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A comprehensive understanding of cetacean ecology is crucial for conservation
and management. In 2018, Kaimana was identified as an Important Marine
Mammal Area (IMMA) due to the regular presence of feeding aggregations of
Australian humpback dolphins (Sousa sahulensis), Pacific bottlenose dolphins
(Tursiops aduncus) and Bryde's whales (Balaenoptera edeni). Despite this,
information on cetacean ecology in the Kaimana region is currently lacking.
Notably, no cetacean surveys have been undertaken in Kaimana since it was
officially recognized as an IMMA. We monitored food-provisioning interactions
between lift-net fisheries and cetaceans from May 2021 to March 2023 to
examine cetacean sightings, abundance and feeding associations. Five species
were positively identified, including a new record of Killer whales (Orcinus orca).
Our findings suggest a strong association between T. aduncus and lift-net
fisheries, where they have been observed feeding on anchovies from outside
the net in the morning. While other species were also observed, their presence
was less frequent. Furthermore, year-round sightings of S. sahulensis, B. edeni,
and T. aduncus during the study period indicate that these species are resident in
this region. Our results suggest that Kaimana fulfills a second IMMA sub-criterion
(small and resident populations of these three species) that was not previously
noted in the original IMMA assessment.

KEYWORDS

important marine mammal area, lift net fishery, predator-prey interaction, cetacean
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1 Introduction

Cetaceans, comprised of whales, dolphins, and porpoises, play a
vital role in the complex structure and function of coastal
ecosystems through a variety of mechanisms over both ecological
and evolutionary time (Kiszka et al., 2015) and are generally
considered as a crucial indicator of ocean health (Cossaboon
et al., 2019; Fossi et al., 2020). Their role in top-down population
control of some prey species (Williams et al., 2004; MacLeod et al.,
2007), nutrient cycling (Gilbert et al., 2023), and carbon
sequestration (Sheehy et al., 2022; Pearson et al., 2023) is critical
for the stability of these ecosystems. Through their extensive
movements, cetaceans contribute to nutrient redistribution via
their excrement, fostering a dynamic environment that supports
diverse marine life (Doughty et al., 2016). Unfortunately, various
human activities and their impacts, including fishing operations
(Reeves et al., 2005; Read, 2008; Reeves et al., 2013), military sonar
exercises (Barlow and Gisiner, 2005; Henderson et al., 2014), ship
strikes (Pennino et al., 2017), habitat loss and degradation (Weir
and Pierce, 2013), and the accumulation of marine debris (Williams
et al., 2011) and other pollutants, pose threats to cetacean
populations and their habitats. Therefore, monitoring cetacean
populations, particularly within their critical habitats, is
imperative. This effort is not only crucial for comprehending the
status of cetacean populations, but also provides essential insights
into the overall health of marine ecosystems (Wells et al., 2004).

Indonesia has a diverse range of cetacean species, with 34
different species recorded to date (Mustika et al., 2015). Indonesia
was a major whaling area for large whales during the Yankee
whaling era, which lasted from the 18th to the early 20th
centuries (Townsend, 1935; Sahri et al., 2020a). However,
research on cetaceans in the country has been scarce, especially in
remote areas (Ender et al., 2014). Although some information
regarding Indonesian cetaceans is available in unpublished
internal reports, there is still a significant gap in knowledge of the
ecology of these animals, hindering the government from
developing effective conservation plans (Sahri et al., 2020b).

In 2018, a regional workshop on Important Marine Mammal
Areas for the Northeast Indian Ocean and Southeast Asian Seas
(NIO-SEAS) was conducted with the primary objectives of
identifying and delineating Important Marine Mammal Areas
(IMMAs) in the region. IMMAs pinpoint specific habitat areas
crucial for one or more marine mammal species, with the potential
for delineation and conservation management (Tetley et al., 2022).
Scientific experts identified these areas during regional workshops
and assessed the areas against eight criteria that encapsulate
essential aspects of marine mammal biology, ecology, and
population structure (Tetley et al., 2022). Kaimana, along with 29
other areas, was approved as an IMMA in the NIO-SEAS region
(TUCN Marine Mammal Protected Areas Task Force, 2019). At the
time of its proposal, Kaimana IMMA was only recognized as
important habitat for aggregation sites and feeding areas of
‘Vulnerable’ Australian humpback dolphins (Sousa sahulensis),
‘Near Threatened’ Indo-Pacific bottlenose dolphins (Tursiops
aduncus), and ‘Least Concern’ Bryde’s whales (Balaenoptera
edeni). Moreover, the Kaimana IMMA is also home for
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‘Vulnerable’ dugongs (Dugong dugon), although it remains
unclear regarding how this species utilizes the area for its key life-
cycle activities (IUCN-MMPATF, 2022a).

An early cetacean survey in the Kaimana IMMA was initiated in
2009 and subsequently continued in 2015, prior to the recognition
of this region as an IMMA. During a dedicated nine-day Marine
Mammal Rapid Ecological Assessment conducted in Triton Bay
(Kahn, 2009), six marine mammal species were identified, including
the Bryde’s whale (Balaenoptera edeni), Indo-Pacific bottlenose
dolphin (Tursiops aduncus), Australian humpback dolphin (Sousa
sahulensis), Pantropical spotted dolphins (Stenella attenuata),
Spinner dolphin (Stenella longirostris), and the Dugong (Dugong
dugon). In more recent cetacean surveys in Kaimana IMMA,
specifically in Arguni Bay located in North Kaimana (Wijaya,
2015), a comprehensive 90-day visual observation effort revealed
the presence of 64 groups of Australian humpback dolphins and 40
groups of bottlenose dolphins (Tursiops sp.). It is important to note
that, to date, no cetacean surveys have been conducted in Kaimana
IMMA after its official recognition in 2018. This indicates a
substantial gap in our understanding, particularly given the
critical need for continuous population monitoring, especially
through time-series studies. The establishment of a cetacean
survey initiative is vital for sustaining ongoing conservation
endeavors and achieving a thorough insight into the ecological
trends of cetacean populations, particularly following the
recognition of the Kaimana IMMA.

