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1.  INTRODUCTION

Spinner dolphins Stenella longirostris longirostris

in Hawai‘i are island-associated dolphins that exhibit

a predictable daily diurnal behavioral pattern (Norris

& Dohl 1980, Lammers 2019). At night, spinner dol-

phins migrate offshore and feed cooperatively on

vertically and horizontally migrating mesopelagic

prey (Benoit-Bird & Au 2009, Thorne et al. 2012). The

dolphins typically enter shallow bays just after dawn

and move into a resting state, characterized by slow,

synchronized swimming, tight group formation, and

cessation of aerial behavior (Norris & Dohl 1980).

Resting dolphins move slowly for 4−5 h before begin-

ning a zig-zag pattern of swimming, at which time

surface activity begins to increase before the group

migrates into deeper waters before dusk (Norris &

Dohl 1980). In the 1970s and early 1980s, several

spinner dolphins were radio-tagged to monitor their

nighttime movement patterns (Norris & Dohl 1980,

Norris et al. 1994); researchers learned that spinner

dolphins move slowly offshore in the evening in large

groups, zig-zagging back and forth along the island

slope all night before approaching shore at dawn.
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Spinner dolphins are distributed throughout the

main Hawaiian Islands and the Northwestern Hawai-

ian Islands. Norris & Dohl (1980) described spinner

dolphin distribution throughout the Hawaiian archi-

pelago and provided insight into dolphins’ general

movement patterns in the Maui Nui region — com-

prising the 4 islands of Maui, Lāna‘i, Moloka‘i, and

Kaho‘olawe. However, these data are outdated and

lack photographic matches of individuals to assess

inter- and intra-island movement patterns and inter-

change. There is significant genetic differentiation

between spinner dolphins in Hawaiian waters and

those found globally (Andrews et al. 2006). Further,

genetic differentiation was found between individu-

als sampled at 5 different areas along the Hawaiian

archipelago, suggesting that the Hawaiian Islands

dolphins have low levels of population exchange and

exhibit strong site fidelity (Andrews 2009, Andrews et

al. 2010). Based upon the genetic differentiation be -

tween these areas, NOAA Fisheries defined 5 dis-

tinct island-associated stocks of spinner dolphins in

Hawai‘i: Hawai‘i, O‘ahu/4-islands (in cluding Maui,

Lāna‘i, Moloka‘i, and Kaho‘olawe), Kaua‘i/ Ni‘ihau,

Pearl and Hermes Reef, and Midway Atoll/Kure

(Carretta et al. 2014).

Extensive research on the distribution, abundance,

and habitat use of spinner dolphins along the western

coast of Hawai‘i Island has been undertaken, particu-

larly in the last 10 yr (e.g. Norris et al. 1994, Thorne et

al. 2012, Tyne et al. 2014, 2015, 2017). However, com-

paratively little is known about the movements and

interchange of spinner dolphins around the other

main Hawaiian Islands (Kaua‘i/ Ni‘ihau, O‘ahu, and

Maui Nui). Previous research off the island of O‘ahu

found that spinner dolphins were resting in areas that

were not considered ideal ac cording to the findings of

earlier researchers, such as outside of bays or milling

along coastlines (Lammers 2004). In a later study,

Thorne et al. (2012) modeled the characteristics of

bays to determine if they could predict where spinner

dolphins rested. From this spatial modeling, 4 bays

were identified as suitable resting habitats in Maui

Nui (Thorne et al. 2012), but these results could not be

validated due to lack of available sighting data in this

region. Recently, a study in Maui Nui by McElligott

(2018) used acoustic data to propose that spinner dol-

phins utilize both the Maui coastline and the ‘Au‘au

Channel to rest rather than one specific bay, as de-

scribed for Hawai‘i Island — but this, again, could not

be validated due to a lack of sightings in this region.

Maui Nui is of particular interest due to its unique

shallow bathymetry between the 4 islands (see Fig. 2),

compared to the steeper slopes leading offshore

where spinner dolphins usually occur around the is-

lands of Hawai‘i and O‘ahu (McElligott 2018).

