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Bioregions of theSouth
WestPacific Ocean

This project has developed suibgional bioregionalisations for the westesouth Pacific Ocean

and the Indian Ocean. This combines approaches CSIRO developed in Australia, used in the Bay of
Bengal (in collaboration with BOBLME) with similar approacheshidwve been used throughout

the Indian and Pacific Oceans to derive a single combined bioregionalisation. The project has
developed an expert derived bioregionalisation in the Indian and Pacific Oceans through expert
workshops and novel statistical analysf physical and biological data.

New bioregionalisations for the westegouth Pacific and Indian oceans incorporate

understanding of shallow, deep and pelagic species, ecosystems, physical environments and their
likely boundaries based on current imfioation. The experbased bioregionalisations will be
supported by development of statistical analysis of datasets of selected species groups to identify
bioregions specific for each taxon, with data from the Biologically Significant Marine Areas (EBSA)
process and additional regional biogeographies based on new invertebrate and fish collections
from CSIRO, University of Tasmania, Museum Victoria and regional partners.

The project draws on experience in CSIRO, GOBI partners, and other collaborators, using
approaches currently being trialled in Australia and around the Antarctic margins, and has
collaborated with regional and national stakeholders to ensure a consistent approach. The project
provides examples of how this information was included and sug@egputs have been released

in digital format, including a report, the data and analysis used in the process and the final
bioregionalisation. This will be provided to all participants, to national CBD focal points and as
Documents to CBD meetings.

1.1 Proces toDevelopBioregionalisations

The regionalisations of the South West Pacific and Indian Oceans was based on a hierarchical
approach that considered the relationships between physical processes, geological and oceanic
features, evolutionary processesdrcological communities. The relationships between these
different structuring processes is considered at a number of different spatial scales. At the largest
scale we have separated the 2 ocean basins. Within the ocean basins we have identified large
scde marine regions that define the major oceanographic or geological features and boundaries
and define the evolutionary bounds of multiple taxa. Finally, we define provinces within the
marine regions that describe areas where the same group of specirgdsted to occur. The

6 | Bioregions of the South West Pacific Ocean



province level will contain unique ecological communities and endemic species that have evolve

together over time and may have physical and biological interdependencies.

Tablel Hierarchical Scales of Biogeaghic Classification (Derived from Last et al 2010)

Classification Level

Scale, Key Driver

Characteristics

Ocean Basins

Basin circulation, climate change,
water masses, tectonics, terrestrial
inputs, continental drift and basin
evolution.

Uniqueoceanscale composition of
environments including tectonics,
exchanges with other oceans, pateo
evolution of flora and fauna
composition.

Large Marine Regions

Portions of the ocean basin that hav,
evolved through formation or
breakdown of barriers and
environments. Tectonics (volcanic
activity, plate collisions) and ocean
circulation are important rivers at thi
scale.

Unique subset of basin environment
caused by changes in drivers and/or
physical structure of subasin.
Environmental and

Evolutionary diferentiation of faunal
compositions and formation or
isolation of unique fauna.

Contains a collection of provinces.

Provinces and Bathomes

Units within basins with distinct faun
evolved under distinct paleohistoric
pathways and processes: barriers
(submegence, emergence),
circulation, deep water formation ani
upwelling, mode water formation,
water mass renewal and terrigenous
inputs. These may be broken across

Core provinces contain unique biota
within an environment that is
differentiated at the sukbasin scale.
Speciation aided or hindered by
physical processes and moderated |
biological adaptive evolutionary
processes resulting in a suite of
endemics species that adhere to the

depth (bathomes) province unit. Transitional provinces
of mixed environmerg may contain a
mix of species from adjoining core

provinces.

Geomorphic Types Distinct geophysical

Units (e.g. seamounts,

Undersea volcanoes, mudflows,
ridges, trenches and channels) that
act as surrogates for distinct fauna
associated with the unit.

Unit provides differential exposure tqg
environment, exchanges and energy
flows.

Faunal unit adapted to environment
and habitat niches provided by the
geomorphic unit and its contained
environment.

Habitats/Facies Hard, soft or mixed substrates The composition and texture of facie
formed byvarious degradation and | units provide substrates that serve a
erosive processes with gyroducts variety of purposes for flora and

accumulating within certain areas. | fauna.

This organisation of the classificationbdbdiversity recognises the spatial hierarchy of biodiversity
at a range of scales as detailed in Last et al. (2010).

The hierarchical approach recognises the interplay between process acting at large scales down to
processes acting at metre scales andwfl the description of biodiversity at each of these scales.
However for this project we are limited to describing biodiversity at the ocean basin, large marine
region and province/bathome scale. To move down to the characterisation of geomorphic types
and habitats would require additional information and data at smaller scales. Information at this
scale is often held by national governments.
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To augment the information we relied on biological and ecological information from experts to
guide and verify thelescriptions of the marine regions and provinces and describe the biophysical
interdependencies. For each province, we captured these dependencies through descriptions and
concept illustrations that show the defining aspects of the physical drivers, fesatud processes,

and the associated biological communities. These illustrations are useful in understanding the
complex biophysical drivers and dependencies, and they also communicate the unique aspects of
each province. These illustrations can be usedoedext to extend the regionalisation to smaller
scales in the future.

