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ABSTRACT

Humpback whales were severely depleted by comniewdialing, and understanding key factors of their
recovery is a crucial step for their conservatiarldwide. In Oceania, the Chesterfield-Bellona grelago was
identified as one of the primary humpback whale lmgasites of the 19th century. However, given its
remoteness, it has remained almost unaffected thyarogenic activities since then. In this studg, ieport on
the first large-scale multidisciplinary dedicatadweys conducted in the Chesterfield-Bellona bnegdirea to
assess the current status of its humpback whalelatgn, two centuries post-whaling. In 2016 and 20two
surveys were conducted, totalizing 24 days of effiod 57 groups encountered, among which 13 wiedes
identified though photo-id, 16 through genotypimgl 22 with both methods. A total of 6 whales wegaipped
with satellite tracking devices. Though humpbackaleh still appear to visit the area during austvadter,
especially the inner shallow waters of the reef plex and the neighbouring off-shore shallow barikejr
density was relatively low (0.041 whales/km surwkya average). Surprisingly for a breeding area stx ratio
was very skewed towards females (1:2.8). A larggrtion of the groups encountered included a nictine
calf (45%), especially in the most sheltered watmsth of the Chesterfield plateau. Photo-IDs aadetjc
comparisons suggest a strong connectivity withNeey Caledonian South Lagoon breeding area. Althawgh
match was detected to-date with the Australian tBearier Reef, a connectivity with the South EAsstralian
migratory corridor is suggested by the trackinghoée females (including one with calf).
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INTRODUCTION

Large whales have been severely depleted by conmhercaling in the 19and 2@ centuries (Clapham 2016).
Among them, humpback whale populations of the Sél¢misphere have been decimated to reach only 1% of
their pre-exploitation population sizes (more thHk0,000 whales taken between 1904 and 1972 (Baker &
Clapham 2002); The whaling moratorium and the leoaservation efforts have allowed the partial vecy of
most populations, with the exception of the Arabi@ea and the Oceanian breeding stocks that remain
endangered under the IUCN red list (Childerhousd.2009). Indeed, the humpback whale breedingiiadipn

of Oceania was estimated to be the least abundam Southern Hemisphere by (Constantine et d2p0

The Chesterfield-Bellona plateaus are located abalftvay between the East Australian coast andNibe
Caledonia mainland, in the Coral Sea. Along witmda, this area has been identified as one the tigpbts
targeted by 19 century commercial whaling of humpback whales hie South Pacific (Townsend 1935).
Logbooks (Townsend 1935), wrecks (http://museeinainc/fortunesdemer/naufrages) and remains ofingpal
stations (Guillou 1983) attest to an intense wigakitivity (Oremus & Garrigue 2014), hence suggesthat
humpback whales were abundant in these reefs #ittiee Though scientific surveys and opportunistghtings
have reported the presence of humpback whaleseiratba (Gill et al. 1995, Oremus & Garrigue 2014,
current status of the population visiting the Cédgld-Bellona plateau is unknown. To date, thereno
estimate of the number of whales still using thisdoling area. Also, conservation actions greatfyedd on
whether the Chesterfield-Bellona humpback whaldsrigeto the New Caledonia endangered sub-stoctheto
healthy East Australian one or form a largely safgbreeding population.

Moreover, while humpback whales are known worldwfde their coastal distribution during the breeding
season, satellite tracking has recently highlighteduse of oceanic shallow seabed features, darn &ny land
(Kennedy et al. 2014, Garrigue et al. 2015, Dulaal.e2017). Offshore breeding areas have also begorted
(Dominican Republic - Navidad bank, (Mattila et 4B89); Hawaii -Penguin Bank, (Mobley et al. 1999),
especially in New Caledonia, one of the only plastere dedicated surveys have been conducted ooteem
seamounts and banks (Garrigue et al. 2017, Dereillal. 2018). Satellite tracking, genetics and tpho
identification conducted in the region all suggiestt humpback whales move between different breesiiots,
over one or multiple seasons (Orgeret et al. 2@&trigue et al. 2015, Garrigue et al. 2017). Aar@ér scale,
population dynamics and genetics analysis conduatethe Oceanian and East Australian regions also
highlighted potential exchanges and longitudinaynations across Oceania and Australia (Valseccal. €010,
Garrigue et al. 2011, Clapham & Zerbini 2015, Stetehl. 2017). In this context, studying the cortiviy
between the Chesterfield-Bellona archipelago aadch#ighbouring coastal and oceanic breeding areaiill

in a knowledge gap in our understanding of the pdjmn structure and trends as well as of the S&atific
migratory system.

