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Swim-with-dolphin (SWD) activities are popular but can negatively impact target populations. It is important to
consider the behavioural responses of dolphins, and quantify the impact on individuals and populations, as well
as maximise opportunities for sustainable tourism that benefits socio-economic growth while encouraging pro-
environmental behaviour. This is of relevance in “developing countries, where ecological studies are scarce
and tourism industries may have developed before science-based management measures were implemented.

This study aimed to determine the effects of SWD tourism on the behaviour of resident Indo-Pacific bottlenose
dolphins (Tursiops aduncus) in the Ponta do Ouro Partial Marine Reserve (PPMR), Mozambique. Markov-chain
models were used to describe dolphin behaviour transition probabilities in different tourism contexts between
2007 and 2009 (low tourism) and 2017-2019 (high tourism). Results detected significant short-term changes in
the behaviours of dolphins. In the early years (2007-2009), dolphins were likely to remain in their preceding
behaviour if they were resting, travelling, and foraging. However, for later years (2017-2019) this only occurred
if they were travelling. Overall, after tourist swims, and under both tourism contexts, dolphins were more likely
to travel and less likely to socialise, rest, or forage. The findings raise concerns that, despite current management
measures, SWD activities still affect dolphin behaviour and impose short-term negative effects to their activity
budget. Our study recommends time- and area-closures, speed restrictions, and mandatory training programmes
to all SWD staff. Given that SWD and whale-watching activities take place along the coast of Mozambique,
national regulations are urgently needed to minimise potential long-term negative effects on cetacean
populations.

diving behaviour, group formation, and vocalisations (Bejder et al.,
1999; Heiler et al., 2016; Lusseau, 2003; Martinez et al., 2011; Meissner

1. Introduction

Cetacean tourism, particularly “swim with dolphin” (SWD) activ-
ities, is globally increasing in popularity (Hoyt, 2018). This type of
tourism can support local economies, especially in developing countries
(Cisneros-Montemayor et al., 2010; Pérez-Jorge et al., 2017b). The ac-
tivity also has the potential to enhance knowledge and conservation
awareness to local communities and tourists partaking in the activities
(Cecchetti et al., 2018; Jacobs and Harms, 2014). However, tourism can
have negative impacts on the target cetacean populations (Fumagalli
et al., 2018; Pirotta et al., 2018; Shawky et al., 2020).

Dolphins can react to tourism vessels through various behavioural
changes, such as changes in activity, speed, direction of movement,

et al., 2015; Pérez-Jorge et al., 2016; Pirotta et al., 2015, 2018; Williams
et al.,, 2006). Studies focused on an Indo-Pacific bottlenose dolphin
(Tursiops aduncus) population in southern Kenya reported that tourism
affected individuals' activity budgets with a decrease in time spent
travelling and resting, while diving periods increased, possibly signi-
fying increased avoidance to boats and swimmers (Pérez-Jorge et al.,
2017a, 2017b). Similar results were presented by Christiansen et al.
(2010) for the same species in Zanzibar, Tanzania. These negative im-
pacts are particularly disturbing where individuals are resident or show
high site-fidelity, due to the cumulative effect of daily disturbance
(Cecchetti et al., 2018). Other long-term impacts have been reported
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including area avoidance, reductions in female reproductive success and
declines of relative abundance (Bejder et al., 2006; Christiansen et al.,
2010; Pérez-Jorge et al., 2017a, 2017b).

Many SWD activities take place without an in-water guide or have a
high number of swimmers, which can lead to bad conduct (e.g. flash
photography, touching the dolphins). The SWD industry is still relatively
new and under-studied, with limited information available on the
swimmers' short and long-term effects on dolphins. It is important to
understand the effect of SWD activities on dolphins, in order to effec-
tively regulate tourism activities minimizing anthropogenic distur-
bance. This is especially important in developing countries where
legislation for whale-watching and SWD activities is still relatively
young, and, in many cases, the industry grows unregulated and the
impacts unrecorded. Numerous studies report that SWD activities have
the potential to invoke stronger behavioural responses, the boat's
proximity to the animals to ensure a successful dolphin-swimmer
encounter (Lundquist et al., 2013), has been found to increase stress
for the animals (Bas et al., 2017; Steckenreuter et al., 2012b). Studies on
spinner dolphins (Stenella longirostris) in Hawaii and Egypt, where
swimming with wild dolphins is popular, have detected a decline in
abundance potentially caused by increased SWD pressure in dolphin
resting areas (Fumagalli et al., 2018; Tyne et al., 2016).