The participatory approach for the regionalisation involved two workshops and subsequent
refinements between CSIRO scientists and local experts. To prepare for the first worksh@p, CSIR
scientists collated information from literature sources and local experts to map the physical
environment, habitats and species distributions. After the approach was explained to workshop
participants, the mapped products and local knowledge were usetksuribe the preliminary
regionalisation and to describe the features, processes and interrelationships within each province
and between provinces. These relationships were then schematically illustrated by working groups
set up for each province. Pegtorkshop activities refined these draft regionalisations by following

up on missing information and ensuring consistency in the descriptions and illustrations. The
second workshop reviewed the regionalisations and completed the systems descriptions of each
province and linkages between provinces. This latter aspect also facilitated work on trans
boundary issues.
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1.2

Data on theStructure of the Pacific Ocean

Understanding the ecology and biology of the South West Pacific Ocean requires extensive
collections ¢ data to support the analysis and description of the different bioregions with the
basin. The South West Pacific Ocean extends from the Eastern Coast of Atsstpfieoximately
100°W Longitudeto the north to10°N Latitudeand extends nominally southe boundary of the

CCAMLAR region.

In order to develop an understanding of the Biology, Ecology and Physical structureSafuttne
WestOcean a significant number of data sets were collected. These are shown in Table 1

Bological data set

Biological/Ecdogical data

Previous Bioregionalisations

Bathymetry (EBCQ014)
Geomorthology (Harris et al. 2014)

Simplified Geomorphology (Harris €
al. 2014)

Chlorophyll a Concentration June
and December Means (NOAA)

Sea Surface Temperature June anc
December MeangNOAA)

Nitrate Decadal AveragesSea
Surface, 200m, 500, 1000m,
Seafloor; (WOA 2018)

Oxygen Decadal AverageSea
Surface, 200m, 500, 1000m,
Seafloor; (WOA 2018)

Temperature Decadal Averages
Sea Surface, 200m, 500, 1000m,
Seafloor; (WOA 2018)

DensityDecadal AveragesSea
Surface, 200m, 500, 1000m,
Seafloor; (WOA 2018)

Silicate Decadal AverageSea
Surface, 200m, 500, 1000m,
Seafloor; (WOA 2018)

Phosphate Decadal AverageSea
Surface, 200m, 500, 1000m,
Seafloor; (WOA 2018)

Squat Lobster Statistt
regionalisation; 4 Specie Groups
(CSRIO 2018)

Ophiuroid Statistical regionalisation
¢ 6Specie Groups (CSRIO 2018)

Distribution of Coral Reefs and
Species Richness (Bugura and Obt
2010, CORDIO; UNEP WCMP, Wo
fish centre, WRI, TNC (2010)

Distribution of Coral Reefs UNEP
WCMP World fish centre, WRI, TN(
(2010)

Distribution of Seagrass (UNEP
WCMC 2005; Short 2017)

Distribution of Mangroves (Spaldin¢
et al. 2010)

Regional Provincial Provinces
(National Marine Bioregionalisation
of Australia 2005Brewer et al.
2015;, Douglas et al. 2015; Holnes:
et al. 2001; Lombard et al. 2004;
Sink et al. 2010)

Regional Pelagic Regionalisation
(National Marine Bioregionalisation
of Australia 2005; Lyne and Hayes
2005; Lombard et al 2017; Raymol
2017; Brewer etl. 2017).

Surface Ecological Units Pacific
Ocean ESRI

Ecological Marine Units DepthV1
PacificOcean 1000m Esri

Bottom Exologica; Units \Aacific
Ocean Esri

Mesopelagic Ecoregions V1 2017.
Sutton et al. 2017

Marine Ecosystems of the World
(MEOW) WWF

Large Marine Ecosystems (LME)
NOAA

Longhurst Biogeographical Provinc
(Longhurst et al. 1995)

Global Open Oceans and Deep
Seabed (GOODS) Pelagic Province
WWF

Global Open Oceans and Deep
Seabed (GOODS) Bathyal Province
WWF
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2 Pelagic Bioregions

The distibution of the Large Marine Areasthe highest level of classification for the South West
PacificOcean is shown below.

South West Pacific Pelagic Regions

DRAFT November 2018
GOBI CSIRO Bioregionalisation Project
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The distribution of the provinces within the Large Regions is shown below. More detailed
descriptions of each of the provincesdiven below.
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South West Pacific Pelagic Provinces

DRAFT November 2018
GOBI CSIRO Bioregionalisation Project
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2.1 Western Pacific Archipelagic Deep BaskRGHM

South West Pacific Benthic Regions e |
Arch m

DRAFT November 2018
GOBI CSIRO Bioregionalisation Project
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The Western Pacific Archipelagic Deep Basimaracterised by 24 t ha Rmpb. omM®dd p o0 PmxE: 0

Minimum d15N values were recorded in the souwtist off New Caledonia, Fiji and Tonda2.5 +

1Py:: YR mMnodd 5 HOm: F2NI oA3ISeS FyR 8Stt2gFAyYy Gdzyt = NBALISOGADSE
Mean Trophic Position estimates were the highest in ARCbinpared with other Provinces.6

+ 0.8 for bigeye, and 4.8 + 0.9 for yellowfiBigeye tunare founddeeper than in WARMm and

PEQD during daytime (3@®0m) but shallower than in WARMm and PEQD during nightime;

ARCHm biochemical regiorcisaracterised @ f 246 t ha Rwmpb @Ffdz§a 6 w:0 OKINIOGSNRAGAOD 2
N2 fixation rates (Shiozaki et al., 2014glditiondly, N2 fixation results in the production of

2NEFYAO YIFGGSNI 6AGK I Rmphb @FtdzS 2F m: 4 RAFI20NRBLIK& FTAE G(KS |
(Minagawa and Wada, 1984; Altabet, 2006).

