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A low-cost, small-boat, rapid assessment survey was conducted on the waters off the southern Peninsula of Bali. The objectives were: (1) to conduct an inventory of cetacean species in the study area; (2) to map cetacean distribution to inform the design of the Badung MPA; (3) to estimate relative abundance of cetaceans and record information on presence and distribution of other marine megafauna; and (4) to train observers in the use of distance sampling methods. The survey adopted a “training while doing” approach to build local capacity for marine biodiversity monitoring, while collecting a snapshot of data to assess species richness and distribution. The survey accomplished its first two objectives, but due to violation of underlying assumptions, had mixed success with the third objective. Our survey revealed that the waters off the southern Peninsula of Bali support a rich cetacean fauna, with at least seven cetacean species, other marine megafauna, and avian species. Seven cetacean species found on our survey include: spinner dolphin (Stenella longirostris), pantropical spotted dolphin (Stenella attenuata), Fraser’s dolphin (Lagenodephis hosei), Risso’s dolphin (Grampus griseus), bottlenose dolphin (Tursiops sp.), Bryde’s whale (Balaenoptera edeni), and sperm whale (Physeter macrocephalus). Density estimates were low for all whales combined, but seem implausibly high for dolphins; likely due to violation of assumptions of distance sampling methods. Future surveys should include sufficient time for training to generate reliable abundance estimates. A dedicated bycatch study is needed to understand sustainability of bycatch mortality relative to reliable abundance estimates.
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INTRODUCTION

A considerable number of cetacean species can be observed in the Balinese waters of Indonesia, but the species themselves have received little formal scientific attention in terms of basic biology, conservation status, and anthropogenic threats. Out of the 34 cetacean species recorded in Indonesia (Beasley et al., 2016; Mustika et al., 2016, the latter for Sousa sahulensis), at least 17 of them have been sighted in Bali: Bryde’s whale (Balaenoptera edeni), pygmy killer whale (Feresa attenuata), short-finned pilot whale (Globicephala macrorhynchus), Risso’s dolphin (Grampus griseus), pygmy sperm whale (Kogia breviceps), dwarf sperm whale (Kogia sima), Fraser’s dolphin (Lagenodelphis hosei), humpback whale (Megaptera novaeangliae), killer whale (Orcinus orca), melon-headed whale (Peponocephala electra), sperm whale (Physeter macrocephalus), false killer whale (Pseudorca crassidens), spinner dolphin (Stenella longirostris), pantropical spotted dolphin (Stenella attenuata), bottlenose dolphin (Tursiops sp.), rough-toothed dolphin (Steno bredanensis), and Cuvier’s beaked whale (Ziphius cavirostris). These observations have been collected through stranding records1, opportunistic sightings (e.g., the three killer whale observations in Uluwatu Bali by Project Clean Uluwatu in September 2014) or dedicated surveys (Mustika, 2011). Prior to the current study, out of these known 17 cetacean species in Bali, only Fraser’s dolphin, humpback whale and melon-headed whale have not been sighted around the Bukit Peninsula waters in south Bali.

There is a strong community-led effort to improve the protection of habitats for a diverse guild of all marine megafauna in Bali which includes marine mammals, turtles, sharks, and “other marine megafauna” (Mustika and Ratha, 2013). The community support for conservation corresponds with the presence of the Uluwatu Temple in Bukit which was established in the 11th CE for Lord Shiva (Rudra) or Pashupati, Lord of [all of] the Beasts. The expansive taxonomic view of this manifestation of Lord Shiva is reflected in the conservation objectives of the community, and in our own study’s objectives. To use contemporary language, we interpret the intent to protect “all beasts” as an early articulation of a desire for conservation of an ecosystem, rather than a single species.

Despite community support, there are many potential threats to the marine megafauna, such as rapid coastal development in Bali, anthropogenic waste flow, and unmeasured underwater noise from ships and airplanes which is particularly a problem for the cetaceans (Erbe et al., 2018). Rapid coastal development has been increasing concurrently with rises in tourism, as demonstrated by one of Indonesia’s leading online travel agencies (Traveloka.com). In spite of the COVID-19, by September 2020 the online agency Traveloka registered around 1,327 hotels in Jimbaran, Uluwatu and Nusa Dua. Other than the local Nyepi Day (the Day of Silence) in March or April where no movements in and out of Bali are allowed, Benoa Harbour in southern Bali hosts many ships traveling in Bali waters. In 2014, excluding fishing vessels, 54 cruise ships visited Benoa Harbour and Bali was targeting 62 cruise ships for 2015 (Kabar24,2014).

The Bukit Peninsula is currently being designed as a new marine protected area (MPA) called the “Badung MPA” as part of the Bali Marine Protected Area Network (Mustika et al., 2011). This MPA will be classified as a multi-use MPA, but the exact size, shape, zonations, and MPA management plans have yet to be finalized. In part, our survey was intended to provide new information to facilitate that MPA designation. The interim objectives of the MPA are to protect its marine resources, in particular those related to surf tourism. The designation of the southern Peninsula as a new MPA requires good ecological and human dimension data. Prior to this research, sufficient data were available on coral reef ecosystems (Mustika et al., 2011), seagrass beds, surfing spots, water quality, the economic benefit of surf tourism (Margules, 2011) and the general tourist satisfaction of dolphin watching tourism in the Peninsula (Mustika et al., 2013). General cetacean species and distribution in the Peninsular waters is available from Mustika’s Ph.D data collection in 2007–2009, with spinner dolphin (Stenella longirostris) as the most frequently sighted species, although pantropical spotted dolphin (Stenella attenuata), bottlenose dolphin (Tursiops sp.) and false killer whale (Pseudorca crassidens) were also observed (Mustika, unpublished data).

