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EXECUTIVE SUMNRX

In 2009, a Mmorandumof Understandingvas developed and a collaborative project was
initiated between the South Pacific Whale Research Consortium, the Solomon Islands
Ministry of Fisheries and Marine Resources and the Solomon Islands Ministry of
Enviroment, Climate Change, Disaster Management and Meteorology with the aim of
providing scientific advice to helpform management decisions involving the removal of
dolphins from wild populations in Solomon Islandgre, we specifically investigate
consenation issues related to the liveapture of IndePacific bottlenose dolphinJ.ursiops

aduncus combining demographic argenetictools.

Molecular identification ang@opulation differentiation

Dolphin exportersallowed access to captive dolphittscolled sloughedskin samples for
DNA analyses (n = 33) and photograpslecular analyses on these samples were used to
confirm the taxonomic status of the dolphins targeted for {oapture and export as being
aduncusRegional population structure was algvestigated using mitochondrial DNA and
the analysis revealed that Solomon Islafidaduncusre highly differentiated from

neighbour populations of New Caledonia, Australia and China/Taiwan.

Small boat surveys

Small boat surveys {gr= 62) were condcted in November 2009, November 2010 and July
2011. Total research effort w&196 kmin coastal waters of Guadalcanal, Florida Islands,
Santa Isabel and Malaita, ad830 kmcovered in offshore water8ecause of logistical
constraints, we were only abte survey pars of Guadalcanal34%) Santa Isabe(22%)and
Malaita (58%)coastlines. However, the areas where captured Dfaduncusccurred in the
past werewell covered (i.e., nortbwest of Guadalcanal and northiest of Malaita) A total

of 123 grou of marine mammals, representing nine different species were encountered
during boat surveys. Biopsy samples were collected from 71 individuals of five species for

the purposes of genetic analysis.
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Groups ofT. aduncugn = 45were thesecondmostcommaly encounteredspeciesafter
spinner dolphinsStenella longirostrign = 55) T. aduncusvere typically found in coastal

habitat, at an averaged distance @&.39nm from the coastline they were never seen in

waters deeper than 10fh. Rate of group ermunters withT. aduncusaried according to
islands(Kruskalwallis rank testH = 8.744, df = 3, p < 0.0%yith highest group encounter at
south Santa Isabel and lowest group encounter at Malaita. On the other hand, there was no

differenceaccording to stveys or seasons.

Photoidentification and #&e fidelity

Photographs were obtained from most grougrscounteredand a particular effort was made
to document groups of. aduncug44 groups were photographed)orsaifin photographs

of T. aduncugdentified 225 unique individuals in the wild. Twenty individuals were re
sighted within the same year while 46 individuals wereighted between different years.
All resightings but one (Florida Islands to Guadalcanal) feered withinstudy sites
indicating ahigh degree of site fidelity and suggesting a demographictparing between
the study sitesTherefore, the four iskads or group of islands appear to sheltkstinct

populations most likelyisolateddemographicallyrom each other.

A total of 28 cptive dolphins were photographically identified during visits to holding
facilities in 2009Knowing that some were released in Guadalcanal and Florida Islands in
2010(about 14 individuals we look for matchings with dolphins photographed in the wild in
2010 and 2011. Only one of the 2009 captive animals reidentified on the North Coast of
Guadalcanal, in July 2011.

Abundance estimates

Given the evidence for localised populationsToduncusabundance was estimated
independently for each of the to study sites. We used clos@dpulation models fothe

three annual sampling periodand found that they all yield consistent resulédter

correcting the abundance estimates for the proportion of unmarked individuals in the
population, we found thathe surveyareasat Guadalcanal, Florida Islands and Santa Isabel
shelter small populations &f. aduncu®f N~ 100 for the former andN ~ 300 for the later.

Abundance estimates fahe west coast oMalaita were considered to be less reliable
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because ofnsufficient data. However, population size aroundhis areas probably also in
the low100s Summing of thdour T. adunce populationsabundance estimatesuggest a

total abundanceof around 7001,300 dolphingn the overallsurveyarea.

Potential Bological Removal and past depletion

Using the capturgecapture estimates of abundance, we calculatied Potential Biological
Removal (PBRasa management tool used to set anthropogenic removaisen the
evidence of local population structurere asgssal the sustainable level of removals for
each distinct population using conservative RBEdveryvalue(Fr = 0.1)Doing sothe PBR
for south westGuadalcanaand Florida Islands was less thame dolphin every five years
and the PBR fasouth Santa $abel andvestMalaitawas less thatwo dolphin everyfive
years Based on these calculatiorthe authorized export quota (50 dolphins per year) and

the effective number of dolphins exported since 2003 (average 12 dolphins per year) are

unsustainablef concentrated on one or few local populations, as it has been the case so far.

Management advice

Considering tat most captures happnedaround Honara, Guadalcanal, it ikkely that the
local population habeen depleted since the beginning of thadee (potentially as much as
half of the population was removedl isalsolikely that thelocalpopulationusing the west
coast ofMalaita has beenlepleted although it is harder to assess because of uncertainties
in population abundancdn order toavoiddepletionof T. aduncusn the long term it is
recommended to:
1 Develop anew managemenproceduretakinginto account the PBR and past
exploitationwith the study areas
1 Prohibitnewremovak outside the study area without furthdsiological assessment
1 Set futurespeciesspecificquotas based on captureather than the number of
export, because the last does not account for mortality during local captivity.
1 Impose a complete capture bam the Guadalcanal populatioantil future
monitoringshows anncrease imbundance
f Finallyestablishr W5 b ! fotddvidaalidemitizatiorof all dolphins taken for

trade, ircluding those now held overseas
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1 Future effort shouldncludethe unsurveyedcoastline of the bigger islands in order to
better understand distribution of local dolphin communities aptbvide
management information at an island scale, with a priority to Guadalcanal and