Finally, New Caledonia has recently created theuhitPark of the Coral Sea, which covers 1.3 nillior?,
equivalent to 95% of New Caledonian waters (DeGBE:2014-1063). This decision was taken in conesth
Australia, as an international effort followingecent trend in marine conservation which aims atgating both
coastal and pelagic ecosystems within giant Mafmetected Areas (giant MPAs; Pala, 2013). Desagibin
preferential habitats and space use patterns afespare key steps towards the management of pedteceas,
yet there is a paucity of data in remote and mrstwaters of the Park, such as the Chesterfieltb Bzl
archipelago.

Estimating the current status of humpback whalahénChesterfield-Bellona plateaus therefore appbath a
local conservation challenge, and a key step tosvhetter understanding the habitat use and reginoaément
patterns of humpback whales within breeding lagtidUsing a multidisciplinary approach combiningtoh
identification, genetic analysis, acoustics, hdbitaodelling and satellite telemetry, this study simt 1)
estimating whether humpback whales still occupy @ieesterfield-Bellona archipelago during the bregdi
season, 2) exploring the habitats and activitieshwipback whales in this offshore reef complex, &hd
investigating the connectivity between the ChewlelfBellona whales and neighbouring stocks of New
Caledonia and East Australia.

METHODS

Study area

The Chesterfield-Bellona archipelago lies in theaC&ea between the East Australian coast and NdedGnia
(Figure 1). It is approximately dated to 25 Mya ¢sBgue & Collot 1987) and constitutes one of thgelst
atolls in the world (Ceccarelli et al. 2013), cdmgr about 16,000 kfn The shallow plateaus (0-80m) are
surrounded by reefs, small islets and sand caysfoha sheltered lagoons, though most of the aezaains
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largely open to the Coral Sea. Several shallow §46k30 m) are found between the two plateaus, ekas
along the Lord Howe seamount chain extending sotiBellona. For the purpose of this analysis, tivelyg area
is divided in three ecoregions: the Bellona plateha Chesterfield plateau and the banks locatéddem the
two plateaus (Figure 1).

o b , : ” Chesterfield |
. K Plateau

o

-

Pacific
Ocean

. NZ
""‘? ')
Survey effort 2016 . Surfacing reef

— Survey effort 2017 D Variable depth reef
— Isobaths

Depth (m)
I -4000
[N -3000
[ -2000
[ -1000
[0

158°E

Figure 1: Map of the Chesterfield-Bellona archigelan the Coral Sea with survey effort (2016-204nRd
ecoregions defined for the purpose of this studySA= Australia, NZ = New Zealand, NC = New Caledoni

Data collection

Surveys were conducted in the Chesterfield-Bellplageaus in 2016 (August 24- September') and 2017
(August 10" — 24" aboard two oceanographic vessels. Survey eftdidvied a non-systematic closing-mode
protocol. Transect lines were determined on a dalsis and surveyed aboard the oceanographic sdssého
trained observers searching with naked-eye. Whemoap of humpback whales was detected and weather
conditions allowed, a semi-inflatable boat was et to conduct a focal follow. Once in close distato the
group, the GPS position, time, group size and sgec@up type (as defined by (Clapham et al. 199R)gleton,
pair, competitive group, mother with calf, motheithacalf and escort, mother with calf in compettigroup)
were recorded.

During the focal follow, individual humpback whaacountered were photographed using digital ca@areon
40D and 50D equipped with lens 70X300mm or 100X&00 with magnifier 1.4. Both sides of the dorsal fin
and the underside of the caudal fluke were phofdgrd when possible. Tissue samples were collectad f
both adult and calf whales using a crosshow wisipecially adapted bolt (Lambertsen et al. 1994hodified
0.22 caliber capture veterinary rifle (Kritzen 2P@2 from collecting sloughed skin at the waterface after
intense surface activities. Finally, a hydrophoras weployed opportunistically on 49 occasions igust 2016
to detect acoustic activities of singing maledhia $tudy area.

Encounter rates

The distribution of humpback whales in the studgaawas estimated using an index accounting fontimeber
of observations and the intensity of survey effolte number of whales observed per kilometre ofeyueffort
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was calculated (here after “Nw/km”) as the sum ojup sizes observed per day of survey divided ley th
distance surveyed per day (km).

Photographic analysis

Individual identification was performed through phadentification of the underside of the fluke (iina et al.
1979). The best photo-ID of each individual waseatitb the catalogue of humpback whales collecteithén
Chesterfield-Bellona archipelago. Within the sam@sen, photographs of dorsal fins were also cordpare
together to differentiate individuals and preventetected resights of whales that did not show ttaidal
fluke. Indeed, the comparison of dorsal fins betwg#oto-identified and non photo-identified animals
minimized the risk of double-counting in the tatalmber of distinct whales during a season.

