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ABSTRACT 

 Spinner dolphins (Stenella longirostris) in Hawaiian waters are known for their 

predictable diel patterns of feeding offshore during nighttime hours and returning to bays and 

shallow coastlines to rest during daytime hours. They have been studied extensively since the 

late 1970s, largely along the leeward coasts of the main Hawaiian islands. In stark contrast, little 

effort has been dedicated to studies of spinner dolphins occurring along the windward coasts, 

although dorsal fin photo-identification mark-recapture studies and aerial surveys have 

confirmed the species’ presence. Here, I provide the first comprehensive study of spinner 

dolphins along the windward coast of Hawai‘i Island utilizing long-term passive acoustic 

monitoring (PAM) complemented by boat-based visual and acoustic surveys. Four bottom-

moored Soundtrap underwater acoustic recorders were positioned along the Hilo coastline from 

Onomea Bay to Kealoha beach park (12.6 km²) within 16-25 m, recording 24 hour/day on a 10% 

duty cycle capturing 30s every 5 minutes from July 1- December 31, 2020. Throughout this 

period, 10 boat-based surveys were conducted bimonthly spanning 15 km² over the recording 

locations to confirm species identification and determine behavioral states. During these surveys, 

the dorsal fins of individual dolphins were photographed for the purposes of identification, and 

dipped hydrophone recordings of vocalizations were made to compare with spinner dolphin 

acoustic signaling recorded on the Soundtraps. Single species pods of spinner dolphins were 

encountered on 60% of boat surveys, with a mean group size of 73.2 (SE = ± 10.2) (mean 

minimum = 50.6 ± 6.9 SE; mean maximum = 92.7 ± 11.3 SE) comprised of mixed age classes, 

including calves of the year (mean = 3.2 ± 0.5 SE). Spinner dolphins were observed in Hilo Bay 

for as long as 4.5 hours. Behavioral states included milling and traveling with individual 

behaviors including those that had an aerial and/or percussive characteristics, nursing, and 
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intercourse. The analysis of +8,000 hours of acoustic data captured from Soundtraps revealed the 

presence of spinner dolphins across the study area for 150 days of the 180 day recording period 

(83%). Spinner dolphin vocalizations were recorded on each Soundtrap with a greater detection 

rate per day along the Northern coast at Onomea Bay and Honoli‘i beach as compared to the 

Eastern locations along Keaukaha. Significantly greater acoustic presence was detected during 

the morning hours between 0600 – 1155 h, compared to the afternoon between 1200 - 1755 h.  

Overall, these findings reveal significant habitat usage by spinner dolphins of all age classes for 

resting and socialization purposes along the windward coast of Hawai‘i Island. To the extent that 

individual spinner dolphins using windward coastlines are distinct from those using leeward 

areas, future abundance estimates of spinner dolphins off Hawai‘i Island should consider both 

leeward and windward coastlines. 
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General Introduction 

Taxonomy and Species Characteristics 

Spinner dolphins (Stenella longirostris), are one of 37 recognized extant species from the 

family of odontocetes known as Delphinidae (LeDuc 2009; Nachtigall et al. 2018). They earned 

their name after the aerial behaviors they exhibit, often performing leaps with multiple rotations 

in sequence as a form of both physical and acoustic communication to nearby animals (Norris 

and Dohl 1980). They develop a tripartite patterning of coloration (Norris et al. 1994) as they 

mature with age. Their pigmentation begins with a dark grey cape that extends from their dorsal 

fin to a third of the way down their lateral side, meeting a medium grey striping the mid-section, 

leading to their white belly (Norris et al. 1994). Spinner dolphins (spinners) are relatively small 

compared to other odontocetes, growing to just over 190 cm for adults, with males slightly larger 

than females (Perrin 1990).  

Distribution and Abundance 

Spinner dolphins are widely distributed with a habitat range throughout the tropical and 

subtropical oceans (Perrin 1990). Across the eastern tropical pacific, the species resides mostly 

in pelagic waters (Perrin, Dolar, and Robineau 1999), however, they also exhibit an affinity for 

shallow waters near island archipelagos (Norris and Dohl 1980). Across the Hawaiian 

archipelago, five island-associated stocks of spinner dolphins have been recognized by the U.S. 

Executive Economic Zone (EEZ)(Andrews et al. 2010). These stocks extend up to 18.5 km (10 

nmi) from shore along Hawai‘i Island, O‘ahu/Moloka‘i/Maui/Lana‘i, Kaua‘i/Ni‘ihau, Pearl and 

Hermes Reef, and Midway Atoll/Kure. The Hawaiian Pelagic Stock of spinner dolphins extends 

beyond 18.5 km but within the EEZ and includes the French Frigate Shoals population (Hill, 
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Oleson, and Andrews 2010). Genetic data from these spinner dolphins has revealed interbreeding 

between Kure Atoll, Midway Atoll, and Pearl & Hermes Reef (Andrews et al. 2006) as well as 

little genetic distinction between these populations and French Frigate Shoals, Ni‘ihau, Kaua‘i, 

and O‘ahu, supporting evidence for high movement rates between the Northwest Hawaiian 

Islands and the Main Hawaiian Islands (Andrews et al. 2010). The Kona or Leeward Coasts of 

Hawai‘i Island maintains a genetically diverse population of spinner dolphins. These animals are 

distinct from those in the rest of the Hawaiian island chain, including its closest population 

nearly 42 km away in Maui (Andrews et al. 2006), providing evidence for low movement rates. 

  During airplane-based aerial surveys conducted from 1993-1998, researchers found 

spinners around each of the main Hawaiian islands (MHI), on both windward and leeward sides 

at depths < 1800 m (Mobley et al. 2000). At the time, they estimated spinner dolphins abundance 

to be 3,184 across the state (Mobley et al. 2000). During vessel surveys around the MHI to the 

5000 m depth contour from 2000 – 2012, spinners were rarely encountered in depths >1000 m, 

but when they were, they were few in numbers (ca. 1-3 animals) and commonly found in mixed 

groups with pantropical spotted dolphins (R. W. Baird 2013). Spinner group size increased 

significantly (ca. 28 animals) when encountered in shallower depths < 500 m (R. W. Baird 

2013). In 2002, NOAA surveyed the EEZ and determined spinners to be concentrated mostly 

around the MHI, estimating 1,488 animals state-wide (Barlow 2006). There has not been an 

update in spinner abundance estimates across the state since that time.  

Habitat Use and Diel Behaviors  

Comprehensive studies conducted on the leeward coastline of Hawai‘i Island dating back 

to the 1970s indicate that spinners display a predictable diel behavioral pattern of hunting 

mesopelagic fish offshore throughout the night, and then returning to calm nearshore bays or 
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coastlines to rest, socialize and recover throughout the day (Norris and Dohl 1980). They display 

a preference for resting habitat in close proximity to the island’s sloping coastline near the 100 m 

contour (Thorne et al. 2012). As the night proceeds, the mesopelagic boundary community 

migrate both horizontally and vertically inshore, followed by the spinners which cooperatively 

forage on these resources (Benoit-Bird and Au 2003a; 2003b; 2009). Throughout the day, 

spinners can typically be seen resting nearshore, moving slowly back and forth, descending into 

rest (Norris and Dohl 1980). They have been observed to avoid darker coral patches, instead 

swimming over white-sandy areas, to accommodate their behavior as they switch from acoustical 

cueing to visual (Norris et al. 1994). Prey availability and resting habitat have been suggested to 

be the primary limiting factors that influence spinner dolphins' occurrence along the Kona coast 

(Norris et al. 1994; Thorne et al. 2012). 

Threats 

During morning and early afternoon hours in the main Hawaiian Islands, spinner 

dolphins can be found nearshore (Norris and Dohl 1980) and combined with their propensity for 

aerial behaviors are one of the most commonly viewed odontocetes (Wiener et al. 2020). In 

recent years, ecotourism on the leeward coastlines of O‘ahu and Hawai‘i Island took advantage 

of spinner dolphin accessibility by initiating dolphin sighting and swimming tours (Tyne et al. 