The influence of N2 fixation is not only observed in New Caledonia uireisji and up to 160 W.

This observation extendhe ARCHm frontier towards the east compared to the Longhurst ARCH

biogeographical provincélhe presence of picophytoplankton (such as diazotrofiésdurs

mesozooplankton as an extra step in the foodich(Sommer et al., 2002; Gutiérrodriguez et

al., 2014).

For bigeye, a deeper habitat in the southern regions (ARCHm) was supported by archival tag data,
where the mean diving depth of bigeye was higher in New Caledonia (ARCHm) than in the western
equatorial Pacific (WARMm, depth difference o890 m according to individualéiloussard et al

2017)
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2.1.1 Southern ARCH transition

South West Pacific Province @j\
South Arch Transition

DRAFT November 2018 4

GOBI CSIRO Bioregionalisation Project

\

!
|
-20°12°0.0"

°
|
-30°18'0.0"

DRAFT

i |
160°0°0.0" 170°00.0 180°0'0.0"

The South ARCH Transition zone extends Bouth of New Caledon{gl9°S)to 32°S.To the

south of New Caledonia, the surfadew returns from the EAC back into the central south Pacific
as the South fbpical Counter Current (STC®p(chesiello et al., 2010). In this region, the
structures of the ocean currents are prone to shear instabilities and high eddy kinetic energy is
observed (Qiu et al., 2009T.heregionis characterised b§Ceccarelli et al., 2013; Dandonneau and
Gohin, 1984)South of 1920°S, waters are characterized by colder temperature, higher salinity, a
shallower nitracline, higher nitrate content in the surfdager, higher primary production and

higher micronekton biomass estimates and are under the influence of the South Tropical Counter
Current branches (Marchesiello et al., 2010)

Within New Caledoni§l9S229 in the cool season waters were comparativebpler than in the

V2NIKE gAGK KAIKSNI &dzNFIF OS &l tAyArAdes KAIKSNI O2yOSyiGNFdAaAzya 2F
content occurred with more frequent maxima at the surface. Phosphate concentrations varied

GAGK |y | @gSNIF3IS 2F nfdee o109 mdepth gnd weee odeasPndly ibkeS a dzNJ

GKFEY nonp >a Ay GKS &daNFI OS indthehoteasorkiScatatiiatE SR f | @ SNJ g1 & &KL 26 ¢
25 m, denoting stronger surface stratification in the water column than during the cool season

The Deep Chiophyll Maxima (DCM) (0.28.3 mg m 3) and the nutricline were located at 90 m

depth. The mixed layer was shallower during the hot season, located at 25 m, denoting stronger

surface stratification in the water column than during the cool season. Dthisbot season

AdzNFI OS 61 GSNBR 6SNB t2¢6 Ay yAGNendlataroudle0g n ®nH >a® YR GKS 5/ a ¢
m with mean values of 0.41+0.16 mg m3. In general, above the DCM in the top 50 m, chlorophyll
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concentrations were slightly lower than during theol season, particularly in the 1:23S area.

t K2ALKFGS GSYRSR (2 06S t26SNI 6ndnppndno >al
As a consequence of these patternsridg the cool season the Net Primary Production had higher
values (350 mgC 4d) in New Caledonia ithe 20S22S area than in the north. During the hot
season the entire region was more oligotrophic, with a weaker rgaolith gadient, and average
values 0200 mgC ndd . During the cool season, chlorophyll was dominated by picophytoplankton
0 f 0 (medn¥75.9%+SD=17.2% in biomass); nano and microphytoplankton represented
12.8%+9.6% and 11.3%+12.6% respectively of chlorophyll biomass. The cyanobacteria
Prochlorococcus were the dominant species of the picophytoplankton group (91.9%+6.3% in
abundance) \ith cell abundances of up to 250x103 +hLRemaining abundances of
picophytoplankton were comprised of Synechococcus (6.3%+6.2%) and picoeukaryotes
(1.8%+0.8%). The fractionated chlorophyll and community structure during the hot season was
similar; howevey cell abundance was much lower during the hot season, with maximum cell
counts of Prochlorococcus of 160x103-inL

South of New Caledonia, in the 280 latitudinal band, eddy features are generated due to
baroclinic instability of the STCC (Sub Troficalnter Current) generated by the meeting of two
opposite flows: the eastward STCC andwhestward South Caledonian J&iq et al., 2008;

Couvelard et al., 2008The mesoscale eddy field in the south western Pacific and especially in the
STCC region éharacterized by an eddy life cycle with three dynamic phases depending on the
period of the year: growing (Augugdctober), maturing (Novembedanuary) and decaying
(MarchgJune) phasefiu et al., 2008
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2.1.2 Coral Sea Province