Photographs of caudal flukes were processed ane sudrsequently compared to the New Caledonianocatal
(N = 1282) using the Fluke Matcher software, a cot@passisted matching program (Kniest et al. 2003)en
no match was detected by this program, visual mMararaparison was performed on a pair-wise basib thie
New Caledonian catalogue to confirm the identifamatof new individuals. The photographs of caudakds
were also compared on a pairwise basis to the @aaier Reef catalogue collected during surveysdccted
in 2016 and 2017 (Marine 2018) in order to revedkptial connections with the East Australian biegdtock
E1 (Jackson et al. 2015).

Molecular analysis

Genomic DNA was isolated from skin tissue by digastvith ProK, followed by phenol/chloroform exttem
and ethanol precipitation, according to (Sambroblale 1989), as modified for small samples (Bakerle
1994). DNA was then quantified with Nanodrop 2008drmoScientific).

The sex of each whale sampled was identified byathplification of a male-specific SRY marker, wahZFX
positive control, using primers couples P15-EZ/[EZ3{Aesen & Medrano 1990) and Y53-3c/Y53-3d (Gilson
& Syvanen 1998). Results were visualized on agages€%.

Up to sixteen published microsatellite loci wereesmed for genotyping using previously publisheitnprs,
GATAZ28, GATA417, (Palsholl et al. 1997), 464/46Schlbtterer et al. 1991) EV1, EV14, EV21, EV37, BY9
EV96, EV104, Valsecchi & Amos 1996), GT211, GT23[535, (Bérubé et al. 2000), rw31, rw4-10, rw48
(Waldick et al. 1999). Amplifications followed puatols previously described by (Steel et al. 2008)e
software GENEMAPPER V3.7 (Applied Biosystems) wasdito size alleles: peaks were visually assess#d a
bins manually checked. Only those samples thatifietbht a minimum of 10 microsatellites were ratd for
further analyses. Replicates samples were idedtifising CERVUS software (Kalinowski et al. 2007heT
probability of identity (PID) was calculated usi@enAIEX (Peakall & Smouse 2006) and correspondbdo
probability that two randomly samples will have ofahg genotypes. Because of some incomplete geestyp
we consider a minimum overlap of 8 matching locdexide that two samples will be replicates of shene
individual. Genetic diversity was estimated on m#ahd nuDNA. The program DnaSP 5.10 (Librado & Roza
2009) was used to determine polymorphic sitesh@plotypes (h), and haplotypic diversity (Hd) orDiNA.
Expected heterozygoties (He) observed heterozygdti) by locus and overall loci were estimatedhwit
Arlequin 3.5. (Excoffier & Lischer 2010). The sifjnance of deviation from Hardy-Weinberg expectatia
microsatellite allele frequencies by locus and alldoci (Fs, (Weir & Cockerham 1984) were estimated with
FSTAT (Goudet 2002).

A fragment of the mtDNA control region (approximgt&00 base-pair bp) was amplified via the polynsera
chain reaction (PCR) and sequenced using the psjnight-strand tPro-whale DIp-1.5 (Baker et al98@pand
heavy strand DIp-8G (Lento et al. 1997). Sequenemg performed on a 3130xl Genetic Analyzer (Amplie
Biosystem). Haplotypic sequences were visualized aranually edited with Geneious R7. A Clustal W
alignment using sequences from Chesterfield-Bellarzhipelago and sequences from (Olavarria et @G0.72
was performed in order to highlight polymorphicesitand name haplotypes with nomenclature knowen t
South Pacific. Sequences presenting indecisionabymorphic site (contamination or heteropladriBaker et
al. 2013) were removed from the dataset.

Population structure and regional differentiatioergv performed with the available dataset from thewN
Caledonian South Lagoon study site, using micrdgategenotypes (N= 810) and mitochondrial contesion
haplotypes (N= 767). Comparison between these gieason mtDNA and nuDNA;pst on mtDNA) were

1Presence of a secondary peak at greater than 30tlé primary peak confounding the resolution cfirgle
haplotype
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calculated using Arlequin 3.5. (Excoffier & Lisch2010). The significance of regional differentiatiovas tested
with 1,000 random permutations.

