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The distribution of Indo-Pacific finless porpoise (IPFP, Neophocaena phocaenoides) around the Hainan Island (China) is unknown, but evidences for a resident population have recently emerged. Passive acoustic data were collected from 10 locations along the south-west area of the island using static sensors (about 200 km of coastline), over a total period of 476 days from 25th February 2018 to 16th June 2019 (154,884 5-min recordings). A supervised machine learning technique was used to classify IPFP clicks and acoustic features were measured for 2,654 short-narrowband pulses detected within 47 days across the 10 sites. Detections were verified by a trained operator using spectrogram analysis and the detection range of the clicks was estimated using a Transmission Loss (TL) model. The animals were not detected at all locations and the site with the highest number of detections was characterized by low levels of ambient noise, abundance of soniferous fishes and the presence of another marine mammal species, the Indo-Pacific humpback dolphin (Sousa chinensis). The northernmost region had no detections and only two recorded files containing IPFP clicks were found at the two nearby locations (one file each). In general, the low number of detections in the study area are most likely a result of the limited detection range (about 200 m) of IPFP echolocation signals. This is a nationally protected species and the Hainan population is increasingly subject to many threats. The large-scale and long-term monitoring approach provides information regarding the spatial acoustic occurrence of this vulnerable, nearshore and small-size cetacean.
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1 INTRODUCTION
The Indo-pacific finless porpoise (IPFP, Neophocaena phocaenoides) is one of the seven species belonging to the family Phocoenidea. This species inhabits the coastal waters of many Asian countries including China, Korea, Japan, Indonesia, Malaysia and Bangladesh (Reeves et al., 1997; Kasuya 1999) and its status is classified as “Vulnerable” by the IUCN Red List (Wang and Reeves, 2017), making it a high priority for conservation. These animals are highly vulnerable to human impacts, especially fisheries bycatch (Jefferson et al., 2020).
The distribution of finless porpoises around Hainan Island (China) is unknown, but evidences for a resident population have recently emerged (Liu et al., 2018; Caruso et al., 2020a; Liu et al., 2022a). A comprehensive review study revealed 12 stranding events of finless porpoises both on the north and south sides of the island between 1978 and 2016 (Liu et al., 2018). A fisherman survey also revealed that finless porpoises are among the three species more frequently caught as bycatch around Hainan Island (Liu et al., 2016), and a local knowledge survey showed that this species is regularly sighted in all coastal areas of the island (Liu et al., 2019). The survey also revealed the fishermen perception that the abundance and frequency of species sightings have been decreasing in recent years (Liu et al., 2016). Recent recordings of free ranging IPFPs were also obtained during a series of combined visual and acoustics surveys (Caruso et al., 2020a).
The coastal waters around Hainan—that potentially represent good habitat for IPFPs—are in a region of rapid human population growth (between 2001 and 2020 the population grew substantially from 0.796 to 1.012 million people), economic development (coastal construction and touristic business), and increasing offshore human activities (mineral resource exploration and exploitation, and fisheries) (Wang and Wall, 2007; Marcotte et al., 2015). Human activities pose a risk on wild cetacean populations and could determine a general decline in cetacean abundance (Taylor et al., 2007; Schipper et al., 2008). Some of the key factors in determining whether a population is impacted or not by human activities include knowledge of population trends, occurrence and distribution, and the capacity to monitor the population over time.
Monitoring this species in the natural environment is extremely challenging. Finless porpoise, due to its small body size (approximately 1.5 m length), no dorsal fin, and short (1–2 s) surfacing times, are very difficult to spot and count visually (Li et al., 2010). Additionally, variable weather conditions and different levels of experience among the observers can cause additional biases in the detection probabilities during visual surveys. Like other Phocoenidae, finless porpoises use Narrow Band High Frequency (NBHF) echolocation to forage and sense their environment (Li et al., 2010). Their echolocation signals recorded around Hong Kong showed peak frequencies around 142 kHz (with almost no energy below 100 kHz) and a mean pulse duration of 104 µs (Goold and Jefferson 2002). Akamatsu et al. (2001) showed that the acoustic detection is an effective method for field surveys of small cetaceans.
Passive Acoustic Monitoring (PAM) have been extensively used for monitoring wild cetacean populations (Giorli et al., 2016; Caruso et al., 2017; Giorli et al., 2019) and are a cost-effective solution to collect data over large areas (Caruso et al., 2020a). Our study aimed at collecting data to monitor the occurrence of finless porpoises over long time periods in Hainan Island using a large-scale network of passive acoustic sensors moored in very shallow waters (10–16 m water depth).