Predictable patterns of distribution and daytime

behaviors of spinner dolphins in Hawai‘i make them

easily accessible to the public and vessel-based eco-

tourism activities, such as swimming with dolphins

and whale watching. However, dolphin-directed

activities that closely approach, swim with, interact

with, and/or attempt to interact with dolphins have

the potential to disrupt their normal behavioral pat-

terns. Disturbance behaviors in response to vessels

and swimmers have been documented for spinner

dolphins (e.g. Courbis & Timmel 2009, Tyne et al.

2018) and have been shown in other cetaceans to re -

sult in biologically significant consequences, such as

habitat abandonment, decreased time spent forag-

ing, and reduced reproductive success (Bejder et al.

2006a,b, Williams et al. 2006, Lusseau & Bejder 2007).

The primary concern for spinner dolphins is that

human activities can cause disruption of the normal

rest cycle and that inadequate quantity and/or qual-

ity of rest can have cumulative impacts that will af -

fect life history processes, such as foraging and re -

production. Off Hawai‘i Island there is evidence that

the spinner dolphin population size has declined over

several decades, likely as a result of long-term sus-

tained pressure from human activities (Tyne et al.

2014). Additionally, Baird (2016) suggested that dis-

placement from traditional shallow, nearshore rest-

ing grounds could also lead to increased predation

by sharks, which are common in Hawai‘i.

To effectively understand the overlap of spinner

dolphins with anthropogenic activity first requires an

understanding of how this population uses an area.

Kernel density estimates of individual home ranges

are the preferred method for assessing distribution

(Rayment et al. 2009), as it can provide the range

extent of an individual as well as insight into how an

animal uses this range (Vokoun 2003).

In order to effectively manage human disturbance

to spinner dolphins in Hawai‘i, the National Marine

Fisheries Service (NMFS) is evaluating additional

protection measures to reduce harassment from ves-

sel and swim-with activities (NOAA 2016a). Cur-

rently, the federal Marine Mammal Protection Act

(1972) prohibits the harassment of spinner dolphins,

but this term is vague and open to interpretation. Pro-

posed regulatory measures include vessel approach

regulations in coastal waters where dolphin-directed

activities occur (within 2 nautical miles of each of the

main Hawaiian Islands) and in designated waters

between the islands of Lāna‘i, Maui, and Kaho‘olawe

(NOAA 2016a). In NMFS’s Draft Environmental
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Impact Statement (DEIS), various alternative actions

were considered to enhance protection for spinner

dolphins, including an approach limit which would

prohibit vessels and swimmers from approaching

spinner dolphins within 50 yards (46 m) and/or time-

area closures for essential daytime habitat where

consistent human-directed activities occur. In 2016,

NOAA published a proposed rule in the Federal Reg-

ister to establish a 50 yard (46 m)

swim-with and approach regulation

for spinner dolphins under the Marine

Mammal Protection Act (NOAA 2016b).

However, this proposed rule, and other

management measures, are still under

consideration.

In this study, we used photo-ID data

collected from 1996−2019 to identify

and document important spinner dol-

phin habitat in Maui Nui and charac-

terize the amount of movement be-

tween the 4 islands of Maui Nui. We

provide a baseline of spinner dolphin

habitat use and behavior patterns in

Maui Nui which can be used to meas-

ure the efficacy of the proposed en -

hanced protections. This information

builds upon the existing body of knowl-

edge about abundance, be havior, and

genetic relatedness of spinner dolphins

throughout the Hawaiian archipelago

by characterizing their distribution and

movement within Maui Nui, which can

be used to inform appropriate conser-

vation measures.