The present study took place over a 12-year period (2007-2019) in
the Ponta do Ouro Partial Marine Reserve (PPMR) in Mozambique.

This Marine protected area (MPA) uses zoning to manage the ac-
tivities of different groups. There are two distinct management zones, a
Restricted Zone and a Multiple use Zone. In the latter, several activities
such as scuba-diving, SWD, swimming and recreational fishing is
allowed (DNAC, 2009).

Ponta do Ouro bay is the main destination in the country for SWD
activities (DNAC, 2009). SWD activities have been taking place in this
bay since 1994. Up to 2010, no regulation existed to guide these activ-
ities and, it was with this in mind that in 1996 the first operator, Dolphin
Encountours Research Center (DERC), with the assistance of researchers
from South Africa, prepared a voluntary CoC (Table 1). This code was
later revised and adopted by the management of the reserve (DNAC,
2009). A peak season CoC was voluntarily adopted by all cetacean op-
erators in 2017 (Fig. 1). This stricter version of the code reduces the
amount of swim attempts, groups of dolphins approached, and minutes
spent with the animals (Table 1 in bold).

Table 1

Code of conduct developed by authors and DERC members (AG and DR) and
adopted by the PPMR. In bold are voluntary restrictions adopted during peak
season, exclusively.

Boat code Swim code

No unauthorized vessels to approach within ~ Remove only litter

300mts

Approach from the side and leave seaward Don't touch nor collect shells and
gap corals

No chase, herd, catch, kill, harass, feed or No swimming with newborns
disturb

No trawling if dolphins are present, keep No diving down, remain on the
reel in surface

Don't swim after or towards dolphins,
wait for their approach

No underwater scooters

No underwater flash photography
Only enter water with authorized
personnel

Don't touch the dolphins, keep arms
close to your body

Avoid abrupt movements and loud
noises

Maximum swim time of 20 min
Only one swim attempt

Keep slow steady speed (<5 km), avoid
sudden changes when bow-riding

No approach with Jet skis

Animals have right of way

Avoid mother/calf pairs

Keep noise to minimum, avoid shouting,
whistling etc
Do not pursue if they move off

One vessel within approach zone (300mt)

Maximum disturbance time of 20 min

Only one dolphin group approached per
trip
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Fig. 1. Map of the PPMR. It also indicates some of the bays in the reserve. This
study covered the first three bays (Ponta do Ouro, Ponta Malongane and Ponta
Madjedjanine).

The resident population of Indo-Pacific bottlenose dolphins in the
PPMR is the main focus of the SWD industry in Mozambique (Rocha
et al., 2020). The population has an estimated 300-350 individuals
identified using photo-id techniques (pers.comm, Rocha).

Monitoring of behavioural changes has been widely used to deter-
mine the effect of boat and swimmers' on the cetaceans. Many studies
have created Markov chains and used behavioural budgets as a tool, to
asses this disturbance (Cecchetti et al., 2018; Christiansen et al., 2010;
Fumagalli et al., 2018; Meissner et al., 2015; Pérez-Jorge et al., 2017a;
Shawky et al., 2020). The measurement of behavioural budgets can be
used to make comparisons among the same species in different habitats,
for the same population at different times and among different in-
dividuals or social structures (Steiner, 2011).

The aim of the current study is to investigate how SWD tours affect
the behavioural state of the PPMR dolphin population and investigate
how these changes alter behavioural budgets over different time frames.
First, we assessed seasonal boat traffic to quantify vessel abundance and
behaviour. Second, we used Markov chain analysis to estimate the
probability of dolphins changing between different behaviour states (e.
g., travelling, socialising, milling, resting, and foraging) prior, during
and at the departure of tourism boats. Finally, we investigated whether
behavioural changes altered the dolphins' overall behavioural budgets.
Findings from this work will provide original data from this region,
allow for informed decision-making by PPMR managers, as well as offer
guidance to operators who aim to improve the quality and sustainability
of their tourism activities.



D. Rocha et al.

2. Material & methods
2.1. Study site

The PPMR stretches for 86 km along the coast from the border with
South Africa to its northernmost point past Inhaca Island. The reserve
protects 678 km? of marine space, of which 6 % is a no-take zone (Daly
et al., 2015). The area has mild winters and warm tropical summers,
with tourists all year round; however, there are still distinctive peak
seasons during the Christmas and Easter holidays. Tourism operators
have anecdotally observed that during these peak seasons the quality of
the swimmer-dolphin interactions decreased, with dolphins avoiding,
not interacting, or spending less time around the boats and swimmers.