Malaita were livecapture has been taking place.
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INTRODUCTION

Top predators such adolphins and other small cetaceahave a fundamental influence on
the biological structure rad function of marine communitie@ieithaus et al. 2008As

Wi Seé a2y $e cansiudncSsodiQheir rémoval by hunticgpturingor inddental
mortality can vary, but an increasing number of studies show evidence ofdagje
deleterious cascading effects.g., Myers et al. 2007)heyare also\Wmbrellaspecie§
because conservation actions thaitigate threats to them are likely to improve the
prospects for theprotection of other organisms, as well as the ecosystem i{8&dinn et al.
2000, Roberge & Angelstam 200A)third asgct particularlyrelevant tothe South Pacific, is
that thesecharismatic megafaunglay an important rolen human culturelndeed, may
Pacific island cultures have mgttegend and traditional uses afetacears, indicating the
importance of thesespedesin the identities ofpeople, their way of life and their heritage
(SPREP 2008, Whimp 200®)r all these reasoni is increasingly recognized that thereais
need to improvetheir managment and conservatiqi®@aribaldi & Turner 2004, Roberge &
Angelstam 2004, Hoyt 2005ndin particular it is a priority toassess andnsure the

sustainability of any kind of removals throughdstch, direct kill or liveapture.

The Solomon Islands have a long history of hunting dolphins by driving gmotgpbeaches
for slaughter(Dawbin 1966, Takekawa 199&everal villages, especially on the island of
Malaita, have been engaged in traditional dAwvents fa several decades or longer. The
hunt provides teeth, which are used dswry, traditional currencyand adornments, and
meat, which is consumed or sold locdBawbin 1966, Takekawa 1996, Reeves et al. 1999)
In 2003 live-captureexport tradewas initiated, representing new form ofdolphin
exploitationin the Solomon Islandg~or thisdolphins ae captured in the wild, held locally in
captivity for training thenexported overseafor the purposeof public displayalthough

some are kepin the Solomon Islands for display and breeding progranitial &tempts to
maintain captive dolphins were made with several species, including pantropical spotted
dolphins(Stenella attenuat} spinner dolphingStenella longirostrjsandw A & & 2lnd R 2 f LJ
(Grampus griseysThese were not successfydrobably because of the difficulties to train

and keep these species ali&nce these early effortthe capturefor export tradehas
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concentrated on InddPacifichottlenose dolphinsTursiopsaduncus which are usually
considered to adapt better to captivity, habetter temperaments and are less susceptible
to disease and stress th@omeother specie®f dolphins(Reeves et al. 19940 date the
Indo-Pacific bottleose dolphinis the only species thidas beerexportedfrom the Solomon

Islandsoverseadased on official export records

According to Solomon Islands CIFt&horities a total of 108ndo-Pacifichottlenose
dolphinswere exportedbetween2003and 2011(UNEPWCMC 2012)Thisrepresensthe
minimum number of dolphins that asremoved from the wild since the beginning of the
trade. Note, however, that the real number of dolphins removed is uaicéend could be
muchlarger than 108 me individuals are still currently in captivity in Solomon Islaadd (
therefore not included irthe total export number)andthere is noofficial record of
accidental deateduring capture or deaths while ircaptvity. However anecdotal accourst
and media reports suggest that such loss happened multiple t{Passons et al. 2010)
Furthermore, it appears thatn 2010,a minimum ofl4 dolphins were releaseftom two
facilitiesinto the wild after an unknown period of captivityhe fate of these dolphins is
unknown but release of captive animals into the wild has proven very difiimdt
unsuccessfutlsewhere(Rose et al. 2009The large majority of dolphins were captured
around the capital Honiaran the northwestcoast of GuadalcandiHowever, he last export
of 25 dolphins in 2011 was composed of animals capteredorthwest ofMalaita, probably
in 2010

The Government of Solomon Islands currently permits ugpOtdolphins to be exported per
year.However, lased on he current state of knowledge of Iné@acifc bottlenose dolphins
throughout their rangeinternational experts haveuggestd that this level of removal is
unlikely to be sustainabl@Reeves & Brownell Jr. 2008)deed,if aninternational standard
Wle2 T ( Kltmvirgg @% or 2% of a palation to be removed annuallyasapplied, the
localT. aduncugopulationtargeted by livecapture would have to be at least 2,500 or 5,000
to sustain the permitted level of exportsloweve, the species has a limited coastal range
throughout much of the Indéacific Oceaand, where studies have been conducted, the
populations havegenerallybeen found to be smala few hundred individuals at moétVang

& Yang 2009)
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To nvestigate thisssue we developed a project that aintg improveknowledge of the
population status of the targeted spies andto assess the sustainabiliof live-capture br
targetedlocal populationsOur primary objectives werd)) to confirm the species identity of
captured dolphins 2) to describethe typicalcommunity structure off . aduncusn the
Solomon Islands3) to estimate the abundance af. aduncusocal populations, including in
the area where most capturexccurred and4) to calculatePotential Biological Removal
within the study areas a tool for management of any future anthropogenic removals

(Wade 1998)

Estimating cetacean abundance is not an easy task. Several types of surveydmedmobe
used but some are natlealor practical for this studyfFor instance, airplane lieansect
studies can be useful but species identification of doipltan be difficult from the air. It is
particularly true in the case dhdo-Pacific bottlenose dolphinsince theycannot be easily
differentiated from other species such as the common bottlenose dolghitruncatus
Therefore, we choose to condugnallvessel surveys for photidentification work(i.e.
individual recognition using unique marksn the dorsal fin)Jusing markrecapture analysis
techniques This method ithe most appropriatéechnique in our casasthe studied
speciedgs known to Bow a high level of individual distinctiveneissother areas near
Solomon Island&.g. 70% in New Caledonia, Oremus et al. 20&8he majority of the
dolphins can be photadentified. Photeidentification surveys also have the advantade
providingvaluable dataon population structure bynvestigating whether individal animals

move between islands.