South West Pacific Province @
Coral Sea

DRAFT November 2018 £

GOBI CSIRO Bioregionalisation Project
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The Coral Sea Province @unded by the East Australia Current Province, the Bismark Solomon
Sea Province and the Northern and Southern ARCH transition provincesddyhfeatureswithin

the provinceare ubiquitous and are generated to the north of New Caledonia, in the Cordbysea,
barotropic instability generated by the north Caledon&rd Vanuatu Jets. Eddies in the Coral Sea
have radii between 25 and 300 ki@iouvelard et al., 200&nd they are generated by a complex
topography dominated by several islands and reefs initgationlinear current¢Gourdeau et al.,
2008; Marchesllo et al., 201Q)

North of 19 20 Sthe waters were characterized by warm temperature, low salinity, low nitrate

and lower primary production, representative of the Coral Sea oligotrophic regimeaegelyl

influenced by the warmer and fresher waters of the South Pacific Convergence Zone; lower overall
ADCHRerived zooplankton biomass amtear attenuation of the diel migration in the upper layer
(0¢100 m)(Smeti et al 201p

The dominant feature afirculation across€L50 m is the westwarflowing South Equatorial

Current (SEC) from 25 to the equator. The SEC flow bifurcates at the Australian continental
margin (Ridgway and Dunn, 2003) at°35with one branch connecting with the southward

flowing East Australian Current (EAC) (Qu and Lindstrom, 2002) and the other forming the Gulf of
Papua Current which flows northward along the coast of Queensland. Within the Coral Sea, the
SEC comprises narrow filaments and jets created by the complex ig@fids@amounts and ridge
topography (Gourdeau et al., 2008) namely the North Vanuatu Jet at arowgicb$3and the

North Caledonian Jet at aroundI8°S (Couvelard et al., 2008; Marchesiello et al., 2010)
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In New Caledonia, tuna catches are dominated Ibgeore tuna (Thunnus alalunga) and exhibit

two seasonal peaks in Jghugust and December, and the highest catch rates occur in thenorth
western part of the EEZ (Briand et al., 2011). The influence of temperature, primary production
and micronekton densy on tuna catch rates has been demonstrated in New Caledonia (Briand et
al., 2011)

2.1.3 East Australia Current Province

South West Pacific Province

East Australian Current

DRAFT November 2018
GOBI CSIRO Bioregionalisation Project
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The East Australi@urrentProvince (AUSE in Longhurst 1995, 1898)e southward boundary
current that moves along the east coast afsialia. It is driva by the Subtropical Gyre and is
primarily responsible for warm wateransportationdown the east cost of Australia to the

Tasman Sea. Thistirn supports a large fishery and significant biodiversity in the southern extent
of the province.
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2.1.4 Northern ARCHIransitionProvince

& N

South West Pacific Province
North Arch Transition

DRAFT November 2018
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In contrastto the Southern ARCH Province, the ocaesundNew Caledonia (F&19°S)were

charactersed by relatively warm, low salinity waters with a mixed layer depth of 8@nsand

t2¢ OltdzSa 2F YyAGNI S 0 etetsnTiis province eximda éastviagls | RSLIGK 2 F bn Y
from the Coral Sea Province and inclutiesv CaledoniaFiji, Tonga, Samoa

The stable nitrogen isotoperatiomp b Ay (GKS YS&21 22100mefthé 2y FNRBY G(GKS dzLILISNI ™

water column were 1%ower to the east of New Caledonii¢rthern ARCH) compared to the

Coral Sea in the weskjith aseparationaround 163.5E. There was evidence that the eastst

RAFTFSNBYOS Ay YSazi2zLi |y tdtleynacromopiankdh dndizSa 61 & GNIF yAaFSNNBR Ay
micronekton communitie§Hunt et al 2015p ¢ KS + mpb @l f dz§8&4 2F GKS LINRYI NBE O2yadzySNJ
T22LX ylid2y 6SNB O2yaradsSydte 268N SIad 2F bSg /1fSR2yAl 6T YAF
pNnPpHO GKFYy G2 GKS 6Said oAGiiMi phattera Bds obseavedgndied I ST p dc s pANPHC O
macrozooplankton/micronektofHunt et al 2015)Amongst the nekton speciessgnificant

OySaAFGABS0 NBflIGA2YAaKAL) 6S(6SSyT dlammgbFoithéR £ 2y IAGdzRS 61 & 2yfé RS
species of micronekton with sidimant longitudinal correlations, there was a mean increase in

L Mmpb %bEtweedIp7E and 170E
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2.15 ARCHSPG Transition

South West Pacific Province
Arch SPG Transition

DRAFT November 2018
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Pelagic species in the ARSHG transition zone show a noticeable transition fromREM d15N
seen the ARCH provinces to the lowelues seen in the SPSG province. In this region the values
are between3-c:.: (Houssard et al. 2037
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2.2 South PacificSubtropicalGyre (SPSG)

South West Pacific Province
South Pacific Gyre
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The South Pacific Gyre can be found south 814 (down to 268) in French Polynesia and

northern boundaries ofhis region is the south equatorial counter current (SECC) arou?ti®