Ponta do Ouro is a small village, located inside the PPMR (Fig. 1),
known for its year-round marine activities including diving, fishing,
whale watching, and dolphin swimming. Marine operations are mostly
owned and managed by South Africans (Lucrezi et al., 2017; Lucrezi and
Saayman, 2017) and tourists are also mostly South African, from a wide
range of age groups (Lucrezi et al., 2017; Rocha et al., 2020).

The area suffers from anthropogenic pressures, such as unregulated
and exponential coastal development, littering, and overfishing (Lucrezi
and Saayman, 2017), as well as an increased amount of private and
commercial tourism vessel traffic (pers.comm Goncalves 2018).

SWD activities occur on a daily basis by the four permitted operators
that take customers on semi-rigid inflatable boats. The operators are
distributed in three bays, with the two most frequent ones (conducting
at least one daily trip) based in Ponta do Ouro. A third operator has a
permanent base in Malongane's Bay dive centre but caters for a smaller
village and therefore conducts less trips. The fourth operator is incor-
porated in a small capacity five-star resort and caters only for the resort's
clients, also resulting in very few trips.

2.2. Data collection

Non-systematic boat-based surveys were conducted from Dolphin
Encountours Research Center's (DERC) boat during dolphin swim/
observation trips. The operator used a semi-rigid inflatable boat with
capacity for 16 people (including crew) and two four stroke, 90HP,
Suzuki engines. The survey was opportunistic and observation effort
varied as it was limited to favourable environmental conditions and
minimum economic requirements (minimum of four paying customers).
An observer was positioned, standing, next to the skipper and looking
ahead (180° angle of search). A second observer was positioned standing
at the back of the boat increasing area coverage. No further equipment
was used when searching for dolphins given that environmental con-
ditions hardly ever allow for the safe use of binoculars or cameras.
Photographic data collection only took place when the boat found a
group and decreased its travelling speed.

DERC launched from the Ponta do Ouro launch site, then followed a
standard protocol of driving along the coast, approximately 500 m
behind backline (i.e. where the waves break). Initially heading south
towards the border with South Africa (1.5 km from the launch site), if no
dolphins were encountered the boat would then proceed north for a
maximum length of 15 km. The duration of the trip typically lasted
1-1.5h.

When dolphins were sighted, data was collected, by the first
observer, using a group follow protocol (Mann, 1999), with the primary
behavioural state based on the activity of >50 % of the group members
(Shawky et al., 2020; Stockin et al., 2008). A group was defined as in-
dividuals engaging in similar behaviours with close-group cohesions
(<50 m) (Bas et al., 2017). Behaviour definitions are presented in
Table 2 (Shane et al., 1986).

Duration of the group follow was limited by the PPMR regulations;
due to the maximum disturbance time of 20 min per group, operators are
only allowed to approach one group per trip in peak season, and if the
dolphins display avoidance behaviours the boat must leave. Therefore,
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Table 2

Definitions of behavioural states used in this study (adapted from Cecchetti
et al., 2018; Constantine, 2001; Filby et al., 2017b; Lusseau, 2003; Steckenreuter
et al., 2012b).

Behavioural Definition

state

Foraging (F) Dolphin involved in any effort to pursue, capture and/or consume
prey, as defined by observations of fish chasing (herding),
coordinated deep and/or long-diving and rapid circle swimming.
Prey can often be observed at the surface. Many non-coordinated
re-entry leaps, fast changes in direction and long dives.

Milling (M) Non-directional movement, frequent changes in bearing which
prevent animals from heading in a specific direction. Different
individuals can head in different directions at the same time
within a group, but they keep together.

Tight group cohesion, less than one body length apart. Slow
maneuvers with little evidence of forward propulsion. Slow and
often synchronous surfacing.

Diverse interactive events among group members (social rub,
aggressiveness, chasing, mating and other physical contact).
Aerial behaviours such as breaching.

Noticeable headway on a persistent direction and constant speed.
Usually faster than the idle speed of boat. Group has constant and
short dive intervals.

Resting (R)

Socialising (S)

Travelling (T)

during low season researchers could collect data and proceed to find
another group, but during peak season would observe only one group
per trip for the maximum time of 20 min. These limitations were
voluntarily adopted in 2015, by the operators, after a decline in swim-
quality was observed during peak seasons. Consequently, during the
earlier period of this study, there was no time constraint and observers
could remain with the dolphins for an unlimited time.

