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Introduction: Considering the ecological functioning of small cetaceans is

important for ecosystem-based management and conservation, including their

potential role in transporting limiting nutrients across habitats. Spinner dolphins

(Stenella longirostris longirostris) in Hawai’i forage nocturnally on mesopelagic

prey offshore and, during the day, rest and avoid predators inshore. These

predictable behavioral and spatial use patterns in the Maui Nui region suggest

that spinner dolphins may transfer pelagic nutrients to inshore habitats, including

shallow coral reefs - a mechanism we refer to as “the dolphin tap”.

Methods: To assess the role of spinner dolphins as nutrient vectors, we

quantified spinner dolphin spatial overlap with inshore and coral reef habitats

in Maui Nui using vessel-based survey data collected from 2013–2022. We

estimated nutrient deposition using standard metabolic models, spinner

dolphin distribution and temporal overlap of dolphins with coral reef habitats.

Results and discussion: We determined spinner dolphin distribution from 51

encounters. We estimated that an individual spinner dolphin deposited 0.10 kg N

day-1 (SD = 0.02) into the overall marine environment. Dolphins overlapped with

coral reef habitat during 25 encounters and 28% (SD = 36%) of total sighting time.

Using daytime-only observations, we estimated an individual spinner dolphin

deposited between 0.01 kg N day-1 (SD = 0.02) and 0.02 kg N day-1 (SD = 0.03)

over coral reefs, depending on the extent of nighttime deposition. Individual-

level annual deposition values were extended to group (mean = 65.40

individuals, SD = 45.24) and population (594 individuals) levels to quantify

nutrient deposition in the overall marine environment and to coral reef

habitats. This naturally occurring nutrient input from pelagic foraging grounds

to inshore habitats may enhance productivity and promote coral reef resilience

and health. Our findings provide baseline estimates of nutrient deposition by

spinner dolphins in Maui Nui, yet additional research and monitoring are needed

to better understand the nutrient dynamics. As Maui Nui’s coral reefs experience
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stress from warming oceans, this dolphin-mediated subsidy may become

increasingly important for sustaining coral reef function. Protecting spinner

dolphins is therefore essential to maintaining “the dolphin tap” nutrient

pathway and supporting the health of Hawai’i’s coral reef ecosystems.
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Introduction

Spinner dolphins (Stenella longirostris) are an abundant, small

odontocete species that is distributed throughout tropical and

subtropical oceans worldwide (Perrin, 1998). In the Hawaiian

Island archipelago, spinner dolphins (S. l. longirostris) are island-

associated, inshore dolphins that are genetically distinct from other

populations in the Pacific Ocean (Andrews et al., 2010). Spinner

dolphins in Main Hawaiian Islands (MHI) waters exhibit a distinct

diurnal pattern of resting and avoiding predators inshore during the

day and foraging offshore at night (Norris and Dohl, 1980; Norris

et al., 1994; Benoit-Bird and Au, 2003; Stack et al., 2020). The

predictable use of inshore waters during the day in the MHI makes

spinner dolphins highly susceptible to disturbances from tourism,

including pressure from vessels that target dolphins for wildlife

viewing and swim-with-dolphin opportunities (Tyne et al., 2018;

Wiener et al., 2020). Spinner dolphins off Hawai‘i Island have one of

the highest exposure rates to anthropogenic activities of all

cetaceans and are exposed to human activities for >82% of the

day (Tyne et al., 2018). Such human activities can cause spinner

dolphins to be displaced from their preferred resting areas and may

interrupt resting behavior (Tyne et al., 2014, 2017). In 2021, to

minimize impacts of tourism, National Oceanic and Atmospheric

Association (NOAA) implemented a 50-yard (43 meter) approach

limit for humans and boats regarding spinner dolphins within two

nautical miles of shore (NOAA, 86 FR 53818). Despite these

protections, the proximity of spinner dolphins to the human-

populated MHI brings additional anthropogenic-based threats of

high concern for these island-associated populations of dolphins,

due to their limited movements, distribution, and specialized

behavior (e.g., Tyne et al., 2014, 2015; New et al., 2020).

Spinner dolphins in the MHI forage offshore at night on prey

that are part of a mesopelagic boundary community of small fish,

squid and shrimp that undergo a vertical and horizontal migration

through the night and can be encountered as shallow as 100 meters

(m) (Reid et al., 1991; Reid, 1994). Previous research found that

spinner dolphins cooperatively hunt the high-density boundary

prey community between 8 kilometers (km) and 1–1.5 km from the

coast, diving to depths up to 150 m (Benoit-Bird and Au, 2003;

Benoit-Bird, 2009). Through their role as a top marine predator,

spinner dolphins can also serve as an ecosystem sentinel by

exhibiting responses to ecosystem and environmental changes

that can otherwise be difficult to observe (Hazen et al., 2019). The

ecological roles that species can play may be more diverse than

predator-prey dynamics and vary in the degree of contribution,

where sometimes the ‘ecological importance’ of a species can lead to

community or ecosystem level consequences with changes in

abundance (Kiszka et al., 2015, 2022). However, there are gaps in

our understanding of any additional roles spinner dolphins in MHI

may have in maintaining marine ecosystem functioning (Kiszka

et al., 2022), as most previous research on spinner dolphins in the

MHI concentrated on other ecological factors like distribution and

behavior (e.g., Norris and Dohl, 1980; Tyne et al., 2015).

Much of the extensive research on spinner dolphins within the

MHI focused on the daily use of coastal waters and bays for resting

by spinner dolphins off Hawai‘i Island and O‘ahu, where steep

slopes equate to deeper foraging waters in close proximity to the

islands (Norris and Dohl, 1980; Lammers, 2004; Tyne et al., 2015).

These studies determined that spinner dolphin-preferred daytime

resting habitat was shallow bays sheltered from wind, with sandy

substrate that provided better visual detection of predators and was

also near their nighttime foraging waters (Norris and Dohl, 1980;

Tyne et al., 2015). More recent studies on the distribution of spinner

dolphins in a different area of the MHI, the Maui Nui or 4-Islands

region, including waters surrounding Maui, Lāna‘i, Moloka‘i, and

Kaho‘olawe islands, determined that the dolphins utilized the area

differently (Stack et al., 2020; McElligott and Lammers, 2021). The

overall shallow bathymetry in the channels separating the four

islands in Maui Nui and the leeward protection from wind provide

suitable habitat for spinner dolphins to not only rest in protected

bays, but also to utilize the relatively shallow channels for resting

and traveling throughout the day (Stack et al., 2020; McElligott and

Lammers, 2021).