2018; Wiener et al. 2020; Heenehan et al. 2017), exerting pressures on the species because they 

hunt for food offshore throughout the night and then return nearshore during the day to rest, it is 

critical for this species’ overall health and fitness that they not be disturbed during the latter 

period of their diel cycle (Tyne et al. 2018). Research conducted off the Kona Coast of Hawai’i 

Island showed an increase in dolphin acoustic activity during human interactions and within bays 

with frequent human activities, implying an interruption in their resting cycle (Tyne et al. 2015; 
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Courbis 2007; Timmel et al. 2008; Heenehan et al. 2017). At Mākua Bay on the leeward coast of 

O‘ahu, spinners reduced residency time by departing earlier from the area as the number of 

swimmers increased(Danil, Maldini, and Marten 2005). This form of sleep disruption may be an 

essential driver of spinner dolphin displacement in Hawai‘i in avoidance to human disturbances 

and could lead to prolonged time spent offshore where they are more exposed to predators 

(Lammers 2004). Meanwhile, experiencing inadequate recovery time could lead to decreased 

cognition and fitness (Tyne et al. 2015). Management concerns for this species, which is 

protected under the Marine Mammal Protection Act established in 1972, has increased due to the 

amplification of dolphin swim-with tours, resulting in the establishment of a 50 yards (45.7 m) 

approach rule that went into effect in September of 2021. Despite these management efforts, 

more research is needed to obtain a comprehensive understanding of the species’ full utilization 

of the various available habitats across the islands, as well as developing updated abundance 

estimates(R. W. Baird 2013; Barlow 2006; Hill et al. 2011; Mobley et al. 2000). 

Focus of Thesis 

Spatial modeling of bays for spinners based on former studies reveals that the species’ 

preference is for resting habitat that is both shallow (< 50 meters) (Thorne et al. 2012) and in 

close proximity to deeper waters where their prey resides (Benoit-Bird and Au 2003a) . Although 

the windward coast of Hawai‘i Island has not been previously modeled or studied due to its more 

challenging weather and sea surface conditions, there are potentially available shallow resting 

habitats for spinner dolphins that are near the 1000 m isobath contour while in close proximity to 

the deep island's slopes. The goals of this thesis were to investigate how spinner dolphins utilize 

the windward coast of Hawai‘i Island.  Objectives included: (a) determining acoustically how 

often spinner dolphins are present along the Hilo coastline; (b) determining whether there are any 
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difference in the use of the Northern versus Eastern coastal areas; (c)  investigating diurnal 

acoustic presence; (d) confirming spinner acoustic presence from visual surveys; and (e) 

investigating spatial occurrence of spinners by conducting focal follows.  
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Investigating spinner dolphin diurnal acoustic presence along Hilo, Hawai‘i 

Introduction 

Spinner dolphins (Stenella longirostris), named for their aerial acrobatic activity, are 

island-associated odontocetes found throughout the tropical & sub-tropical oceans (LeDuc 2009; 

Nachtigall et al. 2018). In the Hawaiian archipelago, there are five island-associated stocks that 

are genetically distinct from spinner dolphins in the eastern tropical pacific (Andrews et al. 2006; 

2010). Their presence throughout the Hawaiian archipelago is attributed to the island-mass effect 

which refers to the enhanced primary production that occurs around these islands as compared to 

surrounding waters (Norris et al. 1994; Doty and Oguri 1956). This effect is a key component 

that drives the mesopelagic boundary community which resides at depths to 1000 meters during 

the day, but migrates both vertically and horizontally in the water column throughout the night to 

less than 100 meters(Norris et al. 1994; Benoit-Bird et al. 2001; Benoit-Bird and Au 2003b), and 

is the primary food source of spinner dolphins in Hawai’i (Benoit-Bird 2004). 

Spinner dolphins have been intensely studied throughout the Hawaiian Archipelago with 

an emphasis on the sheltered coasts where they are commonly viewed from shore (Norris and 

Dohl 1980). Comprehensive studies conducted on the Kona, or the leeward coastline of Hawai‘i 

Island dating back to the 1970s, indicate this species shows predictable diel behaviors of hunting 

mesopelagic fish, squid, and crustaceans offshore throughout the night, then returning to calmer 

nearshore bays or coastlines to rest, socialize and recover during the day (Benoit-Bird 2004; 

Benoit-Bird et al. 2001; Cribb, Miller, and Seuront 2012; Heenehan 2016; Heenehan et al. 2016; 

Norris and Dohl 1980). This species displays a preference for resting habitat that is both calm 

and shallow, typically with sandy-substrate so they can visually detect predators (Norris and 

Dohl 1980; Norris et al. 1994), as well as areas within close proximity to the island’s sloping 
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depth contour, making for a less exhausting journey to foraging sites (Benoit-Bird 2004; Benoit-

Bird and Au 2003a; Thorne et al. 2012). Nearby prey availability and resting habitat are 

suggested to be the primary limiting factors that influence spinner dolphins' occurrence along the 

Kona coast (Norris et al. 1994; Thorne et al. 2012). Upon entering nearshore habitat in the 

morning, spinner dolphins form tight groups with subgroups comprised of mother-calf pairs, 

juveniles and adult males. Spinner dolphins rest throughout most of the day and remain relatively 

quiet relying heavily on vision (Norris and Dohl 1980; Norris et al. 1994; Lammers 2004). While 

resting, some animals within the group may display sporadic bouts of social and sexual activities 

accompanied by aerial behaviors and increased sound production. As the day progresses 

individuals in the group become less coordinated and more active again and by the afternoon 

they assemble into larger pods, which can be observed zig-zag swimming, where their 

movements oscillate between their resting grounds and their foraging grounds (Norris and Dohl 

1980; Norris et al. 1994). During this behavior, acoustic and aerial activity increases in 

anticipation of the night's hunt (Norris and Dohl 1980; Norris et al. 1994). 

Since the pioneering efforts studying spinner dolphins off leeward Hawai‘i Island, other 

studies across the state have revealed spinner dolphins consistently displaying similar diel 

behavior with variations in some cases in the characteristics of resting habitat. For instance, 

spinners along Wai‘anae, O‘ahu’s leeward coast, show similar resting habitat type to that of the 

Kona coast (i.e. pods seek out specific locations including bays to rest throughout the day) 

(Benoit-Bird et al. 2001; Heenehan et al. 2016; Lammers 2004; Norris and Dohl 1980; Norris et 

al. 1994; Tyne et al. 2015; 2017). Meanwhile, in other areas, such as along the south shore of 

O‘ahu, spinners utilize the whole coastline rather than restricting themselves to specific areas 

(Lammers 2004). In addition, these locations show differences in bottom substrate and overall 
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weather conditions, with the South shore more exposed to prevailing winds and less substrate 

that is more prominent along the Wai‘anae Coast. In the Maui Nui region, consisting of Maui, 

Moloka‘i, Lana‘i, and Kaho‘olawe, a uniquely shallow bathymetry is present between the islands 

as compared to the steep island slopes found around the outer islands, because they were once 

connected as one large island mass (Norris and Dohl 1980). There, spinners have been found to 

utilize the coastlines of Maui and Lana‘i, as well as the Au‘au channel between Lana‘i and Maui 

as diurnal resting habitats (McElligott and Lammers 2021; Stack et al. 2020). 