The waters in this region are influenced by the great southern gyre and present oligotrophic

characteristics less favourable to micronekton development. The waters of the souftt paci

central gyre south of 13S are oligotrophic (Rougerie & Rancher 1994). The region is characterised

byKA3dK t ha RMp bMasimundisN galuesdvess found in the sowthst in SPSGm

OmMpdn 5 HOp: YR MTOH 5 H OcretivilypTHemednIBphi€ | yR &Sttt 26FAYy (dzyt I NB:
Position estimates were high in SPSGM + 1.1 for bigeye , and 4.6 + 1.1 for yelloywfin

regionsof t { DY G(KI (G0 SEKAOAGSR (KS KAIKS&G tha Rmpb @lFfdzSa 6 mm:03
completely utilized resulting in no igzpe fractionation effect (Rafter et al., 2013).

N2 fixation is low (e.g., SPSGm; Deutsch et al., 2001; Shiozaki et al., 2014) in regions where new

primary production iguelled by nitrate, large phytoplankton such as diatoms are directly grazed
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2.3 Pacific Equatoridbivergence REQD

South West Pacific Province QE
Pacific Equatorial Divergence
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The Pacific Equatorial Divergerisesimilar to the region describe by Longhurst (1995, 1998) but

extends further south based on information fromigratory fish species. Bolligeye and yellowfin

Gdzy aK26SR t2¢ Rmpb OFfdzSa Ay t9vandtheimedm 5 mMPdc:: YR modn
Trophic Position estimates were the lowest in PEQBpared with other regions3(7 £ 0.8 for

bigeye, and 3.% 0.9 for yellowfi). Bigeye tunare shallower than in ARCHm duritige day (250

350m) but deeper than in ARCHm durthg night The d5N valuesouldoccur due to

incomplete and low levels of nutrient utilization driven by Raghdractionation (Altabt,

2001,Yoshikawa et al., 200Braham et al., 2010).

Within the PEQDnicronekton abundance was higher (tharr@gions to thenorth and south) in
an area between Marquesas Archipelagos-18%) and a weshorthwest/eastsoutheast
oriented line stretcing between 11S and 14S, i.e. in a weak convergence, favourable to
micronekton development due to the concentration of lower trophic levels with no oxygen
limitation in the deep layers (Houssard et al 2017).

To the north (up to 4S), waters are enrichedthe equatorial upwelling, but intense organic
matter remineralisation limits oxygen availability under the thermocline.

The equatorial upwelling north of the Marquesagpports high biomass ar@omasss known to
decrease as latitude increases (Vinogradov 19B¢. same patterns emerge fprimary
productivitywhich is maximal between’R and 2S (Lindley et al. 1995, Barber et al. 1996, Chavez
et al.1996, Vinogradov et al. 1997). However thesozooplankton maximuiis shifted several
degreessouthto between 2Sand 5S(Vinogradov 1981White et al. 1995) at 140°)WAlthough
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Vinogradov (1981) and Lehodey et al. (1998) predict a tuna forage biomass maximum at the same
latitude as that of the @oplankton, ECOTAP results locate it more to the sdatthe equatorial
upwelling, occurrence of macronutrients (such as nitrate or orthophosphate) in the photic layer
allows production of largephytoplanktonic cells than ialigotrophic areas which aneutrient-

limited (Le Bouteiller et al. 1992). As a result, mesozooplankton diet consists of a greater
proportion of phytoplankton, leading to a closer relationship between phytoplankton and
mesozooplankton

2.4 North Pacific Equatorial Countercurrgf@NEC)

South West Pacific Province @
North Pacific Equatorial Counter

DRAFT November 2018 L

GOBI CSIRO Bioregionalisation Project =

20°12'0.0"

10°6°0.0"

I
0°0'0.0%

DRAFT
This region is identical to the area described in Longhurst (1995,1998). Houssard et al. (2017)
foundmediumK A 3K t ha Rwmp thoweverdortungwere ¢acaplall in PNEC
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2.5 Western Pacific Warm Po@VARM)

South West Pacific Benthic Regions
Warm Pool

DRAFT November 2018
GOBI CSIRO Bioregionalisation Project

10°6'0.0"

0°0'0.0*

-10°6'0.0"

| | | | | i
130°00.0* 140°0°0.0° 15000.0" 160°00.0 170°0°0.0" 180°00.0

Large migratory fish species in tiiéestern Pacific Warm Pobdlavemediumhigh POM d15N (7.5

p H dangmbderateRmMp b Ok f dz§a ¢SNBE F2dzyR i GKS SljdzZt 62N Ay 2! waY ompPp
B HO®p:: F2NJ oA 3S eshcelngipringa§ prodaction & airiyediad by tnitrate

(Yoshikawa et gl2006; Rafter and Sigman, 2016). Tieantrophicposition estimates weréow

to intermediate in WARMN{4.1 + 0.8 for bigeye and 3.6 + 1.1 for yelloyfBigeye tuna

shallower than in ARCHm durittge day (256350m) but deeper than in ARCHm durthg night