Cetaceans can play multiple roles in marine ecosystems, including top-down effects as predators, the modification of habitats, or the translocation and recycling of limiting nutrients within and across ecosystems (Katona and Whitehead, 1988; Smith et al., 1989; Bowen, 1997; Morissette et al., 2006; Roman et al., 2014). Great whales can also be significant carbon sinks (Lavery et al., 2010; Pershing et al., 2010), to the extent that the great whales can absorb up to 33 tons of carbons, around 1,375 times the carbon absorption of a mature tree (Chami et al., 2019). At the local human-dimension level, cetaceans are a target for the local dolphin watching tourism, generating local income and providing tourists great satisfaction (8.7 out of 10, with 10 being the most satisfied; Mustika et al., 2013). Therefore, it is important to understand the cetacean distribution and its associated oceanographic features in the south, particularly in view of the current MPA design which fails to consider whales and dolphins as migratory animals. A general description on major threats to cetaceans at the Peninsula was also absent. Thus, a more detailed and systematic study of the Peninsular cetacean species diversity and distribution is needed. Prior to this study, such research had never been conducted in this area and not many people in Bali were trained to conduct cetacean assessment surveys in a systematic manner. In view of the troubling trend of ‘parachute science’ (Stefanoudis et al., 2021), it is imperative that local students and local scientists receive proper training on how to conduct ecological surveys and analyze environmental disturbances.

In light of the information above, this study was designed with the following aims: (1) to inventory species of cetaceans living off the Bukit Peninsula, (2) to map their distribution to inform the design of the Badung MPA, (3) to estimate relative abundance of cetaceans, and secondarily, record information on presence and distribution of other marine megafauna, and (4) to train observers in the use of distance sampling methods, in order to collect data that could be used in future to detect trends over time. The survey used a “training while doing” approach developed under the “Animal Counting Toolkit” program (Williams et al., 2017). In view of the local expert empowerment, the training component had the same importance as the data collection component of the survey.



MATERIALS AND METHODS


Study Area

The waters off the southern Bukit Peninsula in Bali is characterized by sandy seabed, with depth ranging up to 1,500 m (Figures 1–4). Swells around the shorelines facilitate surf tourism, particularly—but not limited to—the western part of the Bukit, including Padang-Padang, Balangan, Dreamland and Uluwatu. Small patches of sea grasses are found at the southern shorelines of the Peninsula, while coral reefs are found around the Nusa Dua (eastern corner) of the Peninsula. Water depth drops from 0 to 100 m in 6 km from the shoreline, creating a gentle slope. However, the 100 m isobath drops quite sharply to the 200 m isobath at some places (up to 1 km distance between 100 m and 200 m isobaths), particularly at the western, southwestern and southern corners of the Peninsular shelf (Figure 1).
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FIGURE 1. Original design for the line transect survey of Bukit Peninsula, southern Bali.
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FIGURE 2. The average chlorophyll-a distribution for October 2015, overlaid with the 31 October 2015 sightings.
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FIGURE 3. The average chlorophyll-a distribution for November 2015, overlaid with the sightings between 1 and 5 November 2015.
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FIGURE 4. Survey tracks undertaken 30 October to 5 November 2015 during the line transect survey of Bukit Peninsula and dolphins, whales, and other megafauna species recorded within 12 nautical miles (22.2 km) of the Bukit Peninsula. Sightings are plotted over bathymetry data: darker shades indicate increased depth (m). Lines N, O, P, and Q experienced missing data due to a technical issue.


Seasonal upwellings occur in the western and south western parts of the Bali waters. A 2006–2010 dataset indicated sea surface chlorophyll-a concentrations in this region between April to November (Setiawati et al., 2015), while a 2013 dataset indicated Net Primary Productivity for August to October (Rintaka and Priyono, 2020). Conforming to these literatures, Figure 2 captured the average chlorophyll-a productivity in October 2015 while Figure 3 indicates an upwelling on 1 November 2015.



Survey Design and Data Collection

Distance sampling methods estimate the average animal density (number of animals per unit area) in the sampled transects, and use that density estimate to predict the total number of animals in the survey region from which the transects were drawn (Buckland et al., 2001). Assumptions about the “representativeness” of the samples (transects) are met at the design stage (below). Field methods are used to ensure that observers accurately determine animal density along the trackline (below). Typically, 15–20 transects are recommended in order to capture spatial heterogeneity in animal distribution and generate reasonable variance estimates (Buckland et al., 2001).

A small-boat, systematic line transect survey (Williams et al., 2017) was conducted between 30 October and 5 November 2015 over 1,393 sqkm to cover the southern Bukit Peninsula waters. Leaving from the port of Sanur, we designed the line transect survey to use a grid of parallel lines with a random start point, oriented to avoid traveling within the prevailing swell, and joined with a zig-zag to minimize off-effort transit time (Thomas et al., 2007; Figure 1). The survey area covered a range of habitats and prominent environmental gradients, including inshore and offshore waters and shallow and deep waters, in the southern peninsular waters (Figures 1–4). We have also deliberately made the study area boundaries to cover all Bali provincial waters (12 nm, 22 km) for the same reason. Using a 4 km grid spacing and 9–11 kmph boat speed, the final survey design provided even coverage of the survey region using 17 transects (Figure 1). This method follows previous recommendations that even coverage probability can be achieved with an equal-spaced zig zag design of 15–20 samplers and a random start point, while minimizing expensive transit time between tracklines (Strindberg and Buckland, 2004).