2.  MATERIALS AND METHODS

2.1.  Study area

The study area was within the near-

shore waters of Maui Nui, which is

semi-enclosed by the islands of Maui,

Moloka‘i, Lāna‘i, and Kaho‘olawe

(Fig. 1). The islands are connected by

the ‘Au’au Channel be tween Lāna‘i and

west Maui, the Kealaikahiki Channel

between Lāna‘i and Kaho‘olawe, and

the ‘Ala lā keiki Channel between south

Maui and Kaho‘olawe. Surveys ex-

tended from leeward shores into waters

approximately 20 km southwest of

Lāna‘i. The study area covered 2102 km2

and consisted predominantly of nearshore habitats

with gently sloping shoreline gradients that extend to

more complex bathymetry of seamounts and ridge-

lines (Grigg et al. 2002). The majority of the study area

consisted of drowned reef features and sandy basins

with a depth of <200 m; however, some areas south of

Lāna‘i reach depths up to approximately 600 m

(Fig. 2).
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Fig. 1. Study area for spinner dolphin surveys conducted between June 1996 and

August 2019, with boundary (solid black) based on the available survey effort

data (2010−2019). Dashed red line: 50 m contour line used to divide nearshore 

from channel waters sightings

Fig. 2. Maui Nui region, with bathymetric contours showing the slope and 

gradient of the sea floor throughout our study site
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2.2.  Data collection

Photo-ID surveys were conducted from a variety of

research vessels from 1 June 1996 to 13 August 2019,

with supplementary photo-ID data provided by Cas-

cadia Research Collective for 2000−2003, 2012, and

2017. Vessels departed from Mā‘alaea or Lahaina

Harbor, Maui, or Mānele Harbor, Lāna‘i. During each

survey, a minimum of 2 observers and the captain

scanned the water by naked eye, with an additional

crew member acting as the data recorder. When spin-

ner dolphins were sighted, a focal follow was initiated

to confirm group size and location and collect photo-

ID data and behavioral observations. Additional infor-

mation on survey methodology is provided in Stack

et al. (2019) and Baird et al. (2013).

2.3.  Data analysis

2.3.1.  Photo identification

Spinner dolphins were individually identified from

photographs using the notches and other natural

marks on their dorsal fins (Hammond et al. 1990).

Photo quality criteria followed methods outlined in

Urian et al. (2015) and were based on evaluating the

focus, exposure, size, and angle of the animal in the

photograph. Only photographs of individual spinner

dolphins with distinctive marks on the dorsal fin

(Urian et al. 2015), identified from good or excellent

photos, were included in the catalog and used for sub-

sequent analysis. All photographs were cataloged

using Discovery Photo-ID software (Gailey & Karcz-

marski 2012); matches were made using FinFindR

software (Thompson 2018) and R v.3.5 (R Core Team

2019), then confirmed with naked eye (Markowitz et

al. 2003). All matches and new individuals were in -

de pendently verified by 2 other researchers to reduce

matching error.

2.3.2.  Spatial analysis

All spinner dolphin sightings with available loca-

tion data and survey effort were imported into Arc -

GIS v.10.7 (ESRI) and assigned a WGS 1984 geo-

graphic coordinate system with a WGS 1984 World

Mercator projection. The location of a dolphin group

was represented by the start coordinates of the sight-

ing, as not all sightings had end coordinates avail-

able for the entire study period, precluding the calcu-

lation of an encounter centroid.

The study area was divided into nearshore waters

or the channel waters for each island where sightings

occurred (Maui, Lāna‘i, and Kaho‘olawe). Nearshore

waters were defined as the area between the shore-

line and the 50 m contour line, as this depth range is

a known predictor for spinner dolphin habitat use

(Lammers 2004, Thorne et al. 2012). The channel

waters were characterized by sightings that occurred

outside the 50 m contour line (Fig. 1). Sightings along

the coast of Maui were not continuous along the

shoreline and were therefore further divided into 2

more regions referred to as south Maui and west

Maui, separated by approx. 25 km (Fig. 1). This re -

sulted in the division of the study area into 5 regions

with spinner dolphin sightings: south Maui, west

Maui, Lāna‘i, Kaho‘olawe, and channel waters.