Habitat modeling

Humpback whale habitat preferences were modelléedgua use/availability framework based a binomial
regression of environmental conditions at the pmsibf group encounters vs in the area surveye&Di6-2017

in the Chesterfield-Bellona archipelago. Survey GiR8klines were processed following the methodtidesd

in (Derville et al. in review): 10 km stripwidth ffars were created around tracklines, within whicR09
background points were sampled. Background andepoespositions were pooled together and a series of
environmental variables was extracted based on Rnloabitat use patterns of humpback whales in bngedi
areas (e.g., (Rasmussen et al. 2007, Smith e0aR,2.indsay et al. 2016, Trudelle et al. 2016,tBlotto et al.
2017).

Distance to the closest island or reef was caledlatsing shapefiles of coral reef contours obtaiinech the
UNEP World Conservation Monitoring Center (UNEP-WCMt al. 2010) and shapefiles of land contours
obtained from OpenStreetMap. Seabed slope (in depend depth (in meters) were deduced from the@en
Bathymetric Chart of the Oceans (GEBCO) at 1 knoltg®n. These three topographic variables were log
transformed prior to being included in the modedri@ correlation was used to remove collinearigfveen
depth and distance to the nearest reef or coashithe presence-background point dataset, arlireggession
was conducted between depth and distance, theesftials of this regression were used to reprekergffect

of distance to the coast/reef while accountinglfiereffect of depth. Finally, sea surface tempeeat8ST in °C)
was extracted from an average raster calculated bken resolution remotely sensed data (MURSST, MDA
winter months (early May to early December) of 2@032014. This climatology of SST over the lastatbz
represents the usual temperature conditions fouadgiven place, at a given day of the year.

Humpback whale habitat preferences were modellatd @ibinomial Generalized Additive Model (GAMSs;
(Hastie & Tibshirani 1990) using the mgcv R pack@geod 2017). A ‘cloglog’ link function and weightgere
used to account for the high zero prevalence (sparding to the background positions). Penalizéd plate
regression splines optimized with a Restricted Muaxn Likelihood (REML) approach were used to model t
effect of environmental variables: depth, seabeges! distance to reef/islands (residuals), dayeairyand an
isotropic interaction smooth of latitude and lond# with basis size equal to 100.

Satellite tracking

Satellite tags were deployed on adult whales abtsdsemi-inflatable boat using a modified pneumbtie-
thrower (ARTS, Restech) set to pressure 10 barsdé@-Borgensen et al. 2001). ARGOS location and dive
recording tags, SPLASH10 (© Wildlife Computers, Reohd, WA 98052, USA) were implanted next to the
dorsal fin. Biopsy sampling and caudal fluke phoapdps allowed the identification of the sex andidg of the
tagged individuals. Tags were duty-cycled to trabhswery day, every other hour, with a maximum yail
number of transmissions set to 400.

ARGOS locations were filtered to remove invaliddtons of class Z, locations on land and locatiomslying
unrealistically rapid movements (speed > 18 kmiiihenever a track was interrupted for more than al@rd

the track was considered to be constituted by sésegments, which were modelled separately. Furiies,
track segments were projected in a Pacific-centétettator coordinate system and were interpolatecna
position every half-an-hour with a Continuous-ticwrelated random walk model using the R crawl pgek
version 2.1.1 (Johnson et al. 2008). The error BGAS positions was incorporated as the ellipses-senor

and semi-major axis error, with deployment GPStmmss included with ellipses logarithmic error set0. The
beta parameter (representing velocity autocormiativas constrained between [-3, 4] bounds and was
optimized using a Normal distribution prior with are-0.15 and standard deviation 1.5. The sigmanpetex
was left unconstrained.

RESULTS

Local distribution and density

In total, 13 humpback whale groups were observe@(h6 and 44 in 2017 (Fig. 2), with a majority in
Chesterfield (53%) and Bellona (32%, Table 1). Nwous groups were observed in the southern parhef t
Chesterfield plateau, and the central part of thboRa plateau. The encounter rate was calculagegelr over
group sizes, Nw/km and averaged. The highest erteotate was found for the off-shore banks on aye@ver



SC/67B/SH

the two years (0.041 whales/km) despite low efforthis ecoregion. The values were comparable batwe
Chesterfield and Bellona plateaus with a slightiyhler number of whales per kilometre surveyed ie<térfield
(0.038 whales/km) compared to Bellona (0.035 wiikiaks In general over the archipelago, the encauratie
was larger in 2017 (0.051 whales/km) than in 20L6245 whales/km; Table 1).

Table 1: Survey effort and observation summaryygar and per ecoregion. Nw: number of whales oleserv
(summed over all groups observed).

