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Abstract

Accurate descriptions of population structure are critical to inform effective management
of protected species. Here we present the results of a reassessment of the strucsideacy
of two common bottlenose dolphifiyrsiops truncatusstocks from the main Hawaiian Islands.
Previous photadentification and genetic studies have shown that bottlenose dolphins in the
main Hawaiian Islands live in four small (~100 individuat®mographically independent and
genetically differentiated islarels s oci at ed popul ations around Ka
(Maui, LUnad¢i, Kahodéol awe, and Molokadi), and
demonstrated that three of these four pajpara, designated as stocks, show evidence of
decline, particularly the Maui Nui stock. However, fmhmentification and satellittagging data
has shown that some individuals do occasionally move between island areas, especially between
O6 ahu an dThbdba mdavemidnis may have important consequences, as even a few
dispersing individuals can impact genetic diversity and allow for the transmission of cuiturally
medi ated behaviors. We reassessed the pyopul at
analyzing over t wo-idehtficatod dats tepresenting 472 individyabdo t o
satellitetag data from sixndividuals. While we found that social connections between the two
popuations were minimal, there were importatographic ouwapsin spatial use that crossed
currentstock boundaries. This was caused by a small subset of individuals @%1#om the
O6ahu population that occasioagalSWy Obmaauel Shie M
SW L J8wkoa ho 6 ol a w ai, Satallitethg data fvba threimter-areatravelers
reveals that these animals made extensiv@iiBenguin Bank, indicatinthis area maype of
importance to intearea travelers. Inteareatravelers were sighted in both island areas at all
timesoft he year, though they were consistently si
Nui. Further research will be needed to identify the possible drivers of this behavior.

Introduction

Both inshore and offshore ecotypexofmmonbottlenose dolphingTursiops truncats,
hereafter bottlenose dolphinsgn be found in Hawaiian waters, and are currently divided into
one offshore pelagic stock and four isleagbociated stocks, centeredavai Kaua éi / Ni 6i h
O6ahu, Maui Nui ( Maui ,| dklan&id)i,, Ceneteeifdo\2@aONMei, (an
Both photeidentification and genetic analyses have shown that these stoaenawgraphically
independent, with high sighting rates inaiative of resident populations and genetic
differentiation between stocks (Baird et al., 2009; Martien et al., 2Bbiindaries for the four
islandassociated stocks are currently drawn at the 1,000 m depth contour, with the exception of
the@ahu andNuMaust ocks, which are separated at
at approximately 500 m depth (Carretta et al., 2019). A 2009 abundance estimate based on
photoidentification data placed the abundance of each of the four iaksatiated stocks the
| ow hundreds, with the exception of Odéahu, wh
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the relatively high abundance for the Ob6ahu s
of data limitations, and a more recent abundance esttmats pl aced t he Od6ahu s
abundance in the low hundreds as well (Baird et al., 2009; Van Cise et al., 2021).

Hawaiian inshore bottlenose dolphins are distributed primarily throughout shallow
waters, with over 95% of sightings at depths shallower than 1,000 m, and over 50% of sightings
at depths shallower than 500 m (Baird et al., 2013; Baird, 2016). Sightingetawred year
round at each island ardarther supporting the existence of resident populatiBagd et al.,
2009; Baird, 2016). Both satelltagging efforts and photiolentification have shown that
animals rarely leave their island areugh @casional inteareamovements have been
documented through both methodol ogies, especi
island areas that are closest in proximity (Baird, 2016). Tdrefsiance of these intearea
movements remains unknown, but grassibleconsequence is that it changles exposure of
some individuals to spatially variable anthropogenic threats.

There is evidence that three of the four resident stocks are in decline, with significant

declines in the Maui Nui stock, and neigrific ant decl ines in the Odbdahu
stocks (Van Cise et al., 2021). Modkdrived apparent survival rates are also lower than
expected in all four stocks, with the | owest

0.023; Van Cise et al2021). The factors driving these declines are uncertain, but exposure to
nearshore anthropogenic stressors such as pollution, ambient noise, boat traffic, and fisheries
interactions likely plays a rol@/an Cise et al., 2021Dverall, spatial variation in anthropogenic
impacts to the resident bottlenose dolphins emphasizes the need for accurate stock delineation to
inform management efforts for these populations, which is especially critical now given the
evidence thaat leat oneof these stocks in decline.