Environmental conditions that could influence detection were recorded throughout the survey and as conditions changed (e.g., Beaufort sea state, relative swell height, precipitation, and glare). Some parts of the survey could not be completed due to poor weather (strong winds of Beaufort 5 and above); Figure 4 shows the completed track lines. The Udayana University students carried a Castaway CTD (Conductivity, Temperature and Depth) equipment onboard the research vessel to measure the vertical water temperatures and to detect possible oceanic fronts; with oceanic fronts defined as “an oceanic zone with a strong horizontal gradient in water properties such as temperature, salinity, etc.” (Kida et al., 2016). The CTD was regularly deployed at the starting and ending points of a transect, as well as during sightings. Upon observing the animals, photos were taken to identify their species and behaviors (Objective 1). GPS coordinates were taken to map the distributions of the observed cetacean (Objective 2).

During the survey, an experienced observer (Mustika or Williams) led the data collection each day, and coordinated with the boat driver to survey the track lines as they were planned (Figure 1). When each observer spotted a group of cetaceans, they used an angle board to measure the bearing from the track line to the sighting, and estimated radial distance visually from the track line to the sighting. The experienced observer worked with the observer who made the initial sighting to confirm species identification and estimate group size (best, low, and high). All line transect “effort” (i.e., start and end points of each transect actually surveyed, number of observers, and environmental conditions) and sightings data were collected on a ruggedized Trimble Juno handheld computer running CyberTracker software (Williams et al., 2017). In order to collect data to estimate relative abundance (Objective 3) using distance sampling methods, it was important to collect information on search effort, even when no sightings were made on a given transect. In other words, zeroes are important data points in distance sampling (Buckland et al., 2001).

A joint workshop was held with participants from Udayana University, Conservation International Indonesia, and Oceans Initiative. The workshop introduced 48 faculty members, students, and conservation practitioners to cetacean biology, anthropogenic threats to cetaceans, and provided an overview of the fundamentals of distance sampling. Of these 48 participants, three (one faculty member and two students) rotated through the “training while doing” surveys on the boat (Objective 4).



Data Analysis for the Relative Abundance (Objective 3)

Program Distance (Version 6.2, Release 1; Thomas et al., 2010) was used to analyze detection probability, density, and abundance for all species. In distance sampling, density is the product of the length and width of the surveyed transects. The length of the surveyed area is simply the length of the transect, as measured by GPS. The width is estimated from a family of “detection functions” using the perpendicular distance data from the sightings to each animal. The width of the strip that is effectively searched by the observers can vary according to a number of factors: the size of the animal; the animal’s cryptic or conspicuous behavior; group size; the experience of the observer; the decision to search with binoculars or naked eye, etc. (Buckland et al., 2001). Ideally, one would collect 60–80 sightings of each species, fit separate detection functions for each species, and include factors likely to affect detectability as candidate covariates in a detection function (Buckland et al., 2015). When sample size is inadequate to model detectability as a function of these covariates, one alternative is to rely on a feature of distance sampling of “pooling robustness,” which refers to the fact that distance sampling techniques are robust to the pooling of multiple detection functions into one.

No single species yielded the 60–80 sightings recommended for robust estimation of average detection probability within the effective strip width (Thomas et al., 2010), which is common in pilot studies or surveys of cryptic or rare species (Williams and Thomas, 2009). This small sample size precluded investigation of factors such as environmental conditions that could impact detectability. As a result of small sample size among species, detection functions were fitted to data from three pooled species groups, and then broken down by species assuming equal detectability within the species group. This approach follows previous recommendations for dealing with small sample size or high proportion of sightings that could not be identified to species in the field (e.g., blue and salmon sharks: Williams et al., 2010). The three species groups were as follows: dolphins (bottlenose, Fraser’s, Risso’s, spinner, pantropical spotted, and unknown dolphin); whales (Bryde’s, fin, sperm, and unknown whales); and other large marine megafauna (manta ray, sea snake, shark, turtle, and whale shark).

For each species group, half-normal and hazard rate models were considered. The choice of detection function and truncation distance follows previous recommendations for small boat surveys and rarely seen species (Williams and Thomas, 2007, 2009), but when support for choosing between two models was equivocal (ΔAIC < 2), we averaged on the detection function (Williams and Thomas, 2009). We considered spatial autocorrelation in the density observed among transects in the following way. We used bootstrap methods to estimate variance on the final abundance estimates (“S2 method” in Program Distance; Fewster et al., 2009), because the zig-zag survey design allowed us to treat adjacent pairs of transects as spatially dependent. If the S2 method caused the coefficient of variation to be reduced, we interpreted this as evidence for spatial autocorrelation that we were able to model, and chose the S2 method for estimating variance. If the S2 variance estimator resulted in a higher variance than the analytic variance estimator, then we interpreted this as evidence that there was no clear spatial pattern in density that could be accounted for by treating adjacent pairs of transects as dependent, and therefore used the default (analytic) variance estimator in Distance.