Line transect distance sampling and other dedicated cetacean
surveys are predominantly intended to generate accurate
population abundance estimates, necessitating substantial
financial resources and extensive coverage (Buckland et al., 2001;
Sahri et al., 2020c). In contrast, opportunistic observations provide
a more cost-effective alternative by focusing on aggregation sites
where cetaceans are consistently observed, including in areas
frequently associated with fisheries operations (Goetz et al., 2015;
Tobena et al., 2016). Instead of focusing on estimating population
numbers, this study takes another approach to provide baseline data
on cetacean presence and interactions with fisheries.

This study leveraged the food-provisioning interactions
between lift-net fisheries (locally known as “bagan”) and
cetaceans in Kaimana from May 2021 to March 2023. The
primary objective of this survey was to provide ecological insights
into cetacean diversity, feeding associations, as well as the seasonal
variations of cetacean sightings and relative abundance. We also
discussed the advantages and limitations of using observation
platforms from boat lift-net fisheries for cetacean data collection.

2 Materials and methods
2.1 Site description

Kaimana is situated in the southwestern part of West Papua,
Indonesia, and is is an important part of the Bird's Head Seascape
MPA Network and the Bird’s Head Seascape (BHS) (Setyawan et al.,
2022). This area is located at the heart of the Coral Triangle,
renowned for its extraordinary coral reef and marine biodiversity,
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marking it as a top conservation priority (White et al, 2014).
Furthermore, it maintains a continuous shallow-water ecological
connection to the Australian continent, through the Sahul Shelf.
The Sahul Shelf extends northwest from northern Australia towards
Timor under the Timor Sea, while another segment spans from
Australia’s north coast under the Arafura Sea to West Papua, New
Guinea (Lohman et al., 2011; Vernon et al., 2009). Thus,
biogeographically, Kaimana shares greater affinities with
Northern Australia and Papua New Guinea rather than the larger
islands of eastern Indonesia, evidenced by the presence of coastal
species, such as the Australian humpback dolphin (Lohman et al.,
2011; Beasley et al., 2016).

The Kaimana IMMA contains of diverse habitats, including
expansive riverine, coastal, and estuarine mangroves in Arguni Bay,
as well as coral islands and deep, narrow oceanic passages in the Iris
and Namatota Straits of Triton Bay (Figure 1). Additionally, the

10.3389/fmars.2024.1431209

Seram Sea Canyon, with a depth of 2,000 meters, is located
approximately 10 km southwest of Triton Bay. The Kaimana
region, spanning 597,000 hectares, has been designated as a
multiple-use Locally Managed Marine Area (IUCN Management
Category VI) in 2008.

2.2 Data collection

Observations of cetaceans within the Kaimana IMMA were
conducted from May 2021 to March 2023. These surveys were
conducted alongside whale shark (Rhincodon typus) monitoring,
and the focus of each survey was to document occurrences of whale
sharks and cetaceans around the lift-net fishery (Figure 2). Cetacean
observations took place between 5:00 AM and 6:30 PM. The lift-net
fishery typically wrapped up operations around 5-6 AM. However,
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FIGURE 1

Study area of cetacean observations at the boat lift net fishery in Kaimana Important Marine Mammal Area during the study period.
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FIGURE 2

Multi-species interactions between lift net fishery operations with megafauna including whale sharks and cetaceans in Kaimana IMMA, where these
species opportunistically forage. (A, D, F) Indo-Pacific bottlenose dolphin, (B) Bryde's whale, (C) Australian humpback dolphin, (E) Whale shark and

Indo-Pacific bottlenose dolphin.

when the catch was abundant, not all the fish-filled nets were hauled
up and stored in cool boxes, with some nets left submerged and still
holding fish, which would often attract whale sharks and dolphins.
Observations took place throughout the day.

The survey focused on opportunistic sightings around lift-net
fisheries operating in various locations, including Kaimana City,
Bicari Bay, Namatota Island, Triton Bay, and Aiduma Island
(Figure 1). During the observations, key ecological data were
systematically gathered, including trip ID, date, GPS coordinates,
sighting location, survey duration (effort), sighting time, species
identification, species behavior, and an approximate estimation of
abundance. Furthermore, feeding behavior is defined as the direct
observation of a dolphin feeding on anchovies surrounding a lift-
net fishing platform, whereas non-feeding behavior is described as a
dolphin’s behavior solely cruising the observation area without
engaging in feeding activities.

The lift-net fishery utilizes artificial lights and lift nets as its
main gear and technique (Sianipar, 2022). Bright lights were
employed at night to attract baitfish such as anchovies, sergestid
shrimps, and other small pelagic species (Salman et al., 2015).
Consequently, this practice attracts higher tropic level animals such
as whale sharks and cetaceans to aggregate around the lift-net
fishing boat, where they have been observed feeding on anchovies
from outside the net. This unique interaction was first documented
in Cenderawasih Bay in 2006 (Sianipar, 2022) and has since been
observed in various locations across Indonesia, including Kaimana,
Talisayan-Berau in East Kalimantan, and Saleh Bay in West Nusa
Tenggara (Djunaidi et al.,, 2019; Sianipar, 2022). This interaction
has created additional opportunities for cetacean observations, aside
from whale shark monitoring.