In addition to the differences in habitat use by spinner dolphins

between several of the MHI, research based on photo-identification

data and genetic testing found low gene flow between island-

associated spinner dolphins off islands that are separated by deep

ocean channels (Andrews et al., 2010). Correspondingly, NOAA

delineated these island-associated dolphins into five management

stocks: Kaua‘i/Ni‘ihau stock, O‘ahu/4-islands stock, Hawai‘i stock,

Pearl and Hermes Reef stock, and Midway Atoll/Kure stock

(Andrews et al., 2010; Hill et al., 2010). Our study focused on
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dolphins included in the O‘ahu/4-islands stock, specifically those

using waters in the Maui Nui region (Figure 1). The abundance

estimate for spinner dolphins in the O‘ahu/4-islands stock is

currently considered unknown due to a lack of updated data

(Carretta et al., 2022). Within the O‘ahu/4-islands stock

boundary, the most recent abundance estimate of spinner

dolphins was from the island of O‘ahu and was 594 individuals

(95% CI [360, 980]), using distance-sampling data collected

between 2020 and 2022 (Lacey et al., 2025). This estimate is

considered a constant estimate and does not account for

seasonality (Lacey et al., 2025).

Despite the location of the MHI in the oligotrophic North Pacific

Ocean, inshore waters utilized by stocks of island-associated spinner

dolphins during the day also contain productive habitats, including

coral reef communities (Grigg, 1988). Coral reef communities in the

MHI mainly consist of shallow fringing reefs, with some pinnacle and

patch reefs, that support a diverse ecosystem with many endemic

species (Friedlander et al., 2005). The higher diversity and productivity

found on coral reefs in the MHI are partially driven by the ‘island mass

effect’ which results in a general increase in nearshore nutrient

conditions from mechanisms such as upwelling, current mixing, and

natural and anthropogenic nutrients influx (Grigg, 1988; Gove et al.,

2016). Coral species worldwide and in the MHI can further thrive in

otherwise nutrient-limited waters (i.e., nitrogen, phosphorus), by

relying on a symbiotic relationship with the microalgae species

zooxanthellae that uptake nutrients from the water column for

primary production (Dubinsky and Jokiel, 1994). Productivity on

coral reefs can also be supplemented by natural nutrient input from

other species, as has been described for local coral reef communities off

O‘ahu with populations of seabirds (Honig and Mahoney, 2016).

Presently, the nutrient input connection between spinner dolphins

and larger ecosystems in the MHI, including coral reef communities,

remains unknown.

Based on their known diurnal behavioral patterns and regular

use of inshore waters, spinners dolphins likely play a role in

ecosystem functioning by facilitating the translocation of limiting

nutrients from productive deep scattering layers where they forage

to inshore habitats where they rest, resulting in increased inshore

primary production (Kiszka et al., 2022). Several large whale species

have been described as nutrient vectors, as they forage in deep water

and release fecal plumes and urinate while at the surface due to a

higher metabolism and decreased hydrostatic pressure in shallow

waters (Kooyman et al., 1981; Katona and Whitehead, 1988). These

waste releases can deposit significant amounts of nutrients in

bioavailable forms (e.g., ammonium NH4
+) in surface water

environments which stimulate primary productivity, a process

referred to as ‘the whale pump’ (Roman and McCarthy, 2010;

Roman et al., 2014). However, there are limited data to confirm the

pathway through smaller cetaceans, like spinner dolphins (Kiszka

et al., 2022). Letessier et al. (2022) investigated the potential

ecological role of spinner dolphins providing nutrients that may

enrich primary productivity for coral growth in atoll lagoon reef

systems, determining that an average local spinner dolphin group

may contribute subsidies estimated at 1,294 kilograms (kg) of

nitrogen annually (kg N year-1) in the Maldives archipelago and

288 kg N year-1 in the Chagos archipelago (Letessier et al., 2022).

FIGURE 1

Location of spinner dolphin (Stenella longirostris longirostris) encounters analyzed from 2013–2022 and mapped coral reef habitat in the Maui Nui

region, Hawai’i. Geospatial shapefile data for mapping coral reef habitat obtained from National Oceanic & Atmospheric Administration (NOAA),

National Ocean Service (NOS) and National Centers for Coastal Ocean Science (NCCOS) project: Mapping of Benthic Habitat for the Main Eight

Hawaiian Islands (Battista et al., 2007).
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The prevalence of spinner dolphins and their predictable use of

inshore regions in Maui Nui (Stack et al., 2020) with known coral

reef habitats suggests that the dolphin population may contribute to

the functioning of coral reef ecosystems via a mechanism we refer to

as “the dolphin tap” by enhancing coral health through the

deposition of limiting nutrients, such as nitrogen, that are needed

for primary production (e.g., Shantz and Burkepile, 2014; Savage,

2019; Allgeier et al., 2020). To gain insight into the role of nearshore

small cetaceans on ecosystems in a changing marine environment,

we assessed the spatial use of spinner dolphins in Maui Nui and

estimated nutrient deposition from dolphins transferred into the

overall marine environment and to coral reefs via proportion of

time they overlapped with coral reef habitat and standard

metabolic models.

Methods

Study area

The study area consisted of waters surrounding the four islands

of Maui, Lāna‘i, Kaho‘olawe, and Moloka‘i, known as the Maui Nui

or 4-Islands region of Hawai‘i. The area surveyed encompassed

7,186 square kilometers (km2) and largely comprised leeward and

shallow water channels, predominately less than 200 m in depth,

which were once land bridges connecting the four islands (Grigg

et al., 2002). Additionally, we surveyed the windward side of the

Maui Nui islands and deeper offshore waters south of Maui, Lāna‘i,

and Kaho‘olawe that range up to 2,992 m in depth (Figure 2). The

bottom topography of the channels between the islands consists of

ridge crests, basins, pinnacles and sand plains, with areas of live

benthic cover, such as mesophotic coral and macroalgae also

persisting at depths up to 130 m (Grigg et al., 2002; Kahng et al.,

2016). The four islands of Maui Nui protect sections of coastline

between the islands from large open ocean waves and provide ideal

locations for coral reef development (Field et al., 2019). Within

Maui Nui, the largest and most complex coral reefs in the MHI are

found primarily in leeward shallow waters, as the most substantial

reef accretion and coral growth occurs in depths < 30 m with low

wave energy (Storlazzi et al., 2005; Field et al., 2019). Shallow water

coral reef structure covered 258.91 km2 throughout the Maui Nui

region (Battista et al., 2007), representing 4% of our study area.