RESULTS


Cetacean Species Diversity and Distribution (Objectives 1 and 2)

During the survey, we observed at least seven species of cetaceans, other marine megafauna and recorded an inventory and sighting location of several avian species. The seven species of cetaceans identified to species by experienced observers were: spinner dolphin (Stenella longirostris), pantropical spotted dolphin (Stenella attenuata), Fraser’s dolphin (Lagenodelphis hosei), Risso’s dolphin (Grampus griseus), bottlenose dolphin (Tursiops sp.), Bryde’s whale (Balaenoptera edeni), and sperm whale (Physeter macrocephalus). All whale sightings occurred off the western side of the Peninsula. Most Bryde’s whale presented in Table 1 were identified from the three ridges on its head (Figure 5A; sensu Shirihai et al., 2006). Eight unidentified whales had the characteristics of the Bryde’s whale (e.g., sickle dorsal fins and sharp deep dive, sensu Shirihai et al., 2006), but since the photographs did not show three ridges due to the whale heads’ positions, we kept these whales “unidentified” (Table 1).
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FIGURE 5. (A) The three ridges on the head of a Bryde’s whale (Balaenoptera edeni). (B) The visible plates of a Bryde’s whale, with a gradation of the lighter white-gray at the front tip and the dark/black plate at the back. (B–F) The lunge feeding sequence of a Bryde’s whale encountered on 31 October 2015 (it did not reorient itself to dive with the dorsal fin exposed per de Mello Neto et al., 2017).



TABLE 1. Number of sightings used in the detection function analysis for each whale species along with their predicted relative abundance and associated depths in the surveyed region.

[image: Table 1]The whale and dolphin sightings ranged from shallow water (∼100 m) to deep water (∼ 1,000 m) (Figures 2, 3). The maximum depth of the Fraser’s dolphin sighting was less than 700 m, whereas Risso’s dolphins, spinner dolphins and pantropical spotted dolphins were sighted at the maximum depths of around 1,200 m (Table 2). Both of the maximum depth of the Bryde’s and sperm whales sightings were at around 1,000 m (Table 1). Some dolphins and whales were sighted at 12 nm (22.2 km) from the shoreline. Additional habitat suitability analysis of these sightings will be made in a separate publication.


TABLE 2. Number of sightings used in the detection function analysis for each dolphin species along with their predicted relative abundance and associated depths in the surveyed region.

[image: Table 2]Feeding behaviors were observed in a Bryde’s whale (see below). On 31 October 2015, one whale was photographed feeding from around 500 m from the survey vessel. This whale was observed feeding, as indicated by its behaviors i.e., lunging while gulping and then twisting (rotating on its lateral axis) before splashing back into the water, but without reorienting dorsal fin position (sensu de Mello Neto et al., 2017; Figures 5B–F). Because the baleen plates of this whale was a gradation of light to dark from the tip of the jaw to the end of the jaw (Figure 5B; sensu Leatherwood et al., 1982), we concluded that it was a Bryde’s whale. Photos of baleen whales were shared with Dr. Gwenith Penry, principal investigator of the Southern African Bryde’s Whale Project, for confirmation.

Many of our sightings happened along marine productivity gradients or oceanic fronts (Figures 3, 4). For instance, the lunge-feeding Bryde’s whale was observed on a productivity gradient on 31 October 2015 (Figure 3). On 1 November 2015 at 11:58 am, our Castaway CTD recorded a sharp thermocline, where the water temperature dropped from 27°C at 0–1 m to 26°C between 1 and 11 m, another drop of 24–26°C between 11 and 12 m and then plunging to 22°C between 12 and 42 m depth (Figure 6). This thermocline indicated upwelling (Ningsih et al., 2013) and thus a relatively rich environment during the time of observation. We observed at least three Bryde’s whales and a manta ray around the time of this sharp thermocline.
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FIGURE 6. The observed thermocline on 1 November 2015 during sightings of Bryde’s whales and manta rays.




Relative Abundance of the Cetaceans and Presence and Distribution of Other Marine Megafauna (Objective 3)

The survey was completed largely as planned, but a technical problem caused the first day’s worth of data to be lost. This translates to a loss of 4 of the 17 planned transects. The missing data came from the southernmost part of the survey region, so the analyses proceeded as though that portion was not included in the density estimation calculation. The extant data from the 13 covered transects provided reasonable coverage and are thought to be representative of the reduced survey region (Buckland et al., 2001). The area of the reduced survey region, within which abundance was calculated, was 1,393 sq km.


Whales

The hazard rate model failed to converge, so the half-normal model was selected (Figure 7). Truncation of 10% of the largest perpendicular distances was considered, but there was little indication that this improved goodness of fit and would have reduced sample size from 27 to 24 sightings. The decision was made to retain all sightings in the detection function, which had a final average detection probability of 0.40 over an effective strip half-width of 345 m. The chi-square goodness of fit p was 0.539, indicating a good fit to the data. The best estimate of density of all whale species in the region was 0.1 individual per sqkm, which translates to a final estimate of abundance of 139 whales in the survey region. The S2 method yielded higher CVs on density than the analytic variance estimator that treated transects as random samples, so we interpreted this to mean that there was no evidence for spatial dependence in whale density along adjacent transects. The final CV on density (and abundance) was 0.419, which translates into log-normal 95% confidence intervals on abundance of 47–253.
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FIGURE 7. The selected half normal detection function for all surveyed species, pooled as a function of perpendicular distance. Illustrative detection probability of dolphins is represented by a dashed line, whales by a solid line, and of other megafauna by a dotted line. The curves show detection decreasing with increasing perpendicular distance. Detection probability is assumed to be certain [i.e., y (=1)] on the track line [i.e., x (=0)]. Confidence intervals for whales are 47–253.