During follows, data were collected three times, TO = Approach (at
arrival of boat), T1 = In-water (in-water dolphin-human interaction),
and T2 = Leave (after swim-with activities), similar to methods applied
by Sprogis et al. (2020). Distance at first sight can vary between 500 and
200 m. Although it is worth noting that the dolphins will likely be aware
of the vessel beyond these distances (especially the vessel noise).
Regardless, this was considered the “Approach” period in the present
study.

Swimming with the dolphins was dependent on the group's behav-
ioural state, location and environmental conditions, for safety of both
humans and dolphins. If there was no swim-with attempt, only TO and
T2 were collected, and the follow was not included in the present
analysis.

DERC used the “line abreast” (parallel approach) for observation and
once the swimmers were ready to get in the water the approach would
change to “in path” (J approach; Sprogis et al., 2020). In this case, the
boat would drive 100 to 150 m ahead of the dolphin group and drop the
clients in their path, giving the swimmers time to acclimatize and the
dolphins time to decide whether they wished to avoid or engage with the
humans.

The group follows ended when the dolphin group disappeared or
presented an avoiding behaviour (e.g. tail slapping on the surface,
charge without physical contact, jaw clapping towards swimmers),
when weather conditions deteriorated, or when the 20 min observation
time was reached.

2.3. Vessel data collection

Soon after the PPMR was established, a data collection protocol was
implemented to monitor vessel traffic. The number of vessels, type of
vessels (i.e., boat, jet ski, kayak), number of people, and the activity for
each vessel were recorded by park rangers based at the Ponta do Ouro
launch site. These rangers remain at the site from 7:30 am until the last
vessels leave the water each day, and record data whenever a new vessel
arrives. No vessels are allowed once the sun sets. The PPMR has pro-
vided access to all vessel data collected for the years of 2010 to 2020. For
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the purpose of this study, only the years between 2011 and 2019 will be
included, on account of inconsistent data collection for 2010 (trial year)
and beach closure due to COVID19 from March 2020 to April 2021.

Since the reserve was only implemented in 2009, no previous vessel
data are available. However, dolphin-swim vessel (DSV) numbers for the
early years of 2007 to 2009 can be obtained from DERC, given that it
was the only dolphin boat operating in the area at that time. Descriptive
statistics were used to investigate the distribution of vessels across years
and activities.

The vessels were organized in three broad categories:

1. Diving: recreational diving with licensed diving operators, no private
boats allowed to dive.

2. Snorkelling: SWD and Ocean Safari (OS) activities were merged
despite being advertised separately and OS not being licensed for
cetacean tourism. However, both activities, which are currently
offered by different operators, cover the same areas in search of
wildlife to observe/swim with, and tourists misguidedly choose OS
to SWD under the impression that both activities can engage with
cetaceans. OS are a novelty and yet to be regulated by the PPMR's
management plan, leaving space for interpretation.

3. Fishing (Boats and Jet skis): Recreational fishing can be carried out
from private boats or jet skis, as well as from licensed recreational
fishing operators; no commercial fishing is allowed within the PPMR
boundaries.

Private boats used for leisure trips are minimal and therefore
excluded. Jet skis are only allowed for recreational fishing and thus are
included in the fishing category.

2.4. Data processing

2.4.1. Transition probabilities

To determine the effects of SWD activities and the effect of tourist
boats on the dolphin population, we used first-order Markov chain
modelling, which estimates the transition probabilities between the
preceding and succeeding behavioural states, on the assumption that no
activity alters the probability of an activity occurring after the imme-
diately subsequent activity (Lusseau, 2003; Shawky et al., 2020). There
are two different timeframes to analyse. First we compared dolphin's
behaviour at TO, T1 and T2. We further compared dolphin's behaviour
under different anthropogenic pressure. For instance, when there was
still only one operator in the area (Early = 2007-2009) to when tourism
increases led to four operators in the area (Late = 2017-2019). Similar
methods were used by other investigations (Christiansen et al., 2010;
Filby et al., 2017a; Meissner et al., 2014; Shawky et al., 2020). This way,
comparisons could be made not only between the preceding behaviour
(when the boat approaches) and succeeding behaviour (when swimmers
leave) (Sprogis et al., 2020), but also between years where tourism was
low and when it increased (Toro et al., 2021).

Four contingency tables were created for the number of times a
succeeding behaviour was observed following a particular preceding
behaviour, two for Early years (TO > T1; T1 > T2) and two for Late years
(TO > T1; T1 > T2). The four contexts will from now on be referred to as:
El (Early years, Approach to In-water), E2 (Early years, In-water to
Departure), L1 (Late years, Approach to In-water), and L2 (Late years,
In-water to Departure).