Once information is available on population structure and abundance, takes (removals) from
marine mammal populations can be assessed in a variety of ways (see Reeves & Brownell
(2009) for a reviewHere, we decided tapply an internationally recognizemiethod used

to set limits for anthropogenic removals under the US Marine MantnadectionAct and
elsewhere O | f PdieRtial Biological Remo¥gPBR)whichaimsto ensute that human

caused removalarebelow levels thacould lead to population depletion (Wade 1998). The
PBR effectively sets tallinits where the mortalities occur at particular locations and times

and are, at least in principle, directly observable (Lonergan 20h) main advantage of

10
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PBR is its simipity: a value can be calculated from a single abundance estimate and without
any direct estimtion of population trends. The development of this metheds a

deliberate response to the difficulty of collecting data on the marine mammal populations
(Taylor et al. 2006)

In this report,we first investigate the taxonomic status of captive dolphins using molecular
techniques to confirm that they belong to the speciesduncus Indeed, species
identification of captive dolphinso far was basedn external morphological characteristics
such as theotal bodylengh of adults, the shape of the beak or the presence of sfRtss
et al. 2003) However, the taxonomy dafursiopssp. is rather complexiad still not fully
resolved particulady in the IndePacific Region. At least two specied afsiopsare thought
to occur in the Solomon IslandE. (@duncusnd T. truncatu$, andrecent studies also
suggest the existence ofpautative third spedes described imearbyAustrdia (Charltor
Robb et al. 2011)herefore, the question of the taxonomic statustioé captured dolphins
needed to be clariéd. We then presat results of a regional analgsof population geneti
structure to investigate longerm connectivity between Solomon Islan@isaduncusind

populations from neighboungareas (e.g. New Caledonia).

Using photeidentification and capturgecapture techniques, we investigatdd aduncus
individual movements and pattesof site fidelity betweeramong four study sites
presenting differenislandsor groups of islandsSuch analyses can help to determin@.if
aduncudound around different islandare isolated from their neighbours delong to the
same populationwhich has important implications in regards to the scale at which
management deciens should be appliedVe also searatd for resighting of captive
dolphins in the wild, knowing that a number of them were released at Guadalcanal and
Florida Islands in 2010. Captenecapture analyses welithen used to provide population
size estimatesrinally, the later resultsservedto assess the suainability of dolphin
removals for local population®n the basis of the current quota of export as welbaghe

officialnumber of dolphins exported since 2003.

11
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MANAGEMENTACKGROUND OF THE PIROM

Despite a long history of traditional dolphin dritaents, until recentlylittle attention has
been giverto marine mammatonservationor management irthe Solomon Islands
However, in 2003he developmenbf a new enterprise olive-capture dolphin trae
receivedconsiderablemedia coverage followed by numerous critisisms froitdlife
activists, environmental agencieand foreigh governments. Concemwasexpressed by
major intergovernmental groups, including CITE&vention on International Trade in
Endangered SpecipE€MSConvention on Migratory Specjeand IUCNInternational Union
for Conservation of Natujeabout the potential conservation implications of dolphin
removals in the Solomon Islan(Reeves & Brownell Jr. 2008 assessment of dolphin
removals has also been recognized as a priority under the SPREP (South Pacific Regional
Environment Program) Whale and Dolphin Action Plan 2 and the CMS Pacific

CetacearMemorandum of Understandin@ioU).

The export of dolphins was banned by the Solomon Isl&w®rnment after the

controversial shipment of 28 IndBacific bottlenose dolphins to Mexico in 2003. However,

the export ban was later challenged and overtednin court,andthe live-captureand

export traderesumed Nevertheless, th&overnment decided tset a quota of 100

dolphins, of any species, to be exported per year, which was later reduced to 50 dolphins per
year(UNEPWCMC 2012)n August 2008, a workshapasheld in Samoa by IUGBISG
focudngon the status and potential implications ©f aduncusemovals from wild

populations with the Solomon Islandasa study caseDiscussions focused on the status of

T. aduncupopulations and on how to conduct a research program that cpubdide

decision makers with the robust data needed to help in management decisions involving the
removal ofdolphins from wild ppulations.This workshop was attented by dolphin experts
from around the world, includingpur representatives from South Pacific Whale Research
Consortium SPWRQM. Oremus, C. Garrigu&. Taeiand S. Childerhousdj.provided the
opportunity to initite communication between the SPWRC and representatives of the
Solomon Island&overnmentMr. John Legata and Mr. Joe Horokokpllowing this initial

contact, the Solomon Islasdsovernment was invited to attend the next SPWRC annual

12
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meeting in February@09 to further discuss dolphin removal issues #melpotential for
collaborative efforsthat could take advantage of the SPWRC expertise in the assessment of
OSil OSlIy LI LXSPWRLREMEsDasZeSultal i joint development of a
research proposal between the SPWRE& S { 2 f 2 YNinjstryloBiFishegeBri Q
Marine ResourceVIFMR)andMinistry of Environment, Climate Changes&ster
Management and Meteorology (MECDNBking into accountecommendations made at
the population assessment workshop organisedh®/IUCN in August 2008 (Reeves and
Brownell 2008)The main aim of this collaborative effort wisovercomedisagrements
surroundingthe use and associatatbnservatiorand management issues fdolphin
populations in the Solomon IslandBhis would be accomplishéy developing an
indepencent research project that would providie Government witHocalscientific

knowledgeto help in management decisions involving the removal of dolphins.