Distance surveyed  Hours Number of groups| Nw | Nw/km
(km) surveyed observed
Chesterfield 2016 378 34.2 4 1 0.019
2017 858 81.8 26 48| 0.056
Bellona 2016 611 35.9 8 19 0.030
2017 550 46.9 10 22 0.040
Banks 2016 89 5.3 1 2 0.022
2017 216 17.9 8 13 0.060
Total per year 2016 1079 75.4 13 27 0.025]
2017 1624 146.4 44 83 0.051
Total 2702 221.8 57 110 0.041
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Figure 2: Positions of humpback whale groups amibégroup types observed during 2016-2017 surueyise
Chesterfield-Bellona archipelago (F/c = female veitbalf).

Genetic diversity

Out of 16 microsatellite loci, 15 were used for lgges. Allele sizing of locus Ev104 (Valsecchi & A® 1996)
failed. All the samples collected were genotypethwip to 10 successful loci, S0 no genotype wasovech
from analysis. The Probability of Identity (PID)lcalated for a minimum of 8 loci was less than 10x9, which
is small enough to consider that two similar gepetywould belong to a same individual and two cffé
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genotypes would belong to two different individu@Baker et al. 2013). Success rate in genotypimypses
from Chesterfield-Bellona varied between 93% an@®%0depending on the locus analysed. The genotype
catalogue of humpback whales from Chesterfield@well archipelago was formed of 38 individuals froth 4
samples, with 10 males and 28 females (Table 2).sEX ratio of 1:2.8 is in favour of females

Table 2: Number of skin samples collected in Chéistd-Bellona study area, number of individual Wig
number of males and females.

Vear # samples # distinct individuals| ~ # new genotyped # individuals already known by
(M/F) individuals genotype (M/F)

2016 8 3/4 5 11

2017 32 7124 23 0/8

Total 40 10/28 28 1/9

Diversity of microsatellite loci was high, with aawverage of 9.13 alleles per locus and average \wixter
heterozygosity of 0.735. No loci showed a significaxpectation from Hardy-Weinberg equilibriums(lby
locus, p> 0.05). The fixation indexsF calculated for all loci, showed a slight exce$shomozygosity (k=
0.024) but this value was not significant.

A total of 37 haplotypic sequences from differemtlividuals were obtained, including 6 inferred smres
already known. Clustal W alignment realized on #fQcharacterized 20 haplotypes defined by 45 potpirio
sites in Chesterfield-Bellona Archipelago (Figufe Bive haplotypes were common between 2016 and,201
one haplotype was only encountered in 2016 andaplbtypes were only found in 2017 (Figure 3). Alklone
haplotype were known from (Olavarria et al. 200his last one (NEW) corresponded to a sequencedfdun
2016. Haplotypic diversity calculated on ChestddfiBellona was Hd= 0.9640.

Variable sites
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Figure 3: Relative position of variable nucleotidkdining 20 mtDNA control region haplotypes in huimack
whales from Chesterfield-Bellona archipelago. Tlaena of haplotypes is defined from Olavarria et @02
Dots (.) indicate matches with reference sequeNE&&N(), dashes ( _ ) indicate insertion or deletierequency
of each haplotypes is indicated for each collecjiears.
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Local space use
Behavior

Only one competitive group was encountered in 2016 ,other groups were mother with calf (n = 4)tmeo
with calf and escort (n= 1), pairs of two adults @) and three un-identified group types (Fig.18)2017, only
one competitive group was observed, the other groupre mother with calf (n= 17), mother with caifda
escort (n= 2), mother with calf within competitigeoup (n= 1), pairs of two adults (n= 11) and sitgh (n=
12). In total, mothers with calf were present iR#bf the groups encountered. Finally, humpback &/isahgs
were heard in 61% of the hydrophone deployments4@rperformed in 2016 over the Chesterfield-Bedlon
whole archipelago.

Habitat

Model explained 24% of the deviance in the binorpi@sence-background dataset. Only depth (approgima
significance: edf= 2.4, Chi2= 9.2, p-value= 0.008&hd SST (approximate significance: edf= 2.3, EH%, p-
value= 0.006**) significantly affected humpback wdaprobability of presence. The model revealed a
preferential use of shallow waters (50 m deep) ameraging 23°C. Preferential areas were predictetiea
South-East of Chesterfield and North of Bellonawad as in the shallow waters of the unshelteradkis of La
Boussole, Vauban, Dumont D'Urville and an unchartemhk (Fig. 4). External slopes and deep waters
surrounding the plateaus were found to be relatiuakuitable.

Predicted habitat suitability

! Low

. High

I Surfacing reef
Variable depth reef

'\
Bellona

Plateau
[

158°E ’ 159°E ) 160°E 161°E
Figure 4: Map of predicted habitat suitability foumpback whales in the Chesterfield-Bellona ardhige
Predictions are based on Generalized Additive Modsing observations from 2016 and 2017.