Spinner dolphins in Hawai’i are rarely seen alone; they are often found swimming in 

pairs and small clusters, or in larger aggregations to ≥100 individuals spread over hundreds of 

meters (Norris and Dohl 1980). The species shifts from visual to acoustic sensing during 

nocturnal foraging and forms larger hunting groups that are a characteristic of fission/fussion 

societies (Norris et al. 1994). In addition to sound produced by percussive behaviors on the 

surface of the water, spinners produce three distinct types of vocalizations. Echolocation clicks 

are used to inspect their environment and each other and to locate and capture prey;  burst pulse 

clicks and whistles are used to communicate with conspecifics (Lammers, Au, and Herzing 

2003). Whistles maintain a fundamental frequency range between 2-22 kHz, and play an 

essential role in group coordination when the pod is out of visual contact(Lammers, Au, and 

Herzing 2003; Lammers, Schotten, and Au 2006).Burst pulse clicks and echolocation clicks are 

similar in their frequency range, however, burst pulse click trains have shorter inter-click 

intervals of 0.5-10 milliseconds and are used primarily for communication (Lammers, Au, and 

Herzing 2003). Echolocation clicks, primarily used for biosonar while foraging or navigating 

through low visibility environments, can range in frequency between 2-200 kHz with an inter-

click interval generally greater than 10 milliseconds (Lammers, Au, and Herzing 2003).  
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The behavioral ecology of spinner dolphins has been predominantly studied on the 

leeward sides of the main Hawaiian islands since the 1970s due to typically calmer coastal 

waters shielded by each island’s mountain ranges which also provide better sighting conditions 

(Norris et al. 1994; Norris and Dohl 1980). In contrast, the windward sides of the main Hawaiian 

Islands are often exposed to prevailing offshore trade winds that create more extreme ocean 

conditions that are generally more challenging for visually studying smaller odontocete species 

such as spinner dolphins. Visual sightings of spinner dolphins along the windward coasts have 

been reported by both residents and tourists over the years (Norris et al. 1994; Tekai 1997; 

Sauter 1999), however, relative to leeward sides, there is a paucity of understanding of their 

population structure, habitat use, and communication behavior. Airplane-based surveys 

conducted along the windward coasts of Hawai‘i Island as well as the movement patterns of a 

few distinctive individuals here indicated the presence of spinner (Norris et al. 1994). Aerial 

surveys conducted in 1979-1980 demonstrated spinner dolphins along both leeward and 

windward coasts of Hawai’i Island (Norris et al. 1994). Based on comparisons of sightings off 

both coastlines as a function of survey months, Norris et al. (1994) suggested that spinner 

dolphins may “shift a significant portion of their population from one side of the island to 

another”.  Aerial surveys conducted between 1993 – 1998 demonstrated spinner distribution 

across the MHI with sightings more concentrated on the leeward sides (Mobley et al. 2000). 

They estimated an overall abundance to be 3,184 individuals across the state (Mobley et al. 

2000). During the late 1970s, a distinctive individual named ‘Twin Peaks’ had been identified 

along the Kona coast from November 1979 to April 1980, then reidentified near Hilo Bay in 

June 1981, demonstrating the animals ability to circumnavigate the island (Norris et al. 1994). 
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Aside from these observations, there is a clear lack of detailed information on the regular 

occurrence and behavior of spinner dolphins in the waters off these windward coasts. 

Studying how spinner dolphins use windward sides of the Hawaiian Islands is broadly 

essential for understanding alternate habitat of importance to the species’ then previously 

studied. To determine whether these areas are consistently important for resting or whether they 

are primarily used for traveling between other locations. If spinner dolphins used the windward 

sides for resting purposes in a similar manner to that of the leeward sides, whether spinner 

dolphins focus rest in bays, along coastlines, or both, and display the same type of diel behavior 

and vocal activity, then comparing individuals would provide insight into movement rates 

around the island and perhaps across the Hawaiian archipelago. The goal of the current study 

was to investigate and characterize spinner dolphin habitat use along the windward coast of 

Hawai‘i Island over a six-month period by examining their diurnal presence using passive 

acoustic monitoring (PAM) complemented with vessel surveys. The specific objectives were to: 

(a) use passive acoustic monitoring to determine how often spinner dolphins are present along 

the Hilo coastline; (b) determine whether there are any difference in the use of the Northern 

versus Eastern coastal areas; (c)  investigate diurnal acoustic presence; (d) confirm spinner 

acoustic presence from visual surveys; and (e) investigate spatial occurrence of spinners by 

conducting focal follows. It was hypothesized that (a) spinners will utilize this coastline in a 

similar fashion to that of the population off South shore O‘ahu, traveling along the coastline 

rather than to designated places as this habitat shares the lack of sheltered white sandy bays 

(Lammers 2004); (b) acoustic detection will vary across hydrophone locations, with an increase 

in spinner presence at sites within close proximity to the steep island slopes which may provide a 
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foraging habitat for the species (Thorne et al. 2012); and (c) a decrease in acoustic detection 

while spinners shift into their resting state (Lammers 2019; Norris and Dohl 1980). 

 

Methods 

Ethics Statement 

During this study, anthropogenic noise impact decreased with the temporary pause of 

personal and tourism boating activities including the halting of cruise ships which regularly 

visited Hilo Bay until mid-September 2020 during the COVID-19 (SARS-CoV-2) pandemic. 

Both passive acoustic monitoring and boat-based surveys of spinner dolphins took place along 

the windward coast of Hawai’i Island under COVID-19 approved boating operations.  Bottom 

resting acoustic recorders were deployed in accordance with State of Hawai’i Special Activities 

Permit No. HA:20-18 from the Office of Conservation and Coastal Lands (OCCL) as well as a 

‘Right-of-Entry’ Permit 19HD-141 from the Division of Land and Natural Resources (DLNR) to 

Dr. Adam Pack at University of Hawai’i at Hilo.  

Study Area and Acoustic Recorder Sites 

Four bottom-resting long-term acoustic recorders (see description below) were deployed 

along 12.6 km of the Hilo coastline on Hawai‘i Island from the Onomea Botanical Garden 

(19°48'28.4, 155°05'15.1) to Kealoha Beach Park (19'44'25.2, 155'01'34.2), approximately 0.5 - 

1 km offshore within the 10-fathom isobath (16-25 m) (Figure 1). The four locations of the 

recorders were divided equally across the East and North coasts of Hilo with a recorder off 

Onomea Bay (19°48'28.4, 155°05'15.1), and the other off Honoli‘i Beach (19'45'11.5, 

155'05'11.6) for the Northern coast, and a recorder off the Hilo Bay Breakwall and Keaukaha 
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(19'44'44.6, 155'03'03.4), and the other off Kealoha Beach (19'44'25.2, 155'01'34.2) for the 

Eastern coast.  

The Northernmost location is a black sand bay outside of Onomea Botanical Garden, 

North of Hilo town. This location is shielded by Northern winds and swells, as it is east facing, 

with the surrounding cliffside restricting ocean entry access. The acoustic recorder was placed at 

24 m depth, half a kilometer from shore. It is 5 km from the 100 m contour, and 16 km from the 

1000 m contour.  

Honoli‘i Beach, the other Northern acoustic recorder location, is a popular surf spot with 

waves year-round. The substrate consists of black sand and rubble coral, with the beach itself full 

of pebble rocks and washed up driftwood. This location is situated North of the harbor mouth to 

Hilo bay and is impacted by output from the Honoli‘i stream. The acoustic recorder was placed 

at 16 m depth, 0.3 km from shore. It was roughly 8 km from the 100m contour, and 13 km from 

the 1000m contour. 

Off the Keaukaha coast, one acoustic recorder was situated 1 km off the Hilo Bay 

Breakwall and was only accessible by boat. This recorder was placed at the edge of the reef 

fringing off the Hilo bay Breakwall within the 10-fathom contour at 18 m depth. The substrate 

consists of sand and rubble coral. It’s 5 km distance to the 100 m contour, and 10 km to 1000m 

contour. 

The Easternmost location consists of sand pits dispersed within patchy reef outside of 

Kealoha Beach off the Keaukaha coast. This area has popular beaches and shore access areas; 

however, the rocky shoreline often deters swimmers from going out past the rocks. The acoustic 
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recorder in this location was placed at 26 m depth, half a kilometer from shore. It was 4 km from 

the 100 m contour and 7 km from the 1000 m contour. 