Data collection

We collected data from a 7.92 m research vessel from 7

February 2013 to 18 November 2022. A combination of

systematic and nonsystematic research surveys (Stack et al., 2019)

and line-transect methodologies (Currie et al., 2017) were used for

multi-species cetacean surveys. While on surveys, a minimum of

two observers (port and starboard) and the captain continuously

scanned over a 180-degree field of vision to detect dolphins

resulting in 360-degree coverage, while an additional crew

member acted as a data recorder. We conducted on-effort surveys

only when sea conditions were Beaufort Sea State 3 or less. During

surveys, when dolphins were encountered, we initiated a focal

follow to confirm the species, collected data on group size

(number of animals, recorded as minimum, best, maximum

estimations), group composition (estimated number of adults,

FIGURE 2

Map depicting the grid density (1 km x 1 km) of total km traveled per grid cell during vessel surveys from 2013–2022 in Maui Nui, Hawai’i.
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sub-adults, and calves), and photo-identification data. At the start

and the end of an encounter with a group of dolphins, we collected a

waypoint using a Garmin GPSMAP78 handheld Global Positioning

System (GPS) to represent the location (latitude and longitude) and

the GPS further recorded a track of the vessel throughout the

encounter, with vessel movements generally optimized for photo-

identification. Additionally, from 2013–2016 we documented the

group spread distance (m) for each spinner dolphin encounter, by

estimating the farthest points visible of the group by eye. To

maximize our sample for this analysis, we included both on- and

off-effort encounter data. Off-effort encounters occurred during

active encounters with another group or species, while

transiting between line transects, or when weather conditions

were not ideal.

Data analysis

Spinner dolphin distribution
We quality controlled the GPS tracks from the research vessel

surveys and the waypoint locations of spinner dolphin encounters for

location errors and corrected or removed errors as applicable. We

examined locations of all encounters by effort type, to ensure that off-

effort encounters reflected the same general spatial distribution as on-

effort encounters. To visualize spatial variation in overall survey effort,

we set 1 km x 1 km grid cells through the survey area and summed the

vessel track distance (km) per grid cell. Then, using a custom R-script

(R Core Team, 2024) we pulled track segments for duration of each

spinner dolphin focal follow based on the start and end encounter

waypoints. The track segments represented a proxy for spinner dolphin

distribution and reflected time spent during each encounter with a

group of dolphins. We imported the track segments of each encounter

into ArcGIS (v. 10.8.2; ESRI 2021) using a WGS 1984World Mercator

projection and WGS 1984 datum.

Coral distribution

We obtained geospatial shapefile data for benthic habitat in the

Maui Nui region from the National Oceanic & Atmospheric

Administration (NOAA), National Ocean Service (NOS) and

National Centers for Coastal Ocean Science (NCCOS) project:

Mapping of Benthic Habitat for the Main Eight Hawaiian Islands

(Battista et al., 2007). These data included classifications of the

biological cover of nearshore habitat up to 30 m depth using satellite

imagery and site ground validation, representing the region with a

minimum mapping unit of 1 acre (4,046.86 m2) (Battista et al.,

2007). We imported the data into ArcGIS and edited the shapefile to

delineate the presence of coral by selecting only structure features

classified as ‘coral reef and hardbottom’, with biological covers of

live coral greater than 10 percent. The resulting coral reef habitat

shapefile represented colonized biological coastal habitat and

consisted of areas of potential coral recruitment within our study

area (Battista et al., 2007).

Dolphin-coral overlap

Our spatial analysis of the overlap of spinner dolphins with

coral reef habitat included the waters off primarily leeward Maui

and Lāna‘i, where the majority of our surveys were conducted

(Figure 2). The coral reef and hardbottom structures of the coral

reef habitat covered 129.34 km2 along the shoreline of Maui and

Lāna‘i islands. To assess the spatial overlap of spinner dolphin

groups with coral reef habitat, we overlaid the vessel track segments

from both on and off-effort 2013–2022 spinner dolphin encounters

on the coral reef habitat shapefile in ArcGIS (Figure 3). Our vessel’s

location was not an exact representation of the location of all

dolphins in the group. Therefore, to aid in the estimation of

whether the group passed over coral reef habitat, we centered a

buffer on the vessel track segment that was derived from the group

spread distances estimated during 2013–2016 as noted above. We

considered the buffered track a proxy for dolphin location during

our encounters. To quantify uncertainty around the group spread

distances, we performed 100,000 bootstrap iterations to generate a

group spread distribution. We assessed the sensitivity of our overall

results to the buffer distance by applying 3 distinct buffer distance

values representing the 25%, 50%, and 75% quartiles of the

bootstrapped distribution. We then tallied the minutes (min) for

each encounter when the buffered vessel tracks intersected with the

mapped coral reef habitat using the GPS timestamps to calculate

overlap duration. We divided this “time over coral” by the total time

for each encounter to calculate an overlap proportion for each

encounter. We calculated these overlap proportions for all

encounters for each of the 3 buffered track distances (i.e., the

values from the 25%, 50%, and 75% quartiles).

Spinner dolphin estimated nutrient deposition

To estimate nutrient deposition of spinner dolphins into the

overall marine environment in Maui Nui, we approximated the

daily prey consumption using standard metabolic theory scaled by

species as per Letessier et al. (2022). It is important to note that

there are no direct measurements for the field metabolic rate of

spinner dolphins, or the assimilation efficiency and nitrogen

content in prey consumed in the spinner dolphins’ diet in

Hawai‘i. Therefore, we used previously published values of the

most similar information available (Table 1), incorporating and

propagating error where possible via a Monte Carlo simulation

using 100,000 iterations (Annan, 1997).