In May 2009, a National Dolphin Technical Committee (NDTpwasd by the Solomon
Islands @vernmentto ensure the finalisation and endorsement of a National Dolphin
Management Pla of the Solomon Islands. The Committee is composed of relevant
government agencies and NGOs. One of the key objectives of the committee is to oversee
the development and implementation of biological surveys to investigate the status of
dolphin populationsn the waters of Solomon Islands. In June 2009, a researcher from the
SPWRC (M. Oremus) travelled to the Solomon Islands to meet decision makers and to
further discuss the research proposal written in February 2009 and the feasibility of such
biological srveys. This resulteish the development o MoU. The MoU was completed in
November 200@&ndsigned in February 2010 ltye SPWRC, the Solomon Islands MFMR and
the Solomon Islands MIE®I. The first biological surveys started in November 2009

followed bya second survey conducted in November 2@l a final survey in July 2011

One researchen. Oremug from the SPWRRas led the surveysyorkingin direct
collaboration with officers from the MFMR and MBNI. An interim report was prepared in
June 2011Oremus et al. 201yhile results from the present report were presented at a
workshop held by the Solomon Islands Government, and facilitated by {HFHMRICC, at
Honiara in May 2012 .

13
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METHODS

Dolphin facilities surveys

Contact was initiaté with the dolphin exporters holdindolphinsin captivityin the Solomon
Islandsduring the course of our projedh order to gather information on the species and
number of individuals in pené&n attempt was also made to collect dorsal fin photographs o
captive dolphinsas well as skin samples. For skin samples, thesskatbing technique
(Harlin et al. 1999)as explained to the trainers so that they collect the samples thérese

This technique consists aking a sterilized ngn scrub pad that is swabbed on the dorsal or
lateral surface of the dolphin to remove and retain epidermal cells. It has the advantage of
being almost noxinvasive but has the disadvantage of providing poorer quality genetic

material(Harlin et al. 1999)

Field sirvey Effort

Study area

TheSolomon Islands isiasland nation locateih Melanesia, Oceanigouth West Pacific,
ycnnQ{ Iy pPetweerPapuaNe¥ Guinea and Vanudtoonsists of nearlyt,000
islands representing ger 5000 km of coastlinéFigure 1) The ontinental $elf around
theseislands is usually narrovand theoceanfloor quickly falldo several hundred meters
depth. TheSolomon Islands arpart of the Coral Trianghhich is recognized dke global
centre of marine biodiversityAllen 2008 and a global priority for conservatidBriggs
2005) The climate is typical of a tropical areaingcharacterised by high and rather uniform
temperature and humidity and, in most areas, abundant rainfall in all months
(http://www.met.gov.sb/). East tosoutheast winds prevail from May to October, although
not usually as strong as in other Pacregiondurther south oreast West tonorthwest
winds prevail from about November to April araate usually lighter than theoutheast

trades and much less persistent.

14
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Figure 1Map of the studied are&n the Solomon Islands
Boat surveyg

FromNovember 20020 Juy 2011, hreeseries of smalboat surveysvere conductecover

one month eachln total, we conducted 62 surveys: 19 in November 2009, 20 in November
2010 and 23 in July 201The research vessel (®) was purchased by the MFMR specifically
for this project (Figure2).

In order to answer our research questiomg focusour effort atfour islands or groupof

islands of the eastern part of Solomon Islands: Santa Isabel, Malaita, Guadalcanal and the
Florida Islands (Figudg. Because othe large size athe islands andbgistical constraintgt

was not possible to cover the entire coastlineGifadalcanal, Santa Isabel and Malaita
(Figure 1)However, thestudy area encompasses the locations walleaptures ofT.
aduncusoccurred, i.e.the north-westcoastof Guadalcanal anthe north-west coast of

Malaita.
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Hgure 2 Research vessel for dolphin surveys in Solomon Islands

Effort wasprimarily concentratedwithin onenautical mile (nmpf shore with survey lines
roughly parallel to the coast. We @bse this survey design becauséo-Pacific bottlenose
dolphins appear to prefemear shorecontinental shelf waters and areas with rocky and coral
reefs, sandy bottom, or sea grass béBgeves & Brownell Jr. 2009hey can be found in
waters more than 200n deep but are much more common in water less than 100 m deep
(Wang & Yang 2009nitial studies in the Solomon Islands by R.H. Defigare found this to

be truefor this areaas well(Reeves and Brownell 200®#1owever substantialsearch effort
was also made offshomuring our stuly, including multiple crossimsdpetween islandsto

help confirmT. aduncus$abitat preferences

The research team was usually composed of a boat driver from MFMR, one or two
photograprers from MFMR and/or ME®/ and one cetacean expert from SPWRC that

recorded data on tape recorder and collected biopsy samples and photographs.

