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In 2011, several non-governmental and government agencies established the Kenya
Marine Mammal Network (KMMN) to provide a platform for the consistent collection
of data on marine mammals along the Kenyan coast, identify areas of importance
and engage marine users and the general public in marine mammal conservation.
Prior to the KMMN, relatively little was known about marine mammals in Kenya,
limiting conservation strategies. The KMMN collects data nationwide through dedicated
surveys, opportunistic sightings and participative citizen science, currently involving
more than 100 contributors. This paper reviews data on sightings and strandings
for small cetaceans in Kenya collated by the KMMN. From 2011 to 2019, 792
records of 11 species of small cetaceans were documented. The most frequently
reported inshore species were the Indo-Pacific bottlenose dolphin and Indian Ocean
humpback dolphin. Offshore species, included killer whales, short-finned pilot whale and
long-snouted spinner dolphin. Indo-Pacific bottlenose dolphins, long-snouted spinner
dolphins, striped dolphins and Risso’s dolphins were recorded through stranding
reports. The efforts of the KMMN were disseminated through international meetings
(International Whaling Commission, World Marine Mammal Conference), national status
reports, outreach and social media. Data has also supported the identification of three
IUCN Important Marine Mammal Areas and one Area of Interest in Kenya. Further
research is needed to improve estimates of cetacean abundance and distribution,
particularly in unstudied coastal areas, and to assess the extent of anthropogenic
threats associated with fisheries, coastal and port development, seismic exercises and
unregulated tourism. The expansion of the network should benefit from the participation
of remote coastal fishing communities, government research agencies, tourism and
seismic operations, among others. The KMMN demonstrated the value of dedicated
and citizen science data to enhance marine mammal conservation strategies to boost
awareness and eco-tourism and to bring the public and science closer together,
promoting research and effective conservation efforts.

Keywords: Western Indian Ocean, marine mammals, citizen science, network, conservation, Kenya, marine
protected areas
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INTRODUCTION

The biodiversity and marine resources of Kenya and neighboring
regions are critical for national economic development (Olson
and Dinerstein, 1998). Protecting these resources has become
increasingly urgent given the rapid expansion of regional
development projects and associated anthropogenic threats. As
part of a regional economic transformation, Western Indian
Ocean (WIO) countries are accelerating plans to diversify their
marine economies within the scope of the “Blue Economy”
(Benkenstein, 2015; United Nations Economic Commission for
Africa, 2015; Sacko, 2020). The main “pillars” of this strategy
typically focus on three sectors; fisheries, maritime trade and
the exploitation of natural resources (oil, gas, minerals). Whilst
regional economic development is dependent on the success
of these plans, they also represent major threats for many
marine species, particularly cetaceans. Current work suggests
that bycatch of small cetaceans in WIO fisheries already exceeds
sustainable levels by a significant margin (Temple et al., 2018,
2019; Anderson et al., 2020). Shipping in the wider Indian Ocean
has grown by 60% since 1992 (Tournadre, 2014), and the overall
container demand in East and Southern African ports is predicted
to increase with a compound annual growth rate of 3.76%, to a
total of more than 600 million tons in 2050 (Humphreys et al.,
2019). Development of the offshore oil and gas industry is also
occurring at an increasingly rapid pace (e.g., Selley and Van der
Spuy, 2016). However, there is a stark absence of primary data
for cetaceans in this region. Recent research efforts, including the
collection of citizen science data, have also been hampered by
security issues on the Kenya and Somalia border.

Concerted efforts have been undertaken during the last
two decades to improve the status assessment of marine
mammal populations, both regionally and globally (Convention
on Migratory Species [CMS], 2008; Burgener et al., 2012).
However, a significant number of species remain classified as
data deficient (International Union for Conservation of Nature
[ITUCN], 2020). The Western Indian Ocean (WIO) region has
some of the highest marine biological diversity in the world,
and represents an important cetacean hotspot (e.g., De Boer
et al., 2002). Recent records include seasonal blue whales
(Barber et al,, 2016), Longmans beaked whales (Martin and
Nimak-Wood, 2016), coastal bottlenose and humpback dolphins
(Pérez-Jorge et al., 2015) and seasonally migratory humpback
whales (Gilbert Mwang’ombe et al., 2015). However, the lack
of a solid data baseline makes it difficult to plan effective
conservation actions. There is no national marine mammal
conservation strategy and for many of the species known
to occur off Kenya there are significant knowledge gaps on
population abundance, distribution, habitat use, genetic diversity
and population structure.

There is limited information available on the interaction of
marine mammal populations with small-scale fisheries of the
SWIO (Kiszka et al., 2009). Where data exist, there is evidence
of both targeted and incidental catch (Temple et al., 2018), with
physical evidences of injuries from fisheries interactions (Kiszka
et al., 2008; Morley et al., 2010), in some instances as high as
41% of Indian Ocean humpback dolphins in a single Tanzanian

study (Gill Braulik pers comm). The extensive use of coastal
gillnets and the existence of several reports on accidentally caught
inshore species, such as Indo-Pacific bottlenose and Indian Ocean
humpback dolphins, discloses a high potential for bycatch in
the region (Kiszka et al., 2009; Kiszka, 2012; Kenya Marine
and Fisheries Research Institute unpublished data). For the
populations of Indian Ocean humpback dolphin, gillnet bycatch
is even considered the primary threat (Braulik et al., 2015).