We used a spinner dolphin mass (M) of 58.5 kg for spinner

dolphins in Hawai‘i (as seen in Norris and Dohl, 1980) to

calculate basal metabolic rate (BMR) with the following

equation (Kleiber, 1975):

BMR = 293:1M0:75

As BMR represents only the minimum amount of energy an

organism needs to sustain life while at rest, we also calculated the field

metabolic rate (FMR) to account for the higher metabolic

requirements of marine mammals needed for energy expenditure
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and additional energy required to move and survive (Noren and

Rosen, 2023). For each iteration, a BMR multiplier was sampled from

a Normal distribution with mean = 3.52 and SD = 0.62 (Noren and

Rosen, 2023). This sampled value was then multiplied by the BMR to

calculate the FMR for that iteration, allowing for the propagation of

uncertainty into the subsequent deposition calculations. The average

daily (24-hr) ration (ADR) (kg day-1) of spinner dolphin prey

consumption was then estimated by converting the energy

requirements of FMR to the wet weight of prey items (Barlow et al.,

2008). In the calculations for the ADR (see equation below), the

energy densities for spinner dolphin prey items were based on the

literature and set to be 3900 kJ kg–1 for crustaceans and 5450 kJ kg–1

for squid and fish (Leaper and Lavigne, 2007). For ADR, the

proportion of crustaceans in the diet of spinner dolphins (Z) was

set as 7% (Dolar et al., 2003) and included an assimilation efficiency of

80% (Leaper and Lavigne, 2007).

ADR =
FMR

(0:8½3, 900(Z) + 5, 450(1 − Z)�)

From the ADR, we estimated daily (24-hr) nitrogen deposition

into the overall marine environment per spinner dolphin (Ndep),

utilizing the typical proportion of nitrogen (Nprey; set at 2.5%; Boyd,

1999) in the prey consumed by dolphins, of which 80% is

metabolized and therefore may be egested (Nmet; set at 80%;

Gaskin, 1982).

Ndep = (ADR)(Nprey) (Nmet)

The metabolic nutrient deposition calculations in the overall

marine environment were on a 24-hr scale, and all estimates were

considered for adult spinner dolphins, assuming all individuals

deposited at the same rate, without costs from reproduction or

growth. To determine the annual nitrogen deposition (NdepY) for an

individual spinner dolphin into the overall marine environment, we

multiplied the daily 24-hr estimate by 365 days (Table 2). We

similarly calculated nitrogen deposited annually (NdepY) into the

marine environment by a spinner dolphin group for each of the

iterations by multiplying the annual deposition of an individual

dolphin estimate by a group size sampled from a log-Normal

distribution (derived from natural-scale mean = 65.40 and

SD = 45.24) to enforce non-negativity and to account for positive

skew in the observed data (Table 2). Due to the absence of

population level estimates of spinner dolphins in the O‘ahu/4-

islands stock or within the Maui Nui region of the stock where

our study occurred, we illustrated annual nutrient deposition on a

population level into the overall marine environment by utilizing

spinner dolphin population data collected from part of the stock’s

known distribution. For this illustrative population-level example,

we multiplied the annual individual nutrient deposition estimate by

the distance-sampling point estimate of spinner dolphin abundance

from around the island of O‘ahu, 594 individuals (95% CI [360,

980]) (Lacey et al., 2025) (Table 2). Given distance-sampling often

FIGURE 3

Subset of study area around Maui and Lāna’i with spinner dolphin (Stenella longirostris longirostris) and coral reef habitat overlap represented by

buffered vessel tracks (275.88 m) from spinner dolphin encounters analyzed from 2013 – 2022. Geospatial shapefile data for mapping coral reef

habitat obtained from National Oceanic & Atmospheric Administration (NOAA), National Ocean Service (NOS) and National Centers for Coastal

Ocean Science (NCCOS) project: Mapping of Benthic Habitat for the Main Eight Hawaiian Islands (Battista et al., 2007).
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results in wide confidence intervals (e.g., Bradford et al., 2021), we

elected not to incorporate the distance-sampling study error into

our deposition calculation for this illustrative example, instead

relying on the point estimate for scaling up nutrient deposition.

We then estimated individual spinner dolphin daily nitrogen

deposition (mean, SD) over coral reef habitat, by first multiplying

the 24-hr (Ndep) value for the overall marine environment by 0.5 to

account for our surveys occurring during daytime only (12-hr),

when spinner dolphins are known to utilize inshore habitat for

resting and socializing (e.g., Norris and Dohl, 1980; Norris et al.,

1994). We then multiplied that result for each iteration by an

overlap proportion sampled from a zero-inflated Beta distribution

(Ospina and Ferrari, 2010) based on the overlap proportions from

each of the encounters calculated for each buffered track distance.

The 12-hr daytime result represented our “low” estimate nitrogen

deposition (NcorLow) that would occur during a 24-hr period (i.e., a

“daily” rate), assuming no additional deposition occurred during

nighttime. We followed this same procedure to calculate a “mid”

estimate (NcorMid) if the daytime overlap deposition rate extended to

¼ of the nighttime hours (i.e., 15-hr total) but multiplied the 24-hr

value by 0.625 (instead of 0.5). The same method was used for our

“high” estimate (NcorHigh) but multiplied by 0.75 (i.e., 18-hr total; the

daytime rate extended through ½ of the nighttime hours). We

considered these example estimates of the probable range of

nutrient deposition from spinner dolphins. Since behavioral

observations show that spinner dolphins typically forage offshore

during the night (Norris and Dohl, 1980; Benoit-Bird and Au,

2003), the true 24-hr deposition rate over coral reef habitat would

be less than extending the 12-hr deposition rate for 24-hr. We

similarly scaled the deposition estimates over coral reef habitat up

to annual deposition per spinner dolphin, annual deposition per

spinner dolphin group, and annual deposition at a population level,

as per above (Table 2).

Results

Survey effort

From 7 February 2013 to 18 November 2022, we traveled 57,300

km across 429 dolphin surveys. During that time, we encountered

51 spinner dolphin groups in the focal area of our study (Figure 3).