Methods
Survey EffortPhoto IdentificationSex Determinatiorgand Quality Control

Photographs were collected from bdtdicated and opportunistic efforts. Dedicated
efforts includeCascadia Research Collective (CRC; see Baird et al., 2013 for details) and Pacific
Whale Foundation (PW/Fsee Stack et al., 2019 for detpssrvey efforts, which spanned 1996
2018, and covesd extensive areas on the leeward sides of the isl@pg®rtunisticencounters
were contributed by other researchers and community members. While the circumstances of
theseopportunisticencounters varies widely, aedactlocations of encounters weretralways
recorded, information about the island area where encounters took place was always available.
Seasonality oéncountersvas categorized into two periodsimmer flay-Octobej or winter
(NovemberApril). All depths were determined using the R maggkmarmap v. 1.0.5 (Pante &
SimonBouhet, 2013) in conjunction with imported NOAA bathymetric data atanute
resolution.

All photographs of bottlenose dolphins were matched to atiermg catalog following
previously described methods (see Baird.e@09 for details) to establish sighting histories.
Briefly, each individual was assigned a distinctiveness score between 1 and 4 (1 = not
distinctive, including unmarked fins; 2 = slightly distinctive, wit2 hotches; 3 = distinctive,
with 3-5 notchs; 4 = very distinctiveg.g.,with 5 or more notches), and a best photo quality

IPhotographic data from 2019 and 2020 are also being added to our pteiification catalog for inclusion in
analyses, and identification and association information of tagged individuals from this period is included to aid in
interpretation of movements.
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score between 1 and 4 (1 = poor, 2 = fair, 3 = good, 4 = excellent) for every encborgesure
that the data was robust and included no misidentifications or duplicate identifications, the
dataset was then restricted to include only individuals witiigofuality scores of 3 or 4, and
distinctiveness scores of 3 or 4.

Sex was determined based on recorded calf presence, morphology (e.g., clear view of the
genital slit or penis), or on genetic analysis ioblsy samplesGenetic analysis of the samples
for sex determinationsing RealTime PCRwas undertaken by Southwest Fisheries Science
Centerfollowing the protocols described in Morin et al. (2005).

Residency Assignments and Social Networks

Residency was initially assigned to each ID based on thel(sleand span of years that
each was encountered acrosgh all tagged individuals (regardless of distinctiveness or photo
quality) included Individuals with a sighting history span greater than three years on a single
island were classified as lostgm residents. Individuals with a sighting history span greater than
one year, but less than three years were classified agatmontesidents, and individuals with a
sighting history spanning less than one year were classified as visishiculd be nted that
individuals that are actually loAgrm residents that became marked pay through the study,
or diepart way through the study, might be inaccurately classified astgrtresidents or
visitors based on this scoring systédndividualsthatve r e s een off both O&Gaht
were classified as intarea

Residency assignments were then reassessed based on social associations. A social
network containing all individuals with photo quality scores of 3 or 4 and distinctiveness scores
of 3 or 4 was built using a halfeight association index in SOCPROG 2.4 (iathead, 2008),
and visualized using Netdraw 2.158 (Borgatti, 2002) with spring embedding. Any visitors that
connected to the main components of the network were reassigned as associative residents for
the component that they most closely linkedto @, a hu or Maui Nui ), to a
that these individuals may be resident animals that were infrequently sampled, rather than true
visitors. Residency assignments for visitors that did not connect to the main components were
not revised.

Subarea 8atification

To explore how spatial use impacts residency, encounters with GPS locations were
divided into five different geographic subareas based on demographic and geographic separation,
three of which are | ocat edofwhich&relocated méMadicc a h u i

Nuiislandarea (Figurel. These subareas ar e: O6ahu North
East (OE), Mol okad6i/ Penguin Bank (MPB), and M
Kahodol awe) . Thes e usnmwedsdeasignated inavaniCigamet all i(202h t he s
the additonofa®6 ahu East subarea. The OoO0ahu North su

coast of Oo6ahu, northward of w&bnobkamku PBdi nt ( ~2
(~21.7° N, 158.0°W). The®ahu East subarea encompasses the
eastward of Kahuku Point and southward to Mak
West subarea encompasses both the west and so
t he Waciobaasnta,e and sout hwest of Makapudbu Point &

Mol okaoi / Penguin Bank subarea includes the wa
water area to the southwest of the i1island of

Mol okaodi i tself, extending t o miwagbetaeen bet ween |
Mol okadi and Maui . The Maui NuUi subarea i s ge
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the waters surrounding the islandsfuthér Maui , L
divided based on depth at the 500 m bathymetric contour in subareas whenetirep

encounters (i.e., encounters in water deeper than 500 m) took place, resulting in the creation of
three additional subareas: Om(@ED), and/MauitNuiDeep ( O
Deep (MND). The subareas where individuals were encountered were also mapped on the social
network to explore how spatial stratification impacts social relationships, and the distribution of
residency classifications by subarea wascdbed.