Z-tests were conducted to determine the statistical significance of
individual transitions probabilities (Bas et al., 2017; Shawky et al.,
2020; Stockin et al., 2008) between the four contingency tables (E1, E2,
L1, and L2). All Z-Tests were conducted using an online calculator from
EpiTools (https://epitools.ausvet.com.au/ztesttwo).

2.4.2. Behavioural budgets
The behavioural budgets (i.e. overall proportion of time dolphins
spent in each behavioural state) were calculated based on transition
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probabilities. These were arranged in matrices (one for each context),
which were used to calculate the left eigenvectors of the dominant ei-
genvalues of each matrix (Matlab Version 2014a, based on code pro-
vided in Caswell, 2001). This produced five left eigenvectors for each of
the four vessel conditions, representing each of the five activity states.
To translate these into behavioural budget percentages, the proportion
that each left eigenvector contributed to the sum was calculated. These
were then assessed via Z-test for proportions to compare all contexts
(Lusseau, 2003).

3. Results
3.1. Vessel and SWD activities numbers

Between 2011 and 2019, 39,206 boats and 4312 Jet Skis were
recorded in the PPMR, 5241 of which are operating SWD activities.

When assessing the total number of vessels per year between 2011
and 2019 (Fig. 2) some fluctuation is observed with a slight overall in-
crease. A traffic increase is primarily observed for Diving (22 %; n =
567) and Dolphin and Ocean Safari trips (20 %; n = 157). Fishing ac-
tivities indicate a decrease (28 %; n = 424).

The mean number of SWD trips per year (Fig. 3) increased 38 %
between 2007 and 2019. If the OS trips are included, this increase rises
to 51 %. Fig. 4 presents a monthly breakdown of SWD activities where
tourism peak seasons such as Easter holidays (March and April) and
Christmas/New Year/end of academic year holidays (December), are
clearly identifiable by an estimated traffic increase of 50 %. When
comparing early and late years an estimated increase of 40 % is
observed. The slight increase in the months of July and August coincides
with European summer holidays and the humpback whale (Megaptera
novaeangliae) migratory season.

3.2. Survey effort

Data were collected during commercial SWD activities from 2007 to
2009 (early years) and 2017 to 2019 (late years). A total of 1168
launches, and 597 h were spent for the early years condition, and 785
launches and 312 h spent following during late years conditions,
resulting in 870 behavioural transitions including for E1, 992 for E2, 645
for L1 and, 649 for L2.

3.3. Behavioural transitions

The temporal dependence between behaviours was significantly
affected by swimmer's presence in both early and late years.

For all of the four contexts, transition probabilities indicated that
dolphins were most likely to continue resting if that was the preceding
behaviour (Fig. 5). For both E1 and L1, socialising was most likely to
remain (Fig. 5a and c). Likewise, dolphins were most likely to transition
from travelling to socialising, foraging to socialising, and milling to
socialising under the same context. Furthermore, under the E2 and L2
contexts (Fig. 5b and d), dolphins were most likely to transition from
foraging to travelling, and socialising to travelling.

Similarly, during L2, dolphins were most likely to continue travelling
or resting if those were their previous states, and transition into trav-
elling from socialising and foraging (Fig. 5d).

Some behaviours and impact contexts presented small sample sizes
and therefore were not statistically tested. Out of the 100 possible
combinations of behaviour transitions under the four contexts (E1, E2,
L1, and L2), a total of 50 statistical comparisons were possible, of which
26 behavioural transitions showed statistically significant differences («
= 0.05). Due to the amount of significant Z-test results, these are pre-
sented in Table 3 with an indication of probability of increase or
decrease. There were four statistically significant transitions when
comparing the impact of swimmers entering the water between E1 and
L1, these were an increase in resting-resting, decrease in resting-
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N o W
8 8 8

8

389

Number of trips
N w B wv
8 8 8 8

8

| I

769

Early

Late SWD

Late Snorkel

Fig. 3. Mean number of trips per year for SWD in early (2007-2009) and late years (2017-2019). And, mean number of trips per year for Snorkelling in late

years (2017-2019).

socialising, decrease in socialising-resting and increase in socialising-
socialising. When comparing the dolphin's behaviour at boat depar-
ture (E2 and L2), seven transitions were significant namely: increase of
travelling-travelling, resting-resting and socialising-travelling, and a
decrease of travelling-resting, resting-travelling, socialising-resting, and
socialising-socialising. The comparison between E1 and E2 resulted in
the greatest number of significant transitions, totalling 10. Specifically,
the increase of travelling-travelling, resting-travelling, milling-
travelling, foraging-travelling, foraging-foraging, and socialising-
travelling; and the decrease of travelling-socialising, resting-social-
ising, milling-socialising, and socialising-socialising. Finally, five tran-
sitions were obtained for the late years (L1 and L2) with increase for
travelling-travelling, foraging-travelling, and socialising-travelling,
and decrease for travelling-resting and socialising-socialising.