Recorder sites were based on several criteria including: the desire to have broad acoustic 

coverage across the Hilo coast with minimal acoustic overlap between recorders; to be within 1 

km of shore in accordance with other studies of spinner dolphin coastal habitat use in morning 

and early afternoon hours (Lammers 2004; McElligott and Lammers 2021; Norris and Dohl 

1980; Thorne et al. 2012); and areas that were within acoustic range of potential resting bays 

(Thorne et al. 2012) as well as coastal “highways” for spinners (Lammers 2004). These sites also 

overlapped with reported opportunistic previous sightings of spinner dolphins for UHH marine 

science student class projects (Tekai 1997; Sauter 1999) as well as by the UHH Marine Mammal 

Laboratory during surveys of humpback whales (Adam Pack, personal communication). 

Passive acoustic monitoring recorders and procedures 

Four Soundtrap ST300 recorders (Ocean Instruments, NZ) were used for passive acoustic 

monitoring of spinner dolphins. Each acoustic recorder contained 256 GB of storage and was 

supplied with three D-cell alkaline batteries encased within an external battery pack for long-

term recording deployments. Each Soundtrap and battery pack was moored to a re-bar partially 

contained with a concrete block positioned by divers on the seafloor at depths between 16-25 m 

(Figure 2). Recorders were programmed for a 48 kHz sampling rate, providing a bandwidth of 0-

24 kHz, which is a standard frequency detection range for spinner dolphin vocalizations 

(Lammers, Au, and Herzing 2003). Each Soundtrap contains a synchronized internal clock which 

for this project was programmed on a 10% duty cycle, recording 30 seconds every 300 seconds 

24 hours per day for two deployment periods separated by two days during which times the 

recorders were retrieved, the recorded data was downloaded, and the devices were redeployed.  
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The initial period of recording was from June 16th to August 3rd, 2020, and the second period of 

recording was from August 6th to January 6th, 2021.  

Vessel surveys 

 Using a small (ca. 5.8 m) outboard boat launched from the Wailoa boat ramp in Hilo Bay, 

a team of researchers from the UHH Marine Mammal Laboratory searched for spinner dolphins 

on average from 0730 – 1230 h on a bimonthly basis from August to December 2020, weather 

and sea state permitting. Scanning on-effort began once the Hilo Bay Breakwall was cleared with 

the identification of spinner dolphins determined by their tripartite coloration and aerial spins. 

Three researchers accompanied by the captain scanned the periphery of the vessel, each 

responsible for their 90°-120° sector, with scanning space increased to 180° when only two 

research assistants were onboard. Two assistants were each equipped with a pair of binoculars 

(Nikon Monarch M5 10 x 42) and a digital camera fitted with a 100-300 or 100-400 mm zoom 

lens (6D and 7D Canon). The third assistant served as the data recorder and task keeper, using a 

handheld Garmin GPS (Garmin; GPSmap 78SC) to monitor the survey route and track location 

during encounters (30 s intervals) (Tyne et al. 2015). First, the boat would travel along the coast 

within 1.5 km to a Soundtrap location for a 0.5 km box-search around that device. To balance 

survey efforts across the study area, each survey day alternated the directionality from the start 

(0700 - 0800 h), with five heading North and five heading East for first effort, alternating 

between device locations to equalize efforts, and then resuming the coastal search to the next 

device location to repeat the box-search. This coastal and device box-search continued until all 

device locations were covered or spinners were encountered. If spinners were not sighted after 

all device locations had been scanned, the crew would conduct another coastal search along both 

coastlines, time, sea state and weather permitting, to maintain an unbiased effort. When spinner 
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dolphins were sighted, the boat would buffer behind (300m) to begin observations for a Pre-scan 

period (McElligott and Lammers 2021). During each scan (pre-scan, on-pod, or post-scan) 

behavioral states (resting, milling, and traveling), group coordination type (type 1 -singles, pairs, 

and triplets, little cohesion; Type 2 - core group synchronized swimming & some independent on 

the periphery; Type 3 - one tight cohesive unit; Table 1) (Lammers 2004), surface activities 

(Table 2) and environmental conditions such as wind, wave height, Beaufort sea state, glare, and 

sighting conditions were measured on a three or five-point scale with the larger the number 

corresponding with increased expression (Table 3). Additionally, the crew made cohesive pre-

assessment of the pod size using minimum (min), maximum (max), and best estimates for overall 

group size, including for calves of the year (i.e. a very small dolphin <85 % of the size of the 

most closely associated adult, presumed to be its mother). After spending 15-mins conducting 

the pre-scan at a distance, the boat repositioned ahead of the pod and then powered off to collect 

a 5-min dipping hydrophone (SQ26-H1b; Cetacean Research Technology) recording while 

spinners populated the surrounding area. Immediately following the recording, the researchers 

shifted to an on-pod scan recording effort, where the same conditions noted above were 

measured and recorded, including pod size and pod coordination type estimates, in combination 

with capturing photographic images for the purposes of species identification, individual 

identification (i.e. through lateral images of dorsal fins), documenting mother-calf pairs, 

documenting associated individuals (i.e. those in close proximity), and cataloguing observed 

behaviors. During this time, the vessel remained with the animals in close proximity (< 50 m) for 

a maximum of 60 minutes (Tyne et al. 2014), with another dipping hydrophone 5-min recording 

conducted mid-way through. The dipping hydrophone recordings were later analyzed and 

compared with data from Soundtraps within 1 km to determine acoustic overlap. Following each 
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hour-long encounter, the boat backed away from the pod (ca. 300 m) to finish the survey with a 

post-scan effort for 15-mins, recording conditions previously described in the pre-scan process. 

The combination of pre-scan and post-scans allowed for a 30-min break from the animals, before 

returning for an additional hour, continuing the cycle until the researchers concluded that all 

individuals appeared to be photographed. Individuals with unique shapes and markings on their 

dorsal fins may later be identified and cataloged for future comparisons. 

Acoustic analysis 

Acoustic recordings were analyzed using the computer software MATLAB (“MATLAB” 

2011a) with a Triton package (McElligott and Lammers 2021; “Triton,” n.d.). The Long-term 

spectral average (LTSA) was first calculated for the entire dataset, followed by manual analysis 

of the 12-hour period from 0600 – 1700 h from July 1st to December 31st, 2020, with the 

exception of August 3-6th when the devices were pulled out to download and then re-deployed. 

Each file view was split into two 14s spectrograms using a 1400-point FFT with a 70% overlap 

(McElligott and Lammers 2021). For each hour, the first dolphin vocalization detected (either a 

whistle, echolocation click, or burst pulse) was considered as dolphins being “present” for that 

period, and if no vocalizations were detected, it was considered as dolphins being “absent”. If 

any of the three vocalizations were detected, then the vocalizer was considered to be within a 

0.75 km radius of the location of the device. This range was based on matches to vocalizations 

recorded at the same time with the dipping hydrophone deployed from the vessel within this 

range of the closest Soundtrap during a survey in close proximity to identified spinner dolphins. 

Detected vocalizations were considered likely to have been produced by spinner dolphins based 

on the locations of the Soundtraps relative to the coastline and known diel morning-evening 

inshore-offshore migratory behavior and coincident vocal activity of spinner dolphins (Heenehan 
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et al. 2016; Heenehan 2016; Lammers, Schotten, and Au 2006; McElligott and Lammers 2021; 

Wiggins and Hildebrand 2016), the acoustic characteristics of these signals compared those 

confirmed to be produced by spinner dolphins in previous studies (Bazúa-Durán and Au 2002; 

Lammers, Au, and Herzing 2003), and through confirmation of vocalizations from the dipping 

hydrophone in the presence of visually identified spinner dolphins (with no other cetaceans 

present), unless determined to be otherwise (i.e., out of frequency range for spinner 

vocalizations, other known species visually observed, etc.).  