Frontiers in Marine Science

2.3 Data analysis

Sightings per unit effort (SPUE) and abundance per unit effort
(APUE) serve as metrics for quantifying the frequency of sightings and
the abundance of individuals, respectively, within a specific area over
the study period. The calculations involved dividing the number of
sightings (for SPUE) or the total count of individuals (for APUE) by the
duration of the observation period conducted on the respective day.

The used of SPUE and APUE establishes a standardized
measurement that considers the effort invested during observations.
Through the standardization of data based on the time allocated to
observe, these metrics provide a more precise representation of the
sighting cetacean abundance. This standardization process
accommodated variations in observation durations, facilitating
meaningful comparisons across different observation sessions. As a
result, these metrics contributed to a more dependable assessment of
the ecology of species in the studied area. The nonparametric
Kruskal-Wallis H test, followed by post-hoc Dunn’s test were
employed to assess whether statistically significant differences exist
in SPUE and APUE across various factors such as species and
seasonal variations. Additionally, the Mann-Whitney U test was
used to assess whether the presence of species was linked to feeding
behavior in the proximity of lift net fishery activities. Based on our
observations at the lift-net fishery platforms, cetacean presence
generally falls into two categories. The first involves direct sightings
of cetaceans feeding around the lift-net area, which we categorize as
feeding behavior. The second category includes non-feeding
observations, such as traveling, aerials, spyhopping, and lobtailing.
These behaviors suggest that the dolphins may be in the area for play
or social interaction rather than feeding.
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3 Results

From May 2021 to March 2023, a total of 111 days were spent
conducting cetacean observations in the Kaimana IMMA. During
these surveys, the average duration of cetacean search activities was
(mean * SD) 5.55 + 1.39 hours/day. The year 2022 was the peak of
the survey effort, with 69 survey days and an average search effort of
5.44 + 0.95 hour/day. This maximum effort resulted in the
documentation of approximately 185 cetacean sightings, with a
total of 2,585 individuals recorded. In contrast, 2023 was the lowest
year in survey effort, lasting only 15 days with an average search
effort of 6.44 + 1.85 hour/day, documenting 24 cetacean sightings
with a total of 387 individuals (Figure 3). The number of months
during which observations were conducted varied significantly
between years, leading to the differences in survey effort and
sightings. Cetacean sightings demonstrated daily fluctuations,
occurring between the hours of 5:45 a.m. and 4:45 p.m., with a
significant peak between 6-9 AM, during which fully 210 of the 265
sighting events (79.24%) occurred. Cetacean sightings then dropped
off significantly from 10 AM onwards.

3.1 Species diversity

Five species were positively identified in the Kaimana IMMA
during this study (Figure 4), including Bryde’s whale (Balaenoptera
edeni), Killer whale (Orcinus orca), Australian humpback dolphin
(Sousa sahulensis), Spinner dolphin (Stenella longirostris), and
Indo-Pacific bottlenose dolphin (Tursiops aduncus). Of the five
species, killer whales represented a new record, having never before
been reported from the Kaimana IMMA. These species were listed

&
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as “Least Concern” (two species), “Data Deficient” (one species),
“Near Threatened” (one species), and “Vulnerable” (one species) in
the TUCN Red List of Threatened species, as detailed in Table 1. The
most frequently sighted species was the Indo-Pacific bottlenose
dolphin (130 sightings) representing 49.62% of all cetacean
sightings, with 2,612 individuals recorded, accounting for 72.96%
of all individuals observed.

3.2 Feeding behavior

The only species demonstrating a higher occurrence of feeding
behavior than non-feeding behavior was the Indo-Pacific bottlenose
dolphin (Z = 2.67, U = 4,302.5, p < 0.05; Table 2). In contrast,
Spinner dolphins predominantly engaged in non-feeding behavior,
as indicated by the statistically significant findings (Z = -2.27, U =
208.5, p < 0.05). Meanwhile, the remaining 3 species showed no
statistically significant difference in the prevalence of feeding and
non-feeding behaviors (Table 2).

3.3 Sightings and abundance per unit effort

Sightings per unit effort (SPUE) of cetaceans demonstrated that
the Indo-Pacific bottlenose dolphin had the highest average (y2 =
185.7, df = 4, p < 0.001) number of sightings per hour (mean + SE,
0.22 + 0.01, Figure 5). Similar with the SPUE, Indo-Pacific
bottlenose dolphin also had the highest APUE (y2 = 2304, df =
4, p < 0.001) in individuals per hour (4.30 + 0.36). The post-hoc
Dunn’s test highlighted that the Indo-Pacific bottlenose dolphin
and Killer whale exhibited the most considerable mean rank
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FIGURE 4
Five cetacean species that were identified during the study period. (A) Killer whale (Orcinus orca), (B) Spinner dolphin (Stenella longirostris),
(C) Bryde's whale (Balaenoptera edeni), (D) Australian Humpback dolphin (Sousa sahulensis), (E) Indo-Pacific bottlenose dolphin (Tursiops aduncus).

TABLE 1 Summary of cetacean species sighted in Kaimana IMMA.