Individual spinner dolphins that had at least one

re-sighting were used to determine the amount of

interchange between the 5 regions of Maui Nui. To

provide a relative quantification of the amount of

movement within Maui Nui, an index of interchange,

taken from Urban et al. (2000), was calculated for

each pairwise comparison of the 5 regions using the

following formula:

Interchange index = (m12 / [n1 × n2]) × 1000 (1)

where n1 is number of spinner dolphins identified

(marked) in region 1; n2 is number of spinner dol-

phins identified in region 2; and m12 is the identified

spinner dolphins matched between regions 1 and 2.

A high value for the interchange index can indicate

that either (1) a small population is present in the 2

regions or (2) there is a high probability of the same

individual being sighted within both regions. In con-

trast, a low value for this index reflects a low proba-

bility of re-sighting due to either (1) a large popula-

tion or (2) an unlikely interchange of animals between

the 2 regions (Urban et al. 2000).

Kernel density estimates were calculated for adult

individuals that were observed on a minimum of 15

occasions, as this is considered the minimum number

of sightings required for this type of analysis (Rayment

et al. 2009). To account for potential temporal autocor-

relation, individual sightings were restricted to one

per day, and if an individual was observed multiple

times in a single day, only the first sighting was used.

Kernel density estimates for each dolphin were cal-

culated following MacLeod (2013) using the ‘Kernel

Interpolation With Barriers’ tool in ArcGIS v.10.7 to

account for the influence of the islands of Maui, Mo -

loka‘i, Lāna‘i, and Kaho‘olawe on subsequent esti-

mates. The output grid cell size was set to 1 × 1 km

(1 km2) with the extent set to the perimeter of the
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 survey area. Bandwidth was calculated using least

squares cross validation (Bowman & Azzalini 1997)

and estimated at 5320 m. The kernel function was set

to a first order polynomial and the ridge parameter

retained the default value of 50.

The resulting kernel density estimates represent

the estimated number of sightings per km2 that are

likely to occur within each grid cell. Following Spro-

gis et al. (2016), the utilization distribution within the

study area was determined from these values and

defined as the minimum area in which an individual

had a 95% probability of being sighted (Worton

1995). The 95% utilization distribution was deter-

mined following MacLeod (2013) by calculating the

threshold value that included 95% of all sightings

used to create the kernel density estimate for each

individual. The 95% utilization distribution for each

individual is hereafter referred to as the home range

within the study area; however, it is important to note

that the 95% utilization distribution represents the

minimum expanse of each individual within the study

area only, and the true distribution likely extends

beyond the sampled areas.

Transect survey effort was collected using a Gar -

min handheld GPS from 2010−2019. The actual sur-

vey effort is greater than what is reported here,

because GPS tracks were not consistently recorded

prior to 2010. To account for uneven survey cover-

age, effort-corrected sightings were calculated by

adapting methods presented in MacLeod (2013) as

follows: a 1 × 1 km grid cell was created to cover the

survey area, and the group sightings per unit effort

(sightings km−1) were calculated for each cell by

dividing the number of encounters by the length of

track line (km) surveyed within the same cell. Grid

cells with less than 1.41 km of survey effort (the lin-

ear distance required to diagonally traverse a 1 km2

grid cell) were dropped in the subsequent analysis to

minimize the potential bias from poorly surveyed

grid cells. This resulted in effort-corrected sightings

throughout the study area with units of density

(sightings km−1) per square kilometer.

Methods for the hotspot analysis were replicated

from Smith et al. (2013) using the ‘Getis-Ord Gi
*’ sta-

tistic (Getis & Ord 1992) to examine clustering pat-

terns in the effort-corrected dolphin sightings. Ana -

lysis was completed in ArcGIS v.10.7 using the ‘Hot

Spot Analysis Tool’. To determine the appropriate

spatial scale for analysis, both the distance threshold

(in which spatial autocorrelation occurs) and peaks

were calculated. The distance threshold of spatial

autocorrelation in dolphin group locations was deter-

mined using the ‘Average Nearest Neighbor’ tool,

while the ‘Incremental Spatial Autocorrelation’ tool

was used to determine the distance at which spatial

autocorrelation peaked. These distances were then

used to create a custom spatial weights matrix, which

defined a minimum of 8 neighboring cells (Getis &

Ord 1992) in which to calculate the local sum for each

grid cell. The spatial weights matrix was then used as

an input parameter for the ‘Hot Spot Analysis Tool’ to

determine spinner dolphin group hotspots.