2 METHODS
2.1 Study area and acoustic data collection
The study was carried out in the southwestern waters of Hainan Island and passive acoustic data was collected from 10 locations (Figure 1). Each station consisted of a metal frame anchored to the ocean bottom and equipped with a single channel SoundTrap recorder (ST300 HF, Ocean Instruments Ltd., New Zealand). The SoundTrap recorder has a linear frequency response (±3 dB re 1 µPa) between 20 Hz and 150 kHz, self-noise levels below the general noise levels at sea-state 0 in the bandwidth 100 Hz–2 kHz and a sensitivity of −203 dB re V/mPa with the high gain setting used in our study. The maximum peak-to-peak sound pressure level measurable before saturating the system was 172 dB re 1 µPa. A recording duty cycle of 5 min every 30 min (16.6%) was used, with a sampling frequency of 288 kHz. In total, the recorders operated over a total period of 476 days from 25th February 2018 to 16th June 2019, acquiring 154,884 five-minute recordings (wav), a dataset of 12,907 h constituting about 26.8 TB of audio files (Table 1). The PAM sampling sites were not progressively named numerically from south to north because platform #0 was previously deployed during another study (Dong et al., 2017).
[image: Figure 1]FIGURE 1 | PAM sites and platforms. (A) Map of the locations of the PAM sites. (B) Image of a PAM platform. The recorder was fixed on a stainless steel column at the center of each platform.
TABLE 1 | Recording Platforms. Table reporting data acquisition information (monitoring period, number of files, storage). The frame P#2 was lost during the study.
[image: Table 1]2.2 Acoustic data analysis
The methods described by Caruso et al. (2020a) were used to detect and classify IPFP echolocation signals (Figure 4A). The detection process is based on a MATLAB (MathWorks, Natick, MA, United States) custom routine used to extract and measure various signal parameters of each echolocation click detected in the dataset (Caruso et al., 2017). The algorithm first applies a 4th order Butterworth high-pass filter with cut-off frequency of 3 kHz. A Teager-Kaiser operator is then used to detect the broadband echolocation click with an amplitude that is above an adaptive threshold level (Caruso et al. (2017). Each echolocation signal is extracted in a time window of 1.8 ms centered at the peak of the click. All parameters were measured as described in Caruso et al. (2020a).
Information on the position of the source was not considered, and therefore on the direction of origin and the distance of the recorded animals. The signal parameters measured for each echolocation click are 1) Pulse duration (d) [µs]; 2) Peak frequency (fp) [Hz]; 3) Centroid frequency (fc) [kHz]; 4) −3 dB Bandwidth [kHz] (BW−3dB); 5) Root-Mean Square Bandwidth (BWRMS); 6) QRMS [kHz]; 7) Number of zero crossing (Zc) [#]; 8) Inter-click interval (ICI) [ms]. A supervised machine learning algorithm (Cubic SVM) was trained to automatically classify echolocation clicks of finless porpoises from the different types of short-broadband pulses recorded in Hainan waters (Caruso et al., 2020a). A trained operator analyzed the waveform and spectrogram of the classified signals using the software Raven Lite (Bioacoustics Research Program, Cornell Lab of Ornithology). After click classification, the peak sound pressure level (SPLpk, expressed in dB re 1 µPa) in the time window of the pulse duration was measured. The variability of signal features is illustrated using boxplots and described as mean ± standard deviation.
The detection range of free-ranging IPFPs was estimated by modeling the attenuation of their echolocation clicks, as well as measuring the ambient noise levels at the location of the recordings (Caruso et al., 2020a). The Power Spectral Density (PSD) in each acoustic file was computed and the average PSDs (over the entire study period) at each location were computed. Previously recorded on-axis clicks of finless porpoises were used to compute the PSD of a click recorded at 1 m from a 13-element star-shaped array of hydrophones (Gong et al., 2019). Transmission Loss (TL) was modeled considering both geometrical spreading (spherical) and absorption using the formula:
[image: image]
for a series for ranges R between 10 and 300 m. The values of the absorption coefficient α was computed for each frequency point of the PSD from measurements of temperature, hydrostatic pressure, pH, and salinity (Ainslie and McColm, 1998) at a depth of 10 m. These measurements were collected at each station during the deployment operations using a portable YSI Professional Plus device (Ohio, United States) and a Hondex PS-7 portable Depth Sounder (Honda Electronics, Japan).