Sightings Individuals
Common Name Scientific name = Source IUCN Status

n \|
Australian humpback dolphin Sousa sahulensis a, b, c vuU 69 26.34 441 12.32
Bryde’s whale Balaenoptera edeni a,c LC 26 9.92 48 1.34
Indo-Pacific bottlenose dolphin | Tursiops aduncus a,c NT 130 49.62 2,612 72.96
Killer Whale Orcinus orca c DD 1 0.38 1 0.03
Spinner dolphin Stenella longirostris a,c LC 36 13.74 478 13.35
All species 262 100 3,580 100

Source: (a) Kahn, 2009;

(b) Beasley et al., 2016;

(c) This Study.

TUCN status (www.iucnredlist.org): DD, Data Deficient; LC, Least Concern; NT, Near Threatened; VU, Vulnerable.

TABLE 2 Summary of statistical tests assessing feeding and non-feeding behaviors observed in cetacean sightings over the study period.

Common Name Feeding behavior Nc;)n—fegding UnidenFiﬁed Mann Whitney U test
ehavior behaviors

Australian humpback dolphin 46% 48% 6% Z=-0.09, U=1498,p=.93
Bryde’s whale 38% 15% 46% Z=1.77,U =100, p =.08
Indo-Pacific bottlenose dolphin 59% 35% 5% Z =268, U =4,3025, p <.05
Killer Whale 0% 100% 0% NA
Spinner dolphin 31% 61% 8% Z =-227,U = 2085, p <05
All species 50% 40% 10% Z=1.35,U=53095,p=.18

NA: This statistical test is not applicable due to the single sighting of the killer whale.
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differences in SPUE and APUE, with a value of 230.44 (z = 12.50)
and 255.10 (z = 13.83), respectively. Additionally, a statistically
significant positive relationship was observed between SPUE and
APUE, with an 1* of 0.61, F(1,110) = 169.65, and p < 0.001.

3.4 Seasonal trends

The cetacean observations conducted using opportunistic
platforms from the boat lift net fishery in the Kaimana IMMA
have consistently shown that cetaceans were regularly sighted in the
region (Figure 6). The highest SPUE occurred during the Transition
1 intermonsoon period (March-May; mean + SE, 0.51 + 0.06),
followed by the Transition 2 intermonsoon period (September-
November; 0.46 + 0.05), northwest monsoon (0.40 * 0.04), and
southeast monsoon (0.23 + 0.04; Figure 6A). However, there was no
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statistically significant difference in SPUE among the different
seasons (y2 = 7.05, df= 3, p = 0.07).

In contrast to SPUE, the Kruskal-Wallis H test indicated that
there was a significant difference in APUE among the different
seasons, (y2 = 10.44, df= 3, p = 0.015), suggesting the differences
during the Southeast monsoon. The post-hoc Dunn’s test indicated
that the mean ranks of individuals per hour in the southeast
monsoon and Transition 2 intermonsoon period (Mean Rank
difference = -42.84, z= 3.21), Transition 1 intermonsoon period
and the southeast monsoon (Mean Rank difference = 37.87, z=
2.85), and northwest monsoon and southeast monsoon (Mean
Rank difference = 35.77, z= 2.67) were significantly different. The
highest APUE, measured in individuals per hour, was observed
during the Transition 2 (6.66 + 0.73), followed by Transition 1 (6.28
+ 0.84), northwest monsoon (5.98 + 0.83), and Southeast monsoon
(1.60 £ 0.60).

Our examination of seasonal patterns demonstrates the year-
round presence of Australian humpback dolphins, Bryde’s whales,
and Indo-Pacific bottlenose dolphins, although some species show
fluctuations in SPUE and APUE across different seasons. Spinner
dolphins and Killer whales were notable for being the only two
species recorded consistently across different seasons and had
statistically no significant difference in both SPUE (y2 = 4.33, df
=3, p=0.228) and (2 = 2.39, df =3, p = 0.495), respectively, both
APUE (2 = 447, df = 3, p = 0.215) and (x2 = 2.39, df = 3, p =
0.495), respectively, across different seasons (Figure 7).

Although there were no significant differences in SPUE for
Australian humpback dolphins (2 = 6.74, df = 3, p = 0.081), a
significant difference was observed in APUE (2 = 9.55,df =3, p =
0.023), particularly during the transition from Transition 1
intermonsoon period (1.02 + 0.19 individuals per hour) to the
southeast monsoon (0.02 + 0.02 individuals per hour). Meanwhile,
there was a significant difference in SPUE for Indo-Pacific
bottlenose dolphin among seasons (y2 = 8.02, df = 3, p = 0.046),
but there was no significant difference in APUE (32 =7.22,df =3, p
= 0.065). Lastly, only Bryde’s whale showed significant differences
in both SPUE (32 = 14.21, df = 3, p = 0.003) and APUE (32 = 14.7,
df =3, p=0.01), particularly between Transition 1 and Transition 2,
as well as the southeast monsoon and Transition 2.

4 Discussion

This is the first study in Asia that uses lift net fishing boats as
platforms for cetacean observations in order to give insights into
cetacean diversity and feeding behaviors, as well as variations in
sightings and relative abundance. We recognize that relying on lift-
net fisheries as observation platforms may introduce bias into
certain aspects of cetacean ecology discussed in this study. For
instance, species diversity may be underrepresented, as observations
were restricted to locations where these platforms operate,
predominantly in coastal areas, potentially excluding oceanic
species. Additionally, adverse weather conditions limiting fishing
activities also restricted survey efforts, leading to an incomplete
understanding of temporal patterns of cetacean presence.
Therefore, these patterns should be interpreted as specific to
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Seasonal trends in cetacean sightings (SPUE; A) and relative abundance (APUE; B) for each species in Kaimana IMMA. The error bars represent the

standard error. NWM: northwest monsoon, SEM: southeast monsoon.

cetacean interactions with lift-net fisheries. Further independent
cetacean observation studies are necessary to better understand
their occurrence within the Kaimana IMMA.