Thedepth of the 20C isotherm around 140 etersdeepin the wesern equatorial Pacific
(WARMmM)For bigeyduna, a deepeipreferredhabitat in the southern regions (ARCHm) was
indicatedby archival tag data, where the mean diving depth of bigeysdegperin New
Caledonia (ARCHm) than in the western equatorial Pacific (WARMm, depth differenc®@i0
according to individualgHoussard et al 2037
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25.1 Pacific Warm Pool

South West Pacific Province
West Warm Pool
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The PacifitvarmPool is well described in Longhurst (1995, 1998) and is dyramftuenced by the
North Equatorial Counter @rrent (From the Equator td0°N) with micronekton composition
different from micronekton composition afther norther areago the east(Hidaka etal 2013)
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25.2 Warm Pool LaNina Transition Province

South West Pacific Province @
Warm Pool Transition
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The Warm Podd_aNina Transition Province encompas the transition region where the Pacific
Warm pool extend to in l&lina years. When the Pacific is in aNiaa phase surface
temperatures in this region rise and large migratory fisk.(Bunas) move eastwards frothe
Pacific Warm Pool province to this region. In aiiBb phase, the reverse is true and there are
much fewer Tunas and similar species in this Province.
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25.3 BismarckSolomon Sea Province

South West Pacific Province @j\
Bismark Solomon Sea
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The dominant biogeographic forcing agents defining this econsgi@ry from location to location but
generally include isolation, upwelling, nutrient inputs, freshwater influx, temperature regimes, exposure,
sediments, currents, and bathymetric or coastal complexity. In ecological terms, these are strongly cohesive
units, large enough to encompass ecological or life history processes for most sedentary species (Green et.
al 2014).

TheBismarckSolomon Sea Provingg 2semienclosed tropical marginaleas (after McKinnon et al 2014)

with associated reefs and islands. The ecoregion includes an importantseedépatures such athe New

Britain Trench, which is just south of the island of New Britain, south west of Solomon Archipelago. This seas
are located in the western part of the s@led warm pool region and, as such, have some of the warmest
waters in the global ocearomprising predominately of oligotrophic se@écKinnon et al 2014). It is around
annual mean Sea Surface Temperature (SST) ranges withigZZB5<C.

Analysis of meaand seasonal change of Sea Surface Temperature (SST) and Salinity (SSS) in the Solomon
and Bismarck SedBelcroixet al2014) shows large annual oscillations in the Solomon Sea, with the coldest
and saltiest waters occurring in July/August mainly dulkdnzontal advection.

The mean ocean surface circulation flow know to enter the Solomon Sea from both its northern and southern
parts. From the north, the flow is southward through Solomon Strait; one part flows along the New Britain
coast and exitaorthward through Vitiaz Strait; the other part flows southward into the Solomon Sea, exiting
through its southern limit.

With western current and upwelling generally contribute to richness of nutrient and species in the region
apart coral (wittin the CTI)McKinnonet al (2014) indicated the region as part of the global center of marine
biodiversity primarily defined by high species diversity of corals (almost 600) and reef fish (>2,000) (Veron et

u»
Q¢
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At pelagic level, the occurrence of species such as tuna and charismatic species has been a focus for
conservation in region (BSSE initiative). Bismarck Solomon sea region characterised with dekahitatsy

off shore reef with low pressure, unique land and reef types. It is rich reproduction and aggregation sites for
Tuna compare to east, whale passage, dolphins, Leatherback nesting, turtle migratory path, feeding habitats
for green and hawksbill ttle etc. has certainly characterised the region.

2.6 South Subtropical Convergence (SSTC)

South West Pacific Benthic Regions
Sub Tropical Convergence
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The South Subtropical Convergence is very similar to the region identified in Longhurst (1995, 1998). This is
the frontal zone that marks the intersection of coldetbsAntarctic waters with warmer tropical waters and
is a region that supports substantial fisheries.
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2.6.1 Chatham Rise (NEWZ)

South West Pacific Province
Chatham Rise
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This region is similar to the region identified in Longhurst (1995, 1998) as New Zealand Coastal (NEWZ).
However,it does not inclué the western or norther coastal areas. The Antarctic circumpolar current wraps
around the southern extend of New Zealand and rises over the Campbell Plateau and Chatham Rise. This
water mass intersects with warmer waters from the Subtropical convergemgemerate a series of fronts

over the rise(Hadfield et al. 2007 his area support a highly productive fishery.
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2.6.2 Subantarctic Province (SANT)

South West Pacific Province
Sub-Antarctic Provice
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This region extend from the South Subtropical Convergence south to the Antarctic Polar Front. It is an
extenson of a similar region identified in the Indian Ocean and is strongly influenced by Antarctic waters.
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2.7 Circumpolar Current

South West Pacific Benthic Regions
Circumpolar current oy -_—
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The Circumpolar Curreftrovincecontains the Antarctic Circumpolar Current whftdws

clockwise from west to east around Anttioa. The current is circumpolar due to the lack of any
landmass connecting with Antarctica and this keeps warm ocean waters away from Antarctica,
enabling that continent to maintain its huge ice sheBhe colder water temperatures of
Circumpolar CurrerProvince dictates a different fauna, as the region transitions into a polar
fauna.
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3 South Western PacifiBenthic Bioregions

The distribution of the Large Marine Areathe highest level of classification for the South West
Pacific Ocean is shown below.