The rise in popularity of dolphin watching off Kenya and
neighboring Tanzania is considered a contributing factor for
displacing dolphins from favored habitats, and changes in
behavior (Stensland et al., 2006), pose a potential threat to
populations if not regulated (Wamukoya et al., 1996; Pérez-
Jorge et al., 2016, 2017). Local communities have operated
dolphin-watching excursions in two Kenyan Marine Protected
Areas (MPAs) since the mid 1990’s (Kisite-Mpunguti MPA
(KMMPA) and Malindi-Watamu MPA (MWMPA). However,
public awareness of cetaceans is poor, particularly when
compared to Kenyas more famous terrestrial wildlife and
protected areas. Given that studying cetacean populations,
especially in isolated areas, can be costly, time consuming
and logistically difficult, this is perhaps not so surprising.
Hence, little is known about the effect of increasing human
related threats to marine mammals within national waters
(Wamukoya et al., 1996).

In 2011, the Kenya Marine Mammal Network (KMMN) was
formed by governmental and non-governmental organizations
with the objectives of improving marine mammal data collection
and availability in Kenyan waters and to increase national
awareness and protection efforts. Data is gathered during both
dedicated scientific surveys as well as opportunistic sightings
collected by a diverse network of “citizen scientists” that routinely
use Kenyan coastal and offshore ecosystems. Comparatively
high cost surveys are limited to inshore studies, whereas the
KMMN platform encourages low cost citizen science reports
from remoter inshore and offshore locations. Opportunistic
sightings largely depend on the fishing, touristic and recreational
operators, as well as offshore oil and gas operations, significantly
enhancing the previously limited database.

This paper reviews KMMN data that combines reports of
marine users, dedicated small cetacean research efforts, and
stranding data between 2011 and 2019. It also highlights the
value of this data to (1) improve current awareness of small
cetaceans in Kenyan waters; (2) advance regional species status
assessment; and (3) improve conservation efforts associated with
the development of the Blue Economy.

MATERIALS AND METHODS

Area of Interest

Data assessed in this paper were all collected in Kenyan waters.
The Kenyan coastline is ~650 km long, and lies between
Somalia in the north (Ishakani, 1.7°S; 41.5°E) and Tanzania in
the south (Vanga, 4.7°S; 39.2°E) (Kenya Marine and Fisheries
Research Institute [KMFRI], 2018; Figure 1). The coastal region
is generally characterized by an extensive fringing reef, and is
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FIGURE 1 | Map of the Kenyan coast.

Somalia

otherwise endowed with biologically rich coastal and marine
ecosystems. Kenya experiences two distinct seasonal monsoons,
with the Northeast Monsoon (NEM) from November to March
and the South East Monsoon (SEM) from April to October. The
former is the drier period with calmer sea conditions, and the
latter is characterized by the “long rains” and rougher seas and
difficult navigating conditions.

Data Sources

Most of the data was reported by marine users related to tourism
activities, including fishing, diving and marine excursions.
These activities are seasonal and largely dependent on tourism
intensity and the monsoon weather conditions. Occasional
marine mammal offshore information was provided by Marine
Mammal Observers (MMO’s). Dedicated surveys focused on two
marine protected areas: KMMPA and MWMPA, located on the
south and north coast, respectively (see Figures 1, 6-8), managed
by Kenya Wildlife Service (KWS).

Marine Users (MU)

Opportunistic sightings by MU were reported from offshore
and coastal areas. The majority of MU effort occurs in and
around the KMMPA, Diani and MWMPA and is associated with
inshore tourism activities, including marine safaris, snorkeling,
standup paddle and diving. These tourism activities are generally
dependent on calm seas, with most activities taking place
within 2 km from shore throughout the year, mainly within
the MPAs. Most coastal operators participated in training
workshops on marine mammal ecology, species identification

and sustainable ecotourism practices organized by members of
the KMMN (KMMN, 2012, 2013a,b,c). Additional workshops
were organized regarding marine mammal boat surveys and
a whale disentanglement response training (KMMN, 2020;
Figure 2). These trainings, together with the fishermen and
tour operator’s local ecological knowledge, greatly improved the
quality of the data on eyewitness reports of inshore species.
Offshore waters are mainly covered by deep sea fishermen,
including Watamu Banks, Pemba Channel and the Lamu
Archipelago. Sightings of offshore marine mammals from deep
sea fishermen were commonly confirmed by pictures and
videos, which facilitated cross-checking of species identification.
Marine mammal sightings were reported to the KMMN
including information on the species, Global Position System
(GPS) positions, number of animals and any other relevant
information, such as behavior or other species present. Videos
and photographs were also requested to confirm species
identification and to add high quality photographs of dorsal fins
and flukes to regional catalogs. All sightings were recorded in
an excel database, and were reported to the KMMN data center
at the Watamu Marine Association (WMA) office in Watamu
via mobile phone calls, e-mail, social media or, from 2017 on,
through the KMMN WhatsApp group.

Dedicated Surveys (DS)

Data from localized inshore research studies focused on the
two sites: KMMPA from 2011 to 2013 (a total of 168 surveys)
and MWMPA from 2011 to 2019 (a total of 182 surveys)
(Gilbert Mwang’ ombe et al., 2015; Pérez-Jorge et al., 2015, 2016;
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FIGURE 2 | Marine users. (A) Fishermen and tour operators from Watamu receive certificates from WMA after completing a training in marine mammal identification
and sustainable whale watching practices (2013). (B,C) WMA training KWS in marine mammal boat based surveys in Malindi Marine Park (2018, 2019).
(D) Indo-Pacific bottlenose dolphin sighting reported by South Coast MUs (2012). (E) Workshop on species identification and eco-tourism for tour operators in the

Kisite-Mpunguti Marine Protected Area (2012).