We found no clear spatial differences based on encounter type, of

which 34 encounters were on-effort and 17 were off-effort. The best

group size estimates ranged from 3 to 200 animals, and the mean

group size was 65.4 (SD = 45.24) individuals. Over the ten-year

study, encounter times with spinner dolphins ranged from 3 mins

to 98 mins, and averaged 41 mins. When pooling encounter dates

across years, spinner dolphin encounters occurred in all months of

the year (Figure 4). Using the group spread data from 15 encounters

during 2013– 2016, we determined the median of the bootstrapped

group spread mean was 275.88 m (SD = 46.66) (25% quartile of

mean distribution = 245.29 m; 75% quartile of mean distribution =

308.24 m). Given the similarities in results across these three group

spread distances, below we report only the results of the 50%

(275.88 m) quartile, with the 25% and 75% quartile results

available in Supplementary Materials (Supplementary Tables S1,

S2; Supplementary Figures S1, S2).

TABLE 1 Parameters used for estimating spinner dolphin (Stenella longirostris longirostris) nitrogen input in Maui Nui, Hawai’i.

Parameter Unit Equation
Value
(SD)

Citation

Body size spinner dolphin adult

in Hawai‘i (M)
kg NA 58.5 (N/A)

Middle range of mass adult spinner dolphins 55–62 kg

(Norris and Dohl, 1980)

Basal metabolic rate (BMR) BMR= 293.1 M 0.75 6,199.87 (N/

A)
(Kleiber, 1975)

Field metabolic rate (FMR) BMR x (metabolic multiplier)
21,826.69

(3,845.15)

Multiplier rate = 3.52 (SD = 0.62)

(Noren and Rosen, 2023)

Proportion crustaceans in diet (Z) % NA 7 (N/A) (Dolar et al., 2003)

Average daily ration (ADR)

(Adjusted for assimilation

efficiency 80%)

kg wet

weight d-1

ADR =
FMR

(0:8½3, 900(Z) + 5, 450(1 − Z)�)

Z = 0.007

3900 kJ kg-1 for crustaceans

5450 kJ kg -1 for fish and squid

5.02 (0.88) (Leaper and Lavigne, 2007)

Proportion nitrogen in prey

Nprey

% NA 2.5 (N/A) (Gaskin, 1982)

Proportion nitrogen metabolized

Nmet

% NA 80 (N/A) (Boyd, 1999)

Daily nitrogen deposited per

spinner dolphin

Ndep

kg N d-1 (ADR) (0.8) (0.025) 0.10 (0.02) Letessier et al., 2022
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Spatial analysis of spinner dolphin
distribution and overlap with coral reef
habitat

We analyzed GPS tracks from 51 spinner dolphin encounters

totaling 1,339 min during daytime (12-hr) when dolphins could be

visually sighted (720 mins/day). Most encounters occurred either in

the channel between the islands of Maui and Lāna‘i or were

concentrated on the southeast Lāna‘i and west Maui coast. When

determining the spatial overlap of spinner dolphins and coral reef

using the 275.88 m buffered track, we found 25 spinner dolphin

encounters overlapped coral reef habitat around Maui and Lāna‘i

(Figure 5). At this buffer distance, spinner dolphin time over coral

reef habitat ranged from 1–60 min, over 28% (SD = 36%) of the

total time we observed spinner dolphin groups.

Spinner dolphin estimated nitrogen
deposition

Using the metabolic calculations for FMR and ADR (see

Table 1) we estimated that an individual spinner dolphin in Maui

Nui deposited a daily mean of 0.10 (SD = 0.02) kg N day-1 (24-hr)

and an annual mean of 36.62 (SD = 6.45) kg N year-1 into the overall

marine environment (Table 2). The mean annual estimated

nitrogen deposition into the marine environment was 2,397.34

(SD = 1,734.17) kg N year-1 from a group of spinner dolphins in

Maui Nui and was 21,750.84 (SD = 3,831.79) kg N year-1 when

scaled up to the illustrative population.

Using daytime-only observations (i.e., 12-hr deposition rate) as

the low estimate for spinner dolphin coral reef overlap with the

275.88 m buffered on the track, the mean daily deposition of

TABLE 2 Calculations for spinner dolphin (Stenella longirostris longirostris) nitrogen input in Maui Nui, Hawai’i.

24-hour scale
Spinner dolphin
individual daily

Spinner
dolphin
individual
annual

Spinner dolphin group annual
average group size = 65.40
(SD = 45.24) individuals

Spinner dolphin population
annual O’ahu population
estimate 594 (Lacey et al.,

2025)

Equations Ndep

(Ndep) (365)

= NdepY

(NdepY) (group size) = (NdepY) (594) =

Estimated nitrogen

deposited in the overall

marine environment

Mean (SD)

0.10 (0.02)

kg N day-1
36.62 (6.45)

kg N year-1
2,397.34 (1,734.17)

kg N year-1
21,750.84 (3,831.79)

kg N year-1

Low estimate of nitrogen

deposited over coral reef

NcorLow

Mean (SD)

Low 24-hr deposition; no

nighttime deposition

12-hr deposition = 24-hr

rate x (0.5) x coral overlap

proportion

(Ndep) (0.5) (coral

overlap

proportion)

=NcorLow

(NcorLow)

(365) =

NcorYLow

(NcorYLow) (group size) = (NcorYLow) (594) =

0.01 (0.02)

kg N day-1
5.19 (6.83)

kg N year-1
340.12 (591.95) kg N year-1

3,081.60 (4,058.07)

kg N year-1

Mid estimate of nitrogen

deposited over coral reef

NcorMid

Mean (SD)

Mid 24-hr deposition;

nighttime deposition at

daytime rate during ¼ of

night

15-hr total deposition = 24-

hr rate x (0.625) x coral

overlap proportion

(Ndep) (0.625)

(coral overlap

proportion) =

NcorMid

(NcorMax)

(365) =

NcorYMid

(NcorYMid) (group size) = (NcorYMid) (594) =

0.02 (0.02)

kg N day-1
6.48 (8.54)

kg N year-1
425.15 (739.94)

kg N year-1
3,852.00 (5.072. 59)

kg N year-1

High estimate of nitrogen

deposited over coral reef

NcorHigh

Mean (SD)