2.3.3.  Behavioral analysis

Behavioral data were available for sightings in

south and west Maui, Lāna‘i, and channel waters,

ranging from 24 July 1996 to 13 August 2019. At the

conclusion of each focal follow, the predominant

behavioral state of the group (i.e. more than 50% of

the individuals displaying this behavior for more

than 50% of the encounter) was determined to be the

representative behavioral state for that focal follow.

Behavioral states were classified into the following

categories: (1) resting, (2) milling, (3) traveling, (4)

feeding, or (5) socializing. It is important to note that

no feeding behaviors were observed during the study

period. Socializing behavior was observed during the

study period, but did not constitute more than 50% of

the encounter. As such, these 2 behavioral states were

excluded from subsequent analyses (Table 1).

Time intervals for behavioral observations were

adapted from Lammers (2004) with the expansion of

the early morning category to include 06:00−06:59 h,

as follows: early morning (06:00−10:00 h), late morn-

ing (10:01−12:00 h), mid-day (12:01−14:00 h), and

early afternoon (14:01−16:00 h). No spinner dolphin

sightings occurred later than 16:00 h during the

study period. The proportion of time that dolphins in

each location spent in each behavioral state during
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Behavioral state       Definition

Traveling                  Group moves steadily in a constant

direction; group spacing varies

Resting                     Group moves slowly in a constant

direction with short relatively con-

stant, synchronized dives; individu-

als are tightly grouped

Milling                     Group has no net movement, with

frequent direction changes and indi-

viduals facing different directions;

group spacing varies

Table 1. Behavioral states of spinner dolphin groups, adapted 

from Lusseau (2003)
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each of these time intervals was calculated by divid-

ing the count of each behavior state by the total num-

ber of observations.

3.  RESULTS

Overall, there were 1015 days of effort and 316

spinner dolphin encounters, supplemented by an

additional 132 days of effort and 21 spinner dolphin

encounters by Cascadia Research Collective. Groups

sizes encountered ranged from 2−300 individuals

(median = 93).

3.1.  Photo-ID

Throughout the study period, 685 unique spinner

dolphins were identified over 337 encounters, with

dorsal fin identification photos available

for each en counter. The number of re-

sightings for individual dolphins ranged

from 0−18, with 337 individuals (49.2%)

having at least one re-sighting. Two in -

dividuals had re-sighting histories that

spanned the entire duration of the study

period (23 yr).

3.2.  Spatial analysis

Lāna‘i had the largest number of

unique individual identifications (n =

444), followed by channel waters (n =

226), west Maui (n = 90), south Maui (n

= 48), and Kaho‘olawe (n = 21). In total,

71% of all individuals with 2 or more

sightings were observed moving be -

tween at least 2 of the 5 regions

throughout the study area, often be -

tween islands. Pairwise comparisons

between the 5 regions within Maui

Nui found spinner dolphins sighted

between Kaho‘olawe and Lāna‘i to

have the highest value of interchange

(14.08); the next highest levels of inter-

change occurred be tween west Maui

and Lāna‘i (10.02), and channel waters

and Lāna‘i (9.70) (Table 2).

The home range of 7 individuals

with more than 15 re-sights ranged

from 94−164 km2 (median: 114 km2)

and showed a high degree of overlap

(Fig. S1 in the Supplement at www. int-res. com/

articles/ suppl/ m644p187 _ supp .pdf). The home ranges

were concentrated within south Lāna‘i, the ‘Au‘au

Channel, and west Maui waters. However, the home

range of 1 of the 7 individuals spanned 4 of the 5

sighting areas of Maui Nui, with distributions sepa-

rated by over 35 km (Fig. S1D).