The total area afach subarea ranged from 9342KmO6 ahu We s t?Matio 6, 17 4

Nui ), with all three othe MauidNui QubaschsuTaBluMlar eas s m
subareas had more shallow wate6(D m bathymetric depth) than deeater (5001,000 m
bat hymetric depth), but the Maui Nui and Mol o

extensive shadw water habitat, with 4,030 Knand 2,570 krhof shallow water respectively.

The shape and relative exposure of shallow waiiin subares varied substantially
(Figured) . The O6éahu West and O6ahu West Deep subae
along the west coast of Od6bahu that widens off

consists of a broader expanselofasl | ow wat er. Oob6éahu Badbandsonsi st
of shallow and deep water compared to Odbébahu W
Mol okaodoi / Penguin Bank c-wates shaft{PengunfBark)ande xt ensi v
shallow area surroundingdll okao6i , with a band of deep water
Maui Nui subarea has a broad shahaater area, with some nearshore deepwater habitat off the

west coast of LUnad6éi and the south shore of K
exposed to the open ocean, while a large portion of the Maui Nui subarea is enclosed by the

islands of Maui, LUnadéi, and Kahodol awe. Peng
the south of Molokadéi are partially encl osed
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Figure 1. Effort tracklines for CRC (white20002018) and PWF (yellow2010-2018). PWF
effort data from 199@2009 were not availabl&ubareas are abbreviated in red, with ON for

O6ahu Nort h, OW for O6ébahu West, O BBarfkkand O6 a hu

MN for Maui Nui (subarea). Subarea divisi
Deep, and Maui Nui Deep) ane@t shown. Depth contours (bldashed lines) are shovah500
m and 1,000 m.

Table 1. Total area (in krf) by depth (m¥or each island area and subarea. Values have been
rounded to the nearest integéor island areas, O =@hu island area, MN = MN island area.
For subareas, OE =@@hu East, OW = @hu West, ON = @&hu North, MN = Maui Nui
subarea, MPB = Molol#PenguinBank.

Island | Sub- | Amount of available habitat (km?) by depth (m) range
Area | area

0- 0- 500 | O- 100 | 200- | 300- | 400 | 500 | 60C- | 700 | 80C- | 900G
1000| 500 | 1000| 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
o) - 3041 | 1683 | 1358 | 748 | 174 | 180 | 284 | 207 | 368 | 270 | 281 | 255 | 184
MN |- 10103 6600 | 3503 | 2497 | 1283 | 1031 | 917 | 872 | 1049 | 1001 | 590 | 415 | 448
0O OE | 1145 [612 |533 |296 |58 |74 |100 |84 |126 |132 |152 |71 |52
0O OW | 962 |[559 |403 |262 |32 |42 |94 |1290 |155 |90 |52 |74 |32
0O ON |94 [512 [422 190 |84 |64 |90 |84 |87 |48 |77 |110 | 100
MN MN | 6174 | 4030 | 2144 | 1267 | 801 | 707 | 652 | 603 | 541 | 603 | 419 | 253 | 328
MN MPB | 3929 | 2570 | 1359 | 1230 | 482 | 324 | 265 | 269 | 508 | 398 | 171 | 162 | 120

ons
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Inter-AreaMovements

An interareamovement was considered to be any movement that crossed the stock
boundarybetweerMaui NuiandO 6 a hegardless of directiorinter-areamovements were
described at the individual level and summarized seasoraallyell asdentified on both the
residency class and subarea social networks to explore social connections.

Satellite TagsMovements and Spatial Use

LIMPET satellitetags(Wildlife Computers, SPOT6 or SPLASHK) weredeployed on
sevenbottlenose dolphin®nceoff O & a IsintimesafhMhui Nui, in accordance with
protocols described elsewhere (Schorr et al., 209 of the tags deployed off Maui Nui failed
on deployment and yielded no locations.