Figures 6-8). Dedicated boat-based surveys were seasonal and
conducted during the NEM in the MWMPA and occurred year
round in KMMPA. A four-member research team, scanned the
water surface over 180° field of vision from the beam to the
bow the boat. Each observer covered a 45° subsection of the
field of vision. Team members rotated every 15 min during
the survey. Non-systematic transects were carried out during
the surveys, covering a total area of approximately 70 and
250 km? in MWMPA and in KMMPA, respectively (Figures 6-
8). The research team observed the animals to identify species,
composition, behavior and reaction to other boats (especially
dolphin watching tour boats). In addition, photo-id and
behavioral data was collected based on the protocols developed in
the surveys around the KMMPA (Pérez-Jorge et al., 2015, 2016).

Seismic Survey Marine Mammal Observer (MMO)
Reports

Occasional reports were received by the KMMN from Marine
Mammal Observers (MMOs) working onboard oil and gas
seismic survey vessels in Kenya offshore waters. Data was
collected between September and December 2014 from a survey
area of 6000 km? located at 120 nautical miles north of
Lamu (Barber et al, 2016). During these surveys, dedicated
watches were conducted from the vessel at a height of 22
m, using the naked eye and binoculars (8x magnification).
Survey effort was recorded, as well as marine mammal sightings
(species, location and behavior), water depth and environmental
conditions. Photographs were obtained using an SLR camera
with a 100-300 mm zoom lens for identification purposes.

The MMO data presented here represent a subset of all the
MMO data collected in Kenyan waters, but these were not
available for this study.

Strandings

Strandings were reported through the KMMN WhatsApp group
or by phone call. A team was deployed to the site comprising
of KWS and WMA members. Whenever possible, necropsy
procedures, photographs, measurements and samples were
collected for further analysis following standardized protocols
(with the assistance from members of the International Whaling
Commission Strandings’ Expert Panel). Here, we only report
the species and strandings location. Data are stored into
the KMMN database, which was plotted in GIS to produce
the maps depicting distribution of species, using WGS84
Datum, with Arc Map 10.6 (Geographic information system
company [ESRI], 2011). The base map of Kenya was obtained
from ESRI Base maps.

RESULTS
Sightings

Between 2011 and 2019, 10 species of small cetacean were
reported from inshore and offshore Kenyan waters, accounting
for a total of 792 sightings (Table 1): spinner dolphins
(Stenella longirostris), Pantropical spotted dolphins (Stenella
attenuata), Risso’s dolphins (Grampus griseus), Indian Ocean
humpback dolphins (Sousa plumbea), common bottlenose
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TABLE 1 | Species sightings recorded by data collection method in the period 2011-2019.

Marine users (MU) 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total
Common bottlenose dolphin 0 0 0 0 0 0 0 0 2 2
Indian Ocean humpback dolphin 1 3 0 0 0 0 0 17 24
Indo-Pacific bottlenose dolphin 1 76 24 0 0 0 0 7 71 179
Killer whale 4 1 0 0 0 0 1 2 0 8
Pantropical spotted dolphin 0 0 0 0 0 0 0 0 1 1
Risso’s dolphin 0 0 0 0 0 0 0 1 1
Short-finned pilot whale 0 1 1 0 2 1 0 3 13
Spinner dolphin 2 22 2 0 0 0 0 0 6 32
Total 8 107 30 1 0 2 2 9 101 260
Dedicated surveys (DS)

Indian Ocean humpback dolphin 2 7 1 0 3 5 3 1 2 34
Indo-Pacific bottlenose dolphin 69 114 94 49 31 40 39 19 16 471
Spinner dolphin 0 3 7 0 0 0 0 0 0 10
Total 71 124 112 49 34 45 42 20 18 515
MMO

False killer whale 0 0 0 1 0 0 0 0 0 1
Indo-Pacific bottlenose dolphin 0 0 0 3 0 0 0 0 0 3
Melon-headed whale 0 0 0 1 0 0 0 0 0 1
Risso’s dolphin 0 0 0 4 0 0 0 0 0 4
Short-finned pilot whale 0 0 0 7 0 0 0 0 0 7
Spinner dolphin 0 0 0 1 0 0 0 0 0 1
Total 0 0 0 17 0 0 0 0 0 17

Data collection methods: marine users (MU), dedicated surveys (DS) and marine mammal observers (MMQOs).

dolphins (Tursiops truncatus), Indo-Pacific bottlenose dolphins
(Tursiops aduncus), short-finned pilot whales (Globicephala
macrorhynchus), false killer whales (Pseudorca crassidens),
killer whales (Orcinus orca) and melon-headed whales
(Peponocephala electra).