Movement

Six whales were equipped with satellite tags in2(Hig. 5 and 6). Five of them were females fronichtihree
were accompanied by a calf. The satellite tagstechtbetween 5 and 70 days during which the whalesred
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between 390 and more than 5,000 km (Table 3). Tchgdwles showed a preference for shallow wateidens
the plateaus, in contrast with the surrounding deeyaters that were only occupied during transitiegiods
(Fig. 5). Specifically females with a calf taggedGhesterfield (n= 2) and the off-shore banks (hsfent time
in the sheltered waters south of the ChesterfiBltiT(34227) and Bellona (PTT 34222) plateaus. Halhe
tagged whales (n = 3) also visited the off-shorsheftered banks, and moved between the Chestediald
Bellona plateaus as well. This preference for shallvaters outside lagoon areas is also emphasizéuelstop-
overs of two whales on the Kelso and Capel seamsadunting their southward migration, including onighva
calf (PTT 34226 and 34222, Fig. 5).

Table 3: Summary of satellite tracking for six tagployed in 2017 in the Chesterfield-Bellona grekago.
Abbreviations: unk = ‘unknown’, F = ‘female’, P air’, F/c = ‘Female with calf’, S = ‘Singleton’.

PTT Start End sex Social D_ur_atlon of Ra_w Fllte_red Track length
category| emissions (days) locations| locations (km)
34221 | 12/08/2017| 19/08/2017| F P 5.8 6 6 496
34222 | 22/08/2017| 25/09/2017| F Fic 33.8 204 187 1,907
34223 | 17/08/2017| 23/08/2017| unk P 6 43 35 390
34226 | 22/08/2017| 08/10/2017| F S 46.7 333 261 5,034
34227 | 18/08/2017 28/10/2017 F Fic 70.5 451 386 4,858
34228 | 20/08/2017 25/08/2017 F Fic 4.8 26 24 279
"Chesterfield
/—— Uncharted bank
S Dumont D'Urville bank
o
\_\ Boussole and
Vauban banks
Bellona
//”////,'3 PTT

— 2017-34221

D 2017-34222

:3)_ 8 2017-34223

8 PO 2017-34226

— 2017-34227
- 2017-34228

) Argo
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24°S

Capel

159°E
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Figure 5: Satellite tracking of six humpback whatggged in Chesterfield (n=4), Bellona (n=1), dibee bank
(n=1) in 2017. Interpolated tracks processed witiwl are represented in color. Deployment positions are
shown with black stars.
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Figure 6: Satellite tracking of seven humpback whahgged in Chesterfield (n=4), Bellona (n=1);sbfbre
bank (n=1) and Antigonia seamount (n=1) in 2014, aifive humpback whales tagged in previous y¢2007
to 2011) suggesting a connection between New Caladmd Chesterfield-Bellona or the Lord Howe seamho
chain. Tracks from 2017 were interpolated witbtrawl! algorithm, whereas tracks from 2007 to 2011 wetlg o
filtered.

Regional connectivity

In 2016, 18 individuals were differentiated withgbts of their caudal and/or dorsal fin, from whiclcould be
catalogued using a photo-identification of the iidaudal. In 2017, 62 individuals were differemtigtof which
28 could be catalogued.

To date the Chesterfield-Bellona humpback whalkefloatalogue contains 35 whales and the genetidocate
contains 38 genotypes (Table 4) of which 61% ase khown by photo-ID.

Table 4: Number of groups, count of distinct indivals, number of whale photo-identified includiegighted
and new ones.

Year | # groups # distinct # whales # individuals| # new photo- # individuals
individuals identified by photo- identified already known by
dorsal fin only identified individuals photo-identification
2016 13 18 11 7 4 3
2017 44 62 33 28 20 8
Total 57 35 24 11
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A total of 11 out of 35 whales (31%) photo-idemtifi and 10 out of 38 genotyped whales (26%) in €hfésld-

Bellona archipelago has already been observedhier gtears (Tables 2 & 4) with 8 whales resightecbbth

methods. All of the resighted whales were firstariied in the South Lagoon of New Caledonia betwk¥3v

and 2017, one was also observed in the easterarama none of them were observed in other arefisedEEZ
(e.g., southern seamounts). Most of these are &nfal= 10), from which 90% have been observeédaat lonce
with a calf during the 2016-2017 expedition or sayious years. The only recaptured male was obgdemdahe
plateau as a pair member.

