle with a 150-m diameter around the center of each cell
and counting the number of dolphin group sightings inside the circle. The given
value was then applied to the grid cell in question. This approach gives smoothed
density maps of observed dolphin groups. Density values were then adjusted for
survey effort to account for uneven search effort in the study area using the following
equation:
ŷ = y i + (xm − xi )b ,
where ŷ equals the weighted (adjusted) value of density in each specific grid cell, y i is
the observed density in the cell, x m is the mean value of time spent in each grid cell,
x i is the observed time spent in the specific cell, and b is the slope of the regression
line (the number of sightings to survey effort). The regression was highly significant
(r2 = 0.432, F = 714.8, df = 940, P < 0.001). The adjustment was carried out with
the same smoothing as described in the density maps above.
We created distribution maps of the adjusted bottlenose and humpback dolphin
group sighting densities. The maps show areas with densities of 1–24 and 25 or more
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dolphin group sightings per km2 . We also plotted the adjusted density of tourist
boat sightings (i.e., dolphin groups with tourist boats present) in the same way as
the dolphin group distributions. We then calculated the spatial overlap (percentage)
between distributions of bottlenose and humpback dolphin groups, and between the
tourist boats and the two species of dolphins, respectively.
We further investigated the distribution of bottlenose and humpback dolphin
sighting locations relative to depth and distance to shore. A non-parametric MannWhitney U test was used to test for differences in depth and distance to shore between
bottlenose and humpback dolphin group locations. Statistical tests were performed
in Statistica (StatSoft 1999) and the significance level for tests was set at a = 0.05.
Behavior
To investigate the significance of areas with high group density (≥25 dolphin
group sightings per km2 ) behavioral activity budgets (the proportion of groups that
were traveling, resting, foraging, or socializing) were calculated for both dolphin
species. The predominant behavior of the groups (groups with tourist boats present
excluded) was used for this analysis. For each dolphin species we tested if the proportion of behavioral activities was different between high group density areas and
the remaining study area in a contingency table analysis (Siegel and Castellan 1988).
The standardized residuals were examined to reveal differences (Siegel and Castellan
1988).
RESULTS
Population Estimates
Dolphins were encountered in the study area on 122 of the 131 d that were spent
at sea throughout the study. In total we encountered 186 bottlenose dolphin groups
and 56 humpback dolphin groups during this study. The latest population estimates
(from 2002) based on the mark–recapture analyses were 136 (log-normal 95% CI
124–172) for the Indo-Pacific bottlenose dolphins and 63 (log-normal 95% CI 57–
95) for the humpback dolphins, in the 26 km2 study area. Table 2 shows the adjusted
population estimates and the model used for each year between 1999 and 2002 as
derived from MARK.
Table 2. Adjusted estimates for total population size. Models used were Mt, time- Mh,
heterogeneity-, and Mth, time-, and heterogeneity-dependant capture probabilities. “No
estimate” indicates that there were not enough data available to calculate estimates.
Species

Year

Model

Adjusted estimate

95% log-normal CI

Bottlenose

1999
2000
2001
2002
1999
2000
2001
2002

Mth
Mth
Mh
Mth
Mt

150
153
179
136
58
No estimate
65
63

142–172
142–183
167–212
124–172
56–79

Humpback

Mh
Mh

62–102
57–95
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The median group size of bottlenose dolphins in the study area varied between 8
and 21 for the different survey years. The humpback dolphin groups were smaller
with a median group size between 5 and 9.
Residency
The cumulative curve of identified marked dolphins indicated that the total available number of identifiable animals in the study area were identified during each
field season and that the number of additional animals identified in subsequent years
were few (Fig. 2). A large number of the identified dolphins were resighted between
years. Of the 91 marked bottlenose dolphins identified in 1999, 80% were sighted in
2000, 77% in 2001, and 60% in 2002. Of the 19 humpback dolphins identified in
1999, 42% were re-identified in 2000, 94% in 2001, and 68% in 2002. The number
of days that an individual dolphin was sighted during the study varied from 1 to 57
for the bottlenose dolphins and 1 to 19 for the humpback dolphins (Fig. 3). Further,
46 marked bottlenose dolphins were identified in September 2002 of which 41 were
recaptures of previously known individuals. The remaining five marked individuals
had not been identified previously.
Study Area and Patterns of Distribution
The calculated 26 km2 study area and its location is shown in Figure 1. Analyses of
spatial densities, corrected for survey effort, showed that bottlenose dolphin groups
utilized 8% (1.7 km2 ) and humpback dolphins about 2% (0.5 km2 ) of the 26 km2
study area, at the high spatial density level (≥25 dolphin group sightings per km2 )
(Fig. 4a, b). Including also a low spatial density level (1–24 dolphin groups sighting

Cumulative number of identified dolphins

160
140
120
100
Bottlenose
Humpback

80
60
40
20
0
1

6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116 121

Field days

Figure 2. Cumulative discovery curve for the marked dolphins. Arrows on the x-axis
indicate the start of the year 2000, 2001, and 2002 field seasons, respectively.

