PSRG201915

Movements ofsatellite-taggedpantropical spotted dolphinsin relation to stock boundaries
in Hawaiian waters

Robin W. Baird and Daniel L. Webster

Cascadia Research Collective
218 14 W. &' Avenue
Olympia, WA 98501

The main Hawaiian Islands are home to resident populations of 11 different species of
odontocetes (Baird 2018)p tothree independent lines of eviderwe/e been usdd assess
residency pattern®r these speciesver various time scalethe applicatia of which has varied
amongspeciesgenetic studies (e.g., Martien et al. 2011, 2014); plu=ntification (e.g., Baird
et al. 2008, 2009; Mahaffy et al. Z)1and satellite tagging (e.g., Baird et al. 20 ).
pantropical spotted dolphir{Stenella &enuatg in Hawaiian watersearly evidence of site
fidelity came from an individual tagged off O
1974). That individual was sighted in the same area three and a half years later, and several times
subsequentlyleading Norris (1974) to note they appear to be resident to the aseal 8n a
combination of distribution pattespmorphological differenceand geneticgpantropical spotted
dol phins in Hawai é6i are di st i nicatPadfic(@zonest oc k s
al. 1994, Perrin et all994;Courbis 2011Carretta et al. 2018).

Until recently,research on pantropical spotted dolphins in Hawaiian waters has been
limited (e.g.,Shomura and Hida 1965gott and Wussow 198Baird et al. 200;1Maldini 2003;
Psarakos et al. 200Burgess et al. 20)}1Information on habitat use and calving seasonality has
come from a londerm multispecies study of odontocetes in Hawaiian waters (Baird et al. 2013;
Baird 2016), and a tagging study, using suretup attached timdepth recorders, revealed diel
patterns in behavior, with most foraging occurring at night (Baird et al. 2001; Baird Z0£68.
is no established phoiodent i fi cati on catalog for pantropic
although gidence folong-termresident populations among the main Hawaiian Islangs ha
come from genetic studies (Courbis et al. 20Wijhin Hawaiian watersfour stocksvere
recognizedn 2014,a pelagic stock and three insular sto@Rieson et al. 203, Carrettaet al.
2018).The National Marine Fisheries Service delineates stock boundaries for each stock they
recognize, to allow for abundance estimation by stock and for apportioning bycatch tdk&ock.
boundaries of thentee insular stockgne each around6 a hu, KaeurimeNHi ig Ih@n disto
stocki ncl uding the islands of Mol @akhadéiHawaWmadil sl
were set to the greatest distance from shmtspotted dolphingvere sampled ithe Courbis et
al. (2014) studyOff OG@ahu and Maui Nuthese boundaries were at 20 kiom shorewhile off
Hawaq Islandthey were set at 65 km offshotldowever, it should be noted that the distribution
of effort for sampling varied among the three areas, with grettet far offshore of Hawaia
Island(see Baird et al. 2013As noted byOleson et al. (2013), tHeoundaries of the insular
stocks likelyextend farther offshorman initiallyset par ti cul ar |l y odiven Ob6ahu
the depth distribution of sightings around the ntdawaiian Islands (Baird et al. 2013).
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Oof f Odbébahu, Maui Nui, and Hawai 0i |l sl and, p
most frequenthencountered odontocete insmalo at surveys, while off Ki
are rarely seen (Baird et al. 2013; Baird20I6h e st ock i dentity of indi

and Ni éi hau has been uncert ajOhkeso(eBa ROB)dNoet al
abundance estimates are avagdiolr any of the insular stocks, while the abundance of the

pelagic stock was estimated at 55,795 (CV=0.40) based on aviesgel survey in 2010

(Bradford et al. 2017)n this studywe usedsatellite t@s deployedon pantropical spotted
dolphinsamong the main Hawaiian Islandis assess residency patterns over time scales of
several weeksand discuss the results as thehateto stockstructure andoundariesThis

research is particularly of interegven fishery interactions thatcur in Hawaiian waters (Baird
2016; Baird and Webster 2019).

Methods

The tags used welildlife Computers Argosinked satellite tgs in the LIMPET
configuration(Andrews et al. 2008Both locationonly (SPOT5n=2; SPOT6n=4) anddepth
transmitting (MK10A n=3) tags weraised Tags weregemotelydeployedduring smalboat
field operationgsee Baird et al. 2018)ith aDan Inject JM Special 2Bneumatic projector and
attached with two 4.4 cm titanium darts lwiiackward facing petal$agswere programmed to
transmitfor 14 or 15hours per day during times of the day with the best coverage from satellites
Individuals choseifor tagging werdarge slow-moving individualswithout calves in attendance
with thedorsal fin as the target ard@antropical spotted dolphin groups in Hadvaften appear
to have multiple sugroups that are segregated by sex, includinggsabps of large animals
presumed to be adult males, or gibups of females with associatedvea (Baird 2016)When
possible we targeted sigvoups thought to be composed of adult males.