For illustrative purposes, and assuming equal detectability among whale species, it is possible to use species-specific data on encounter rate to translate the total whale abundance estimate into rough, tentative estimates of abundance of that species in the survey region. Using the best estimate of group size for each sighting, the observers recorded on-effort sightings of 38 individual whales in 30 sightings. Table 1 shows how these sightings were broken down by species, and how those percentages translate into rough predictions of abundance.



Dolphins

There was strong support from the data for choosing the hazard rate model over the half-normal model (ΔAIC = 2.08; Figure 7), but behavioural observations in the field suggested that dolphins responded to the presence of the boat to ride the boat’s bow waves. Consequently, the spike near zero perpendicular distance was interpreted as evidence of responsive movement, rather than evidence that observers were covering a very narrow strip width. Following previous recommendations for bow-riding Pacific white-sided dolphins (Williams and Thomas, 2007), a half-normal detection function was used to avoid overfitting the spike. Truncating 10% of sightings with the largest perpendicular distances was considered, but there was little indication that this improved goodness of fit, reduced the sample size from 64 to 58 sightings, and caused a substantial (0.1) increase in CV. The decision was made to retain all sightings in the detection function, resulting in a final average detection probability of 0.26 over an effective strip half-width of 237 m. The best estimate of density of all dolphin species in the region was 11 individuals per sqkm, which translates to a final abundance estimate of 15,323 dolphins in the survey region. The S2 variance method suggested spatial dependence of density in pairs of zig-zag samplers. The final CV on density (and abundance) was 0.39, which translates into log-normal 95% confidence intervals on abundance of 7,138–32,040.

For illustrative purposes, and assuming equal detectability among species, it is possible to use the species-specific encounter rate to translate the total number of dolphins in the region into rough, tentative estimates of abundance of that species. Using the best estimate of group size for each sighting, the observers recorded on-effort sightings of 2,780 individual dolphins in 64 schools. Table 2 shows how these sightings were broken down by species, and how those percentages translate into rough predictions of abundance.



Other Marine Megafauna

Other marine megafauna observed include sea turtles (green turtles/Chelonia mydas and possibly Olive Ridley turtles/Lepidochelys olivacea), sunfish (Mola sp.), manta rays (Mobula birostris), a whale shark (Rhincodon typus), an unidentified reef shark and an unidentified sea snake (Table 3). Avian species encountered were Christmas frigatebird (Fregata andrewsi), lesser frigatebird (Fregata ariel), Great crested tern (Sterna bergii), little tern (Sterna albifrons), little pied cormorant (Phalacrocorax melanoleucos), red-necked phalarope (Phalaropus lobatus), Wilson’s storm petrel (Oceanites oceanicus), but no attempt was made to record perpendicular distances or fit a detection function for birds. The hazard rate model failed to converge, so the half-normal model was selected to estimate the effective strip width for “other marine megafauna” (Figure 7). A truncation of 10% of the largest perpendicular distances improved goodness of fit (from p = 0.000 for the untruncated data to p = 0.223 for the truncated data). Although truncation of 10% of sightings reduced sample size from 32 to 29 sightings, goodness of fit statistics guided the final decision to truncate sightings. The selected detection function had an average detection probability of 0.51 over an effective strip half-width of 29 m. The chi-square goodness of fit p was 0.223, indicating a good fit to the data. The best estimate of density of other marine megafauna in the region was 0.9 individuals per sqkm, which translates to a final estimate of abundance of 1,253 animals in the survey region. The S2 method revealed no evidence for spatial dependence in other marine megafauna density along pairs of adjacent transects. The final CV on density (and abundance) was 0.326, which translates into log-normal 95% confidence intervals on abundance of 614–2,346.


TABLE 3. Number of sightings for each additional megafauna species in the surveyed region.

[image: Table 3]


DISCUSSION


Cetacean Species Diversity (Objective 1)

The survey achieved its primary objectives of collecting valuable effort and cetacean sightings data, while strengthening local capacity for marine biodiversity monitoring. The survey resulted in a documented inventory of cetacean species in the region during the wet season, but we recognize that the survey may need to be repeated several times, including in the dry season, to detect rare species (Kaschner et al., 2012). From the perspective of biodiversity, the survey adds Fraser’s dolphin to the list of cetaceans observed around the Bukit Peninsula waters, thus Bali now has nine cetacean species in the southern Peninsular waters. Seven of the Peninsular species were observed during the survey (Tables 1, 2) while two of them (the killer whale Orcinus orca and the false killer whale Pseudorca crassidens) were not observed during the survey.

From the viewpoint of large whale conservation, this survey proves the importance of the study area as the habitats of sperm whales and Bryde’s whales. Sperm whales are one of the most often stranded marine mammals in Indonesia with 64 recorded events from 1997 to 2021; nine of them happened in Balinese waters (see text footnote 1). Our survey further confirms the importance of southern Bali waters as a habitat of sperm whales.



Cetacean Species Distribution (Objective 2)

The spatial information is of great value to local conservation practitioners engaged in place-based marine spatial planning and conservation efforts. The survey generated rich data for the design of the Badung Marine Protected Area and, more broadly, for coastal zone management in the region. We observed a Bryde’s whale feeding at an ocean front on 31 October 2015 (Figure 2) and a thermocline-induced upwelling on 1 November 2015 (Figure 6), thus corroborating the knowledge that the southern waters of Bali are still productive in October and early November (Ningsih et al., 2013; Setiawati et al., 2015; Rintaka and Priyono, 2020). Some dolphins and whales were observed quite far from the shoreline (12 nm or 22.2 km, Figures 2–4), indicating that the Badung MPA outer boundary needs to be designed to cover these limits. Due to the likely importance of the Bukit Peninsula as a cetacean habitat, the data from this survey has now been accommodated into the draft marine spatial plan of the Bali Province, proposing that the waters of the Bukit Peninsula be assigned as a conservation area. The draft marine spatial plan for Bali is expected to be completed by the end of 2021.