The number of regular MU contributors reporting marine
mammal sightings to the network increased, from around 10
contributors in 2017, up to more than 25 reporters in 2018-
2019, covering the north, central and southern coastal region.
This increase is related to the more routine use of smartphone
technology as a communication tool. The KMMN WhatsApp
group was implemented in 2017, and in 2020 comprised over
100 members from Kenya and neighboring countries, including
marine users, managers, and also marine mammal scientists
from the Western Indian Ocean and overseas. Prior to the
setup of the KMMN WhatsApp group (2011-2017) the MU
sightings covered primarily the main coastal touristic areas in
Kenya (Watamu, Diani and Shimoni), which encompassed 91%
of all reports. In 2018-2019, the growing number of KMMN
contributors allowed the expansion of the network geographical
range, resulting in about 25% of sightings coming from Lamu,
Kilifi and Mombasa, which is particularly important since these
areas were not covered by dedicated surveys (Figure 3). The
KMMN WhatsApp group also brought an important increased
on the percentage of reported sightings that included photos
or videos, from only 6% in the period 2011-2017 to 46% in
2018-2019. Submitted sightings with incomplete information
(e.g., location or species) or reported by unexperienced
MU without including photos/videos to validate them were

not included in the database, representing less than 5% of
the total.

Dedicated surveys (DS) reported the largest number of
sightings (n = 515), followed by marine users (MU) with 260
sightings and finally 17 reports from MMOs (Table 1). The Indo-
Pacific bottlenose dolphin, Indian Ocean humpback dolphin and
spinner dolphin were most frequently encountered by MU and
DS. The most abundant species reported by MMOs was the short-
finned pilot whale. MU', specifically sports fishers, regularly
encounter short-finned pilot whales and less frequently reported
killer whales, common bottlenose dolphins, Pantropical spotted
dolphin and Risso’s dolphin.

Regarding MU, 2012 was the year with the most sighting
reports (107), following the establishment of the KMMN. Very
few MU sightings were recorded in 2014-2017 (5), a period of
political instability and drop in tourism. MU reports increased
again in 2018 and most significantly in 2019 (101 sightings,
Figure 4 and Table 1). In 2019, 17 MU sightings of the critically
Endangered Indian Ocean humpback dolphins exceeded all 14
DS reports between 2015 and 2019. This increase in MU reports
followed the set up and dissemination of the KMMN WhatsApp
group. This platform allowed for the growth of the network
participants, an increase in sightings reports and diversity,
as well as the expansion of the network’s geographical range
(see Figure 3).

Most of the DS reports occurred in the period between
2011 and 2013, with the efforts concentrated in KMMPA and
MWMPA. From 2015 to 2019 surveys were limited to the
MWMPA and decreased significantly in 2018 and 2019 due to
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FIGURE 3 | Geographical coverage of the KMMN MU reports: (A) from 2011 to 2017, (B) from 2018 to 2019.
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financial limitations. MMO?s recorded a total of 15 sightings in
the Kenyan EEZ over a duration of 127 days. These sightings
identified six small cetacean species, in a very short period,
compared with less experienced MUs, who take longer to provide
positive species identification, and reported 8 species over 9 years.

Both reports from MU and DS showed an increase between
the months of October to March, during the NEM period, which
corresponded to an increase in tourism activities and DS due
to good weather conditions, contrasting with the SEM (April to
August) (Figure 5).

The most frequently reported species, the Indo-Pacific
bottlenose and the Indian Ocean humpback dolphin, were
sighted in inshore waters (Figures 6, 7). The number of
reports greatly depend on the number and location of MU
collaborators and DS opportunities. The largest number of
reports are from within the KMMPA and MWMPA, given the
high numbers of tourism operators, marine wildlife rangers,
recreational users and DS research projects. Inshore species
were also reported in Kilifi and Lamu (Figures 6, 7). Spinner
dolphins, common bottlenose dolphins, killer whales, pantropical
spotted dolphins and short-finned pilot whales were reported
within 17 nm of the coast, in offshore waters (Figure 8). False
killer whales, Risso’s dolphins and melon-headed whales were
sighted near the limits of the Kenyan EEZ by the MMOs
(Figure 8).

In order to relate MU and DS data collection methods,
the mean and median group size were compared between MU
and DS for Indo-Pacific bottlenose dolphin and Indian Ocean
humpback dolphin (Table 2). For the Indo-Pacific bottlenose
dolphin, the mean and median group size was very close between
the two methodologies, with DS reporting slightly higher values,
including the maximum group size reported. For the Indian
Ocean humpback dolphin, the mean group size was the same for
MU and DS and slightly higher median group size for the DS.

For spinner dolphins, MU reported a much larger mean group
size compared to DS.

Stranding Records

A total of 14 reports of dead small cetaceans were recorded
along the Kenyan coast between 2011 and 2019 (Figure 9),
including Indo Pacific bottlenose dolphin (3), spinner dolphin
(4), melon-headed whale (2), striped dolphin (2), Risso’s dolphin
(1) and unknown dolphin (2) The reports partially reflect
the areas where there is high human population density and
tourism with eight strandings reported in central Kenya and
five within the MWMPA. A necropsy was conducted on a
single Indo-Pacific bottlenose dolphin, and tissue samples were
preserved for analysis.