Overall, the probability of most behaviours transitioning to travel-
ling increased and to socialising decreased. When considering the in-
crease of traffic and tourism over the years (Early-Late) the probability
of dolphins remaining resting (i.e. not transitioning) increased.

3.4. Behavioural budgets

When analysing the early years (2007-2009) behavioural budget
comparisons indicated that dolphins spent a greater proportion of time
travelling (z = 9, p < 0.001) and less time socialising (z = 12.1, p <
0.001) after the departure of swimmers then prior to their approach.
When the later years were analysed (2017-2019) the proportion of time
spent travelling was also significantly increased (z = 8.3, p < 0.001), as
well as time spent foraging (z = 2.1, p = 0.036), whereas resting
decreased (z = 3.0, p = 0.003) and so did socialising (z = 8.5, p <
0.001), after the departure of swimmers then prior to their approach.
The proportion of time spent in the different activity states was not
significantly different between early and late years (all p > 0.05)
(Fig. 6).

4. Discussion
The aim of the current study is to investigate how SWD tours effect

the behavioural state of the PPMR dolphin population and investigate
how these changes alter the behavioural budgets over two different time
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Fig. 5. Markov chains representing probabilities in behavioural state transitions: a) E1, boat approach to swimmers in water; b) E2, swimmers in water to boat
departure; c) L1, boat approach to swimmers in water; d) L2, swimmers in water to boat departure. For definitions of each activity state see Table 1.

frames. Significant short- and long-term changes in the behaviours of
dolphins were detected as a consequence of SWD interactions.

While assessing the distribution of vessels across years, results
showed an overall increase of traffic and that dolphin groups were
approached by SWD vessels almost twice as much during peak season in

comparison with other times. Similar findings were reported on an Indo-
Pacific bottlenose dolphin population off Port Stephens, Australia,
where groups were approached 3 times per day in winter and 6 times per
day in summer (Steckenreuter et al., 2012a, 2012b). The repeated
disruption of resting, foraging, and socialising activities, which are
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Table 3
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Z-test results for statistically significant transitions between the 5 behaviours (Table 1) and under the 4 different contexts (E1 to E2: App-Leave in early years, L1 to L2:
App-Leave in late years, E1 to L1: App-App between early and late years, E2 to L2: Leave-Leave between early and late years). The values in bold refer to significant

increases, all remaining are decreases.

El to E2 El to L1 E2 to L2 L1to L2
Transitions P Z-value p Z-value p Z-value p Z-value
T-T <0.0001 8,5 0.0018 3,1 <0.0001 11,7
T-R 0.005 2,8 0.0014 3,2
T-S <0.001 9,1
R-T <0,0001 3,9 0.,0006 3,4
R-R 0.0005 3,5 <0.0001 6,3
R-S 0.0002 3,7 0.0002 3,7
M-T <0.0001 4,3
M-S 0.0002 3,7
F-T <0.0001 4,4 <0.0001 5
F-F 0.039 2,1
F-S
S-T <0.001 9,3 <0.0001 4,7 <0.0001 10,3
S-R 0.002 3,1 <0.0001 4,4
S-S <0.001 8,4 <0.0001 4,2 0.0015 3,2 <0.0001 11,7
60
* %k %
* K %
50
* % %
40 E1 = Early - Approach
to inWater
X E2 = Early - inWater to
€ 30 Leave
9]
o
$ = L1 = Late - Approach
*% to inWater
E 20
* % 5 ok Kk .
W L2 = Late - inWater to
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10
. [ z
Travelling Resting Milling Foraging Socialising

Dolphin activity state

Fig. 6. Behavioural budgets of dolphins in four different time contexts (early years: 2007-2009 — approach to in water, early years: 2007-2009 - in-water to leave,
late years: 2017-2019 - approach to in-water, late years: 2017-2019 — in-water to leave). Z-Test comparisons results are presented: <0.001 ***; <0.01 **; <0.05 *.

fundamental in physiological terms, may affect the health of individuals
and their reproductive success, thus leading to a population decline as
reported in other studies (Christiansen et al., 2010; Constantine et al.,
2004). Bejder et al. (2006) reported that an increase in the number of
permits by even one tour vessel led to significant impacts on the bot-
tlenose dolphin population of Shark Bay, Australia. The present study
shows similar results; while comparing the early years when there was
only one SWD operator short-term effects appear lower than in the late
years where there were four operators.