Over the study period, Indo-pacific bottlenose dolphins were
the most sighted species around lift net fishery operated in Kaimana
IMMA. Cetacean aggregations linked to the lift net fishery in
Kaimana IMMA were found to be most sighted in the front of
Kaimana city compared to Bicari Bay, Namatota, and Triton Bay
(Figure 1). Kaimana IMMA is a significant area for the aggregation
and feeding activities of the Australian humpback dolphin, Bryde’s
whale, and Indo-Pacific bottlenose dolphin (IUCN-MMPATTF,
2022a). Specifically, our study found that the Indo-pacific
bottlenose dolphin had a strong relationship with lift net fisheries
as shown from their feeding activity around the lift net, especially in
the morning. Furthermore, this study offers a novel perspective that
Kaimana IMMA met another sub-criterion not previously reported
in the initial IMMA assessment i.e., related to small and resident
populations (sub-criterion Bl in IMMA assessment; [IUCN Marine
Mammal Protected Areas Task Force (2022); Tetley et al.,, 2022).
Australian humpback dolphins, Bryde's whales, and Indo-Pacific
bottlenose dolphins were consistently recorded in this region in
every season and every year of the study period; although further
research is needed to confirm their individual residency through
mark-recapture using photo-identification (Chilvers and Corkeron,
2003; Fearnbach et al., 2012; Boyd and Punt, 2021).

4.1 Species diversity

The Kaimana region in the southern Bird Head Seascape is
recognized as a global marine biodiversity hotspot (Mangubhai et al.,
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2012). Characterized by numerous islands separated by deep passages,
such as the Iris and Namatota Straits in Triton Bay, this region
experiences strong tidal currents (Kahn, 2009), which is likely partly
responsible for the high abundance of cetacean species in Triton Bay.
However, compared to other regions in Indonesia, marine mammal
diversity in the Kaimana IMMA (spanning 2,173 sq km) does not meet
the criteria for an area with high diversity of cetacean species (criterion
D2 in IMMA assessment; Tetley et al., 2022). In total, only six cetacean
species (Spinner dolphins, Bryde's whales, Australian humpback
dolphins and Indo-Pacific bottlenose dolphins from this study, as
well as the dugong and Pantropical spotted dolphin, not recorded in
this study) were previously reported from this region (Kahn, 2009).
This low diversity may explain why Kaimana IMMA was primarily
recognized as an aggregation and feeding area, rather than a diversity
habitat for marine mammals in IMMA assessment.

In contrast, other regions met the sub-criteria of species
diversity including the Wakatobi and Adjacent Waters IMMA
(26,815 sq km) with 11 species (IUCN-MMPATF, 2022b), Savu
Sea and Surrounding Areas IMMA (160,512 sq km) with 24 species
(IUCN-MMPATF, 2022c), Berau and East Kutai District -
Kalimantan IMMA (19,470 sq km) with 25 species (IUCN-
MMPATEF, 2022d), and Southern Bali Peninsula and adjacent
slope IMMA (2,239 sq km) with 18 species (IUCN-MMPATF,
2022e). Interestingly, Bintuni Bay IMMA (5,558 sq km), the nearest
IMMA that is located approximately 400 km from Kaimana IMMA,
also does not meet the sub-criteria for species diversity (IUCN-
MMPATF, 2022f). Bintuni Bay has a similar species composition to
Kaimana IMMA, including Australian humpback dolphins,
Spinner dolphins, Indo-Pacific bottlenose dolphins, and Bryde’s
whales, but also has the common bottlenose dolphin, which is not
reported in Kaimana IMMA (IUCN-MMPATF, 2022f).

frontiersin.org


https://doi.org/10.3389/fmars.2024.1431209
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Putra et al.

The small size of the Kaimana IMMA may explain its lower
species diversity compared to other IMMASs in Indonesia. Kaimana
IMMA is relatively small compared to other IMMAs mentioned
above, except for Southern Bali Peninsula and adjacent slope
IMMA. Larger areas tend to encompass a greater variety of
habitats, ranging from coastal zones to open ocean, and these
diverse habitats can support a wider array of cetacean species
with different ecological requirements (Gnone et al., 2023).
Additionally, larger areas may exhibit greater environmental
heterogeneity, including variations in bathymetry, temperature,
and oceanographic features (Sahri et al, 2021). These diverse
environmental conditions contribute to the availability of different
niches, enabling various cetacean species to coexist (Breen et al,
2016). Moreover, larger areas often support more complex
ecosystems, with a greater abundance and variety of prey species
(Bluhm and Gradinger, 2008; Laidre et al., 2008). This abundance of
prey can attract and sustain a higher diversity of cetaceans, as
different species adapt to feed on specific types of prey (Lambert
et al., 2014; Putra and Mustika, 2020; Receveur et al., 2022).
Conversely, smaller areas may have limited resources and habitat
types, which can result in a more restricted range of cetacean species
and prey competition. Unlike Kaimana IMMA that also has small
size, the Southern Bali Peninsula and Adjacent Slope IMMA has
higher species diversity. This condition could be strongly influenced
by the complex oceanographic features, including steep bathymetric
gradients, undersea canyons, and seasonal upwelling in the
Southern Bali that facing the Indian Ocean directly (Ningsih
et al., 2013; Purba and Khan, 2019; Mustika et al., 2021a; ITUCN-
MMPATE, 2022).