DISCUSSION

Small Cetacean Diversity in Kenya
Compared With the SWIO

A total of 16 species of delphinids have been recorded in
the SWIO, of which 10 were described to occur in Kenya
by Kiszka et al. (2009). The KMMN has recorded 11 species
to date, through sightings and stranding’s data, including the
first reports of three species (T. truncatus, G. macrorhynchus,
and P. crassidens), demonstrating a high diversity of small
cetaceans in Kenyan waters, and the value of the KMMN data
collection platform. Common dolphins (Delphinus spp.) and
Fraser’s dolphins (Lagenodelphis hosei), previously sighted in
Kenya, were not sighted or reported stranded by the KMMN
(Kiszka et al., 2009). The most frequently sighted species
reported to the KMMN are Indo-Pacific bottlenose and Indian
Ocean humpback dolphins. Dedicated research surveys in the
KMMPA and MWMPA using photo identification techniques
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suggested site-fidelity for Indo- Pacific bottlenose and Indian
Ocean humpback dolphins (Meyler et al., 2012; Pérez-Jorge et al.,
2015) consistent with results from previous studies off East
Africa, including Maputo Bay in Mozambique (Guissamulo and
Cockeroft, 2004), Algoa Bay in South Africa (Melly et al., 2017;
Bouveroux T. et al., 2018; Bouveroux T. N. et al., 2018) and off
southern Zanzibar (Amir et al., 2002, 2005; Stensland et al., 2006;
Stensland and Berggren, 2007).

The Endangered Indian Ocean humpback dolphin have been
reported within the WIO, in Kenya (Wamukoya et al., 1996),
Tanzania (Stensland et al., 2006; Braulik et al., 2017, 2018),
Mayotte (Kiszka et al., 2007), Madagascar (Cockroft and Young,
1998; Cerchio et al., 2015), Mozambique (Guissamulo and
Cockeroft, 2004) and East coast of South Africa (Koper et al,
2016; Bouveroux T. et al., 2018). In Kenya, a total of 104 (95%
CI 67-160) Indian Ocean humpback dolphins were estimated
to inhabit the KMMPA and Shimoni Archipelago (Meyler et al.,
2012). This estimate was analogous to that recorded in similar

habitat off the south coast of Zanzibar and northern Tanzania
(63, 95% CI 57-95, Stensland et al.,, 2006). The potential for
interchange of animals from these geographic areas (less than 200
km apart) requires assessment, but currently there is no evidence
of movement between Zanzibar or northern Tanzania and Kenya.
However, four photo-identified dolphins were sighted at two
different locations 170 km apart in Kenya, indicating capacity for
significant movement.

Indo-Pacific bottlenose dolphins have been recorded around
Kenya (Gilbert Mwangombe et al., 2015; Pérez-Jorge et al,
2015), Tanzania (Braulik et al., 2018), off the Seychelles (Marine
Conservation Society Seychelles, unpublished data), Mayotte
(Kiszka et al., 2007), the Union of the Comoros (Kiszka et al.,
2006), Madagascar (Cerchio et al., 2015), Mauritius (Mauritius
Marine Conservation Society, pers. comm.), Réunion (Dulau-
Drouot et al, 2008), Mozambique Bay (Guissamulo, 2008)
and South Africa (Caputo et al, 2021). In southern Kenya,
a small population size was estimated with a mean of 65
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dolphins (SE: 7.06), with seasonal fluctuations ranging from
20 (95% CI11-36) to a maximum of 102 individuals 95% CI
77-138) (Pérez-Jorge et al, 2016). In neighboring Zanzibar,
the population size of the Indo-Pacific bottlenose dolphin
was estimated at 136 individuals (95% CI 136-179; Stensland
et al., 2006). Regarding these two inshore delphinids species,
the KMMN has proved to be an efficient data collection
platform for species occurrence, providing annual data and
promoting national awareness, through complementary methods
of data collection and dissemination. This is particularly
important, as it has been considered that populations with
less than 100 individuals have a higher extinction risk
(Thompson et al, 2000). Additionally, small populations,
such as the Indo-Pacific bottlenose dolphin, and Indian
Ocean humpback dolphin might be particularly vulnerable
to human disturbances due to their high site fidelity and
coastal distribution.

Reports of offshore pelagic species within the KMMN dataset
are consistent with records from other oceanic waters from

the SWIO. The pantropical spotted dolphin (S. attenuata) and
the spinner dolphin (S. longirostris) were the most common
delphinid species reported in Kenyan oceanic waters (Balance
and Pitman, 1998). Spinner and pantropical spotted dolphins
have been recorded in deeper oceanic waters throughout the
SWIO (Kiszka et al., 2015).

Records of Risso’s dolphin in Kenya prior to 2018 were
limited to dead individuals; the first live sighting was
reported to the KMMN in 2019. SWIO sightings include
southwest coast of Madagascar (Cerchio et al, 2015), the
Seychelles (Kruse et al., 1991), South Africa (Best, 2007;
Plon et al,, 2020b), Mozambique, Mayotte, the Union of the
Comoros (Kiszka et al., 2006) and Zanzibar (Amir et al,
2002). Other species commonly referred to as “Blackfish”
have also been reported in the southwest Indian Ocean
(Kiszka et al, 2009) with reports of Killer whales and
Melon-headed whales off Kenya (Wamukoya et al, 1996).
Here, MU reported sightings between 15 and 40 km off
shore of killer whales (O. orca), short-finned pilot whales
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FIGURE 6 | Map showing the distribution of Indo-Pacific bottlenose dolphin sightings between 2011 and 2019 along the Kenyan coast. The boxes in the map show
the areas with the highest number of reports, Kisite-Mpunguti Marine Protected Area (southern Kenya) and Malindi-Watamu Marine Protected Area (central Kenya).
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FIGURE 7 | Map showing the distribution of Indian-Ocean humpback dolphin sightings between 2011 and 2019 along the Kenyan coast. The boxes in the map
show the areas with the highest number of reports, Kisite-Mpunguti Marine Protected Area (southern Kenya) and Malindi-Watamu Marine Protected Area (central
Kenya).
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FIGURE 8 | Map showing the distribution of sightings of other small cetacean species sightings along the Kenyan coast. The boxes in the map show the areas with
the highest number of reports, waters surrounding Kisite-Mpunguti Marine Protected Area (southern Kenya) and Malindi-Watamu Marine Protected Area (central

Kenya).