High 24-hr deposition;

nighttime deposition at

daytime rate during 1/2 of

night

18-hr total deposition = 24-

hr rate x (0.75) x coral

overlap proportion

(Ndep) (0.75)(coral

overlap

proportion) =

NcorHigh

(NcorUp) (365)

= NcorYHigh

(NcorYHigh) (group size) = (NcorYHigh) (594) =

0.02 (0.03)

kg N day-1
7.78 (10.25)

kg N year-1
510.20 (887.93)

kg N year-1
4,622.40 (6,087.11)

kg N year-1

Spinner dolphin nitrogen deposition over coral reef habitat was estimated based on the overlap of coral and the buffered vessel tracks (buffer distance = 275.88 m; 50% quartile of the bootstrapped
group spread distribution).
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nitrogen from a single spinner dolphin over coral reef habitat

around Maui and Lāna‘i was 0.01 (SD = 0.02) kg N day-1 and

5.19 (SD = 6.83) kg N year-1 (Table 2). The low (12-hr) rate

estimation for annual deposition from a spinner dolphin group

over coral reef habitat with the same buffer distance was 340.12

(SD = 591.95) kg N year-1 and the deposition at a population level

was 3,081.60 (SD = 4,058.07) kg N year-1. The estimates for

individual spinner dolphin deposition over coral reef habitat

extending into nighttime hours (NcorMid) and (NcorHigh) were

0.02 kg N day-1 (SD = 0.02) and 0.02 kg N day-1 (SD = 0.03),

respectively. The annual estimates for an individual spinner dolphin

over coral reef were 6.48 kg N year-1 (SD = 8.54) at the mid estimate

and 7.78 kg N year-1 (SD = 10.25) at the high estimate. We

estimated a group of spinner dolphins would annually deposit

425.15 kg N year-1 (SD = 739.94) at the mid estimate and

510.20 kg N year-1 (SD = 887.93) for a high estimate. The

population level mid estimate for spinner dolphin nutrient

deposit ion over coral reef was 3,852.00 kg N year -1

(SD = 5,072.59) and the high estimate was 4,622.40 kg N year-1

(SD = 6,087.10) (Table 2). See Supplementary Material for nutrient

deposition based on 25% (245.29 m; Supplementary Table S1,

Supplementary Figure S1) and 75% (308.24 m; Supplementary

Table S2; Supplementary Figure S2) quartile buffered

track distances.

Discussion

In this study we assessed the potential for spinner dolphins to

contribute nutrients into the marine environment including over the

coral reef habitats around the islands of Maui and Lāna‘i using spatial

and temporal overlap with coral reefs and estimates of nitrogen

deposition based on standard metabolic models. Based on their

spatial and temporal distribution in Maui Nui, we found that a

spinner dolphin may deposit an estimated 36.62 (SD = 6.45) kg N

year-1 into the marine environment. This provides a pathway for

spinner dolphins to serve as a nutrient vector when overlapping with

coral reef habitats, with a low estimate nutrient deposition from an

individual dolphin over coral reefs of 5.19 (SD = 6.83) kg N year-1.

The spatial distribution of spinner dolphins in this study aligns

with previous studies in the Maui Nui region (Stack et al., 2020;

McElligott and Lammers, 2021) indicating the use of a variety of

habitats that differ from the other MHI (Norris and Dohl, 1980;

Lammers, 2004; Tyne et al., 2015). In this study, all spinner dolphin

encounters occurred in the inshore waters in the channels and along

the coasts of Maui and Lāna‘i, where any pelagic nutrient inputs

from spinner dolphins into the overall marine environment would

bring benefits through the promotion of primary production from

phytoplankton biomass (Gove et al., 2016). Further, spinner

dolphins’ use of the inshore Maui Nui basin channels also

overlaps with large areas of other biological benthic cover,

including mesophotic reefs and macroalgae assemblages, at

depths > 30 m that cannot be mapped by satellites (Battista et al.,

2007; Kahng et al., 2016). These ecologically important

communities were not considered here, yet likely could also be

supported by nutrients transported by spinner dolphins (Kahng

et al., 2016), since the density and consistency of marine mammal

fecal plumes vary and can be dispersed by either floating or sinking

in the water column (Parsons et al., 2003). Additional trophic

connections between spinner dolphins and reef fish were

FIGURE 4

Monthly count of spinner dolphin (Stenella longirostris longirostris) encounters analyzed from Maui Nui region (n= number of surveys per month),

pooled across years from surveys conducted during 2013 – 2022.
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described in Brazil, where fish associate with dolphins to

opportunistically feed on their waste (Sazima et al., 2003), and if

similar behavior occurred here, it could enhance nutrient transfer.

In this study, we further document that spinner dolphins in the

Maui Nui region use coral reef habitat for up to 28% of their

observed daytime hours (using the 50% quartile buffered track

overlap with coral reef habitat). In McElligott and Lammers (2021),

spinner dolphin acoustic activity was also detected over coral reef

habitat at half of their passive acoustic sites located around Maui

and Lāna’i. The protected nature of the leeward waters and channels

between the four islands of Maui Nui likely influence both spinner

dolphin and coral reef distribution and their overlap (Field et al.,

2019; Stack et al., 2020; McElligott and Lammers, 2021). In this area,

the main climatic and oceanographic factors influencing local

marine ecosystems are wave activity, the predominant trade-

winds, and local circulation patterns (e.g., Storlazzi et al., 2017;

Field et al., 2019). For coral reefs here, the proximity of the four

islands can decrease flushing, as well as provide protection from

large wave activity, resulting in increased exposure and retention of

materials (Storlazzi et al., 2017). Additionally, local circulation

patterns provide connectivity for biological material from one

island of the region to another, such as the movement of coral

larvae or nutrients from Maui to Moloka‘i (Storlazzi et al., 2017).

While the exact fate of nutrients transported by spinner dolphins

remains unknown, our findings indicate that spinner dolphins in

Maui Nui spend a considerable amount of time over biological

habitats inshore where they may be a source of pelagic nutrients.