After removing 263 cells with no or low survey

effort, 1839 grid cells and 234 encounters were used

in the hotspot analysis. Of these 1839 grid cells, spin-

ner dolphin encounters were recorded in 104 cells,

and of these, 33 effort-corrected grid cells were iden-

tified as hotspots for spinner dolphins, having Getis-

Ord Gi
* p-values of less than 0.05 (Table S1), repre-

senting an area of 33 km2. The 2 hotspot areas were

split between west Maui and south Lāna‘i (Fig. 3).

The largest hot spot area was along the coast of

Lāna‘i, covering an area of 30 km2; this was also the

region with the highest densities (sightings km−2) of
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                                            Lāna‘i    South    West   Kaho‘olawe    Channel 

                                          (n = 444)   Maui     Maui                             waters

South Maui (n = 48)             3.68                                                                 

West Maui (n = 90)              10.02       3.29                                                  

Kaho‘olawe (n = 21)            14.08       2.29       4.76                                    

Channel waters (n = 226)    9.70        4.53       5.26           7.63                  

Table 2. Indices of interchange between Lāna‘i, Maui, Kaho‘olawe, and the

channel waters, with the number of individual spinner dolphins identified at 

each location during the study period in parentheses

Fig. 3. Survey effort (grey lines), density of sightings in each 1 km2 grid cell,

and significantly significant (p < 0.05) hot spots of spinner dolphins in Maui 

Nui (yellow)

https://www.int-res.com/articles/suppl/m644p187_supp.pdf
https://www.int-res.com/articles/suppl/m644p187_supp.pdf
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spinner dolphins. The highest observed spinner dol-

phin densities (1.5−3.5 sightings km−2) were re -

stricted to the nearshore region of Lāna‘i, within 1 km

of the shoreline (Fig. 3). Single high-density grid cells

(>0.70 sightings km−2) were also identified in the

nearshore waters of south Maui but were not deter-

mined to be hotspots, as they did not exhibit cluster-

ing at the selected spatial resolution.

3.3.  Behavioral analysis

From the 23 yr data set, 77 encounters had re -

corded data on overall group behavior, which ac -

counted for approximately 140 h of observation

across the 4 locations (south Lāna‘i: 89 h; south Maui:

10 h; west Maui: 19 h; channel waters: 24 h). Spinner

dolphin behaviors varied by location, with traveling

behavior accounting for the majority (61.8%) of

observation time across all locations (Fig. 4). Resting

behavior was observed along the south Lāna‘i coast

and in channel waters, and occurred mostly in the

early and late morning time periods. Traveling was

the most prominent behavior ob served in channel

waters, accounting for 100% of observations during

the mid-day and late afternoon time periods

(Fig. 4C). Resting behaviors were not observed at any

location in the early afternoon time period.

4.  DISCUSSION

Knowing where spinner dolphins spend their time

is a key component of developing protective meas-

ures that will be effective in mitigating the significant

tourism pressures they are ex periencing. Here, we

provide data on the movement and behavioral pat-

terns of spinner dolphins within Maui Nui to inform

and guide the most appropriate way to conserve this

population.

4.1.  Spatial analysis

The overall trend in area use documented in this

study differs from previous research on spinner dol-

phins, which had indicated that these animals rest

primarily in shallow bays and protected coves, while

areas outside of bays are used for transiting between

the resting and feeding areas (Tyne et al. 2015). Our
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Fig. 4. Number of focal follows for each area (n), number of hours included (t), and proportion of time spinner dolphins spent in

each behavioral state during focal follows in (A) Lāna‘i, (B) west Maui, (C) channel waters, and (D) south Maui. Behavioral data 

was not available for the Kaho‘olawe encounters
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findings revealed that spinner dolphins use a wide

variety of available habitat in the Maui Nui area and

were observed resting both near shore and in the

channels between islands. Sightings of individuals

occurred near multiple islands in Maui Nui, demon-

strating that the dolphins documented in this study

do not show fidelity to any one particular location but

rather move between areas. The channel waters ap -

pear to be a transition zone between coastal areas, as

there are high degrees of interchange between the

channel waters and the shoreline hotspots. The rea-

son for these differences is likely due to the unique

nature of the islands comprising Maui Nui. During

the last glacial maximum, about 21 000 yr ago, the

islands of Maui, Lāna‘i, Moloka‘i, and Kaho‘o lawe

were connected by limestone land bridges, creating

a ‘super island’ called Maui Nui (Grigg et al. 2002).