Statistical Analysis 

 A chi-square goodness of fit test was used to examine the relationship between number of 

acoustic detections (for all locations combined) and time of day (morning vs. afternoon). An 

additional set of chi-square goodness of fit tests were conducted for number of acoustic 

detections for each recorder separately vs. time of day. In all of the above analyses, time of day 

was a categorical variable with morning viewed as 0600 - 1155 h and afternoon as 1200 - 1755 

h.   

In addition, I used a set of General Linear Models (GLM) with a logit link in R (version 

4.1.0) (“R Studio” 2020) to examine the relationship between dolphin presence/absence at a 

given location and a set of explanatory variables including “cruise ship”, “average wave height”, 

“lunar illumination” and “rain”. Cruise ship was measured as the presence or absence of a cruise 

ship moving through the recording area during that time period, average wave height was 

measured as the mean wave height (m) recorded over a 24-hour day period, lunar illumination 

was measured as % of moon lighting up the nights sky (with 0% indicating a new moon, and 99 

– 100% for full moon), and rain accumulation was also measured over a 24-hour day period. 

Similar to the chi-square tests described above, models were run for dolphin presence/absence at 
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all recorder locations combined, as well as separately for dolphin presence/absence at each 

individual recorder location. For each, I evaluated the fit of the global model and a set of reduced 

models using Akaikeʻs information criterion (AIC; Anderson and Burnham 2002) and used the 

“dredge” function in R package MuMIn (Bartoń 2022)to perform model selection. Top models 

were determined based on difference in AIC scores among models (delta AIC) and model 

weights.  

  

Results 

Vessel Surveys 

Spinner dolphins in single-species pods (confirmed through photo-identification) were 

sighted on 6 of the 10 (60%) vessel surveys. Additionally, a brief encounter with four bottlenose 

dolphins (Tursiops truncatus) occurred during a survey day in mid-December (12/15/20) off the 

Northern tip of our survey route outside of Pepe‘ekeo (19°50'48.2, 155°04'38.2). Vessel surveys 

covered an average of 15.4 km² with an encounter area of approximately 11.9 km². Spinners 

were observed throughout the study area for as long as 4.5 hours. During spinner dolphin 

encounters, pod size ranged from 20 - 100 individuals with a mean group size of 73.2 (± 10.2 

SE) comprised of mixed age classes, including calves of the year (Mean = 3.2 ± 0.5 SE) (Table 

4). The behavioral states observed from spinner pods included: social play, resting, milling, and 

traveling, with the latter two being most often observed (63.6% of pods were considered 

traveling and 26.4% milling). Groups were observed in each of the three coordination groups 

(Type 1, 2, 3) defined by Lammers (2004) (Table 1). Type 2 coordination was the most 

frequently observed (72.7%) across encounters within animals often organized as a larger central 
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core group with individuals in the periphery (Figure 3). Approximately 8,000 photographic 

images were taken for the purpose of species identification, calf documentation, behavioral 

recordings, individual identification, and resighting of individuals with distinctive dorsal fins. 

Although a full effort to determine unique individuals based on their dorsal fins and all 

refighting’s was beyond the scope of this thesis, one highly distinctive individual was 

encountered on three survey days spaced across 55 days. A total of 20 five-min dipping 

hydrophone recordings were made while spinner dolphins remained within 50 m of the vessel, 

and 35% of these occurred within 1 km of a Soundtrap. Of the latter recordings, 100% were 

identical to those recorded on the nearest Soundtrap (max distance = 710 m) based on its internal 

clock. 

Soundtrap Acoustic Analysis 

Overall, across the 180-day acoustic survey period, spinner dolphin vocalizations were 

positively detected on 150 days (83.3%). The frequency of positive detections was significantly 

greater than expected by chance (i.e. 50% detections) (chi-square test for goodness of fit; χ2 = 

80.0, df = 1, p < 2.2e-16). Spinner dolphin vocalizations were detected on over 50% of recording 

days in each month on at least one Soundtrap with the month of October capturing the highest 

rate of occurrence (93.6%) (Table 5). Of 671 hours in which a spinner dolphin vocalizations 

were detected, 424 detections (64.7%) occurred during the morning hours from 6:00 – 11:55 

(most between 0700 and 0900 h), while only 237 (35.3%) detections occurred during the 

afternoon hours from 12:00 – 17:55 (Table 6) The diurnal acoustic presence of spinners was 

significantly different when partitioning the 12-hour day into two categories of morning and 

afternoon (χ2 = 57.84, df = 1, p = 2.8e-14) (Figure 4).  

Differences in Acoustic Detections of Spinner Dolphins Across Hilo Bay Locations 
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Throughout the 180 days of recordings across the four Soundtraps, diurnal detections of 

spinner dolphin vocalizations occurred on 118 days (65.6%) at the Onomea Bay Soundtrap, on 

67 days (37.2%) on the Honoli‘i Beach Soundtrap, on 65 days (36.1%) at the Hilo Breakwall 

Soundtrap and on 65 days (36.1%) at the Kealoha Beach Soundtrap. There was a significant 

difference in detections of spinner dolphin vocalizations across the different Soundtraps (χ2 = 

26.12, df = 3, p = 9.01e-06) (Figure 5). As indicated above, the Soundtrap at Onomea Bay had 

the greatest overall diurnal detection rate over the recording period, with more than half of those 

detections occurring in the morning hours between 0600 h and 1155 h (61.6%) as compared to 

afternoon (χ2 = 17.42, df = 1, p = 3.01E-05) (Table 6; Figure 6).  During the month of 

September, dolphins were detected for 24 days of the month (80%) with detections captured 

during both morning and afternoon hours (Figure 7). At the Honoli‘i Beach location, dolphins 

were acoustically detected throughout the day with the highest rate of occurrence during the 

morning hours (χ2 = 65.03, df = 1, p = 7.38E-16) (Table 6; Figure 6). Here, the highest rate of 

detections occurred during the month of October, with 20 days of the month showing spinner 

presence (64.5%) (Figure 7).  The two Soundtraps placed off Keaukaha, outside the Hilo Bay 

Breakwall and Kealoha Beach recorded the lowest levels of dolphin acoustics detected among 

the four devices both diurnally and throughout the six-month recording period. Detections were 

more evenly spread across morning (48.1%) and afternoon (51.9%) along the Keaukaha coast 

outside of Kealoha Beach (Table 6; Figure 6), although Hilo Bay Breakwall Soundtrap captured 

dolphin acoustics more often between 0600 - 0700 h (Figure 6).  

A Generalized Linear Model (GLM) analysis was used to determine if any of the 

following predictor variables had a significant influence on spinner dolphin vocal detections 

from the Soundtraps: average wave height, lunar illumination, presence of cruise ships, and rain 
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accumulation. The analysis revealed that average wave height was the best predictor of vocal 

detections of spinner dolphins for all recording locations combined (Table 7). The slope of the 

best fitting model indicated that the log of the odds of acoustically detecting dolphins decreased 

by 1.54 with each unit increase in average wave height. Examining each recording location 

individually, the best fitting model for Onomea Bay included average wave height as a sole 

predictor variable, showing a negative association with dolphin acoustic presence (Table 8). 

However, the best fitting model for Honoliʻi was positively associated with cruise ship presence, 

and negatively associated with lunar illumination and rain (Table 8). The best fitting model for 

Kealoha Soundtrap included lunar illumination only, while an intercept only model provided the 

best fit for the Breakwall Soundtrap location (Table 8). 