(G. macrorhynchus), and false killer whale (P. crassidens),
the latter was also observed by DS inshore of the MWMPA
(Gilbert Mwang'ombe et al., 2020).

Live and dead strandings are important to identify species
which are found off shore and are rarely seen. Strandings can
provide valuable information about anthropogenic pressures and
impacts experienced by small cetaceans in deeper oceanic waters
within Kenya. Risso’s dolphin (Grampus griseus), melon-headed
whale (Peponocephala electra) and striped dolphin (Stenella
coeruleoalba have also been recorded.

Comparison of Methodologies

Reported sightings by MU varied between the years and greatly
depended on tourist activity in coastal Kenya, especially around
marine protected areas. In 2012, there was a peak in overall MU
reports, following a concerted effort by boat operators in the
MWMPA. The decrease in MU reports from 2013 to 2018 was
determined in part by a downturn in tourism in Kenya linked
to security concerns (Buigut, 2018). The sharp increase in MU
reports in 2019 corresponds to a rise of KMMN collaborators
along the coast, increased marine mammal national awareness
campaigns, smart phone use and dissemination of user friendly
apps for reporting. The growing number of smart phones with
cameras and GPS capability marked an important step in the
number and quality of the MU reports. The decrease in DS
reports from 2013 was the result of the cancelation of research
projects in the KMMPA, as the main organization (Global

Vision International') leading the surveys left the country due
to security concerns (Buigut, 2018). From 2014 to 2019, DS
sightings were limited to the MWMPA, and showed a gradual
decrease in effort, given limited research funds.

Overall, MU sightings covered a greater area, occurred year-
round, and reported a larger diversity of species than DS,
which were more dependent on financial resources and weather
conditions. On the other hand, DS provided reliable photo
identification and behavioral data (Pérez-Jorge et al., 2015, 2017),
in comparison to MU data which was limited to information
on species, location and size of group. Important records have
also been provided by MMOs onboard seismic survey vessels,
identifying rarely reported species in Kenya, such as the melon-
headed whale. In addition, MMOs were especially valuable in the
north Kenya waters, since there was a data gap for the Lamu,
Kiunga, and the Kenya-Somalia.

Conservation Issues

A diverse suite of anthropogenic threats to marine mammals
has been described by several authors worldwide (Reeves et al.,
2013; Avila et al., 2018). Several of these are known to occur
in the WIO, although necessary work to measure their extent
and importance for cetaceans remains limited. They include
bycatch (e.g., Kiszka et al., 2009; Temple et al., 2019), offshore
oil and gas development, port expansion (Muthike, 2018) and
a concomitant increase in shipping traffic, underwater noise

Lwww.gvi.co.uk
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TABLE 2 | Number of sightings, mean and median group size, standard deviation and range per species and data collection method.

Marine users (MU) Number of sightings Mean Median Standard deviation Range (min-max)
Common bottlenose dolphin 2 103 103 138 5-200
Indian Ocean humpback dolphins 24 4 3 3 1-15
Indo-Pacific bottlenose dolphin 179 10 8 09 1-50
Killer whale 8 6 4 8 1-25
Pantropical spotted dolphin 1 100 100 NA NA
Risso’s dolphin 1 3 3 NA NA
Short-finned pilot whale 13 114 100 135 1-500
Spinner dolphin 32 214 2 358 1-1,000
Dedicated surveys (DS)

Indian Ocean humpback dolphin 34 4 4 3 1-18
Indo-Pacific bottlenose dolphin 471 12 9 10 1-70
Spinner dolphin 10 107 100 100 1-300
MMO

False killer whale 1 60 60 NA NA
Indo-Pacific bottlenose dolphin 3 37 40 15 20-50
Melon-headed whale 1 10 10 NA NA
Risso’s dolphin 4 30 30 8 20-40
Short-finned pilot whale 7 23 6 32 3-90
Spinner dolphin 1 8 NA NA

and pollution from a variety of sources, particularly riverine
flows of effluent, agricultural chemicals and plastics (Koper and
Plon, 2012; Celliers and Jackson, 2016; Okuku et al., 2020). In
Kenya there is some evidence of Indo-Pacific bottlenose and
Indian Ocean humpback dolphin bycatch (Kiszka et al., 2009)
but no recorded incidences during a recent SWIO bycatch
study (Temple et al., 2018). The KMMN has however received
occasional reports of bycatch or direct catch (possibly for use
as shark bait), and photographic evidence of such interactions.
Gillnets are used in the Ungwana Bay area north of MWMPA,
where most of the bycatch reports of bottlenose dolphins are
recorded (Gilbert Mwangombe, unpublished data). There is
some information of direct cetacean capture in the SWIO, Indo-
Pacific bottlenose dolphins off South Africa (Plon et al., 2020a),
humpback dolphins and spinner dolphins in the Seychelles
and south West Madagascar (De Lestang, 1993; Andrianarivelo,
2001; Cerchio et al., 2015). In Tanzania, although fishers are
reluctant to admit dolphin hunting (an illegal activity under
national law), 50% of fishers interviewed (from a sample of
573 interviews) said unidentified species of dolphins were used
as bait, oil for wood preservative, or consumed (Braulik et al.,
2018). In Kenya a single incident of a possible direct catch of a
bottlenose dolphin was recorded in the Kipini area (CORDIO,
pers. comm.) and bottlenose dolphin parts sold in the MWMPA
(Local Ocean Conservation pers. acc. 2009). Consumption of
unspecified dolphin species have been reported to the KMMN
coordinators around Ungwana Bay (Karisa, pers. comm., Gilbert
Mwang’ombe, pers. comm.).