Satellitetagdataprocessing was performed following established internal protocols (e.g.,
Baird et al., 2021). Briefly, location data were processed by Argos with the Kalman smoothing
algorithm (Lopez et al., 2015), then with a Dougfagos filter through Movebank (Krateuber
et al., 2011) to clean the location data of any apparent errors based on a realistic measure of
speed, with highequality locations (Argos locatiequality 2 or 3) exempt from filtering
(Douglas et al., 2012). The usdefined settings of the DowagArgos filter set the maximum
sustainable rate of movement (MINRATE) at 20 km per hour, the maximum distance between
consecutive locations (MAXREDUN) at 3 km, and the tolerance for turning (RATECOEF) at 25.
Previously conducted CRC distance analyses Bagen that none of the animals moved in
concert while tags were deployed, so pseudoreplication of location data was not a concern (CRC,
unpublished data).

The distribution of depths wastéemined for alktagged individuals, using the depths of
all Dougles-filtered locations between 0 and 1,000 m bathymetric depth. Significant differences
in depth preferences betwettretagged individuals were tested for with a KrusWédllis
ranked sums test, in conjunction with Dunnos

Interchange Indices

Disperséarates were calculated as the interchange index both between areas and subareas,
based on the methods of Urban e{2000. Interchange indices increase when populations are
small, as well as when there is a high degree of movement between areas, and decrease when
populationsarelarge or there is minimal movement between areas. First, to contextualize the
interchange indicesvithin-area resighting indices were calculated as:

RWA = (NR / (NA2) x 1,000

where RWA is the withirarea or withirsubarea re&ighting index, NR is the number of animals
re-sighted over multiple years within the area or subarea, and NA is theuothenof animals
seen in an area. Interchange indices were then calculated as:

RAB = (NAB / (NA x NB)) x 1,000

where RAB is the interchange index for areas A and B, NAB is the number of animals sighted in
both areas, NA is the total numberasfimals sighting in area A, and NB is the total number or
animals sighted in area B. Interchange indices that fall within the same magnitude aanmg#hin
re-sighting rates for the corresponding areas indicate that movements between areas are just as
likely as movements with#areas, and are especially significant.
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Results
Survey EffortQuality Contro| andPhotcldentification

From20062 018, CRC conducted 588 hours and 9, 6:
and 969 hours and BR1 km of survey effordff Maui Nui (Figure ). From19962018,PWF
conducted’,488hours andt8,112km of survey effort ofMaui Nui (Figure 1) Surveyeffort
was heavily biased towards the leeward sides of the islands, owing to restrictions caused by
weather conditions on the windward side, but covered a wide range of depths and potential
habitats. During this time, batthose dolphins were encountergddRC and PWIen 18
occasi ons o 265 odoasians off Maui Mui. \When restricted to the number of
photographed encounters with at least odévidual of photo quality scor® 3 an d
di stinctiveness scorled & n3c,outnhteesres endotiriieedsa haur, o pa
Maui Nui. From 20062018, other researchers and community scientistsdlageontributed
photos fromb28encounters with bottlenose dolphins to CR¢hen these are restricted to the
number of encounters with at | east one indi
distinctivedesanscacwntee Os 3fencaniersdrora Maui Nai wedte 1 3 6
retainel.

Vi

GPS locations were available falt but two CRC encounters off Maui Nui (97% of all
retainedCRC encountersgnd 140 of the PWF encounters (89% of all retained PWF
encounters)out were not available fanostcontributed encauters. Overall, of the total 605
encounters in the entire daet, 292 (4%) had corresponding GPS locatipn®ost off Maui Nui
(89% of all encounters with GPS dalagure 3. Among the encounters with associated GPS
|l ocation data, depths for encounters off Maui
from 3m to 872 m. However, encounters were heavily skewed in favor of shallatenrs with
the vast majority (96%) of encounters takingqa at depths < 500.m
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Figure 2. Encounter locations and subardascounter locations are represented by bthutk,

with encounters where intareaindividuals were present shownrasl dots Subareas are
abbreviated i n red, with ON for O6ahu Nort h,
Mol okadi / Penguin Bank, and MN rfsbaseddhadepth Nu i (s
(O6ahu West Deep, O6ahu E aatshowheDegih contourgd(blugda ui N
dashed lines) are shovah500 m and 1,00n.