As such, the water depth in the channels between

these islands is relatively shallow compared to the

steep drop-offs along the coasts of the other Hawai-

ian Islands.

The home ranges of individual dolphins were cal-

culated to determine the areas in Maui Nui that are

utilized by spinner dolphins and to quantify the

amount of individual variation in their distribution.

While we acknowledge the sample size is small for

this calculation (which represents a limitation in ker-

nel density estimation), results show that individual

spinner dolphins do not use the area equally, which is

an important consideration when planning conserva-

tion measures. If area closures are being considered,

data are needed about what locations are occupied

by spinner dolphins and about how much movement

occurs between these areas. The individuals with a

sufficient number of re-sightings to be included in

the calculation all showed different home ranges but

all included the area along the south coast of Lāna‘i

island.

4.2.  Behavioral analysis

Spinner dolphins sighted along west and south

Maui were milling or traveling throughout our obser-

vations, and it is of concern that no resting behavior

was documented during the study period in these 2

locations. However, the sample size of available be -

havioral data from these localities were lower than

for Lāna‘i or the channel, so additional data are

needed to assess resting behavior off Maui. Spinner

dolphins are a major tourism attraction in Hawai‘i

(Wiener 2016), and concerns have arisen about their

exposure to human disturbance during their daytime

resting hours. For example, Tyne et al. (2018) found

that spinner dolphins off the Kona coast of Hawai‘i

were exposed to human activity, such as vessel traffic

and swimmers, within 100 m for 82% of their daytime

resting hours. Without additional data it is difficult to

say if spinner dolphins should be resting in these

locations and are already experiencing changes in

their behavioral patterns from human activities, or if

this is normal spinner dolphin behavior for this stock.

Along Lāna‘i and in the channel waters, spinner dol-

phins were observed to be either traveling, milling,

or resting, with a typical pattern of decreased resting

and increased traveling as the day progressed. The

behavioral patterns observed could indicate that, due

to human activities, these dolphins are experiencing

decreased opportunities to rest in the daytime hours,

forcing them to travel more in search of an appropri-

ate place to rest. Throughout Maui Nui, there is mod-

erately heavy vessel traffic from numerous ferries,

commercial, and private vessels (<65 ft; 20 m) that

are increasing underwater sound, navigating in close

proximity to the dolphins, and/or adding swimmers

to the water.

The body of knowledge on spinner dolphins in the

Hawaiian archipelago is weighted heavily towards

research conducted on the Hawai‘i island stock (e.g.

Norris et al. 1994, Thorne et al. 2012, Tyne et al. 2014,

2015). In this study, we present findings specific to

Maui Nui that can be used to inform the most appro-

priate management strategy for the O‘ahu/4-island

stock. We used photo-ID to confirm the movement

and area use of individual dolphins to build upon our

knowledge of spinner dolphin distribution and area

use in the Hawaiian Islands by adding the first record

specific to spinner dolphins in Maui Nui.

4.3.  Conservation implications

Based on our analyses, we recommend a combina-

tion of the 2 enhanced management measures that

have been proposed: (1) implementing a 50 yard

(46 m) approach limit throughout the waters of Maui

Nui, and (2) time-area closures for the spinner dol-

phin hotspots along the coasts of west Maui and

south Lāna‘i.