Since the mid 1990 an increasing number of fishermen in
the KMMPA and MWMPA have ceased fishing and turned to
better income opportunities in tourism, which includes dolphin
watching excursions. Over the last 25 years, the dolphin watching
has grown in popularity. In the KMMPA, dolphin watching

excursions increased from 8300 tourists in 1997 to almost 42,500
in 2013, which equals an annual growth rate in tourist numbers
of nearly 11% (Kenya Wildlife Service, unpublished data). The
highest number of tourists was recorded in 2006, when more than
60,000 visitors went dolphin watching. Although this growing
dolphin watching industry is generally a positive development, if
unregulated, it has the potential to impact resident and migratory
populations (Wamukoya et al., 1996; Pérez-Jorge et al., 2016).
In the KMMPA, studies have shown behavioral changes in
local bottlenose dolphin groups, with a significant decrease on
the average duration of traveling and resting in the presence
of boats (Pérez-Jorge et al., 2017). Similar results have been
described on the population inhabiting the southern waters of
Zanzibar (Christiansen et al., 2010). The Indian Ocean humpback
dolphin population in Menai Bay Conservation area, Zanzibar,
has been recently estimated on 19 individuals (95% CI 14-
25), and representing a 63% reduction in abundance since 2002
(Stensland et al., 2006; Sharpe and Berggren, 2019), mainly due to
the exposure to gillnet fishery and unregulated tourism activities.
This population could be assessed as critically endangered on
a local population level and a population viability analysis
predicted a median time to extinction at 36 years. This recent
study is of cautionary concern to the KMMN as similar threats
exist in Kenya for inshore species.

Anthropogenic underwater noise is a significant pollutant
that is increasingly pervasive worldwide (Williams et al., 2015).
Noise associated with both small vessels and commercial
shipping is increasingly recognized as the major contributor of
anthropogenic noise in marine ecosystems on a global scale
(Koper and Pl6n, 2012; Romagosa et al., 2017; Pirotta et al., 2019).
Many inshore vessels outfitted with small outboard engines are
operated in inshore waters, whereas large ship traffic tends to
be highly concentrated within shipping lanes and near ports.

Frontiers in Marine Science | www.frontiersin.org

11

June 2021 | Volume 8 | Article 642399


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Mwango’mbe et al.

Cetacean Research in Kenya

39°0I'0“E 40°0I.0..E

4 °OI'0"E 42°0'0"E

2°0'0"SH

3°0'0"S

4°0'0"SH

FIGURE 9 | Locations of stranded small cetaceans reported along the Kenyan coast between 2011 and 2019.

Their operations, both individually and in aggregate, have
a range of proven and potential impacts on marine species
and ecosystems in general. Cetaceans in particular are deeply
susceptible to shipping associated threats and in addition to sub-
lethal behavioral effects associated with noise (Southall et al.,
2016) can also include direct injury or mortality from “ship
strikes” (Schoeman et al., 2020).

The threats that noise and shipping pose to marine life in
the waters of the WIO are poorly understood and are currently
very rarely considered in national or regional management and
development plans. This is of significant concern, particularly
as the cumulative effects of multiple noise and ship related
stressors remain largely unassessed for the region. WIO states
are accelerating plans to diversify marine economies (particularly
trade) in keeping with the development of the regional “Blue
Economy” (Llewellyn et al., 2016; Okafor-Yarwood et al., 2020).
In 2016, there were 13 commercial ports in the WIO region
(Celliers and Jackson, 2016) and currently several others are
planned, under construction or being expanded (Humphreys
et al., 2019). The region hosts several maritime trade routes,
and currently 30% of global tanker traffic passes through the
Mozambique Channel. WIO states are also actively expanding
their own offshore oil and gas production efforts, activities that
will further increase shipping and noise. Ambient noise levels in
the Indian Ocean are known to be increasing (Miksis-Olds et al.,
2013), and shipping in an already busy region has been projected
to increase (Halpern et al., 2015; Kaplan and Solomon, 2016).

Assessments of the threats posed by underwater noise and
ship strikes in the WIO region currently fall far short of what
is needed, in part because of limitations in scientific work
and because general awareness of its importance, scale and
significance is poor. National guidance on environmental noise
does exist in each WIO state, but is almost exclusively terrestrial,
and almost exclusively focused on reducing the impacts of
loud and persistent noises on people. Regional management
measures that are of broad relevance for the management of
underwater noise and shipping impacts are few. The absence
of specific guidance is also evident in statutory Environmental
and Social Impact Assessment (ESIA) for major ports; as we
could find no evidence of either the appropriate measurement
of underwater sound or the appropriate assessment of threats to
marine species associated with increased noise or shipping. In
Kenya, for example, the most recent ESIA for the Lamu Port-
South Sudan-Ethiopia-Transport (LAPPSET) development does
highlight several cetacean species of concern, but no specific
management measures are suggested and the threats posed
by increased shipping to marine species are not considered
(Ministry of Transport Republic of Kenya, 2013).