Data collection

We recorded the geographic positisof each groupf marine mammalgncountered

during the surveysiith a Global Positioning Systef@P$L Yy (1 KA & a lisdefined |
as a spatial aggregation of animals that appears to be involved in a similar detigity
foraging, socialising, resting or travedi Shane et al. 198@or each encounter, group size

was estimated by visual countsecording the minimum, maximum and best estinmgate

16
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Dorsal fin photographs were taken o enany individuals as possiptegardless of

distinctive marks or vicinity tthe boat, usingdigital SLR camesd15 megapixelsgquipped

with telephoto-zoom lensFor each group, we measutéhe closest distance to shotsy

importing sighting locations into Google Earth anduking the ruler toolApproximated
depthforeachsighAy3 61 & SadAYlIGiSR dzaiay3a GKS | LILX AO!I
locations were placed onto official bathymetric maps of the studied area. The following

maps were used: A4634, A3997, A1747B, A1747C, A1747F, A1750_1 and B&pE6B.

classes weréefined as follow: less than 1M; between 10m and 20m; between 20m and

50 m; between 50m and 100m; more than 100n.

The Paxarn® system was employed to collestall skirbiopsy samplegKritzen et al.
2002) It uses a small biopsy dart fired from a modifiedc2Bber veterinary rifle equipped
with a variable pressure vadv(Figure3). This type of system was shown to have minimal
impact on small cetacear{dloren & Mocklin 2012, Tezanos Pinto & Baker 2@BiPpsies
were only collected on individuals presumed todmkilts based on large body sizéamples
were preserved in 70% ethanol and stored2(°C for subsequent analysex the

Universityof Auckland, New Zealand

Figure 3: Paxarms biopsy system

Laboratory procedurs

Geneticsamples processing

Total DNA wasolated fromgeneticsamples (including skin swabbing from exporters) by

digestion with proteinase K followed by a standard phenol: chloroform extraction method
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(Sambrook et al. 198%s modifiecby Baker et al(1994)for small samples. A fragment of
GKS pQ SYyR 27 (KS -lowpjwab ampliia yia®RBsing thefprihierd y 0 R
light-strand, tPrewhale M13DIp-1.5(5-TCACCCAAAGCTGRATBCDalebout et al. 1998)
and heavy strand, DIBG(5-GGAGTACTATGTCCTGTARCE&#Areported in Dalebout et al.
2005) All amplification reactions were carried out in a total volume ofR@ith 1 x AmplF

Taqg buffer, 2.5 mM MgCI2, 0=M of each primer, 0.2 mM deorponucledide

triphosphate (ANTP) and 0.5 U of Aripiig® DNA pginerase. The PCR temperature profile
was as follows: a preliminary denaturing period of 2 min at 94°C followed by 35 cycles of
denaturation for 30 s at 94°C, primer annealing for 45 s at 55°C and polymerase extension
for 40 s at 72°C. A final extension erof 10 min at 72°C was included at the end of the
cycles. Sex of DNAamples was identified by eamplification of the malespecificsrygene

and the ZFX positive control gene, as described by Gilson(&088)

Photographsprocessing

Individuals within each group were identified using notches @ndbrsal fin, shape of the
dorsal fin, scarring and skin pigmentation. For every individual within each group, the best
left- and rightside photographs were selected and graded for quality usinggarameters:
focus, exposure, orientation and percentagsible(Oremus 2008)For each criterion, the
photographs were assigned a grade from 1 (bad) to 5 (excellent). The final quality score of
each dorsal fin was calculated as the average grade ovdotheriteria. All photographs
ranking 1 for at least one criterion were excluded from subsequent analyses, along with the
dorsal fin images that rated less than 3.5 on average-offutalues wee chosen after an
overall comparison of the photographs according to their marking minimize the

likelihood of mismatches Each individualepresented by at least one photograph of
sufficient qualitywas given a distinctiveness rating, based on markthe dorsal fin visible
from either left or right-side(Oremus 2008)Rating was as followed: (1) not distinctive, (2)
slightly distincive, (3) distinctive, and (4) very distinctiorsal fins photographs from

captive dolphins were assessed for quality and distinctivenssgy the same protocol

Every individual showing distinctive mé)(rated (2) to (4)) were compared to each othe

to identify re-sightings. Acatalogue of unique individuals was created angighting events

were classifieda@ 6 A 0 KAy € 2NJ ao0SG6SSyé¢ AaftlryRa | yR
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Furthermore, we compared distinctive dolphins held in captivity to the ogta of

distinctive dolphingrom the wild.
Analytical treatment

Decies identityf captive dolphins

We compared the sequences$ the mtDNA control regionbtained fromdolphins in
captivityin the Solomon Islands teegjuencegpublishedin GenBanlkand elewherefrom the
two currently accepted specie$.(aduncusndT. truncatu$ andfrom the SouthEast
AustraliaTursiopgopulationrecently proposed as a new distinct speqi€saustralis
CharltorrRobb et al. 2011 Reference sequences are available from GenBank or from the
authors(Appendixl). For the purpose of this analysisewsed only sequences from animals
sampled in the Indé’acific regionfForT. aduncus samples oiginated fromChina(Wang et
al. 1999, Yang et al. 200%)ast AustraliéMoller & Beheregaray 2001, Moller et al. 2007,
Wisznewski et al. 201Q)Hawaii(Martien et al. 2011)IndonesigWang et al. 1999 New
CaledonigOremus et al. 2009nd South AfricéNatoli et al. 2008)ForT. truncatus

samples cae from ChingYang et al. 2005Eat AustraliagCharltorRobb et al. 2011)
French Polynesi@ezanosPinto et al. 2009)Hawaii(Martien et al. 2011)Hong
Kong/Taiwar(Wang et al. 1999)YapanKita et al.Unpublished, Kiribati(TezanosPinto et al.
2009) New Caledonia (Orem@&sGarrigue unpublished), New ZealarfiiezanosPinto et al.
2009)and Palmyra Ato([Martien et al. 2011)Sequences of. australisare all from South
East AustraligBilgmann et al. 2007, Charltd?obb et al. 2011)