Group sizesrestricted to CRC encounters for consistemare largeroff O6 a h u
(mean42.8 sd=10.4, min = 1, max = 40}han offMaui Nui (mean#%.1, sd = 4.4, min = 1,
max = 18). Based on Shapiwilk tests,groups i zes f or Odbébahu were nor ma
(ShapireWilk test,p = 0.061), butvere not offMaui Nui (p < 0.001)A MannWhitney U-tes
(giventhe mixed results regarding normalitpdicatedthat group sizes were significantly
different betweerthe twoareas (p = 0.008).

Without restrictions there wef278 total identificationgepresenting 775 individuals
from 748 encounter§Vhen estricted by photo quality and distinctiveness there Wwg&&0 total
identifications from 605 encounters, representing 472 individ@dlthese 947 identifications
(representin@85individuals) from248encounters were off @hu, andB83identifications
(representin@01individuals) from357 encounters were off Maui Nui

Thediscovery curvdor Maui Nui is approaching an asymptote, indicating
comprehensive sampling (Figurg3 I n contrast, the di ssartevery c
to level off,but continues to rise and is higher overall, indicating a continued influx of new IDs
in spite of fair samptig effort (Figure 3
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Figure 3. Discovery curves of individuals by island area, restricted to distinctive or very
distinctive individuals with good or excellent quality photographs, with a referencadhkd
trendline shown in red. Curves are constructed chronologiedllly black dés showing the start
of each yearTop: Gahu (20022018). Bottom: Maui Nui (1992018)

Residency Assignments and Social Networks

Island areas where individuals were encountered were mapped onto a social network of
all 472 individuals included in the sty along withone tagged individuatho did not meet
minimum distinctiveness or photo quality requiremetatgvaluate initial impressions of
connectednedsetween island areasi@idre 4. The entire network includes 6,366s linking the
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473 individual nodes, and includes two easily identifiable main components that represent

ani mals encountered | argely off Odbébahu, and an
to the main componentthere are 5,970 ties connectB@fl nodes. Only threees (representing
< 0.1% of all/l ties in the network) Ilink the m

peripheral clusters including more than one connected individual, and 16 individuals that are
unconnected to any otheriniduals on the network. Of the 16 individuals unconnected to any
other animals in the network, eight were encountered by themselves

[ ]
[ ]
@
[ ]
[ ]
[ ]
@
O
[ ]
[ ]
(]
[ ]
@
@
[ ]
[ ]

Figure 4. Social network with island areas of the individual nodes indicated by color, restricted

to distinctive or vey distinctive individuals with good or excellent quality photographs. All

individuals with no included associations with other animals are shown in the upper left corner.

All tagged animals (n36regardless of distinctiveness or photo quality, are repted asquare

nodes. Red nodes are ani mals encountered only of
only off Maui Nui, and yellow nodes are animals encountered in both island @reasolated

tagged individual (seen on the upper left) recermlyed to the @hu cluster through partially

matched photos (see section below on tagged animals for details) hamlmeeoded as an
inter-areaindividual in this figure for illustrative purposes.

Revised residency assignments are summari z
visitors were reassigned as OoO6ahu associative
main O6ahu component of the net wisitorkthatliskedo ng wi
most cl osely t o ghboenedhanawithuintearéamdividuals. Theseresults
were also mapped onto the same social network diagram as the@sdiahcy assignments
(Figure 5. All Maui Nui long-term residents @re connected to one another in the social
network, along with all but two Maui Nui sherte r m r e s i d e-tetmgeside@®veteu | ong
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not alldirectly connected t@ne another, with a single lotgrmand a single shoetermresident
in peripheral clusrs.

Table 2. Revised residency assignment results by island area. Percentages indicate the
proportion of the total number of unique identified individuals from all island areas combined,
rounded to the nearest integer.