Location databtainedwere processed through the Douglas Affjlbasr v. 8.5t0 remove
unrealistic locationsThe Douglas Argodilter retained Argos class lations 2 and 3, set the
maximum rate of movement at 20 km/h, and the default rate coefficient for marine mammals of
25 was selected. Resulting filtered locations were processed with R to determine depth using
package raster (Hijmans 2017) and distance Bbore and location relative to stock boundaries
using package rgeos (Bivand and Rundel 208di).one pair of individuals tagged during the
same encounter, the distance between the two individuals was measured for pairs of locations
obtained during the sz satellite overpasdlinimum horizontal distance traveled was estimated
by summing distances between consecutive locations.

Results and Discussion

Nine satellitetags were deployean pantropical spotted dolphidsiring eight different
field projectshetween April 2015 and August 2018 (TableBased ot h e d orélapviei n s 6
size all individuals were thought to be aduBsased on field assessmeotsizeone was thought
to be an adult malgsaTag004); others were of undetermined &eactions toagging were
primarily fast dives (n=7) or fast dive aadbarrel roll (n=2). Eight of the nine individuals were
re-approached pogagging from 1 to 8 minutes after tagging, and all had resumed normal
behavior (e.g., travel, milling). Most tags were deplbyn the dorsal fin (n=7) or base of the fin
(n=1), and one tag was deployed below the base of the fin (SaTag009). Data from this individual
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were obtained over aday span, though only two locations were obtained and are hence not
considered further.

All individuals were tagged on the leeward (i.e., west) sides of the islands, and location
datawereobtained over periods 8f3 to 21.4 dayémedian=14 daysTwo tags were deployed
on individuals in the same group (SaTag006 and SaTag007), and duriregititegh overlap the
two individuals remained associated (distance apart median=1.3 km, maximum=7.4 km). Thus
only information from the longer of the two deployments (SaTag@a®)nsidered further.

Of the remaining seven tagged individuals, minimumzuonmtal distancéraveledranged
from 495 to 1,688 km, yet individuals remained relatively close to the tag deployment locations
(medians ranging from 17.9 to 116.2 Kiable 3. Five of the individuals weragged within
theboundarieofthei nsul ar stocks, with one individual t
two tagged off Lh a 6 i (Figure 2), and 3)tWhietheseigdivelidhls of f OO
were tagged in five different months, four were tagged in the Jadymilyperiod, wih the
other (SaTag004) tagged in Octodéers unknown whether spatial use patterns may vary
seasonally. Calving of spotted dol phins in Ha
between July and October (Baird 201dpdels of the relative almdance of pantropical spotted
dolphinsaround the islands relation to environmental variableave suggestduigher relative
abundance on the leeward sides of the islands, and some differences in spatial use between
winter and summer (Pittman et al.1B).

Movements of the individual tagged off Haéasland spanned almoste entire length
of the island over a 10-8ay period, and broadly overlapped witle thigh relative abundance
area for pantropical spotted dolphinsi Pi t t man et el. dott abdsWugs@awd(1983) mo d
reported on a spotted dolphin tagged with a VHF radio tag off Hilsindin May 198Q
which moved over a smaller stretch of the west side of the island oveayaeriod Of the five
individualstagged within the insulatack boundariesfour remained on the leeward sides of the
islands for the duration of tag attachmeiisexcept SaTag004, the individual tagged in
October The individuals tagged offlhad and the other individual tagged oftéhu(SaTag002)
also overlapped with thmodelledwinter high relative abundance areas (Figures 2, 3; Pittman et
al. 2016).