South West Pacific Benthic Region
DRAFT November 2018
GOBI CSIRO Bioregionalisation Project
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The distribution of the provinces within the Large Regions is shown below. More detailed
descriptions of each of the provinces to given below.
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3.1 SW PacifidropicWesternRegion

South West Pacific Benthic Regions
Tropic Western Region
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Large encompassing bioregion for thesterntropic shelf, slope and abyssal fauna/flora,

bounded to the east of thé&larshallslandsandKiribati Thesouthernlatitudinal boundary which

sits below the Lord Howe, New Caledonia and Kermedecs and cuts slightly north up the eastern
coast of Australiaty' | 4 OK G KS RA &G NRAOdzii A 2 yYOn@héFAudtraliani NI £ A Q& La/ w! NBIA2yad
coastline the southern boundary reflects the latitudinal break in the middle of the Central Eastern
IMCRA transition province (IMCRA®)e eastern boundary is defined by a decreaseoiral

diversity and turnover of both shallow water coral and fish species (Kuthalk2013 Veron et al

., 2015. The eastern boundary is albounded bythe abyssal Kermedec trendio the east ofthe
Kermedec archipelago. The eastern boundary also kinks around the eastern side of American
Samoa and Tonga, but remains west of Niue, this reflects the distribution of fishes in the this area,
which has a dramatic change across this region (Kulbichi,&2013)Western anchorthern

extents arebounded by the distribution of the bioregional project, but they reflect the edge of the
Qoral-Triangle on thewestthe central Pacific towards theorth.
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3.11 Central IndePacific Shelf

South West Pacific Province
Central Indo-Pacific Shelf
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The Central Indéacific Sélf province contains the islands of TongavulaSamoa, American
Samoaand Fiji This region has is differentiated from surrounding areas for both corals and fishes
(Kulbicki et al., 2013, Veron et al., 20IR)e species seen in this area have aretretly similar to

the species seen in New Caledonia and Vanuate have grouped Fiji and the other islands based
on the distribution of fishesKulbicki et al., 20))3rather than the split seen in the coral ecoregions
(Veron et al., 2015)The shelf regin is constrained tshelf areas as defined by Hareisal.,

(2008), which equates tdepth approximatelyless than 200 meters.
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3.1.2 Coral Sea and Western Ind®acific Shelf

South West Pacific Province

Coral Sea and Western Indo-Pacific Shelf
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The Coral Sea and Western |Agacifichelf Provinceincdudes the Coral Sedlew Caledoniaand
VanuatuShelf regionThe regionalisation lsasedon the ecoregionalisations of reef fish and

corals (Kulbicki et al., 2013, Veron et al., 2015). This area is a geographically distinctetgion
shares similar species to Vanuatu, whiglgeographically separated to the north by the New
Hebrides Trench. The coral species also share an affinity with the species found around Fiji. Like
other ecoregions based on shallow water fauna we constrathedCoral Sea and Western Indo
PacificShef Provinceto shelf habitats (approximately 200 meters depth) to reflect the
biogeographic distribution of these shallower water species.

’ [Commemed [WS(H1]:  Names needs updating
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3.1.3 Eastern Coral Triangle and New Guinea Shelf

South West Pacific Province

Eastern Coral Triangle and New Guniea Shelf
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The Eastern Coral Triangle and New Papua New Guinea Shelf is amamhaea of corals and

reef fish (Kulbicki et al., 2018eron et al., 2015). The delineation of this region is based on coral
(Veron et al., 2015) and reef fishes (Kulbicki et al., 2013) ecoregions. However, we have merged
multiple smaller, but biologally similar ecoregions into our province size region. Our Eastern
Coral Triangle and New Guinea Shelf contains the Solomon Archipelago, the Solomon Shelf and
the Bismarch Sea Shelf ecoregions. We did this because the corals found in the Solomon
Archipelag, Bismarck Sea Shelf, Solomon Sea and Milne Bay areas all share a close affinity. This
bioregion form a coherent group with only distant affinity to other western Pacific ecoregions
(Veron et al., 2015). We constrained the Eastern Coral Triangle and ddeeaGhelf region to

shelf habitats (approximately 200 meters depth) to reflect the biogeographic distribution of these
shallower water species.
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3.1.4 Gulf of Papua Shelf

South West Pacific Province
Gulf of Paupa Shelf
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from the IMCRA region to the south and the Easter Coral and New Guinea Shelf to the east and

north, due to a decline in coral and fish diversity driven ygroximityto PortMoresbyand the

increase in mangrove habitat and sedimentat{®eronet al.,2015; Kulbickét al.,2013). This is a

shelf province and contains habitats which approximately lesthan 200 meters deep.
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3.15 IMCRA Naheast Shelf

South West Pacific Province
IMCRA Northeast Province Shelf
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bioregionalisation. It is separated out due to the unique nature of the GBR and the fauna within.