Sequencesvere alignedusingthe MUSCLE alignment meth@ddgar 20043s implemented
in the software GENEIOU®rummond et al. 2009Yhe maximumlength ofthe sequencs
available varied according to the different soureesltherefore, for the purpose of our
analyses, sequencegere truncatedso that theyall representthe same portion of the gene.
Variable sites and unique haplotypies Solomon Islands sequencasre identified and

confirmed by visual inspection of peak heightshg GENEIOUS

The phylogenetic relationships of the mtDNA haplotypes werensttucted using
neighbourjoining (NJ)nethod, as implemented in MEGEamura et al. 2011Homologous
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sequences from two closelglated species, shoffinned pilot whale Globicephala
macrorhynchusand roughktoothed dolphin Steno bredanensisvere usedas outgroups.

The robustness of phylogenetic groupings was assessed by bootstrap resampling (replicates:
NJ, 5000; MP, 1000; ML, 200). Clades with bootstrap values > 70% were considered robust
(Hillis & Bull 1993)

Genetic diversitpand regional populaibn structure

We further used mtDNAcontrol regionsequences to investigate the levelgegnetic diversity
and connectivity between the population af. aduncugn the Solomon Islands and the
populationsof the same speciesom three surrounding areasWe used only aredsr which
haplotype frequencies of samples were available and numbsawiplesvas large enough
(>10 samples)These wereNew Calednia, EastAustralia and Chin&aiwanHongKong
Sandard indices of genetic variationcluding nucleotide diversity and haplotype diversity
were calculated using ARLEQUIN, yBxcoffier et al. 2005)

To testfor genetic structurdbetween geographic regior(Solomon Islands vilew
Caledoniavs.EastAustraliavs. ChindTaiwanHong-Kong, the exact test of population
differentiation and analyses of molecular variance (AMOVA) were conducted as
implemented in ARLEQUINor AMOV Athe differentiation was estimated using
conventional Er(based on haplotype frequencies) and its nucleotide equivakegt(using
Kimura 2parameter), whichricorporates information on the genetic distance between
haplotypes. Significance was tested by 20,000 permutations of the original datsetsd

F stare measures that indicate the extent of genetic differentiation among subpopulations

and rang from 0 (no differentiation) to 1 (complete differentiation).

Individualmovementsand site fidelity

We used apture-recapture historiedased on photdadentificationto investigateindividual
movements andite fidelitywithin the studied arealn the case of fielity to aparticularsite,
it is expected that individals observedanultiple timeswill be recapturel within the area
wherethey were captured in the first place. If dolphins iiat show fidelity to a particular

site, then there is equal chana# it being recaptured off a neighbomgisland
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To provide a statistical assessment of site fidelitterr-annual site fidelity was investigated
usinga maximum likelihood methodssesmgthe probability, pt, that an individual

observedin one particular aremoves toanother areabetween sampling griods This

method allows the number of identifications to be used as a measure of efdldbwing the
inclusion of all years witany individual identificatioWhiteheal 200J). Then the

probability that an individal remains in a study area one sampling period later is one minus
the sum of the transition probabilitie® the other areasThis was assesseddith the

program ®CPROQ@NVhitehead 2009)The option allowing for an external area was used to

account for individuals that are not found in any of the four studyssite

Population abundance estimate

In light of the results obtained on site fidelity analyses (see Resection), we chose to
estimate abundancedor eachstudy site separatelfi.e., northwest Guadalcanal, Florida
Islands, south Santa Isabel and west Malaiagh of thethree surveyg2009, 2010 and
2011)constitutesa sampling everfior mark-recapture analysewith effort being boadly
similarat each study siteThere were 11 and 7 months between sampling pericsil and 2,

and 2 and 3which has left sufficient time to allow animals redistribute themselves between

sites and also for movements between islands if they occur.

For population estimation using markecapture methods there are twprimary classes of
models in wide useclosed models, in which it is assumed there are no additiorgbitth,
immigration)or losseqdeath, emigrationfrom the population of inteest over the period of
study (ie., the closure assumptignandopen modelsthat allow for additions or losses over
the period of studyOpen models are often more realistic for cetacean populations but they

require long time sequencand sufficient datdo adequatly estimate parameters.

Therefore, ;ce only three sampling periods were available hergh arelatively limited
number of captureswe chose to run closed modeWe note that @ross the 1.%ear period

of the study, it is likely thasomebirths anddeaths occurred in thpopulations.However,

we assumed that such effects were limited considering that the demographic parameters
observed in other populations of the same species or closely related species indicate low
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calving and mortality rateAdditions and losses in the populations might also have happen
through emigration and immigration but likelihood analysegjgest low rates of movements
in the area(see Resultsection). Overall,the assumption of striciemographialosure is
unlikely to be net here andthis violationwill result on overestimates of the true population
sizes. On the other handhark-recapture abundance estimates can be underestimated as a
result of heterogeneity of capture, which is the model assumption Hiksty to be violted
(Hammond 2001) 1t is important that sich effectbe consideredthis source of variation can

be taken into account bgomeclosed populatiormodelsthat were considered here.