 

Discussion 

The collective findings of this study indicate that Hilo Bay, a windward coastal area of 

Hawai’i Island, is an important habitat regularly used by spinner dolphins. During the 6-month 

period of this study (July-Dec, 2020), spinner dolphin acoustical activity captured on long-term 

Soundtrap recorders and analyzed daily from approximately 0600– 1755 h revealed spinner 

dolphin presence on the majority of survey days with a preference for the Windward Coastline of 

Hawaiʻi Island. That vocal activity recorded on Soundtraps was likely nearly entirely produced 

by spinner dolphins was corroborated by vessel surveys during which photographically verified 

spinner dolphins were both acoustically recorded on a dipping hydrophone deployed from the 

boat and simultaneously recorded on the nearest Soundtrap. Data from Soundtrap recordings as 

well as from boat-based surveys revealed similar diurnal habitat use and behaviors to those found 

in previous studies of spinners along leeward coasts throughout the main Hawaiian Islands, 
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namely that spinner dolphins are present in nearshore shallow (i.e. within the 100 m contour) 

areas throughout the day with a preference for early morning hours and display behaviors 

associated with travel and rest with occasional surface activity and socialization (Norris et al. 

1994). The behavior displayed by windward spinner dolphins off Hilo are most similar to that of 

spinner dolphins along the South shore of Oʻahu, in which animals were observed traveling more 

than milling during one-hour visual observations (Lammers 2004). However, boat-based surveys 

revealed spinner dolphins would sometimes utilize the Hilo coast for over 4 hours and were 

observed both traveling and large-scale milling throughout. During vessel surveys it was more 

common to encounter relatively large pods (≤100) including calves of the year in coordinated 

groups that remained in close proximity, perhaps to avoid predation while utilizing the coastline.  

The probability of acoustically detecting spinner dolphins appeared to be negatively influenced 

with wave height.  

Diurnal Acoustic Presence  

Overall spinner dolphins diurnal presence, as measured acoustically on four long-term 

Soundtrap recorders deployed across a 12.6 km² area of the Hilo Coastline, indicated the use of 

this windward coastline during more than 83% of the recording time analyzed (n = 180 days) 

(Table 5). During the 6-month recording period, spinner dolphin vocalizations were detected 

along the Hilo coastline for at least 70% of each month and more than half of that time, 

vocalizations were captured by Soundtraps at multiple locations (Table 5). As with previous 

studies of spinner dolphin diurnal habitat use along leeward areas (Norris et al. 1994; Norris and 

Dohl 1980), spinner dolphins along the windward coastline of Hawai‘i Island show significantly 

greater presence during morning hours between 0600 h and 1155 h than afternoon hours between 

1200 h and 1755 h. This diurnal acoustic activity difference is consistent with either increased 
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silence during resting behavior as the day progresses or departure from resting areas for offshore 

feeding locations or both (Table 6; Figure 6). Interestingly, only the two devices located at each 

end of the study area, at Onomea Bay and Kealoha Beach, captured acoustics in the evening 

during 1700 h which occurred at one location or the other, perhaps indicating travel towards 

foraging grounds North or Southeast of the study area (Figure 1) Similarly, with morning 

detections in the 0600 h hour occurring at either one of the ends, it would be interesting to 

determine if dolphins are entering the habitat at earlier hours and determine the time of the first 

dolphin detected. The Kealoha location is closest to the 100 m and 1000 m contours as compared 

to any other devices locations. It would thus be interesting to further investigate the nighttime 

soundscape at this site for acoustic evidence of the scattering layer and spinners foraging.  

Diurnal acoustic analysis of all four locations over this sampling period revealed 15 days 

in which dolphins were detected by Soundtraps at all locations throughout those days (Table 5) 

For example, on July 4th, 2020, dolphins were detected at Onomea Bay at 0700 h, at Honoli‘i by 

0900 h, then outside Keaukaha/Breakwall at 1300 h, and outside of Kealoha Beach at 1400 h and 

1600 h. On other occasions, dolphins were detected at multiple locations during the same hour 

on the same day which is supported by vessel surveys during which spinners were tracked 

traveling and milling throughout the study area, often spread out across ~0.5 km² as they travel. 

These individuals exhibited similar behaviors to those observed in a previous study of spinner 

dolphins along South Oahu; hugging the coastline, preferring instead to navigate the shallower 

waters rather than moving across deeper waters for shorter travel (Lammers 2004). However, as 

the Hilo Bay Breakwall disrupts the coastline path, pods were observed both hugging the 

Breakwall and traveling across slightly deeper water to cut across from the North side to the East 

side of the Keaukaha Coast, covering slightly deeper waters. 
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Hydrophone locations; Onomea Bay 

The Soundtrap located at Onomea Bay captured dolphin vocalizations for more than half 

of the recording period, including having the highest occurrence in overall hourly detection for 

any one location across this study (Table 5; Figure 5). Although its black sandy bottom substrate 

is not a commonly preferred spinner dolphin habitat, it is the only location that resembles a Bay 

that is partially shielded from North winds and swells. Dolphin acoustic detections were higher 

during the morning hours compared to the afternoon, with a peak at 0900 h (Figure 4). In July, 

dolphins were detected at the Onomea Bay hydrophone during the 0700 h hour for more than 

half of the time they were detected at that location. However, during the month of September, 

when dolphins were detected at increased rates at Onomea Bay, vocalizations were captured 

throughout the day during both morning and afternoon hours, suggesting that the Bay is used as a 

resting area (Figure 7). On occasion, spinners were observed to be resting inside the Bay, as 

indicated by low overall activity and cohesive diving with erratic surfacing(Norris and Dohl 

1980). 

Honoli‘i Beach 

Honoli‘i Beach, a popular surf spot for humans, was also popular with the spinner 

dolphins. This study site had frequent encounters with spinners while on vessel surveys, and 

animals were often observed traveling rather than spending their time milling near the area. With 

the Honoli‘i stream feeding into the ocean there, in combination with dark bottom substrate, the 

water is generally murkier, which may influence the spinners’ desire to travel across rather than 

mill around the low-visibility area. Interestingly, dolphin signals were occasionally detected by 

surrounding Soundtraps in sequence without being detected at Honoli‘i, implying a route of 
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travel that either avoids Honoli‘i Beach area or that animals pass through undetected (Lammers, 

Schotten, and Au 2006).  

Dolphin acoustic detections on the Soundtrap located at Honoli‘i Beach occurred 

throughout the day, between 0600 h and 1655 h for the majority of the time, with vocalizations 

detected during the 1700 h hour on two occasions in October but otherwise nonexistent (Figure 

6). The majority of vocalizations occurred during the morning hours between 0600 h and 1155 h, 

with a peak at 0800 and the highest frequency of occurrence during October.  

Hilo Bay Breakwall 

The Soundtrap located offshore of the Keaukaha coast, and the Hilo Bay Breakwall had 

the lowest level of detections across the 6-month period along with the Kealoha Beach 

Soundtrap. Although overall detections were low, dolphins were acoustically detected 

throughout many different times of the day at this location, than any other (Figure 6).  During 

vessel surveys, spinners were observed traveling across the area near the Soundtrap location, 

often taking the shortest route across deeper water, traveling from the Northern coast between 

Honoli‘i and Onomea to the Eastern coast outside of Keaukaha. Overall monthly detections did 

not vary significantly, but the highest rate of detections occurred during October and the lowest 

in November (Figure 7). 

Kealoha Beach 

At the easternmost location of the study area outside of Kealoha Beach along Keaukaha 

coast, dolphins were acoustically detected on the Soundtrap slightly more during the afternoon, 

with this being one of the only locations with detections at 1700 h, besides Onomea Bay (Figure 

6). With this location being the closest to the 100 m and 1000 m depth contours than other 
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sampled locations, spinners may be moving through this area as a path to foraging grounds off 

the Southeast side of the island. Diurnal acoustic presence was observed more frequently at 1400 

h at the Kealoha Beach hydrophone than at any other hour of the day. The increase in afternoon 

detections as compared to other locations could imply zig-zag swimming behaviors by the pod as 

they shift from rest and reassemble as one large cohesive group in preparation for the nights hunt 

(Norris and Dohl 1980). Overall acoustic detection remained low for this location but showed a 

peak in spinner presence during October (Figure 7).  