Pairwise comparison calculated on nuDNA+fF-0.00121) showed no significant difference betweadales
sampled in the South Lagoon and in the ChesterBeltbna archipelago (p> 0.05). Likewise, pairwise
comparison calculated on mtDNA at both haplotypa£F.00164) and nucleotidéd{r= -0.00080) levels were
not significant (p> 0.05): no genetic differentmatiis highlighted between Chesterfield-Bellona grelago and
the South Lagoon of New Caledonia.

Finally, no match was found between the individudéstified in the Chesterfield-Bellona archipelaga those
recently photographed in the Great Barrier Reef(it6 and 2017. However, three of the whales tagyédie
Chesterfield-Bellona archipelago migrated towards (L) or along the East Australian Coast (n =ig, 6).

DISCUSSION

Presence post-whaling era

Encounter rates exceeded by far previous estinmsete in 2002 and 2010 in the study area (Nw/kmesiad
0.020 and 0.003 (Oremus & Garrigue 2014). Althotlggse surveys also occurred in August, they diffene
the extent of the area surveyed and time on-effiodeed, the preliminary surveys conducted in 280@ 2010
were for the most, restricted to the southern pérthe Chesterfield plateau and spread over 41h 26id
respectively due to the limited logistics availafilethese expeditions. Aside from a potential syreffort bias,
this observed increase in encounter rate could tbéowted to an increase of the population visititige
Chesterfield-Bellona archipelago during the bregdirason. Such an augmentation would be in link thig
recovery of the Australian stocks, and to a lesséent to the slower recovery of the Oceanian bneestocks
(Jackson et al. 2015).

Encounter rates measured in the Chesterfield-Balimnehipelago in 2016 and 2017 are comparable tivike
found in the South Lagoon breeding area locatethsoluNew Caledonia mainland (0.045 + 0.018 whi@s/
from 2002 to 2010; (Oremus & Garrigue 2014) andjettbto a long-term monitoring program since 1995
(Garrigue et al. 2001). While these figures sugtgesgthumpback whales are still present in ChastdrBellona
in decent numbers, it does not seem to be enouphwe sustained intense whaling activity in th& &éntury.
Did whalers use to hunt despite these low denSiti@swere the densities higher at that time? @mespeak of
the season not the same in Chesterfield-Bellonat@&outh Lagoon, hence humpback whales coulauoedf
in greater numbers earlier in the season than nigust-September? One last hypothesis concerngtiils
extent of surveys conducted so far in the regiohaléts could use to go in areas that have not beereyed
enough to date. The few data available from thelimpara do not provide any accurate location ef ¢htches
(Lund et al. 2018), but rather rough descriptiohshe places where they occurred. Bourne et al §20@ted
“they (humpback whales) apparently occurred aluadbthe islands although they were commonest efstuth
end of the Bellona reefs”. Indeed, several whadgged in 2017 and in previous years (Fig. 6) haentstime
on the Lord Howe seamount chain located south @Béllona plateau. Could these seamounts actualthé
whaling sites logbooks were referring to? Consitgthat the American whalers were using sailinghahey
were more likely to work in the so-called “SouthB#llona” waters, referring to the Lord Howe seamtathain,
rather than inside the southern part of the Bellglateau, a shallow and reef enclosed area whetigaign by
sail would be perilous.

Habitat use

Surprisingly, only two competitive groups were ematered during the expeditions in this area suitebt
reproduction. Nevertheless, songs were extensihelgrd on the plateaus highlighting some reprodectiv
activity. Moreover the sex ratio was in favor ofrfaéles, hence the reverse of the typical breedimyrgt
population structure. A majority of females witHfasas encountered, especially in 2017 despitdabethat the
2017 expedition was conducted earlier in the repectide season than the one undertaken in 2016. As a
consequence, we should, in theory, have encounteved less mothers in 2017 than in 2016. The high
occurrence of this social group compared to the dempetitive groups encountered is usually expeatétie