In order to select the best model of abundance estimate, we first atteupt usethe
L1 FA1SQa AYTF2NNIGA2Y (BNRhAS &ANEeySon®@00R3s 0 Y2 RS
implemented in program MAR®Vhite & Burnham 1999However, this procedure failed to
provide satisfactory results for three of the four study sites, probably because of the limited
number of captures available. Therefore, we choose to perfanalyses of abundance
estimates usindour different models implemented ithe programCAPTURRexstad &
Burnham 1991andthat we think arebiologicallymostrelevant to our study case. These are:
- Mo: is the simpler markecapture estimatomwhich assumes that all individuals have
the same probability of capture on each sampling occasion.
- Mt (Chao)is a model especially developed for sparse data where the fmittyaof
capturing the animal varied with time.
- Mh (Chao)is also a model developed for sparse data but wherepitubdability of
capture varied between individuals.
- Mth: accounsfor both variation of capture probability in time ancetween

individual.

As these estimates relied on natural markings to identify individtiads, refer exclusively to
the population of marked animaldl. To include the unmarked portion of the populat®n
and obtain estimates of the total populatisyNta;, the proportion d unmarked individuals

g, was computed on the basis of tipeoportion ofunmarked dorsal finestimated for each
study site(Wilson et al. 1999)'he variance of the total abundance estimate was estimated
using the Delta methodSeber 1982, Wilson et al. 1999herenis the number of animals

from whichq was calculated:
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var(N) 1 —E)

Nttl”=N2ttl(
var(Ntotal) ota e -

Gonfidence intervals for total pogation size were calculated by assuming that the error
distribution was the same as for the estimate of the numbedisfinctive individuals
(Wilson et al. 1999)

Assessment of sustainability

Over the variousnethods employed to date around the world, threshold valueed to
evaluate sustainability or acceptability of takesremovalsof marine mammalsange from
0.1% to 2% of a best estimate of abundartdere, wve chmse to use¢he PBR methodvhich
explictly takes into account uncertainty and potential biases in the available information. A

PBR is calculated using the following simple fornjllade 1998)
PBR = MNn X 0.5 RaxX Fr

Where:

Nmin = 20th percentile of the population size estimate

Rnax= Maximum annual population growth rate

Fr= Recovery factor

In the PBR, the Z0percentile of the abundance estimate (equivalent to the lower 80%
confidence limit) is usetb account for imprecision in the abundance estimgitas

guantified in theCV.In regards to R. nearly all small cetaceans are thought to have rates
of growth no higher than about 4% per yeap{R0.04) (Wade 1998, 2002). Certainly no
dolphin population has been observed to increase at a faster rate, and aspects of their life
history (such as their relativelgite age of sexual maturity and low birth rate) make faster
rates unlikely for dolphins (Wade 2002; Reilly and Barlow 1986). Therefore, we used a
default growth rate value of 0.0 recovery factor (ff of 0.5 isstandad for unexploited
populations and was shown to webust under many situation@Vvade 1998)including

when estimates of abundancB,.xare potentially biased or whethere are uncertainties
about population structure. Howeveior very small oendangerecpopulations, an Fr of 0.1
is recommended (Wade, 1998; Slooten & Dawson 2008ged, a small population even
without humaninduced mortality is vulnerable in itself because of environmental and
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demographic stochasticity, and inbreeding (Lande 1999). ,Mereconducted calculatien
using Fr = 0.&nd Fr = 0.%or comparisonas minimum and maximum values recommended

by the literature
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RESULTS

Captive ablphin holding facilities

In November 200919 T. aduncusvere held in capvity at the Honiara facilityGuadalcanal,
while 27 werein the pens of he Gavutu Islandacility, in Florida Island$Ve were told that
all of thesedolphins were captured along theorth coast of Guadalcanatlose to Honiara

In November 2010, a further visit to the Honiara fagihowed that mly eight dolphins
were left,including six males and two females, according to the traiftiee dolphins were
exported in December 200%vhile eightindividuals were apparently released in front of the
facility around July 2010AIsoin November 2010we found out thatthe Gavutu Island
facility wasclosed with no dolphinkeft in the pensSeven of thedolphinsseen a year earlier
were exported in December 2008he fate of the remaining0 dolphins is unknown.
According to the former ow8 NI & wvawk freethepdd.con), six dolphins were released
around JuneJuly 201@vhile the remaining 4 individuak died in captivity.

During November 201and July 201lwe also tried to visia new facilitypbelonging to a third
entrepreneur and locateat Mbungana Florida Islands. Unfortunately, we menot granted
accessApparently, in November 2010, no dolphins were held in this facility. However, in
July 2010the owner confirmed that some dolphins were capturatbng the west coast of
Malaitasinceour last visit and that they were currentlyell in pens at Mbungana. This was
also directly confirmed to us by the fisig community at Taeloa, Malaita, which was in

charge of capturing the dolphins. Although we had no clear evidence of how many dolphins
were captured and from whickpecies25 Indo-Pacific bottlenose dolphinsere exported

from the facility later in 201{UNEPWCMC 2012)As of June 2012 reunknown number of
dolphins are still held in this facilitas directly confirmed by thewner.

Tissuesamples otaptive dolphingvere obtained from the facilities at Honiara (n = 16) and

Gavutu Island (n = 17). Unfortunately, no samples could be olatdoen a third facility at

Mbungana Island, despitaultiple requests to the owner.
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Species identity of captive dolphins

DNA was extracted from alaptiveT.aduncusskin samples collected during this study.
Molecular sexing on captive dolphins was susti#dor 14 sampledndicating a biasedex
ratio of 12 males and 2 femalésxact binomial test of goodness of fit< 0.05) The reason
for the bias is unclear but it could be due to the selection process during capture évent.
total of 16 sequencesfahe mtDNA control region were obtained from presumed Solomon
IslandsT. aduncusn captivity These sequences were aligned with haplotype$Swsiopssp.
from other regions of the Ind®acific (n = 145) after being truncated to a fragment of 290

base pars available for most sequences. Doing so, all sequences were compared for the

SPWRGE March 2013

exact same portion of the mtDNA control region geAk phylogenetic reconstructions

based on the consensus fragment show that sequences from captive dolphins in Solomon

Islards cluster with haplotypes df. aduncugrom the Indet  OA FA O NBIA 2y S

bootstrap support Figure6). T. aduncu$rom South Africa and. australiform separate

monophyletic clades whil&. truncatusvere paraphyletic.