Despite the presence of open ocean environments around
Kaimana, such as the Ceram Sea Canyon just south of Triton
Bay, where the canyon sharply ascends from depths exceeding 2000
meters to less than 100 meters near Aiduma Island (Kahn, 2007),
this specific area does not fall within the Kaimana IMMA boundary
(Figure 1). Interestingly, the Aiduma region represents a significant
‘deep-sea yet near-shore habitat’ (Kahn, 2007), characterized by
extreme bathymetric gradients, strong currents, periodic ocean
fronts, and upwelling events (Purba and Khan, 2019). Notably,
this region generally maintains cooler temperatures than that of in
Raja Ampat (Mangubhai et al., 2012). Therefore, conducting
research beyond the boundaries of the Kaimana IMMA may
uncover the existence of other cetacean species, particularly those
associated with oceanic environments. Observations from lift-net
fisheries may be limited in capturing oceanic cetacean species, as
most fishing operations occur in coastal areas. Therefore,
independent and systematic surveys encompassing both coastal
and oceanic habitats are recommended for future studies.

4.2 Rare species

From five species that were positively identified in Kaimana
IMMA during the study period (Figure 2), the Killer whale is the
only species that was only recorded once during the study period
(Table 1). Although killer whales are the most cosmopolitan of all
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cetaceans and may be the second-most widely ranging mammal
species on the planet, they are most common in cold-water areas of
high marine productivity, particularly at higher latitudes and within
about 800 km off continents (Dahlheim and Heyning 1999, Forney
etal,, 2006). In tropical water such as Indonesia, the density of killer
whales is low, and potentially only 0-0.10 whales per 100 sq km due
to limited foraging opportunities and anthropogenic threats
(Forney et al., 2006; Ford, 2009). Therefore, this species is rarely
found in Indonesia including in Kaimana IMMA.

The presence of killer whales in Indonesia has been
documented, both through stranding cases and through direct
observation in the wild. According to Mustika et al. (2022) who
analyzed cetacean stranding data in Indonesia between 1995 and
2022, only three Killer whale cases out of 568 records were reported
in East Nusa Tenggara, North Sulawesi, and East Java, and those
three cases were reported only recently in 2020-2021. Other species,
such as the Sperm whale, which is commonly found in Indonesian
seas, have been reported to have a significant stranding rate in
Indonesia (Mustika et al., 2022). Observations of killer whales in the
wild have been documented in Ceram (Soede et al., 2019), Savu Sea
(Barnes, 1996; Mustika, 2006), Bali (Mustika, 2011), Wakatobi
(Sahri et al,, 2020c), Banda and Timor Seas (Sivasubramaniam,
1964; Leatherwood et al., 1991), Gorontalo (Mustika et al., 2021b),
and Raja Ampat (Ender et al., 2014). The latter is located close to
Kaimana IMMA (£ 600 km). From 2006 to 2011, boat surveys in
Raja Ampat recorded killer whale sightings in January, April, May,
July, September, October, and November (Ender et al, 2014).
However, killer whales were documented in Kaimana only in
February. This time difference in the killer whale occurrence may
reflect a regional movement pattern for killer whales, given their
absence from recorded sightings in Raja Ampat during that month.
Further research utilizing biotelemetry is necessary to confirm this
movement pattern, particularly to determine whether killer whales
are present in Kaimana exclusively between February and March, a
period when they are not observed in Raja Ampat. It is possible that
this observed pattern is not due to differences in killer whale
movements between Raja Ampat and Kaimana but rather
because, in February, killer whales may be in Kaimana’s coastal
areas, where lift-net fishing platforms operate. Alternatively, they
might also occupy Kaimana’s oceanic habitats, which are currently
not monitored due to the limitations of the observation method
used in this study.

4.3 Common species

Triton Bay has been previously recognized as a particularly
important habitat for Bryde’s whales (KKahn, 2009). Local villagers
were familiar with Bryde’s whales, which are known to migrate in a
predictable path between Bicari and Triton Bays via the Namatota
Strait (Kahn, 2009; Figure 1). Similar surveys in East Indonesia,
such as those in North Sulawesi, Sangihe-Talaud, Komodo, Solor-
Alor, Derawan, Bali-Lombok, and the Solomon Islands, found few
encounters of Bryde’s whales (Kahn and Pet, 2003), except in the
Raja Ampat Islands, where they were consistently found year-round
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(Kahn, 2007). Triton Bay was therefore observed as a significant
Bryde’s whale ‘hotspot’ for Indonesia as a whole, as their relative
abundance is exceptionally high and whale sightings are common
throughout the year (Kahn, 2009). Bryde’s whales have been
reported to have high residency in several areas, including in the
Gulf of California (Tershy, 1992; Viloria-Gomora et al., 2021),
where they rarely travel in groups and frequently feed alone or in
small groups, and in the Gulf of Mexico (Rosel and Wilcox, 2014;
Soldevilla et al., 2017), where they have a small population and a
restricted range. Bryde’s whales do not migrate seasonally, as most
other baleen whale species do, moving from warm water breeding
sites in winter to cold water and extremely productive feeding
grounds in summer (Moore et al,, 2019). The fact that they do not
show migration is observed in Gulf of Mexico (Sirovic et al., 2014)
and the Hauraki Gulf in New Zealand (Tezanos-Pinto et al., 2017),
although certain populations do exhibit seasonal movements and
range expansions that are likely influenced by environmental
conditions and prey availability (Best, 2001).