Spinner dolphins in Maui Nui use a wide variety of

available habitat for resting, some of which is not

nearshore and, as such, poses challenges to close this

area to vessel traffic. The 50 yard (46 m) approach

limit, which is consistent with the guidelines from the

Dolphin SMART program, would be successful in

mitigating some of the disturbance to spinner dol-
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phins that are resting in the channel waters or tran-

siting between areas, as there is currently no legal

approach distance that vessels must follow for spin-

ner dolphins (NOAA 2016a).

Implementing area closures within the 2 identified

hotspots would be the most effective means for pro-

viding protection against human disturbance. Unfor-

tunately, the lack of available data on spinner dol-

phins throughout the main Hawaiian Islands had

made it challenging to identify important spinner

dolphin habitat, and consequently the coastal area

along west Maui was not considered in the DEIS.

This hotspot analysis has identified important spin-

ner dolphin habitat along west Maui and south Lāna‘i

that is distinct from the 2 areas considered in the

DEIS. Within Maui Nui, 2 bays were evaluated for

mandatory or voluntary time-area closures between

06:00 and 15:00 h: Hulopo‘e Bay and La Perouse Bay

(NOAA 2016a). Hulopo‘e Bay, located in south Lāna‘i

adjacent to a privately owned park and the Four Sea-

sons Mānele Bay Hotel, is a state-designated Marine

Life Conservation District and is therefore closed to

boat access; however, swimmers and snorkelers can

enter from the outside edges of the bay or from the

beach (Sepez 2006). Hulopo‘e Bay did not meet the

evaluation criteria to be considered for additional

protection to spinner dolphins and was therefore not

considered for time-area closure in the DEIS. La Per-

ouse Bay, located in south Maui, is the only embay-

ment within Maui Nui that met the criteria to be con-

sidered for additional time-area closure protections.

La Perouse Bay is adjacent to the ‘Āhihi Kīna‘u Natu-

ral Area Reserve, which is protected by the State of

Hawai‘i and prohibits any commercial boating activ-

ity within the bay. However, the same protections do

not apply to La Perouse Bay. Many guide books

advertise this location as a well-known area to swim

with wild spinner dolphins and it can be accessed

from shore. No additional sites in Maui Nui were

considered for time-area closures.

The lone proposed time-area closure in La Perouse

Bay is insufficient to provide adequate protection to

the genetically distinct spinner dolphins in the O‘ahu/

4-island stock. Our findings show that many spinner

dolphins do not use La Perouse Bay, and thus a large

proportion of this stock would not be receiving pro-

tection from this measure.

Current stock boundaries for spinner dolphins in

the Hawaiian archipelago are based upon genetic

differences and photo-ID re-sight data (Hill et al.

2010). When the stock boundaries were redefined in

2010, the authors noted that the genetic differentia-

tion between the Kaua‘i/Ni‘ihau stock, O‘ahu/ 4-islands

stock, and the Hawai‘i island stock was sufficient to

warrant separate management plans (Hill et al.

2010). Our findings reinforce the finding that stock-

specific management is advisable to provide ade-

quate protection to spinner dolphins throughout the

Hawaiian Islands.

4.4.  Conclusions

Our results are directly relevant to addressing the

increasing tourism pressure on spinner dolphins in

Hawai‘i. Our research has shown that spinner dol-

phins rest both in the channel between Maui and

Lāna‘i and along the shoreline of Lāna‘i. Therefore,

the most effective way to offer protections to the

O‘ahu/ 4-islands stock is by implementing an ap -

proach distance for vessels in Maui Nui and instigat-

ing additional time-area closures for the 2 identified

hotspots. These changes will bring us closer to the

ultimate goal of mitigating environmental stressors

from vessel-based tourism and allow spinner dol-

phins in Hawai‘i to co-exist with the humans that are

using these waters. Although survey effort was low

near the island of Kaho‘olawe, our sightings, com-

bined with anecdotal data, suggest that this area is

important for spinner dolphins and warrants further

investigation. Additional research into spinner dol-

phin habitat use and behavioral patterns is needed

throughout all the Hawaiian Islands and, in particu-

lar, evaluating the efficacy of the enhanced manage-

ment measures after their implementation.
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