The southern waters of Bali could be an important habitat for the Bryde’s whale. Four Bryde’s whales stranding events have been recorded in south Bali in August 2010, February 2016, May 2016 and January 2021. The 2 February 2016 stranding involved a live 3.28 m female Bryde’s whale calf at Batubolong, Canggu, ∼30 km north of the Bryde’s whale sighting site in November 2015 (ID 261 of www.whalestrandingindonesia.com; Whale Stranding Indonesia, 2013). The emaciated Bryde’s whale calf died during rescue and was immediately necropsied by a team led by the Udayana University in Denpasar. No milk was found in the gastro-intestinal tract of the whale, suggesting that she had not suckled her mother, or was just recently suckling the mother when they were separated for unknown reasons. Given the uncertainty in migratory patterns of Bryde’s whale in tropical waters and recognizing that some populations may not migrate between breeding and feeding grounds (Clapham et al., 1999; Thomas et al., 2016), the observation of a Bryde’s whale feeding at an ocean front in the study area is important. This observation can strengthen local citizen science efforts to improve our understanding of the way that Bryde’s whales use their habitat around the Peninsula (i.e., for feeding, breeding, or both).



The Relative Abundance of Cetaceans and Presence of Other Marine Megafauna (Objective 3)

The relative abundance analysis of dolphins as a whole yields a very large estimate of abundance that strikes us as implausibly high. We can interpret the extremely high number of dolphins in a number of ways, not mutually exclusive.

The first interpretation is that perhaps the dolphin density truly is high in the region. In one of the largest cetacean surveys anywhere, long-term monitoring of dolphin populations in the eastern tropical Pacific resulted in a total of 9.6 million delphinids in a 19 million sqkm study area (0.50 dolphins per sqkm; Wade and Gerrodette, 1993). The dolphin density we report (11 dolphins per sqkm) is much higher than the mean density (0.50 dolphins per sqkm) reported from the ETP (Wade and Gerrodette, 1993). Best et al. (2015) fitted spatially explicit density surface models to line transect effort and marine mammal sightings data, and found that the highest-density sites in British Columbia, Canada did contain ∼10 Pacific white-sided dolphins per sqkm. Surveys for two species of freshwater dolphins in the Amazon found that preferred habitats had dolphin densities of 2–5 dolphins per sq km (Williams et al., 2016b). Taken as a whole, it seems implausible that the dolphin density we report is real, but it is not impossible.

The second interpretation is that our estimate of dolphin density in the sampled transects is biased high. Several factors indicate that the density estimate produced an overestimate of dolphin density along the track-line. This low-cost, small-boat survey led us to violate some key assumptions of conventional distance sampling (Buckland et al., 2015).

The first assumption of the second interpretation is that the perpendicular distances (or radial distances and angles) to sightings are measured without error. The budget allowed for only a few days’ of boat time, so protocols relied on training observers to judge distance. Future iterations of this survey could allocate a few days in the field to conduct distance estimation experiments to account for inter-observer differences in visual estimation to remove bias, or, if a higher survey platform were available, reticles or photogrammetry methods could be used to measure distance to cetaceans (Williams et al., 2007; Dawson et al., 2008).

The second assumption of the second interpretation is that the observers recorded the distance and angle to each sighting before the animals have responded to the boat (i.e., either avoidance, which would bias density estimates low, or attraction, which would bias density estimates high; Buckland et al., 2015). The spike in the dolphin detection function near zero convinces us that, at a minimum, dolphins approaching the vessel resulted in some unknown degree of overestimation of dolphin abundance. Statistical methods are available to account for responsive movement (Palka and Hammond, 2001), but we were unable to collect suitable data. Future surveys would benefit from a higher survey platform to allow observers to search well ahead of the vessel, especially given the swell.

The third assumption of the second interpretation is that group sizes are correctly estimated. Overestimation of group sizes will result in overestimation of overall abundance. We have no way of testing this from our data, but it does seem plausible. Some observers had never seen dolphins before, and could easily have overestimated the group size of highly social dolphins (i.e., in contrast to the baleen whales, which were usually solitary). In any “training while doing” survey, there will be a tradeoff between training new observers and collecting reliable data. The balance we struck in this survey was acceptable to end-users of the science for the purposes of co-generating knowledge for our application, because the questions we were asking relied primarily on spatial data to inform an MPA design. A different balance would be needed if management decisions rely on estimates of absolute abundance. Future surveys could use a drone to collect aerial photographs of schools to improve estimates of school size, or generate a correction factor for each observer to quantify the degree to which some observers over- or under-estimated group size, on average.