Australian humpback dolphins and Indo-Pacific bottlenose
dolphin were also consistently sighted in Triton Bay (Kahn,
2009). Dedicated land-based observations were conducted in
Arguni Bay, north Kaimana during January-April 2015, where 64
Australian humpback dolphin groups and 40 Indo-Pacific
bottlenose dolphin groups were confirmed (Wijaya, 2015; Beasley
et al, 2016). Arguni Bay was subsequently considered a hotspot for
both species, given the consistent sightings throughout the
survey period.

Australian humpback dolphins tend to be resident species with
strong site fidelity (Parra and Cagnazzi, 2016). The residency of
Australian humpback dolphins is likely influenced by a
combination of historical genetic factors, such as bottlenecks and
founder events, and ecological factors, including habitat preferences
and resource partitioning (Parra et al, 2018). In Australia, the
species shows a pattern of isolation by distance, with gene flow
restrictions occurring over distances of 382-509 km, indicating that
populations are largely resident and do not mix over large distances
(Parra et al., 2018).

Moreover, Indo-Pacific bottlenose dolphins exhibit varying
degrees of residency depending on the location. While some
populations show high site fidelity and are considered residents
with stable population sizes, including off the coast of Queensland,
Australia, and Amakusa-Shimo-shima Island, Japan (Chilvers and
Corkeron, 2003; Haughey et al., 2021), others display a mix of
resident and transient behaviors or form large, fluid communities
that may extend over broad geographic ranges (Haughey et al,
2020). Indo-Pacific bottlenose dolphins tend to be resident due
to typical social structure with significant dyadic associations and
stable social groups, and often isolated with weak interconnections
(Bonneville et al., 2021).

Using lift-net fishing platforms as observation sites in the
Kaimana IMMA can be an effective approach for studying
residency patterns and the dominance of species that frequent
coastal areas and interact with lift-net fisheries. This method is
particularly useful in stable fishing areas such as Kaimana City and
Bicari Bay.
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4.4 Seasonal patterns in Bryde's whale
sightings and abundance

Only Bryde’s whales had sufficient records to investigate their
seasonal patterns. Bryde’s whale sightings and abundance reveal
seasonal fluctuations in both SPUE and APUE in Kaimana IMMA,
peaking during the Transition 1 intermonsoon period and the
southeast monsoon. This seasonal pattern may be related to the
oceanographic dynamics in Kaimana. Although Bryde’s whales can
be observed year-round, local villagers are aware that these whales
follow a predictable migratory route between Bicari Bay (where lift-
net fisheries operate) and Triton Bay via the Namatota Strait (Kahn,
2009; Figure 1). However, since most observations in this study
were concentrated in Bicari Bay rather than the Namatota Strait or
Triton Bay, it is likely that during other seasons (Transition 2 and
NWM), Bryde’s whales may be present in these areas.

This area exhibits strong seasonality in sea surface temperature
fluctuations, particularly during the SEM, marked by cold-water
upwellings (Mangubhai et al., 2012). These upwellings coincide
with increased chlorophyll-a and primary productivity in
Kaimana’s coastal and marine waters, extending southward to the
Arafura Sea (Gordon, 2005). The banana prawn fishery that operated
in the front of Kaimana City is similarly influenced by this periodical
upwelling. The optimal fishing season of banana prawn fishery was
reported from July to September, with peak of yields occurring in
August to November and the highest catch rate occurring in August
(Panggabean, 2018; Pane et al.,, 2023). The increase in banana prawn
catches in Kaimana in the May to October time frame is likely related
to the upwelling that occurs at this time, when lowest temperatures
are recorded in August (Mangubhai et al., 2012).

Bryde’s whales show seasonal variations in their feeding
patterns, with higher feeding activity observed in summer and
autumn when schooling fish are concentrated in the area (Tershy,
1992; Penry et al., 2011). Bryde’s whales have a diverse diet
consisting mainly of schooling fish, with a particular preference
for anchovies and sardines, and they also consume krill in certain
regions and seasons (Tershy, 1992; Murase et al., 2007). The wide-
ranging diet of Bryde's whales indicates flexibility and adaptability
in their feeding strategies to accommodate the availability of prey in
different environments.

4.5 Feeding associations with the lift-
net fishery

Our findings demonstrate that the Indo-Pacific dolphin is the
only species that has a strong association with lift net fishery feeding
behavior. Although other species have been seen feeding around the
lift net fishery, they were not as common as the Indo-Pacific
bottlenose dolphin. This could be attributed to the species’ strong
preference for coastal habitats (Vargas-Fonseca et al., 2018, 2020;
Bonneville et al., 2021), which overlap with the areas where lift-net
fisheries operate in Kaimana. In contrast, spinner dolphins, often
found around lift nets exhibiting non-feeding behavior, are oceanic
species with expansive foraging ranges. This range potentially
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exposes them to a greater diversity of prey (Perrin et al, 1999;
Perrin, 2009) and leads them to coastal zones primarily for daytime
rest, as highlighted in other research (Thorne et al, 2012; Sahri
et al,, 2020c). This explains why most spinner dolphins observed
were not feeding (Table 2).