Factors Associated with Spinner Dolphin Presence and Absence 

 Aside from time of day and location, this study investigated whether other factors 

influenced the acoustic detection of spinner dolphins. A generalized linear model demonstrated 

that fewer dolphin detections occurred as average wave height increased, at least for Onomea 

Bay. It would be interesting to further investigate over a longer period, spinner presence when 

harsh weather conditions occur such as hurricanes, tsunamis, and other storms. The model also 

revealed a higher probability of dolphin detections when a cruise ship was present than when it 

was absent for the Honoli‘i Beach Soundtrap when cruise ship activity resumed in mid-

September 2020 after taking a temporary pause (including tourism boating operations) due to the 

COVID-19 (SARS-CoV-2) pandemic.  Prior to the covid pandemic, large cruise ships would 

visit Hilo Bay a few days each month docking at the port of Hilo. Shipping routes of cruise ships 

as well as tug and barges from Honolulu typically approach Hilo from the northern coast, 

suggesting there could be an influence on spinner dolphins occurring along that area. While 

studies globally have shown that some cetacean species are negatively impacted by vessel 

presence and noise (e.g. for humpback whales in Hawaiian waters) (Currie et al. 2021; Pack, 

Waterman, and Alison 2022), small cetaceans are sometimes observed to gravitate toward 
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vessels to bow ride. Thus, it is possible that the increase in probability of spinner dolphin 

detections coincident with cruise ship presence was a function of attraction to the ship for the 

purposes of play. It is also possible that more vocal activity occurred because of spinners 

increasing their communication during a potentially disturbing event. Further study involving 

direct observation of spinner dolphins in the presence of cruise ships could help in understanding 

their responses.  Future prediction models could include additional anthropogenic influences, 

such as vessels of various sizes, speeds and behaviors as well as natural events such as tsunamis, 

hurricanes, storms, earthquakes and lava flows. 

 During vessel survey observations, spinners appeared to be in mixed age and sex classes. 

Animals ranged in size, appearing to be juveniles and adults, as well as calves of the year who 

were observed closely beside their presumed mother. With multiple claves present in many of 

the encounters across the study period, we can conclude that this windward coastline, like other 

areas in Hawai‘i, is used for the full suite of spinner behaviors, including resting activities, 

mating, calf rearing, and socialization, thus, revealing the importance of this habitat for this 

species throughout its lifecycle. A brief review of photographs taken during encounters indicates 

that further analysis of dorsal fin photo-identification is necessary to determine the rate of 

individuals with distinctive dorsal markings. Some individuals were highly identifiable, with one 

in particular having a W-shape cut out of its dorsal fin. That individual was not present on every 

vessel survey encounter but was resighted on three occasions across 55 days from this 180-day 

study. Many individuals appeared to have scars or fresh wounds presumably caused by cookie-

cutter sharks, so it would be interesting to see if those markings may help identify individuals 

with less distinctive dorsal fins in the future as analysis software algorithms evolve.  
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Conclusion 

 Spinner dolphins have been intensively studied throughout the Hawaiian archipelago with 

a traditional emphasis on the leeward coasts (Norris et al. 1994), using a variety of methods, 

including tagging, aerial surveys, land-based and boat-based surveys, researching the species 

diurnal patterns since the 1970s.  The current study is the first comprehensive long-term 

acoustic-based and vessel-based investigation of spinner dolphins along a windward coast in 

Hawai’i. The findings of this study contribute to the growing body of literature by collecting the 

first passive acoustic recordings from this seascape, thus investigating diurnal patterns in spinner 

dolphin presence along the windward coast of Hilo, Hawai’i. Using the combined approaches of 

passive acoustic monitoring and vessel surveys, this study provides baseline evidence that 

demonstrates how the species interacts with an environment not commonly documented in prior 

literature; lacking in sheltered bays and white-sandy substrate, yet suggests spinners utilize this 

windward coast during their daytime resting behaviors. This study highlights the importance of 

this habitat for this species, including visual observations resulting in larger pods (Mean = 73.2 ± 

10.2 SE) including calves of the year (Mean = 3.2 ± 0.5 SE), displaying behaviors consistent 

with other important resting habitats across the main Hawaiian islands. An important implication 

of these findings is that future abundance estimates of Hawaiian island-associated spinner 

dolphins may need to consider both leeward and windward coastlines to the extent that these 

areas are used by different individual spinners (Norris et al. 1994). While spinners along the 

leeward areas of Hawai’i Island prior to the 50-m approach NOAA rule were inundated by 

tourist activities negatively impacting their well-being (Tyne et al. 2018), spinners along the 

windward side were largely left alone by residents and little to no tourist activity.  It will be 
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interesting to see whether the new rule has any impact on variations in spinner dolphin habitat 

use along leeward sides compared to windward sides. 

 Future studies should include long-term acoustical analysis (≥ 1 year) in order to fully 

describe the habitat use across all seasons, including those with increased surf activity. 

Replication of acoustical surveys over multiple years can further our understanding of the 

consistency of diurnal and seasonal trends across this habitat, and in comparison, to areas with 

more anthropogenic impact. In addition, investigation into the type of vocalizations captured 

could expand our understanding of their behavioral states while utilizing the habitat as well as 

overnight analysis to determine if spinners can be detected while foraging. With some of these 

Soundtraps situated close to the 100 m contour, where spinners exploit the MBC layer in 

shallower waters as the night progresses (Thorne et al. 2012), it would be interesting to see if 

they can be detected at any of the monitored locations. If foraging grounds are identified near 

these areas, further investigation using deeper-water hydrophones could aid in understanding 

where spinner dolphins travel to find food, as well as establish any patterns of movement as they 

exhaust those resources. As our results indicated, spinners were not acoustically detected on at 

least some days. Thus, further analysis into prey availability around the Hilo Bay area could 

provide insight into their movements. Future studies should also examine the degree to which 

spinner dolphins found along the Hilo coastline are unique from those identified along the 

leeward coast. Based on aerial surveys, Norris et al. (1994) hypothesized that a significant 

portion of the population of spinners shifted between habitat use on the leeward and windward 

coasts. Comparing photographs of individual spinner dolphin dorsal fins taken during the current 

boat-based surveys with those collected from spinners along the leeward coast of Hawai’i Island 

for matches (which was beyond the current study) can help determine the degree to which 
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spinners observed on windward and leeward sides are unique.  Finally, this study highlights the 

importance in future studies of examining other windward areas within the Hawaiian Islands for 

regular use by spinner dolphins. 

  



40 
 

Tables 

 

Table 1. Spinner Dolphin Coordination Index (Lammers 2004) 

Type Description 

Type 1 Singles, pairs, and triplets, little cohesion 

Type 2 
Core group synchronized swimming & some individuals on the 
periphery 

Type 3 One tight cohesive unit 

  

Table 2. Spinner Dolphin Surface Activity Ethogram (Norris and Dohl 1980) 

Behavior Description 

Spin Breaking the surface, spinning along their longitudinal axis. 

Leap 
Animals burst through the surface, clearing their bodies, reentering the water by 
belly or side 

Tail over 
head 

Spinners burst through the water’s surface, slings its tail over its head in a wide 
arc, then reenters tail first. 

Back slap Using their dorsal side to slap the water with back and beak. 

Head slap Using their chin and lower beak to slap the water after breaching the surface. 

Tail slap 
Using the tail to arch above the surface then slap down, producing sound. This can 
also be performed in the inverted posture. 

Nose out The spinner arches it’s back, peaking its rostrum out of the surface of the water. 
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Table 3. General Weather Conditions; taken during vessel surveys. 