3 RESULTS
3.1 Species distribution and detection range
In total, 2,654 short pulses were identified as clicks from IPFPs within 51 files (5-min recordings) across eight PAM sites (stations #9 and #10 had no detections). The spatial distribution of the species was evaluated across the PAM sites considering the number of files with click detections for each platform (Figure 2). Considering the low number of files with detections (0.03% of the total number), no further analyses on temporal distribution and acoustic activity (number of echolocation signals logged per file) have been done. Only one 5-min file contained clicks from IPFPs was reported at platforms #7 and #8 and the station with most detections was the #5 (N = 22), located in the south coast of the Dongfang region.
[image: Figure 2]FIGURE 2 | Spatio-temporal Distribution. Number of files per day with Indo-Pacific finless porpoise echolocation signals. The areas in gray represent periods of no data collection.
At a range of 200 m, in most of the stations the ambient noise level is higher than the levels of the echolocation signals of IPFP. At the shorter range of 100 m, the clicks can be detectable at all the PAM sites except for platform #7 (Figure 3).
[image: Figure 3]FIGURE 3 | Modelled Detection Range. The average Power Spectral Densities (PSDs, dB re 1 µPa 2/Hz) measured for the files acquired by the seven platforms with detections of finless porpoises (different colors). The gray curve represents the PSD of a single click as Source Spectral Density (SSD, dB re 1 µPa/√Hz @ 1 m). The dotted lines show the received levels (RL) model of the click, respectively, at 100 and 200 m. The variation of the signal during propagation is shown in relation to the ambient noise recorded at the PAM sites.
3.2 Signal features
The signals classified as echolocation clicks of IPFPs showed a mean duration of 90 ± 23 µs(mean ± standard deviation, SD), a mean peak frequency of 123.6 ± 4.4 kHz (mean ± SD) and a mean centroid frequency of 130.7 ± 3.8 kHz (mean ± SD). The measured BWRMS was 16.7 ± 1.5 kHz (mean ± SD) and the BW−3dB was 15.5 ± 3.9 kHz (mean ± SD). The QRMS value of the detected signals was 8 ± 1 (mean ± SD). The number of zero crossing was 22 ± 4 # (mean ± SD) and the Inter-click intervals presents an average of 0.02 ± 0.9 s (mean ± SD) (Figure 4B). Finally, the mean SPLpk resulted 143 ± 4 dB re 1 µPa (Figure 4C).
[image: Figure 4]FIGURE 4 | Click Features. (A) Spectrogram (nfft = 2048; overlap = 50; Hann window) of 10-s interval with high-frequency narrowband clicks from IPFP (above 100 kHz). (B) Boxplots showing the distribution of the parameters measured during classification (durations, peak frequency, centroid frequency, RMS Bandwidth, QRMS, −3 dB Bandwidth, Zero-crossing and Inter-Click Interval) of the 2,654 clicks detected. (C) Distribution of sound pressure level of signal peak (SPLpk, expressed in dB re 1 µPa) for the 2,654 clicks detected. In each box, the central mark indicates the median, and the bottom and top edges of the box indicate the 25th and 75th percentiles, respectively. Whiskers extend to the most extreme data points not considered outliers (1.5 x interquartile range), and outliers are plotted individually using the “+” symbol (in red).
4 DISCUSSION
The IPFP is the most commonly stranded odontocetes in Hainan Island (Lin et al., 2019), and based on local ecological knowledge (LEK), its population seems to be in decline due to overfishing, water pollution, vessel collisions and bycatch on marine mammals (Liu et al., 2016, Liu et al., 2019). Knowing the spatio-temporal distribution and abundance of the species around the island will be essential to efficiently promote conservation actions. During visual surveys of marine mammals in the study area (Liu et al., 2022b), the main species reported was the Indo-Pacific humpback dolphin (Sousa chinenesis), then the Indo-Pacific finless porpoise (Neophocaena phocaenoides), and a single sighting was logged for both the Indo-Pacific bottlenose dolphin (Tursiops aduncus) and the false killer whale (Pseudorca crassidens).
IPFPs are mainly present in the western area of Hainan Island and specifically in the Dongfang region (Figure 1), according to different monitoring methodologies. The acoustic data analyzed in this study confirmed the information obtained by the questionnaire-based survey of local fishermen (Lin et al., 2019). Four sightings were also reported from 2014 to 2019 and all of them in coastal waters south of Dongfang (close to sites #4, #5 and #6) (Liu et al., 2022b). Moreover, Liu et al. (2016) reported during the fishermen interviews that a substantial proportion of informants in this area have eaten or sold marine mammal meat and the bycatch events were also higher in western coastal waters of the island. In general, the monitoring effort was not uniform among the study area (Liu et al., 2022b), and the PAM stations in the northernmost region (sites #7, #8, #9 and #10) acquired less data during the first 6 months of the study (Figure 2). Additionally, the low number of acoustic detections are most likely a result of the limited detection range of the finless porpoise echolocation signals (Figure 3).