We estimated the amount of daily nutrient deposition from an

individual spinner dolphin into the overall marine environment in

Maui Nui to be 0.10 (SD = 0.02) kg N day-1 (24-hr). Similar to ‘the

whale pump’, several other studies demonstrated that spinner

dolphins could mediate the transport of nutrients through their

foraging on the deep-scattering prey layer and daily deposition

within surface waters (Letessier et al., 2022; Woodstock et al., 2023),

a mechanism we refer to as “the dolphin tap”. In the Gulf of Mexico,

the estimated daily nitrogen deposited from an individual spinner

dolphin (0.005 kg N day-1) from their foraging depths to the

oligotrophic surface waters (Woodstock et al., 2023), was lower

than our 24-hr estimate of deposition into the overall marine

environment. When compared to island-associated spinner

dolphins in the Indian Ocean, our nutrient deposition per

individual into the overall marine environment was higher than

the estimate in the Chagos and Maldives archipelagos (0.0654 kg N

day-1) (Letessier et al., 2022). However, our low estimate that a

spinner dolphin would deposit (5.19 kg N year-1) when over coral

reefs around the islands of Maui and Lāna’i was lower than the

annual estimation over coral reefs in Chagos and Maldives

archipelagos (23.9 kg N year-1). The differences in estimations are

likely influenced by the extent of coral coverage within the coral reef

ecosystems, where Letessier et al. (2022) considered any visual or

acoustic observations throughout both archipelagos in the Indian

Ocean to be over coral. In Maui Nui, the coral reef habitat

encompassed only 4% of our survey area and we only tallied

sightings overlapping with coral reefs around Maui and Lāna‘i as

over coral. The coral reef habitats off Moloka‘i, and Kaho‘olawe

were not included in this analysis, but these areas should be

considered in future research for a more complete understanding

of the local spinner dolphin nutrient input throughout all of Maui

Nui. Additionally, our low estimate nutrient deposition represented

daytime only spinner dolphin nutrient contribution to coral reef

communities, with the mid and high estimates extending deposition

partially into nighttime. The true value of nutrients deposited likely

is encapsulated within this range, given previous behavioral data

found spinner dolphins are not over inshore coral reefs as often

FIGURE 5

Monthly count of spinner dolphin (Stenella longirostris longirostris) encounters analyzed that overlapped coral reef habitat at buffered vessel tracks

(275.88 m) around the islands Maui and Lāna’i (n= number of surveys per month), pooled across years from surveys conducted during 2013 – 2022.

Olson et al. 10.3389/fmamm.2025.1712553

Frontiers in Mammal Science frontiersin.org10

https://doi.org/10.3389/fmamm.2025.1712553
https://www.frontiersin.org/journals/mammal-science
https://www.frontiersin.org


during nighttime hours (Norris and Dohl, 1980; Norris et al., 1994;

Stack et al., 2020; Benoit-Bird and Au, 2003). Our results represent

baseline estimates of the potential natural nutrient transfer from

pelagic sources by spinner dolphins to coral reefs off human-

populated islands in the Maui Nui region.

Our low nutrient deposition estimate indicated that a spinner

dolphin group could supply an additional 340.12 (SD = 591.95) kg

N year-1 from pelagic sources over coral reef habitats around Maui

and Lāna‘i. There is increasing evidence that nutrient input from

animal-derived sources (e.g., ammonium) enhances coral reef

growth and health, while increases in human-mediated nutrients

(e.g., nitrate) tend to decrease coral growth (e.g., Shantz and

Burkepile, 2014; Savage, 2019; Allgeier et al., 2020). This

highlights the potential importance and benefit of pelagic-sourced

natural nutrient inputs for coral reefs from spinner dolphins found

around the islands of Maui Nui. It is worth noting that the mapped

coral reef habitat used for assessing spinner dolphin overlap in this

analysis was based on prior spatial data and may not represent the

current state of coral reef coverage around Maui and Lāna‘i. While

this may have resulted in an over or under-estimate of coral reef-

dolphin overlap for our analysis, the habitat data we used

represented the largest and most comprehensive spatial data

available for coral reefs in MHI. More recent, less extensive

monitoring of coral reef sites around the island of Maui found

changes in coral coverage with some locations showing evidence of

decline and others coral reef tracts increasing in coral cover over

time (Sparks et al., 2015; Maynard et al., 2019). Unfortunately,

changes to coral reefs from the impacts of ocean warming and

bleaching events also occurred in the Hawaiian archipelago during

our study (Field et al., 2019). Such bleaching events have been

increasing in frequency and severity since 1980 (Hughes et al.,

2018), with mass coral reef bleaching events occurring in the MHI

in 2014, 2015, and 2019 (Rodgers et al., 2017; Winston et al., 2022).

Despite the uncertainty in the contemporary state of coral cover in

Maui Nui, several studies have shown that natural nutrients from

animals can potentially decrease the susceptibility of coral bleaching

and promote recovery after bleaching events by providing optimal

ratios of nutrients needed for maintaining mutualism between coral

and symbiotic algae (Burkepile et al., 2020; Benkwitt et al., 2023).

Since the number of animals available to serve as nutrient vectors

directly scales to the amount of natural nutrients deposited

(Subalusky and Post, 2019), it is important to consider the

population level benefits of this nutrient pathway. Our illustrative

population level nutrient deposition low estimate over coral reefs

was 3,081.60 (SD = 4,058.07) kg N year-1, and represented only

animals from part of the stock boundary around O‘ahu. To best

interpret the results for spinner dolphin nutrient deposition over

coral reefs in Maui Nui, an updated location specific abundance

estimate would be necessary, but our example estimate provides

insight into the amount of nutrients that could be transferred at a

population level. These findings indicate that the natural nutrient

contributions from a group and population of spinner dolphins

may be of critical consequence in promoting coral reef resistance

from future climate-related disturbances (e.g. Burkepile et al., 2020;

Benkwitt et al., 2023).

The health and physiology of coral reefs benefit from high

concentrations of natural nutrient supplementation that are

episodic and short in nature (van Der Zande et al., 2021),

indicating that the punctuated spatial and temporal nature of

spinner dolphin nutrient subsidies could be further advantageous

for coral reefs around Maui and Lāna‘i. Spinner dolphins in Maui

Nui are known to move through the inshore region, with

individuals traveling between the four islands (Stack et al., 2020).