For the five individualsagged within the insular stock boundarié® proportion of
locations inside the stock boundary ranged f&h2% to 100% (median=65.9%; Table Ii).
the case of the four i ndi vmodadaffshore ofthgsgoekd of f L
boundariesOne individual (SaTag002), tagged 6.3 km offluin water 1,010 m deep, med
offshore ofthe stock bounds and backnshore of he boundary2 timesover the 18.4ay
period(Figure 3). o of the fourindividualsalsomovedacross bondaries into the range of
one or both of thether insular stock©ne of the individuals tagged dffUn a ¢ i (SaTag008
moved briefly into the range of the Hawdsland stock, before moving back (Figure Bhe
individualt agged mfO¢ttob&XBaddyd), thought to be an adult makxhibited a
more directed movement across stock boundéfigsre 3). This individual spent the first nine
days postagging off the southwest and northwest siofleO@hu, before moving to the northeast
coast of @ahu for just over four day3he animathen moved north of Molokaand Maui for
about three days, amspent the last three and a half days of tag transmissioneofiorth side of
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Hawai Oi | s | Bhrealof theHive gndivideal&®ged within the insular stock

boundariesended to use relatively shallow waters, with median depths at tagged animal

locations of less than 1,000 m (Table 2; Figure 5), whileibgividuals the one tagged off

Hawai 0i | sland and one tagged off Od6ahu, prim

Data were obtained from individuals tagged off K@uahich does not have a &wn
insular populationin both 2016 and 201Although tagged in relatively shallow water (651 m
and 822 m, respectively) and relatively nehore (8.8 and 12.5 km§dse two individualspent
time farther offshore than any of the individuals tagged off other islands (Table 2; Figure 4),
primarily in deep (median depths >3,000 m) water (Figure 5). One individual remained outside
the stock boundaries of the known insular stocks for theegoeriod of tag data, while the other
only briefly crossed thexistingboundary of the @Ghu stock, with 5.5% of locations inside the
Odhu stock boundarguch overlap, as well as that of SaTag004 with the ranges of the Maui
Nui and Ha was(eigure 4)shhsammplicatisns forddw abundance estimation studies
of these populations are designed.

Our sample size is sma#ind clearly more tag deployments are needed to fully
characterize the movement patterns of this species in Hawaiian waters péarticularly the
case given the potential for seasonal variability in spatial use, as well as the presence of three
different insular populations, each which may exhibit haloékted differences in spatial use.
That saidpur resultswith a limited number of deployments d@ve a number of implications
for stock structure and stock boundaries of pantropical spotted dolphins in Hawaiian Waders.
genetic study of Courbis et al. (2014) noted that population identity of spotted dolphins off
Kauai and NiGdhau was uncertainrhe broad ranging mvements in pelagic waters for
individuals tagge@ f f  Kretwodliffaerent years (Figure 4), combined with the low sighting
rates there in comparison to other islands (Baird et al. 2808yesthat spottedlolphins off
Kauadéi and Ni 6i hau are part of the pelagic st
movements across stock boundaries were documented for four of the five individuals tagged
within the ranges of the three different insular stocksy te&tively limited movements (median
distance from deployment locations from 17.9 to 49.9 km) do provide suppsitiefdidelity of
individuals within these areag/hen the stocks were recognized it was noted that stock
boundaries, particularly fortteé a hu and Maui Nui stocks, may ne
al. 2013), and our tagging resutsnfirm this The movements dhe ame individual tagged off
006 a that traveled north d¥lolokad andMaui to the north end of Hawdilsland (Figure 3)
also indicate that there may be overlap among the different stocksyoeflect dispersal
between stock8Courbis et al. 2014 Determining which of these options is most likely could be
addressed througstablishment of photcidentification catalog to assess residency and
movements of distinctive individu&|sadditional genetic studiegith the collection of samples
in areas closer to existing stock boundara®la larger sample size eéhtellite taged
individuals within the anges of the three populations.

2Over 100,000 photographs have been collected as part of omgs@agch on this species from over 300
encounters among the islands (Baird unpublished), but resources to establishidgpttification
catalog have not been available.
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Figure 1. Location dataver a 106-day period from a pantropical spotted dolp{®aTag001)
satellite tagged ofia wa i O i | s Coaseadtive latati@n® dresjoined by a line. The stock
boundaries are shown in red.
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Figure 2. Location data from pantropical spottetbdims satellite tagged off U n.a 6 i
Consecutive locations are joined by a line. Tafata from SaTag005 over a.24ay period in
March 2017; Bottoni data from SaTag008 over @2ay period in February and March 2018.

The stock boundaries are shownea r
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Figure3. Location data from pantropical spotted dolphins satellite taggeddalffu Consecutive
locations are joined by a line. Toplata from SaTag@over an 18.4day period inJanuary
2016 Bottomi data from SaTag@over al9.5-day period inOctober 2016The stock
boundaries are shown in red.
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Figure 4.Location data from pantropical spotted dolphins satellite tagged afii.a O |
Consecutive locations are joined by a line. Tafata from SaTag003 overld.9-day periodn
February and March 2016; Bottdndata from SaTag006 over a 1418y period in August
2017. The stock boundaries are shown in red.
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