Moreover, the highest number of clicks from Indo-Pacific humpback dolphins (IPHDs), in association with communication and feeding sounds, were also reported in the south area of Dongfang (Caruso et al., 2020b). No files were found in which clicks of IPHDs and IPFPs were recorded together. The site with most IPFP detections (site #5) was found to have a high number of sounds from soniferous fishes, the least number of anthropogenic noises and in general the lowest average of broadband sound pressure levels (Xu et al., 2020; Caruso et al., 2020b). Therefore, as described for IPHDs (Caruso et al., 2020b), the distribution of IPFPs seems to be influenced by low levels of ambient noise and anthropogenic activities, and abundance of possible prey. The variation of soundscape resulted an important feature influencing the distribution of both these near-shore and small-size cetaceans and future research will have to investigate their habitat overlap and if there is any competition for the use of the available resources.
IPFP occurs year-round also in waters of southern and eastern Hong Kong. Goold and Jefferson (2002) recorded the acoustic signals of this species for the first time and described the clicks to be narrowband and high-frequency ultrasonic pulses (Goold and Jefferson 2002). In this study, we confirmed that the echolocation clicks from the IPFP have no energy below 100 kHz (Figure 4A), and all the short pulses with QRMS bigger than 6 and peak frequency higher than 110 kHz are echolocation clicks of IPFPs (Caruso et al., 2020a). Akamatsu et al. (2001) detected thousands of ultrasonic pulses emitted by Yangtze finless porpoise (N. asiaeorientalis), with dominant frequencies higher than 100 kHz, a local peak at 140 kHz and local minimum at 125 kHz, and an average value of the maximum SPLs corresponding with visual detection at 100 m (137.4 dB SPLp–p re 1 µPa). Regarding the detection range of the acoustic sensors used in this study (Figure 3), the values are similar to the results found for the Yangtze finless porpoise (reliably detected within 275 m) (Akamatsu et al., 2001). The differences detected in this study could depend on the data acquisition system, the analysis of off-axis clicks, the acoustic behavior of porpoises in the marine environment (compared to a freshwater river), the different levels of ambient noise and, of course, the different species investigated.
The use of PAM has expanded our survey ability in the study area, acquiring data simultaneously at ten locations and advancing field observations. In the waters around the Hainan Island, marine mammals are facing several threats (e.g., overfishing, environmental pollution, habitat degradation) and currently expansions of coastal development seem to be one of the main concerns (Caruso et al., 2020a). Lin et al. (2019) showed that regulating coastal fisheries in the Pearl River Delta region is an effective management tool in securing the long-term persistence of the finless porpoises (Lin et al., 2019). Therefore, the increase of human activities could potentially affect Hainan’s population and a conservation framework for coastal cetaceans around the island is urgently needed, considering the possible establishment of Marine Protected Areas (MPAs) in locations where the animals occur more frequently and in relatively high abundance. In particular, mitigation actions should be focused on a reduction of the effects of fishing activities and coastal development, for a species that is particularly vulnerable to both these threats. Moreover, it is very important to increase community-based education initiatives to raise public awareness about marine mammal conservation, and to improve the enforcement of wildlife protection laws around the Hainan province. Regional community-based conservation actions could be promoted through environmental education, ecosystem management and a sustainable development based on the strict collaboration between governance, scientists, fishermen, tourism and local communities.
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Platform Starting date Ending date N’ monitoring N 5-min.wav Memory [TB]
days [#] files [#]
#1 25-Feb-18 26-May-19 343 19,055 33
#0 26-Feb-18 5-Apr-19 400 16,220 28
#3 26-Feb-18 29-May-19 342 16218 28
# 28-Feb-18 24-May-19 373 17,699 31
# 1-Mar-18 1-May-19 355 16,764 29
# 1-Mar-18 3-Jun-19 320 15,145 26
#7 29-May-18 16-Jun-19 339 15,769 27
#8 12-Sep-18 16-Jun-19 204 9,663 17
#9 27-May-18 5-May-19 292 13,882 24
#10 27-May-18 3-Jun-19 284 14,469 25
TOT 25-Feb-18 16-Jun-19 3252 154,884 268
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