end of the breeding season, but not at the peak. thfe timing of the expeditions was planned toite
synchrony with the peak of the reproductive seasdhe South Lagoon of New Caledonia, at a timenaliggh
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agonistic activities should be observed. The higdpprtion of females, and specifically mothers watitalf in
the 2016-2017 expeditions could be explained byhift ®f the season peak earlier in the season @ th
Chesterfield-Bellona compared to the South Lagdddew Caledonia. Alternatively, the prevalence afthers
with a calf could be explained by a space use palteterogeneity between males and females, negudtbm a
slow recovery post-whaling. Indeed, males couldldss inclined to remain within an area of low dgnsi
presenting few breeding opportunities. On the @gtrmothers with a calf are more likely to staytlmese
plateaus, no matter what the whale densities aréhey include all types of suitable habitats feenh, and are
free from any anthropogenic disturbance. In faug, geography of Chesterfield-Bellona archipelagovigies
relatively sheltered habitats open to the oceansamde potential stop-over shallow waters on thed Lidowe
seamounts chain on the way to the southward magrafielemetry highlighted the use of Kelso and Gape
shallower seamounts of this chain. This geograptiyich is not unlike that of the southern part ofwNe
Caledonia (South Lagoon and seamounts on the Noridge), provides both shallow sheltered and shall
unsheltered areas, which are known to be apprectagemothers with a calf (Derville et al. 2018). ride,
maternal females would have a higher probabilityp@hg observed within the plateaus, whereas thenfales
visiting the area would be more transient. Survgytimee seamounts of the Lord Howe seamount chaifdcou
provide a better understanding of this demografilgitéased spatial distribution pattern.

Regional connectivity

Photo-id and genotype comparisons suggest conitgctiv the New Caledonian breeding sub-stock E2.
Regional differentiation, both with mtDNA and nuDNAighlighted no significant genetic differentiatio
between Chesterfield-Bellona archipelago and thetfSbagoon of New Caledonia. Resight rate betwéen t
Chesterfield-Bellona archipelago and the South bags of the same order than the resight rate withe
South Lagoon. While no resights have been obsebetdieen Chesterfield-Bellona archipelago and New
Caledonia within the same season to date, previtudies have shown that six whales tagged in théhem
part of New Caledonia travelled in a westerly dii@t aiming to the central part of the Coral Searffgue et al.
2010, Garrigue et al. 2015). One female with cadiged in 2007 stopped at Lansdowne and Fairway B@rdg
#34228, Fig. 6) as did one (Tag #84487) of the adolt males tagged at the end of August in 201&. Sdtond
male was going straight to Bellona plateau (Tag6887 Fig. 6) but unfortunately, satellite tag steg@mitting
before it reached it. Furthermore, three whalegddgn the south of New Caledonia, one female adidy
#84480) and one male (Tag #84488) within the Sdwtboon (mid of August 2010) and one male (Tag
#154185) on Antigonia Seamount (end of July 20t&)dlled in the direction of the seamounts locairdhe
Lord Howe ridge south of Chesterfield-Bellona apdtago, where they spend some time on the shallow
seamount of Capel (Fig. 6). Then one of the twoesdtavelled west and entered Hervey bay whereas th
second one undertook its southern migration follgvthe Lord Howe ridge. The tracks of these whales
followed during the second part of the breedingsaafrom end of July to mid-October, suggest frstithin-
year connection with the breeding ground of Newe@ahia and second that adult males could wandercket
several reproductive areas at large scale.

To-date no match has been found between ChesteBiglona archipelago and the whales photo-idesttiin
the Great Barrier Reef. However, the great majasitghe GBR and the Chesterfield-Bellona catalognese
constituted in 2017. Therefore, the lack of matelween these two reproductive areas is not sungrias it
would imply a longitudinal movement within seas@hese events are thought to be rare in the ligipr@fious
studies using different methodology (OlavarrialeR806, Anderson et al. 2010, Garrigue et al. 20&anklin
et al. 2014, Garrigue et al. 2015, Bonneville eRall7). However, this result does not imply tiet absence of
connectivity across years. Finally satellite traskggest a connection with the south east Austratigratory
corridor as several whales travelled to the eastrAlian coast including one between New Caledamid
Hervey Bay in Australia. We could hypothesise it whale inhabiting Chesterfield-Bellona archigelaise
the Australian coast, but only as a migratory cmriand not as a reproductive destination. The tgene
comparison between whales sampled in ChesterfieltbBa and those samples on the Great Barrier Rilef
bring more light on this hypothesis.

CONCLUSION

Whales are still inhabiting the Chesterfield-BeHoarchipelago two centuries post-whaling but theeruly
observed density is probably weaker than that @fwhaling time. Nevertheless, encounter rates fiteecsame
order of magnitude than in the South Lagoon of Nealedonia. Chesterfield-Bellona archipelago provide
suitable habitat for reproduction, but displayspatgl population characteristics, namely a preposmiee of
mothers with a calf and a reversed sex-ratio. Miaa will be necessary to understand the reasonhier
female-biased sex-ratio. Though evidence are cilyréoo sparse to decide to what population the leda
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encountered in the Chesterfield-Bellona archipelaglong to, but genetic analysis suggest a cororetti the
New Caledonian population, whereas the tracking dradicates movements towards the east Austrabiastc
and use of the south east migratory corridor. Datantly collected within the reproductive areals® GBR
should help resolve this question.
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