Challenges and Opportunities

Datasets collected by citizen scientists are increasingly being
used to monitor marine biodiversity (Sandahl and Tottrup,
2020), given their cost effectiveness relative to dedicated
surveys (Silvertown, 2009). Whilst the KMMN is an effective
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collaboration from a local and national perspective for baseline
data, MUs reporting to the network are still largely dependent
on the tourism industry and unable to withstand the economic
shocks of national insecurity as demonstrated by the lack of data
from 2014 to 2017. Also, this spatial and temporal dependence
on tourism activities can result in biased data, which should
be taken in consideration regarding reliable estimates of species
distributions. However, recent work by Johnston et al. (2020)
demonstrated the utility of large citizen science datasets for
estimating species distributions, despite the strong spatial bias
in site selection.

The KMMN is a well-established citizen science network
contributing to a better understanding of the presence and
distribution of small cetaceans in Kenya, as well identifying
new species not previously reported in Kenya. The work
carried out by the KMMN has shown the importance
of bringing the public and science closer together, for a
more active “scientific citizenship” to improve conservation
outcomes,  building  scientific  knowledge, informing
policy formulation and inspiring public action (Irwin,
1995; McKinley et al., 2017). Citizen science projects are
increasingly being acknowledge as a resourceful tool in
monitoring biodiversity, as well as in creating a skilled
and empowered ocean-literate community, better prepared
to protect the marine resources on which they depend
(Kelly et al., 2019).

The KMMN has acted as a low cost efficient platform to collect
and identify the diversity of marine mammal species nationwide.
Over a period of 9 years, the KMMN has accumulated diverse
participants who reported from different coastal and offshore
locations. Reports include sightings of live animals, dead and
live strandings of 24 species of marine mammals out of a total
of 33 species recorded in East African waters (Berggren, 2009).
The combined efforts of the KMMN membership and reporters
has enabled access to previously un-surveyed Kenyan waters,
overcoming cost restrictions and limitations due to weather
conditions and lack of human resources.

The rapid development of communications technology in
Kenya during the past decade has undoubtedly assisted in
creating an environment for citizen science to grow rapidly,
not merely as an information gathering platform, but also
to spread awareness and share information with the public
through social media and smart phone applications. Technology
has provided a great opportunity to disseminate marine
mammal information and conservation efforts along the
Kenyan coast. From 2011 to 2019, the KMMN employed a
multi marketing/awareness strategy to maximize outreach
in all sectors, concentrating on tourism, education and
conservation. Methods of sharing information included
the creation of a KMMN website, the use of social media
platforms (1.8 K followers), and dissemination of touristic,
educational and newspaper articles to extend audience reach
within Kenya and overseas. The KMMN, mainly through
WMA, engaged with TV, radio and media companies to
produce short features and documentaries, highlighting
community and KWS participation in marine mammal
conservation, as well as a marine mammal education

program in local schools and fishing communities along
the coast. Over the years, KMMN also collaborated with
WMA and KWS to produce responsible dolphin and whale-
watching guidelines and carried out training workshops for
boat operators. Finally, periodic newsletters were widely
distributed amongst collaborators, showing summaries of
all sightings, location and outreach and activities, in an
effort to involve participants beyond mere data collection
(KMMN, 2012, 2013a,b,c, 2020).

Since the foundation of the KMMN in 2012, the network
has demonstrated its value for conservation purposes by (1)
contributing to the establishment of three TUCN Important
Marine Mammal Areas (IMMASs)?, (2) contributing to the
Kenya Wildlife Service MPA management plans, (3) defining
Ecological and Biological Significant Areas (EBSAs) and (4)
compiling Kenyas country profile in the International Whaling
Commission (IWC) Whale Watching Handbook (2018) and
IWC stranding and necropsy protocols. Additionally, KMMN
results were presented at several international conferences and
scientific publications have been published related to small
cetaceans in Kenya, ranging from habitat modeling (Pérez-
Jorge et al, 2015), population abundance (Meyler et al,
2012; Pérez-Jorge et al, 2016), fisheries bycatch (Temple
et al.,, 2018) and dolphin-watching impacts (Pérez-Jorge et al.,
2017). Finally, the KMMN will study the distribution of
small cetaceans using the data collected by the network
from 2011 to 2019 through species distribution models
over the next years.

In the near future, the KMMN will be pivotal to the
setup of a stranding and entanglement network, developing
standardized protocols to contribute to marine mammal
welfare, help mitigate adverse human-dolphin and whale
interactions, and engage coastal communities in conservation
efforts. Increased focus is required on expanding and
improving outreach research and awareness activities
targeting key coastal community stakeholders on marine
mammal conservation, particularly the fisheries, tourism
and maritime sectors, whose activities can result in marine
mammal disturbance, injury and mortality. As part of a
national long-term marine mammal conservation strategy,
investment and emphasis should be focusing on the tourism
sectors, public and private, to implement and promote regulated
and sustainable whale and dolphin watching. Highlighting
Kenya as a key destination for observing marine mammals
can potentially increase their conservation value, improve
economic benefits for coastal communities and be an integral
component in national marine mammal conservation and
marine spatial planning. The KMMN will continue to
actively engage with the public, academic researchers and
managers toward developing a National Dolphin and Whale
Conservation Management Strategy, as well as collaborating
on regional conservation and research initiatives across the
WIO, through initiatives such as the Indian Ocean Cetacean
Consortium (INDOCET).

Zhttps://www.marinemammalhabitat.org
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