Lift net fisheries operations began in Kaimana in 2000,
primarily at the mouth of Bicari Bay, with the target of selling
anchovies and other baitfish to markets and supplying the pole and
line fishing industry in the Kaimana area (Sianipar, 2022). The
seemingly high productivity of the bay draws year-round operations
to the area. They generally rely on artificial lighting and lift nets as
their major equipment and technique. Bright lights are used at night
to catch baitfish like anchovies and other small pelagic species. In a
productive night, the fishermen manage 3-4 hauls per night, with
the last haul completed just before sunrise at 5.30-6 AM, when
whale sharks and dolphins are frequently spotted near the lift net
fishery. The process of capturing many baitfish attracts whale sharks
and dolphins to the fishing vessel, and they frequently feed on the
collected fish before being caught in the net and aggressively
sucking (in the case of whale sharks) the collected baitfish from
the outside of the net. Because the lift net fishing vessel moved
relatively little during the operation, its location has become a
regular foraging place for whale sharks and dolphins.

This interaction has created unique opportunities for the
establishment of provisioning-based whale shark and dolphin
watching industries. Fishermen and tour operators use anchovies
as bait to attract and encourage them to remain close to the lift-net
fishery boat. This suggests that both sharks and cetaceans likely
have a natural preference for hunting anchovies. The coexistence of
passive provisioning through the presence of lift-net fisheries and
active feeding driven by tourism has led to the development of
distinctive behavioral and ecological adaptations in their foraging
strategies (Sianipar, 2022).

4.6 Management implications and future
research directions

It is worth noting that no cetacean surveys have been conducted
in Kaimana IMMA since its official recognition in 2018. Thus, this
study fills a significant gap in our understanding, underlining the
significance of continual monitoring through time-series
observations for sustaining ongoing conservation efforts and
gaining a full understanding of the ecological trends of cetacean
populations. Our study demonstrates that observing cetaceans from
lift net fishery platforms is important because it offers insight into
how cetaceans interact with fisheries. However, we acknowledge that
the current study approach has limits in terms of area coverage and
observation period, both of which were dependent on lift net fisheries
operation season. Thus, establishing an independent survey to cover
unbiased locations and times of cetacean observation may provide
new perspectives into cetacean ecology, including new species records
in Kaimana IMMA. Since this study confirms year-round sightings of
Bryde’s whales, Australian humpback dolphins, and Indo-Pacific
bottlenose dolphins, suggesting these species may represent resident
populations (Kahn, 2009), further mark-recapture studies and genetic
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research are necessary to validate and provide robust evidence of their
population structure.

Our studies discovered that most interactions between lift net
fisheries and cetaceans occur outside the Kaimana MPA. Thus, it is
critical to ensure that fisheries management measures under the
provincial government are implemented outside the MPA to ensure
the sustainability of anchovies, which are important not only for the
community and pole and line industries, but also as a food source
for the population of Bryde’s whale, Indo-Pacific bottlenose
dolphin, and Australian humpback dolphins. There is currently
very little information available on anchovy stock assessment in
Kaimana. We recommend undertaking further research on stock
assessment of anchovies to better understand the extent of
exploitation in this region, which will then be utilized as a
baseline for fisheries management measures.

Banana prawn, an important fisheries commodity in Kaimana
with a significant ecological link to Bryde’s whale ecology, is
currently overfished in Kaimana (Pane et al., 2023). Although we
do not yet have direct evidence that Banana prawn is one of the food
sources for Bryde’s whales in Kaimana, the increased sighting and
abundance of Bryde’s whales during the peak season for Banana
shrimp suggests that the two species are ecologically related and
may be associated with predator-prey interaction. Further study on
stable isotopes is needed to confirm this predator-prey interaction
(Nifio-Torres et al, 2014). Nonetheless, fisheries management
needs to regulate the efforts of trammel net fishers to avoid
further fishing pressure in Kaimana waters.

Apart from implementing fisheries management measures,
maintaining the mangrove ecosystem in Kaimana is very important
to ensure the sustainability of anchovy and banana prawn stocks.
Mangroves act as essential nursery grounds, providing food and
shelter for juvenile prawns and anchovies (Sukardjo, 2004), which
contributes to their growth and survival. Juvenile banana prawns
(Penaeus merguiensis), utilize mangrove estuaries as nursery areas,
with the highest survival rates and abundance observed in mangrove-
lined habitats, suggesting a preference for these environments during
early life stages (Stapels, 1980; Vance et al, 1990; Vance and
Rothlisberg, 2020).

Kaimana is well-known for having some of the most extensive
mangrove forests in the BHS (Alongi, 2007; Mangubhai et al., 2012).
Unfortunately, these mangrove forests in Kaimana are currently being
converted/deforested at an estimated average rate of 5 ha per annum
during the period from 1996-2020 (Konservasi Indonesia unpublished
data, reanalysis from Bunting et al., 2022) due to the logging activities
for firewood and tambelo, residential expansion, land conversion for
fish drying areas, rubbish dumps, and expansion of water bodies for
boat access and aquaculture areas (Konom et al., 2019). Weak
enforcement of government regulations, such as granting building
permits, and private land use in mangrove forest areas due to low land
prices, as well as local people’s ignorance of the mangrove forest
benefits, are the primary causes of land conversion (Yabana et al,
2021). Despite the relatively small degree of loss in the mangrove
ecosystem, this shows that growing human activity is nonetheless
causing significant negative impacts. This is a warning indicator that
mitigating actions must be implemented to prevent ongoing and
significant damage to the mangrove ecosystems of Kaimana.
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