These movement patterns likely promote nutrient dispersal to

different coral reef communities throughout the region with brief

influxes of nitrogen when spinner dolphins overlap with coral reef

habitat. The non-continuous daytime use of spatial areas by spinner

dolphins is further evidenced by our unpublished observational

data collected from daytime shore-based surveys of Hulopo’e Bay

located on Lāna‘i, where shallow coral reefs are also found. Our

shore surveys found spinner dolphins present in the Hulopo‘e Bay

during 62 of 124 surveys, averaging an hour of time observed in the

bay per use, representing 62% of the time we surveyed the bay

(4,250 total minutes dolphins were observed/6,844 total daytime

minutes surveyed). Such nutrient deposition dynamics, which

support coral reef health, are contrary to the larger influx and

continuous deposition of excess nutrients from anthropogenic

sources that can cause eutrophication and threaten coral reef

health (e.g., Burkepile et al., 2013; Shantz and Burkepile, 2014;

Allgeier et al., 2017; van Der Zande et al., 2021). There is an

increasing concern for coral reef loss, evidenced by declining health

of coral reefs in the MHI in recent decades, mainly due to land-

based pollution, sedimentation and overfishing (e.g., Sparks et al.,

2015; Field et al., 2019). Within our study area, coral reef systems

around the island of Maui are in close proximity to larger human

population centers, and have increasingly experienced high

macroalgae blooms as the result of pollutants, excess

anthropogenic nutrient runoff, and overfishin (Field et al., 2019).

This study fills a gap in knowledge on an additional role of

spinner dolphins in ecosystem functioning and highlights the

importance of spinner dolphins in transporting limited nutrients

to inshore waters and coral reef habitats around Maui and Lāna‘i.

Our results suggest that through their role as natural nutrient

vectors that promote coral reef health, spinner dolphins in the

MHI provide ecosystem services that can supply substantial value to

the human population through economic and environmental

benefits (e.g., Cook et al., 2020). The roles of spinner dolphins in

maintaining natural coral reef functioning is highly beneficial for

humans, and the overall value will likely increase over time due to

the growing threats to coral reefs and overall marine ecosystems, as

coral reefs are one of the most profitable marine ecosystems (e.g.,

Mehvar et al., 2018). Previous studies have also described tourism as

an additional economic benefit that spinner dolphins in the MHI

provide for humans. For example, in 2013, commercial tourism

based on wild dolphins in Hawai‘i generated an estimated $102

million/year (Wiener et al., 2020). However, popularity and

demand of these activities may negatively impact dolphins, which

could lead to population decrease or shift of habitat use during

daytime resting (Tyne et al., 2018; Stack et al., 2020). Given their

proximity to human-populated areas, spinner dolphins are
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additionally sensitive to other anthropogenic-based threats, such as

marine debris (Currie et al., 2017), entanglement (Bradford and

Lyman, 2015, 2018), and noise pollution (Heenehan et al., 2017).

While no studies have described the impacts of climate change on

spinner dolphins, this threat is likely of high concern as well,

especially for island-associated stocks that have limited

opportunities to adapt to changing conditions, given their small

populations, and restricted geographic distribution (Lettrich et al.,

2023). The extent of impact that these threats potentially have on

spinner dolphins in Maui Nui remains unknown but warrants

further attention. Spinner dolphins serve as a sentinel species in

the Maui Nui region through their role as a top predator and can

provide insight into ecosystem functioning and future changes

(Hazen et al., 2019). Therefore, it is imperative for effective

management efforts to consider the larger ecological roles of

dolphins to help guide ecosystem-based conservation strategies

(e.g., Hazen et al., 2019; Kiszka et al., 2022).

With increasing environmental changes, naturally-sourced

nutrients translocated by spinner dolphins may provide increased

resilience and resistance of coral reefs to climate change stressors

(e.g., Benkwitt et al., 2023). This relationship suggests that if adverse

impacts to spinner dolphin populations or changes in their habitat

use occur, coral reefs around Maui and Lāna‘i could suffer from lack

of beneficial natural nutrient sources (e.g., Burkepile et al., 2013).

Healthy coral reefs worldwide and in MHI promote biodiversity

and provide essential ecosystem services for humans through

economic benefits, protections of coastal infrastructures, food

resources and cultural value (Field et al., 2019). Specifically, in the

MHI, coral reef habitats were estimated to bring $360 million/year

into the local economy (Cesar and van Beukering, 2004). These

factors highlight the significance of enhancing natural ecosystem

functioning to promote resilience and recovery for coral reefs from

future disturbances for both ecological purposes (e.g., Graham et al.,

2018; Benkwitt et al., 2023) and additional human benefits (Field

et al., 2019). This is of increased importance in the wake of the

recent fires on the island of Maui, which were likely intensified due

to drought-like conditions influenced by climate change (Lee and

Freitas, 2025). Wildfire events may negatively impact local dolphin

populations and coral reef habitats through influx of ash, debris and

other chemicals into the water, along with algal blooms and food

chain disruptions (e.g. Santori et al., 2023). Future conservation

efforts should consider the connection between spinner dolphins

and coral reef communities with an aim towards a more cohesive

ecosystem level approach to management.

Conclusion and future research

Our results add to the nascent body of knowledge on the role of

small cetaceans in nutrient transfer and provide baseline data for

the specific ecological role that spinner dolphins may play as “the

dolphin tap” nutrient vector between pelagic nutrient sources and

inshore coral reef habitats in the Maui Nui region. This information

is beneficial to decision-makers and managers working to preserve

productivity and functioning of ecosystems, especially under

ecological stressors like changing environmental conditions

(Kiszka et al., 2022). Due to the uncertainty inherent in our

baseline analysis, additional research is necessary to better define

the magnitude and implications of the natural dynamics between

spinner dolphins and marine habitats in Maui Nui. Updated

abundance estimates for the O‘ahu/4-islands stock and the other

MHI stocks are needed to better understand their nutrient transfer

dynamics and if their ecological role may be impacted by changing

populations of spinner dolphins. Further, the metabolic models

used for estimating nutrient deposition would be improved with

subspecies-specific parameters for spinner dolphins in Hawai‘i.

Finally, within the context of rapidly changing environments, it is

important to continue monitoring coral reef health and assess other

nutrient pathways, including anthropogenic influx, to Maui Nui

coral reefs to guide conservation-based management on a larger

ecosystem scale.
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