Genetic diversity and regional population structure

Despite repreenting the smallest sample sizéise Solomon Islands and

China/TaivarvHong-KongT. aduncushowed a large number of haplotypes in comparison to
EastAustalia and New Caledonia (Table This is further illustrated by higher haplotype
diversity at the fomer two sites. The level of nucleotide diversity is particularly high for

China/TaiwarHong-Kongbut is also high in Solomon Islands, at least in comparison to East

Austalia and New Caledonia (Table 1

Table 1 Summary of mtDNA genetic diversity flamduncusn Solomon Islands and

neighbour populations

Haplotype Nucleotide diversit

N # haplotypes diSers%E/ (%) y
Solomon Islands | 16 7 0.8667 +£0.0567| 0.9023 +£0.5744
New Caledonia 79 2 0.5024 +/0.0134| 0.3526 +/0.2658
East Australia 17 4 0.4950+/- 0.0603| 0.3855 +£0.2861
China/TaiwarHK 43 9 0.9118 +£0.0424| 1.7492 +£1.0013
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We only found one shared haplotype between any of the four regions, which was haplotype
1 shared between East Australia and New Caledonia. Overall level of difi@nbetween

the four regions was highly sigicant (st=0.5489 p < 0.0@1; F s7=0.5491 p < 0.0@1).

Exact tests of population differentiation show highly significant degree of population genetic

structure between each region representgal<{ 0.0@1 for each comparison)
Field dfort and data collection

Effort was broadly similar between ttibree series ofsmaltboat surveygTable 2,
representingover 350h of observation at sea fa total of 7126kilometers(km) covered,
including5196km of coastal effortand 1930km of offshore effort(Table2, Figured). The

sane areas were covered in 20@)10and 2011(Appendix2), with the inclusion of the

island of Savo during the 20Abd 2011surveysBecause of the geographic proximity of the
two islards, data from dolphin encounters at Savo were combined with Guadalcanal for
analyses hereafteOverall, weather conditions were good for therée series ofsurveys.

Daily expeditions were only undertaken at Beaufort Sea State (BSS) less than four. Search

effort wasendedwhen BSS reached four but this occurred only rarely

Table2: Summary of research effor€oastal coverage represents the percentage of coastline that
was covered during the surveys for each of the four islands or group of islands.

Time on water

SITE Coastal # Surveys (hours:minutes) Coastal effort (km)

COVera98 5009 2010 | 2011 | all | 2009 | 2010 | 2011] all | 2009 | 2010] 2011 all
Guadalcana 34% 7 7 5 19 | 39:56 | 34:21 | 29:50 | 104:07| 350 | 482 | 407 | 1239
Florida

100% 3 5 7 15 | 18:20| 37:33 | 36:44 | 9237 | 215 | 496 | 550 | 1261
Islands
Santa Isabe| 22% 5 4 6 15 | 26:15| 25:05| 27:50| 79:10| 383 | 335 | 511 | 1230
Malaita 58% 4 4 5 13 | 26:24| 20:35 | 28:40| 75:39 | 465 | 435 | 567 | 1467
Total - 19 20 23 62 | 110:55|117:34| 123:04| 351:33| 1413 | 1748 | 2035 | 5197

A total of 123 groups of marineammals were encautered (Figure 5)These were
represented by nine different species, including eigitiacean species and one sirenian
(Appendix3 and 4. Appendix presentsa summary of findings on speciether than Inde
Pacific bottlenose dolphiné total of 45 groups off. aduncusvere observed. They were the
second mostommonly encountered species after spinner dolphfslongirostrign = 55
groups).
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Figure 6: Phylogenetic relationships among mtDNA haplotypes from cdptrgé@psspp. in S@mon
Islands (red stars) and haplotypes from all specieRuofiopscurrently recognized, using the
neighborjoining method. Bootstrap values were enlarged at key nodes.
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In each of the three years, 13 to 16 groupsS oduncusvere encountered, with anean
group size of 10.6 dolphins (SD = 10.5)ranging froml to 60individuals T. aduncusvas
observed in nxedspeciesaggregations witls. longirostrign = 11)In November 2009 at
Guadalcanal, we observed a juverilelongirostriswimmingalongwith aT. aduncs on two
instances, one day apart (Figure 8). On both encounters, the juvenile was th&.only
longirostrisin the group and on both encounters it was seen swimming with the Seme
aduncus as shown by distinctive marks on its dorsal fins ParticularT. aduncusvas seen
again in November 2010, with anothirdo-Pacific bottlenose dolphibut mixed with a
larger group ofS. longirostrisThe juveniles. longirostri®bserved in November 2009
showed no distinctivenarks and therefore, it isnknown if it was present again in this
group.Unfortunately, we managed to collect only two biopsy sampleB. @duncuslespite

being the species with which we spent most tin@#l of 38h 57mir).
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Figure 4Survey coveragever the 3 years project
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Figure 5Geographic positionsf Tursiops aduncusncounters in Solomon Islandsringsmall boat surveyis 2009, 2010 and 2011including
individual movements within and between years as detected by pieohicrecaptures
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