STENSLAND ET AL.: INDO-PACIFIC BOTTLENOSE AND HUMPBACK DOLPHINS

675

20
18
16

No. of dolphins

14
Bottlenose
Humpback

12
10
8
6
4
2
0
1

3

5

7

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57

No. different days identified

Figure 3. Frequency distribution of the number of times individual Indo-Pacific bottlenose
and humpback dolphins were identified during 1999–2002.

per km2 ) the bottlenose dolphins used 11.5% (3.0 km2 ) and humpback dolphins
about 6% (1.6 km2 ) of the study area (Fig. 4a, b).
Bottlenose dolphin groups were found significantly further from shore (MannWhitney U = 2,112, bottlenose n = 186 and humpback n = 56, P < 0.0001) and
at greater depths (Mann-Whitney U = 2,837, bottlenose n = 169 and humpback
n = 56, P < 0.001) than humpback dolphin groups. The bottlenose dolphins were
encountered throughout the study area (median depth 14 m, min–max: 4–52 m,
median distance from shore 1,120 m, min–max: 490–3,300 m) whereas the distribution of the humpback dolphin groups was restricted to a median distance of 830 m
(min–max: 200–1,550 m) from the shore line and a median water depth of 11 m
(min–max: 2–26 m). The two species’ distributions had a 35% overlap (at the low
spatial density level).
The dolphin tourism activities were concentrated to a 1.9 km2 area, of these
1.2 km2 constituted a high spatial density level (≥25 dolphin group sightings with
tourism per km2 ) (Fig. 4c). The tourism activities overlapped with the areas used by
bottlenose and humpback dolphins by 44% and 27%, respectively.
Behavior
The bottlenose dolphin groups were traveling less and socializing more frequently
within the high-density area than in the rest of the study area (contingency table
analysis x 2 = 9.68, df = 3, P = 0.02) (Fig. 5a). Outside the high-density area
(n = 42), 40% of the groups were traveling, 38% resting, 17% foraging, and 5%
socializing. In the high-density area (n = 76) fewer dolphin groups were traveling and
instead more groups were socializing (21% traveling, 30% resting, 32% foraging,
and 17% socializing) (Fig. 5a). The proportion of groups foraging was higher within
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(a)

Kizimkazi

Bottlenose

2 km

(b)

Kizimkazi

Humpback

2 km

Figure 4. Dolphin group density distribution maps (adjusted for effort) of (a) Indo-Pacific
bottlenose dolphin groups, (b) Indo-Pacific humpback dolphin groups, and (c) tourist boats
in the 26 km2 study area off the south coast of Zanzibar, East Africa. For (a) and (b), the
lighter-shaded grey areas represent 1–24 dolphin group sightings per km2 throughout the
study and the darker grey ≥25 dolphin group sightings per km2 , respectively. For (c), the
lighter and darker grey areas represent 1–24 and ≥25 dolphin groups with tourist boats per
km2 , respectively. The small black dots indicate sighting locations of dolphin groups in (a)
and (b), and dolphin groups with tourist boats (c).
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Figure 4.

Continued.

the high-density area although the difference was not significant. There was no
significant difference (contingency table analysis x 2 = 0.92, df = 3, P = 0.82)
between the activity budgets for the humpback dolphins within (n = 22) or outside
the high-density areas (n = 19) (Fig. 5b). However, the proportion of groups resting
was higher (27% compared to 16%) within the high-density areas, although this
could not be shown statistically.

DISCUSSION
This study has supplied some of the first estimates of population size for east
African dolphin populations. Off the south coast of Zanzibar, the populations of
Indo-Pacific bottlenose and humpback dolphins are small and resident (Table 2). The
results show that both species actively use only small parts of their coastal habitat
and that the bottlenose dolphins were socializing and foraging to a larger extent in
particular areas. This is important information for understanding the ecology of the
species and for guiding management decisions necessary for the conservation of the
dolphins off the south coast of Zanzibar.
Without more detailed information on individual animals’ ranging patterns it is
unclear how the study area relates to the animals’ home ranges. Of the total 173
dolphin groups used in the population size estimates, only four were encountered
outside the study area. However, the animals in these groups had previously been
identified within the study area. This indicates that the estimates for the two dolphin populations relate to the calculated study area and further that the study area
underestimates the home range of some individuals in the populations. The photoidentification data support the hypothesis that dolphins of both species were resident
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Figure 5. Behavioral activity budgets for (a) bottlenose dolphin groups and (b) humpback
dolphin groups based on the proportion of sighted dolphin groups engaged in respective
behavioral activity (travel, rest, forage, and social) in the high-density areas (≥25 groups per
km2 ) compared to the rest of the study area. Significant differences are indicated with∗ .