The absence of cetacean sightings between Benoa and the Nusa Penida Islands was surprising. The marine traffic intensity between Benoa and Nusa Penida and the number of vessels coming into and out of Benoa Harbour to other parts of Indonesia may play a role in the absence of cetacean sightings during this survey. Qualitative interviews with vessel operators and fishers on cetacean sightings between Benoa Harbour and Nusa Penida might be worthwhile to obtain the historical perspectives of cetacean abundance in this region. In addition, analyses of the average chlorophyll-a distribution during October and November 2015 (Figures 2, 3, respectively) show a higher productivity on the western side of the Peninsula, although it was mainly in the month of October. On the other hand, in both months, the waters between Benoa and Nusa Penida were much less productive than the western side of the Peninsula. The combination of productivity and marine traffic intensity may have contributed to the absence of observed cetaceans in the eastern part of the study area.

The survey resulted in new and unexpected co-generated knowledge on other marine megafauna. We do not feel comfortable reporting estimates of density or abundance, because these taxa (i.e., sharks, mantas, turtles, and sea snakes) all violated the assumption that all animals are visible at the surface and available for detection [i.e., the so-called “g(0) = 1” assumption; Buckland et al., 2015]. However, we do see value in pointing out the frequency of sightings of some of these animals, which are particularly noteworthy in light of the very narrow effective strip width observers covered for that taxonomic group (Figure 7). The absolute number of sightings of whales, dolphins, and other marine megafauna give one kind of information on commonness and rarity, but these must be interpreted in light of the large differences in detectability among taxa (Figure 7). As expected from body size, we covered the widest effective strip width for whales, then dolphins, then other marine megafauna (Figure 7).

Although the survey did not generate abundance estimates for all taxa, they provide information that can be helpful in designing future surveys to make them more statistically powerful and cost effective. It is common in surveys of cryptic or rare species, by teams working with little funding for ship time, that abundance estimates may emerge over time as survey design improves, observers gain access to additional training, and sample sizes increase to allow more sophisticated analyses (Williams et al., 2016b). By taking the region from “no data” to “some data,” the survey has made a valuable contribution to long-term conservation and management plans.

The Indonesia Through Flow and the seasonal upwelling (June–October) in southern Bali (Ningsih et al., 2013) might have contributed to the very high number of marine megafauna in the region. It is possible that the cetaceans were sighted when the Peninsular water was in high productivity, as indicated by Bryde’s whale and spinner dolphin feeding behaviors. The examination of the abundance of the cetaceans and other marine megafauna during much lower productivity months (e.g., around March or April) is thus recommended.



Lessons Learned From the Training (Objective 4) and Future Research and Actions

From our perspective, the most valuable feature of the study is that the knowledge was “co-generated” (Norström et al., 2020) by a diverse group of scientists and observers in a “training while doing” framework, which allowed us to collect a systematic snapshot of local marine biodiversity while building capacity to do marine biodiversity monitoring in future (Williams et al., 2017). The two student participants were able to use the data in their undergraduate research, and overall, the project offered a legacy of increased local capacity to record marine mammal observations for research or industry applications. The collaboration with the Udayana University has proven useful because it provided the team with knowledge and expertise from both the Marine Sciences and Veterinary faculties of the university. The two students have since then finished their undergraduate degree. Purba observed the dolphins in Tejakula, an emerging dolphin watching site in east Bali, for his undergraduate thesis project and he is currently finishing his masters degree on Indonesian maritime security. Maharta modeled the rates and distributions of sedimentation in the Benoa Bay for his undergraduate project and has also finished his masters degree on the oceanographic modeling of plastic waste at sea. Both former students agree that their participation in this study has helped widening their horizon on their career options, as well as what marine science can do to improve Indonesia’s environmental conservation.

One of the best outcomes of our survey was the knowledge sharing between Western researchers and local experts (Norström et al., 2020). The survey began with a prayer and offering at the Balinese Hindu sea temple, Uluwatu. This ritual led to several discussions of the need to improve our understanding of the level and impacts of ocean noise in the region, with a recognition that doing so could improve the selection, design, and management of Badung Marine Protected Area as a “Quiet(er) MPA” (Williams et al., 2015). These discussions inspired us to return to the area with calibrated, autonomous hydrophones to measure ocean noise levels throughout the region, leading to the surprising discovery that airplane noise was a significant contributor to underwater noise levels in western Peninsular waters (Erbe et al., 2018). These discussions also identified Nyepi (Day of Silence), the Balinese Hindu New Year, as a potential opportunity for a natural experiment to measure changes in ocean noise when ports, the airport, and stores are closed for one day. When we returned to measure ocean noise levels before, during, and after Nyepi, we found that levels dropped substantially on the day when communities along the Bukit Peninsula Honoured Nyepi (Williams et al., 2018). This local knowledge was invaluable to quantifying an important anthropogenic threat to cetaceans, namely ocean noise, but the knowledge would not have been incorporated into our science without a knowledge co-production framework (Lam et al., 2020). As communities develop management plans for the Badung MPA, there is strong interest in including spatial and temporal aspects of chronic ocean noise into the management plan. Formalizing a Nyepi no-trespass policy in provincial waters would provide a quieter zone for cetaceans in Bali and raise awareness on ocean noise.

Evidence of bycatch has also been recorded during our study. During transect surveys carried out in November 2015, a spinner dolphin calf was found with an amputated fluke. Bycatch is not quantified in the region (but see Anderson et al., 2020), and should be further investigated in the future.