Island Area Total # (%) of | # (%) # (%) # (%) # (%)
Individuals Long-Term | Short-Term | Associative| Visitors
Residents | Residents | Residents
Od&hu 288(61%) 59 (13%) 22 (5%) 169 (36%) | 38 (8%)
Maui Nui 171 (36%) 66 (14%) 26 (6%) 29 (6%) 50 (11%)
Inter -Area 14 (3%) - - - -
All Island Areas 473 125(26%) | 48 (10%) 198(42%) | 88 (19%)

Most individuals in the peripheral clusters were visitors, with two exceptions: HITt1145,
classified aAaeranr@éakentongnd HI Jhortein6 9, <c | as s
resident. HITt1145 was first seen in 2008, then again in 2018, both timescontipany of a
single Gahu visitor HITt1169 was first seen in 2016 by itself, then again in 2017 in the
company of three other individualsl of whom are @hu vsitors

Allinter-aread ndi vi dual s clustered most closely wi
represented a link betwe the two main components three times. These linleewere
identified as HITt1095 (seen three times off Maui Nui in 2012, 20112847, and once off
O 6 a MHUrY1Q96 (seen only once off Maui Nui in 2017), atldt1152 (seen once off Maui
Nui in 1997, and twice of fy, &deaahMaui Numviskols1 5 and
clustered more cl osely wit Nuicommppone@.dModninterc o mp on e
areaindividuals were filtered out of the social network, the two main components were
completely separated, and all Maui Nui visitorsthdt u st er ed wi t h t he
isolated from both main components.

O6ahu
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Figure 5. Social network with revised residency assignments of the individual nodes indicated

by color, restricted to distinctive or very distinctive individuals with gooexaellent quality

photographs. All individuals with no included associations with other animals are shown in the

upper left corner. Altagged animals (r&), regardless of photo quality or distinctiveness,

indicated by squarenosle Red nodes-ta&men O&ashuwWelndrsg orange r
shortt er m residents, purple nodes are OO6ahu asso
are Maui Nuilong-term residents, turquoisee Maui Nui shorterm residents, teal are Mawui

associative residentgreen are Maui Nui visitorand yellow are intearea individualsOne

isolated tagged individual (seen on the upper left) recently linked todtei@luster through

partially matched photos (seection below on tagged animals for details) has lbetr coded

as an inteiareaindividual in this figure for illustrative purposes.

Subarea Stratification

Spatial stratification between subareas generally alignedsedial relationships (Figure

6).O6ahu North animals in particular clustered
O6ahu cluster, connected by one individual, H
and only once with GPS coordinates recorded. Individuals seenihboth O6ahu West ar
O6ahu West Deep subareas were frequently inte
there was some peripheral partitioning of a f
O6ahu cluster. | ndi vi duBahksubareaevere gemerally lnaatedio | o k a
peripheral c¢clusters, though a few were | ocate

and deep within the Maui Nui cluster. Additionally, a couple of individuals with GPS locations

in both the nMdBlamka @in/dPeMaguui Nui subareas acted
and Maui Nui main clusters. These two individuals were identified as HITt0027 and HITt0070,

both of whom were classified as Maui Nui letegm residents.
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Figure 6. Social network with subareas where individuals were encountered indicated by color

and shape, restricted to distinctive or very distinctive individuals with good or excellent quality
photographs. All individuals with no included associations with othienas are shown in the

upper left corner. Blue circles indicate the Maui Nui subémeal40) dark blue indicate both

the Maui Nui and Maui Nui Deep safeas(n=2), blue triangles indicate the Maui Nui deep

subaregn=4), turquoisecircles indicate the Moo k a 6 i / Pengu(@s#l)Breenk subar e
circles indicate both the Mauin=4yyellowamles Mol ok a
indicate both the Maui N @n=1), yelleve tpanghes iddicddedbatin u  We s
t he Maui Nui West PgepsabadésQ@y ahad triangles indica
Deepsubaretn=20) r ed <circl es i ndi ¢nanA3)eorangh @rcle®iddichter We s t
both the Ob6bahu West anm9) Gohtapirple citlessindicai2 dathghes u b ar
O6ahu North and @dahdaWkspuspbareascles indic
subareqn=23), pink circles i ndi(n=23,piektrianglesinOicatethetr Ea st
O6ahu East (m>klpagndvenitelrieclesandicate an individdatking any GPS

coordinates to assign subaré¢as142)

Based on encounters with recorded GPS locations, two individuals were sighted in
subareas corresponding to twifetent stocks(Figure 7. Exchange between subareas within the
same island area was repeatedly documented, m
O6bahu West Deep subareas, with nine individua
were documented in both the MauiiNu and Mol okadéi / Penguin Bank su
were documented in both the Maui Nui and Maui Nui Deep subareas, and one individual was
documented in both the Odbébahu North and Oo6ahu
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