Beaufort Sea State Wave (swell) 

0 Calm, glassy 0 Wave height (0-1 ft) 

1 Ripples 1 Wave height (2-3 ft) 

2 Small wavelets (1ft) 2 Wave height (4-5 ft) 

3 
Large wavelets, scattered whitecaps 
(3ft) 3 Wave height (6-7 ft) 

4 Small waves, many whitecaps (5ft) 4 Wave height (8-9 ft) 

5 Moderate waves (10ft) 5 Wave height (+10 ft) 

    
Visibility/Glare Sighting Conditions 

0 None 0 Excellent 

1 Little, non-interfering 1 
Good, unlikely to miss 
dolphins 

2 Some, could interfere 2 
Fair, may miss some 
dolphins 

3 A lot, interfering 3 
Poor, probably missing 
dolphins 

    
General Weather Wind  

0 Clear or few clouds 0 0-5 (mph) 

1 Partly cloudy 1 6-10 (mph) 

2 Overcast 2 11-15 (mph) 

3 Rain 3 16-20 (mph) 

4 Thunderstorms 4 21 (mph) 

5 Fog 
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Table 4. Spinner Dolphin Pod Estimates from Vessel Surveys 

 

Mean 
Min 

Min 
SE 

Mean 
Best 

Best 
SE 

Mean 
Max 

Max 
SE 

Adults 50.6 6.9 73.1 10.2 92.7 11.3 

Calves 1.9 0.3 3.2 0.5 4.1 0.6 

 

Table 5. Monthly Spinner Dolphin Acoustic Detections 

2020 July August September October November December 

Total Recording 
Days 31 27 30 31 30 31 

% Detections for > 1 
Soundtrap 87.1% 88.9% 90.0% 93.5% 70.0% 71.0% 

% Detections for > 2 
Soundtrap 58.1% 66.7% 50.0% 71.0% 36.7% 41.9% 

% Detections for > 3 
Soundtrap 35.5% 37.0% 13.3% 48.4% 16.7% 19.4% 

% Detections for All 
Soundtraps 12.9% 14.8% 0.0% 19.4% 3.3% 9.7% 

% No Detections 12.9% 11.1% 10.0% 6.5% 30.0% 29.0% 
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Table 6. Morning vs. Afternoon Spinner Dolphin Acoustic Detections. Morning (0600 - 1155 h) 
and Afternoon (1200 - 1755 h) spinner dolphin detections, including chi-squared values for 
goodness of fit statistical test. Locations with significant difference in time-of-day detections are 
indicated by (*) with p<0.05; Onomea Bay, Honoli‘i Beach, and Breakwall Soundtraps 

 AM PM χ2 df p-value 
Onomea Bay 0.62 0.38 17.42 1 0.000 

Honolii Beach 0.85 0.15 65.03 1 0.000 
Breakwall 0.65 0.35 10.18 1 0.001 
Kealoha 0.48 0.52 0.15 1 0.700 

 

 

Table 7. Coastal Top Models. Model coefficients and dredge output of best fit models for the 
Hilo coast by combining Soundtrap locations based on corrected Akaike information criterion, 
exclusion of predictor variables in model is indicated by (-). 

Location model intercept 

Avg. 
Wave 
Height 

Cruise 
Ship 

Presence 
Lunar 

Illumination 
Rain 

Accumulation df AICc delta weight 

Coast 2 4.624 -1.507 - - - 2 144.661 0.000 0.331 

Coast 4 4.661 -1.481 -0.367 - - 3 146.185 1.524 0.154 

Coast 10 4.528 -1.427 - - -0.067 3 146.278 1.617 0.147 
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Table 8. Locational Top Models. Model coefficients and dredge output of best fit models for 
each location based on corrected Akaike information criterion, exclusion of predictor variables in 
model is indicated by (-). 

Location model intercept 

Avg. 
Wave 
Height 

Cruise 
Ship 

Presence 
Lunar 

Illumination 
Rain 

Accumulation df AICc delta weight 

Onomea 2 2.742 -1.095 - - - 2 216.076 0.000 0.284 

Onomea 4 2.761 -1.054 -0.441 - - 3 216.909 0.833 0.187 

Onomea 6 2.587 -1.119 - 0.004 - 3 217.499 1.424 0.139 

Honoli‘i 15 -0.056 - 0.921 -0.008 -0.423 4 222.410 0.000 0.274 

Honoli‘i 11 -0.432 - 0.814 - -0.414 3 223.027 0.617 0.201 

Honoli‘i 16 0.574 -0.370 0.962 -0.007 -0.368 5 223.749 1.339 0.140 

Breakwall 1 -0.599 - - - - 1 225.719 0.000 0.245 

Breakwall 5 -0.829 - - 0.004 - 2 226.877 1.158 0.137 

Breakwall 2 -0.897 0.158 - - - 2 227.567 1.848 0.097 

Kealoha 5 -1.071 - - 0.009 - 2 224.963 0.000 0.236 

Kealoha 7 -1.117 - 0.352 0.009 - 3 226.220 1.257 0.126 

Kealoha 13 -1.043 - - 0.009 -0.039 3 226.848 1.885 0.092 
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Figures 

 

Figure 1. Map 1; Study Area; off the Hilo coast of Hawai‘i Island with four hydrophones 
identified. This East side is considered the windward side of the island, enduring more dramatic 
weather conditions than the opposite, leeward side of Kona. Hilo was hit by the 1960 Tsunami 
then created the Breakwall to prevent that amount of destruction from occurring again. 
Hydrophone placement is within the 20 m depth zone along the coast. 
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Figure 2. Soundtrap Hydrophone (ST300) Set-up; with external battery supply (Ocean 
Instruments) secured to 80 lb concrete block situated in 26.5 m depth outside of Kealoha Beach 
off Keaukaha, Hawai‘i (19'44'25.2, 155'01'34.2). This model uses a lithium-ion two-cell battery 
(3.7V, 4000mAh, 4.8 Wh; 200 mm L x 60 mm D) with an internal memory of 256 GB and the 
external battery supply uses 3 x D cell alkaline batteries. In the water, its weight is approximately 
1.5 kg for the whole system. 
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Figure 3. Coordination Groups Encountered; Observed Spinner Dolphin coordination index 
during one-hour encounters via vessel surveys (Type 1 - singles, pairs, and triplets, little 
cohesion, Type 2 - core group synchronized swimming & some independent on the periphery, 
Type 3 - one tight cohesive unit )(Lammers 2004). 
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Figure 4. Hourly Spinner Dolphin Acoustic Detections; across the Hilo coastline from 0600 – 
1755 h, accumulated for all locations as one Coastline. When categorized by time of day; 
Morning: 6:00 - 11:55, and Afternoon: 12:00 - 17:55, a chi-squared test for goodness of fit 
indicated mornings to have a significant increase in spinner dolphin acoustic presence ( 2= 
57.84, df = 1, p-value = 2.847e-14) responsible for 64.7% of all detections. 
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Figure 5. Soundtrap Detection Rates; dolphin acoustic detection between soundtrap devices at 
each location from July1st to December 31st 2020. Soundtrap ANO is positioned at Onomea Bay 
and KAIKO at Honoli‘i beach, both along the North coast. Then, HANI placed off 
Keaukaha/Hilo Bay Breakwall and LONO outside of Kealoha Beach along the East coast. 
Showing observed and expected values from a Chi-squared test ( 2= 194.16, df = 3, p-value < 
2.2e-16). 
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Figure 6. Hourly Spinner Dolphin Detection Rates; acoustic detection by location from July1st to 
December 31st 2020 for each Soundtrap location; Onomea Bay, Honoli‘i Beach, Off the 
Breakwall, and Kealoha Beach.  
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Figure 7. Monthly Spinner Dolphin Detection Rates; diurnal acoustic detections from July1st to 
December 31st, 2020, for each Soundtrap location; Onomea Bay, Honoli‘i Beach, Off the 
Breakwall, and Kealoha Beach.  
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