As we continue this work, there will be a need to strengthen our ability to estimate abundance, or at least minimum abundance, and bycatch mortality rates of small cetaceans to assess sustainability of fisheries bycatch (Read et al., 2006; Reeves et al., 2013). Due to the unknown odds of detecting a bycatch event during a line transect survey in a poor-bycatch data region, a concerted effort is needed to place observers on fishing boats to generate robust estimates of bycatch mortality rates, and to build capacity among local fishers to mitigate bycatch. Local capacity to conduct surveys to estimate cetacean abundance and bycatch mortality rate is needed urgently, in order to allow Indonesian seafood exports continued access to United States seafood markets. A new United States seafood import rule will require exporting nations to ensure that their fisheries management is comparable in effectiveness to the United States Marine Mammal Protection Act with respect to assessing and mitigating marine mammal bycatch (Williams et al., 2016a). The design and training in this line transect survey is a good starting point to build a better scientific capability to estimate abundance and distribution of cetaceans in a productive, but understudied region. Our future work will require rapid assessment of bycatch rates, in order to help Indonesia build the evidence for the sustainability of bycatch in their export fisheries before the rule comes into effect on January 1, 2022 (Punt et al., 2021). Although the import rule does not apply to domestic, artisanal, or subsistence fisheries, commercial seafood exports to United States exceeded USD$1 billion in 2015 (Williams et al., 2016a), so there is a strong incentive to build scientific capacity in the country to assess the size of marine mammal populations in Indonesian waters to assess whether bycatch is sustainable.

We compare the presence of Bryde’s whale in our study area with several Important Marine Mammal Areas (IMMAs) which have been delineated in consultation with Indonesian experts. IMMAs are “areas identified as important for a marine mammal population” with the purpose of ensuring favorable conservation status of marine mammals within those IMMAs (Marine Mammal Protected Areas Task Force, 2021a). The southern Peninsular waters of Bali is part of the “Southern Bali Peninsula and Adjacent Slope” IMMA (Marine Mammal Protected Areas Task Force, 2021b), where Bryde’s whales have been listed as a focal species to conserve. Bryde’s whales have also been observed west of Lovina in the Buleleng waters of north Bali (Mustika, personal observation, currently listed as the Buleleng IMMA), indicating that the island Province of Bali may play an important role in the conservation of this species. Bryde’s whales have also been observed in the Wakatobi National Park (Sahri et al., 2020; the Wakatobi IMMA), Raja Ampat in West Papua (Ender et al., 2014; candidate IMMA) and Savu Sea and Surrounding Areas IMMA (Marine Mammal Protected Areas Task Force, 2021c). The confirmed sightings of Bryde’s whales in this study, and the likelihood that eight out of 19 unidentified baleen whales (Table 1) were also Bryde’s whales, add to the postulation that the study area is an important feeding habitat and a possible breeding or nursing ground for this species. We intend to add a photo-identification and genetic component to future research, in order to investigate site-fidelity, residence times, and stock definition of this poorly studied species.

Future surveys should also focus on addressing limitations so that reliable abundance estimates can be produced, and continued monitoring over longer time scales would allow for more complex analyses, such as density surface models (Thomas et al., 2010; Buckland et al., 2015). Doing so will allow us to consider spatial and temporal trends in marine biodiversity, and help us understand whether management actions, including designation of an MPA, are achieving the desired conservation effects.
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Species Individuals Percentage of all Point estimate of Common or rare? Sighting depths (m)

seen whale sightings abundance
Order of magnitude Mean Minimum Maximum
abundance estimates
Bryde’s whale 6 15.8 22 In the tens 714.26 76.04 1,039.17
(Balaenoptera
edeni)
Sperm whale 13 34.2 48 In the tens 806.67 456.68 980.23
(Physeter
macrocephalus)
Unidentified baleen 19 50 69 In the tens 232.28 41.91 714.96
whales
Total 38 100 139 139 (47, 253)

The analysis of whale sightings data did not appear to suffer from the same problems we encountered with dolphins. School size estimation was highly variable with
dolphins, but most baleen whales were in very small groups. There was no evidence that the whales responded to the boat. For that reason, we feel comfortable reporting
an overall abundance estimate of whales of 139 individuals (95% confidence intervals 47, 253) in the survey region at the time of the survey.
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Species Individuals seen Sighting depths

Mean Minimum Maximum

Green turtle (Chelonia 8 1,030.25 528.10 1,604.08
mydas)

Manta ray (Mobula birostris) 8 539.66  129.51 1,323.58
Sunfish (Mola sp.) 4 178.46 93.89 294.98

Whale shark (Rhincodon 1 553.626 553.626 553.626
typus)

Unidentified sea turtles 6 571.03 73.99 1021 21
Unidentified shark 2 876.28  584.71 1,167.85
Unidentified sea snake 1 775763 77.5763 77.5763

Total 30
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Species Individuals Percentage of Point estimate of Common or rare? Sighting depths (m)
seen dolphin sightings abundance
Order of magnitude Mean  Minimum Maximum
abundance estimates
Bottlenose dolphin 4 0.1 22 Probably in the tens 53.58 53.58 53.58
(Tursiops sp.)
Fraser’s dolphin 49 1.8 267 Probably in the hundreds 690.47 690.47 690.47
(Lagenodelphis hosei)
Risso’s dolphin (Grampus 37 1.3 201 Probably in the hundreds 578.30 14.84 1205.90
griseus)
Spinner dolphin (Stenella 1565 56.3 8513 Probably in the thousands 310.51 7512 1176.80
longirostris)
Pantropical spotted dolphin 967 34.8 5260 Probably in the hundreds 623.50 314.68 1146.01
(Stenella attenuata)
Unidentified dolphins 158 5.7 860 Probably in the hundreds 307.88 72.10 634.64
Total 2780 100 15123 Probably several thousand

overall
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