in the study area both between and within years. Further, during the field trip in
September 2002, all but five marked bottlenose dolphins were previously known
individuals, indicating that some of the animals may be year round residents in the
area.
Both bottlenose and humpback dolphins preferred smaller areas within their coastal
habitat. A higher proportion of bottlenose dolphin groups were socializing and foraging in the high-density areas than outside these areas. This indicates that these
high-density areas may be important to the population, particularly for breeding
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and foraging activities. Areas outside the high-density areas should however not be
regarded as insignificant because a high proportion of bottlenose dolphin groups
rested both outside and within the high-density areas. By using a different approach
(harmonic mean transformation) Ingram and Rogan (2002) identified two potential
critical areas for a population of common bottlenose dolphins (Tursiops truncatus) in a
150 km2 area off the west coast of Ireland. Similar to our study, Ingram and Rogan
(2002) concluded that the identified areas were primarily used by the dolphins for
foraging-related activities.
The humpback dolphins were found closer to shore and in shallower water than
the bottlenose dolphins indicating spatial separation between the species in the study
area. This distribution of humpback dolphins is similar to that described in other
areas such as Algoa Bay, South Africa, where the humpback dolphins seldom venture
further than 500 m from shore (Karczmarski et al. 2000).
Hunting marine mammals is illegal in Tanzania and no hunt has officially been
conducted off the south coast of Zanzibar since 1996. There are no records of the
magnitude of this hunt or for how many years it had been carried out but the last hunt
in 1996 took 23 specimens in one season. This would represent an annual mortality
close to 12% for a combined population estimate of 199 animals for the two dolphin
species in the area. This is much higher than the 2% anthropogenic removal that the
Scientific Committee of the International Whaling Commission (IWC) considers to
be unsustainable for small cetacean populations (IWC 1996). It is therefore likely
that the hunt has had a significant negative impact on the status of the dolphins off
the south coast of Zanzibar.
Bycatch in fishing gear has been recognized as the most serious threat to small
cetaceans world wide and in the east African region (Anonymous 1998, Read et al.
2006). Incidental catch of both Indo-Pacific bottlenose and humpback dolphins has
been documented in gillnets off the south coast of Zanzibar (Amir et al. 2002). There
are currently no estimates of the magnitude of this bycatch, but given that even
three bottlenose and two humpback dolphins taken per year would exceed 2% of the
respective population estimates, it is very likely that bycatch represents a threat to
the dolphins in the area.
Dolphin tourism is an additional threat facing the dolphin populations off the south
coast of Zanzibar. These activities, which mainly target the bottlenose dolphins, have
been shown to affect dolphin behavior in this area (Englund and Berggren 2002,
Stensland 2004) as well as in other regions (see e.g., Lusseau 2003, Constantine et al.
2004). The tourism activities in our study area overlap geographically with the distribution areas of bottlenose and humpback dolphins by 44% and 27%, respectively.
Tourist boats focus their activities in the high-density areas where a high proportion
of dolphins forage and socialize (Fig. 5a). Due to this spatial overlap between tourist
activities and areas where animals are foraging and socializing, the dolphins may be
subject to disturbance that can have negative effects on both individual and population level. If foraging individuals are repeatedly interrupted by tourism activities it is
possible that this may compromise survival of the affected individuals. Interruption
by boats and swimmers during sexual activities, which is often included in socializing, may lower the rate of successful mating attempts which can have a long-term
effect on populations.
On a positive note the dolphin tourism off southern Zanzibar has directly replaced
an unsustainable hunt for dolphins in the area and now forms a socioeconomic alternative. This is something which has been rarely observed elsewhere. The research
conducted in the area has increased the knowledge on the population parameters
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such as population size, distribution, behavior, demography, and stock structure. It
has also succeeded in raising the local people’s awareness of the dolphins and we are
hopeful that this bodes well for a sustainable future for these animals.
In conclusion, given the relatively small population sizes, limited distribution
ranges, and the magnitude of anthropogenic threats facing the Indo-Pacific bottlenose and humpback dolphins in the area, it is clear that immediate conservation
measures are needed such as mitigation of the bycatch and implementation of tourism
guidelines. This is critical if the negative impact on the species is to be minimized and
the dolphins are to continue to represent a socioeconomic resource in the region.
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