It is also to note that the calving season for this population takes
place when the waters are warmer in austral summer (i.e. beginning in
November until February/March), resulting in an overlap between
calving season and peak tourism season. In December, each SWD
operator conducts on average 3 to 4 trips per day. The trips start at 5:30
am and the last one ends at around 3:00 pm, approximately, each trip
can last up to 2 h, resulting in an estimated 67 % of the daylight hours (5

am to 6 pm) where SWD vessels will be searching or actively engaging
with dolphins. Although dolphins can be active both during the day and
night, their social interactions are mostly diurnal, resulting in large
periods of biologically important time being interrupted by tourism.
Vessel data was also collected from the neighbouring bay, Malon-
gane, but only at a later stage and inconsistently. This bay has a single
dive center that provides dolphin swimming, ocean safaris, and diving
activities. However, given that there are four SWD operators in the
reserve and that two launch from Ponta do Ouro bay, future research
including all bays where SWD occurs is recommended to obtain a more
accurate picture of anthropogenic effects to the dolphin population.
Transition analyses using Markov chains found that SWD activities
significantly affected all five of the behavioural states analysed. After
tourist swims, dolphins were more likely to travel and less likely to so-
cialise, rest, or forage; similar to the studies of Christiansen et al. (2010)
and Lusseau (2003). However, in the early years, dolphins were likely to



D. Rocha et al.

remain in their preceding behaviour if they were resting, travelling, and
foraging. For later years this only occurred if they were travelling.

Most previous studies indicated that dolphin populations disturbed
by tourist vessels spent less time foraging (Bejder and Samuels, 2003;
Cecchetti et al., 2018; Christiansen et al., 2010; Dans et al., 2008; Lus-
seau and Higham, 2004; Steckenreuter et al., 2012a, 2012b). This is a
biologically significant activity and reducing the energy intake can pose
risk to individual and population health (Christiansen and Lusseau,
2013). Due to their small size and active swimming habits, dolphins are
required to cover high metabolic costs (Cecchetti et al., 2018). However,
in this study we observed a significant increase in time spent foraging,
especially in the late years (2 % to 19 %). This increase in foraging could
be an attempt to compensate for the significant increase in time spent
travelling (early years: 14 % to 51 %; late years: 10 % to 44 %).
Increased travelling preceding SWD activities has been documented in
several studies (Christiansen et al., 2010; Lusseau, 2003; Steckenreuter
et al., 2012a, 2012b), as well as increased travel speeds in the presence
of high levels of vessel traffic (Marley, 2017). The increased time and
intensity of travelling behaviour would likely result in higher energetic
demands, and subsequently reduced fitness at both an individual and
population level (Lusseau et al., 2006). Thus, dolphins may attempt to
offset this cost through more time spent foraging.

A decrease in resting bouts was also observed; this was most signif-
icant for the late years (34 % to 17 %) and is comparable to other similar
studies (Cecchetti et al., 2018; Christiansen et al., 2010; Lusseau, 2003;
Meissner et al., 2015; Pérez-Jorge et al., 2017b; Steckenreuter et al.,
2012a, 2012b). As females nurse during resting periods, a reduction of
resting could have serious implications for nursing behaviour (Stensland
and Berggren, 2007). Studies have also shown that a reduction of the
resting state could induce physiological stress, increase heart rate, and
inflate energetic costs, thus reducing energy reserves (Constantine et al.,
2004). Low energy reserves could also lead to higher predation risks due
to reduced alertness (Christiansen et al., 2010).

Dolphins also spent significantly less time socialising after SWD ac-
tivities (Christiansen et al., 2010; Dans et al., 2008; Lusseau, 2003;
Steckenreuter et al., 2012a, 2012b). Socialising includes mating activ-
ities; less time mating can result in a reduction of the reproductive
success of the population. Mother-calf interaction is also represented in
socialising, these are times when mothers will teach their offspring
survival skills, a reduction of this bout could result in unprepared sub-
adults, thus affecting their health and survival rate, resulting in popu-
lation decline (Senigaglia et al., 2022).

Given the population's size and lack of knowledge about their
reproductive rates, it is recommended that continued behavioural
monitoring, population estimates, and reproductive success analyses are
undertaken (Rocha et al., 2020; Shawky et al., 2020). This is particularly
important given that a decline of abundance in a small resident dolphin
population could have strong consequences to the long-term sustain-
ability of the population and consequently, to the local SWD industry.
When considering small resident populations in busy tourist locations,
management strategies may need to be stricter (Allen et al., 2007; Bejder
et al., 2006). It is critical that management strategies and national pol-
icies be science-based (Christiansen and Lusseau, 2013; Pérez-Jorge
et al.,, 2017b) and that the precautionary approach be implemented
through speed restrictions and area closures for all vessels within the
PPMR (Rocha et al., 2020; Steckenreuter et al., 2012a, 2012b). Hoyt
(2012) suggests closing a third of marine mammal's habitat for a third of
daylight hours, as a precautionary measure.

Furthermore, a recent study in the PPMR indicated that the operators
have a good grasp of the CoC and that compliance levels should be high
(Rocha et al., 2020). Nonetheless, surveyed tourists presented low
knowledge of the CoC, but were supportive of such regulations (Rocha
et al., 2020). A good solution to increase tourist awareness is to ensure
that guides and all staff are trained to disseminate the correct infor-
mation. A guide training workshop with SWD staff within the PPMR
reported significant knowledge gaps; conversely, all participants
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presented substantial improvements at conclusion (Rocha et al., 2022).
Thus, it is recommended that annual compulsory training programmes
take place for all staff of SWD operations (Filby et al., 2017a; Rocha
et al., 2020; Stensland and Berggren, 2007); this would improve service
quality (guide talk, customer service to maximise tourist satisfaction)
(Liick, 2015; Weiler and Ham, 2002), as well as ensure that the crews
know how to identify the different behaviours correctly, and comply to
the CoC to minimise negative impacts on dolphins (Filby et al., 2017a).

The study presented some limitations in the data collection proced-
ures. Group behaviours were not recorded at set time intervals, as most
similar studies did. This was not possible given that the platform was a
commercial SWD boat during tourism activities. All three observations
occurred within a 20-min interval for the late years, as the PPMR
regulation only allows for a maximum 20-min disturbance time. How-
ever, in the early years there was no time constraint and although there
was only one operator, this could remain with the dolphins for up to 1 h.
An overall predominant behaviour was recorded for each of the three
observations. Another limitation was that in order to have three obser-
vations and 2 transitions, the swimmers needed to interact with the
dolphins, which was not always possible depending on the dolphin's
location and behaviour. If for example, there was a newborn present, the
dolphins were swimming fast, or showed aggressive behaviours, then no
one was allowed in water and the sighting was excluded from the data
set. To compensate for this, we included three early and late years of
data to obtain a sufficient sample size.

5. Conclusion

There is a misconception that because dolphins often approach and
interact with humans there are no negative consequences. However,
these interactions can have long-term detrimental effects on dolphin
populations by diverting them from important behaviour such as
foraging and resting (Martinez et al., 2011), especially during periods of
high tourism intensity (Pérez-Jorge et al., 2017a) which is also the
calving and breeding season for this species.

This study has demonstrated that SWD activities have the potential
to alter dolphin behaviour to an extent that changes the daily behav-
ioural budget over a period of time. This is important because repeated
behavioural disruptions can negatively affect survival and reproduction
rates, leading to population-level effects (Tyne et al., 2018).

Additionally, it illustrates the importance of a multidisciplinary
adaptive management approach to the PPMR, where management
measures are the results of cooperative work between the management
of the reserve, researchers, and SWD operators. Where managers make
decisions based on information provided by research, and SWD opera-
tors comply to implemented measures.

Future growth in commercial tourism activities in the area needs
careful consideration by PPMR managers, this is of particular impor-
tance when considering the relatively small size of this population. For
that reason, continued monitoring of population size and distribution
range are needed to better understand its current status.

We urge authorities to strictly regulate present operations along the
Mozambican coast and islands, advise against further development of
SWD tourism and recommend that any unregulated increase in SWD
tourism should be discouraged (Fumagalli et al., 2018).

The study of small resident populations of cetaceans is relevant not
only regionally but globally, as small populations contribute to overall
population numbers (Steckenreuter et al., 2012a, 2012b).

For that reason, the results presented here have implications for
other SWD industries elsewhere and strongly recommend managers to
adopt a precautionary approach and make use of lessons learned in well-
documented sites worldwide.
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