This classification is also supported by corals, fish aner@toups (Veromt al.,2015; Kulbickét

al.,2013). This is a shelf province and contains habitats whicagpeximatelyless than 200

meters deep.
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3.16 Lord Howe, Norfolk and Kermadec Islands Shelf

South West Pacific Province
Lord Howe, Norfolk and Kermadec Islands Shelf
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This region is based on a band of similar speciesral,dish and other invertebrates distributed
across this narrow band of islands, which are approximately at the same latitid® et aNJ
2011; Veroret al.,2015; Kulbicket al.,2013) They represent the southern boundary of the
tropical western kelf fauna. But are also unique and neediifferentiate from the New
CaledoniaCoral Sea and Western IndRacific Shelfrovince) and theCentral IndePacific Shelf
faunato the north. This region is a shelf province and is constrained depths less than
approximately200 meters.

38 | Bioregions of the South West Pacific Ocean



3.1.7 Marianas and Caroline Islands Shelf

South West Pacific Province
Mariana and Caroline Islands Shelf
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The Marianas and Caroline Islands Shelf region are a large group of volcanic islands and
seamounts. The Marianas and Caroline Islands are separated from neighbouring region by deep
oceanic vaters. The classification of this province is based on the grouping of the Marianas and
Caroline coral ecoregions (Verehal.,2015), but also, the distribution of reef fish species which
appear to have a close affinity across these islands (Ku#tiaki 2013).Like othermprovinces

based on shallow water fauna we constrairted Marianas and Caroline Islangsovince to shelf
habitats (approximately 200 meters depth) to reflect the biogeographic distribution of these
shallower water species.
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3.1.8 Marshall, Gilbert, Ellis Islands Shelf

South West Pacific Province
Marshall, Gilbert, Ellis Islands Shelf
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The MarshallGilbert and Ellisslands Shelf region is based on the ecoregionalisations of reef fish
and corals (Kulbicki et al., 2013, Veron et al., 2015). This regions is separated from the
neighbouring Microndsa islands to the west by deep oceanic waters. Wiaeshall, Gilbert and

Ellis islands are combined into a single large province because the of the distribution of reef fish in
this area, and the close affinihetweenthe composition of coral§ilbert Ishinds of West Kiribati
(Veron et al., 2015). Like othprovincesbased on shallow water fauna we constrairddrshall,

Gilbert, Ellis Islands Shelf provirtoeshelf habitats (approximately 200 meters depth) to reflect

the biogeographic distribution of thee shallower water species.
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3.1.9 Tropic Western Abyss

South West Pacific Province
Tropic Western Abyss
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The Tropical Abyssal Province is based on the modelled distribution of ophiuroids and squat

lobsters using the Regisnf Common Profile Method (Fostet al.,2013) see the Appendix
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made this boundary at 2000 meterts Q | letldl]; 2011). But it does conform tother benthic

classifications which draw his boundary at 3500 meters @@OD$lassification andVatlinget

al., 013
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3.1.10 Tropic Western Bathyal

South West Pacific Province
Tropic Western Bathyal

DRAFT November 2018
GOBI CSIRO Bioregionalisation Project
AT G, A j

oy el | ||

=

20°12'0.0"

10°6'0.0"

0°0'0.0"

-10°6'0.0

-20°120.0"

-30°18'0.0"

-50°30'0.0%  -40°24'0.0"

0°0'0.0"  100°0'0.0"  110°0°0.0"  120°0'0,0"  130°0'0.0*  140°0°0.0"  150°0'0.0"  160°0'0.0 170°0'0.0"  180°0°0.0" -170°0°0.0" -160°0'0.0" -150°0'0.0* -140°0°0.0" -130°0'0.0"

The Tropical Bathyal Province is based on the modelled distribution of ophiuroids and squat

lobsters using the Region of Common Profile Method (Fatal.,2013) see the Appendix
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made this boundary at 2000 metetts Q | kthl; 2011). The 2000 to 3500 meter region could be

viewed as tle lower bathyal and a moneducedsubset of the shallower bathyal region. We

however, do not define an upper and lower bathyal region, but recognise that there will be an

affinity between these two bathomes (e.GOOD$lassification andVatlinget al., 213).

3.2 Tropic BEsternRegim
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South West Pacific Benthic Regions
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Large bioregional province for eastern tropic shelf, slope and abyssal depth regions. Baunded
the west by Marshall Island&ilbert IslandandKiribati The western boundary is also bounded by
the by the Kermadec archipelago and abyssal treamchwraps around American Samdée

eastern boundary ends at approximatelythe longitudinallocation of thePitcairn IslandsThe
southern boundary sits at a higher latitude than the Tropic Western Pacific southern boundary,
and reflects southern boundwgrof the tropical coral, fisheand other tropical species.
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3.2.1 Central and Eastern Polynesia Shelf

South West Pacific Province
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The broad longitudinal province contains the Phoenix, Central Kitribati, South Line, Society,
Tuamotu, Pitcairn Islands and French Polyndsigs region is based on the broad group of coral
ecoregions (Veroet al.,2015) and also the distribution of fishes (Kulba&tkal.,2013). Although

this province is an amalgamation of a few coral and fish ecoregions, there was consensus at the
workshopthat all these ecoregions shared a close affinity. This province are constrained to
approximately200 meters deep.
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3.2.2 Johnson Atoll Shelf

South West Pacific Province
Johnson Atoll Shelf
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The Johnson Atoll Shelf Province is on the very northern edge of our bioregional scheme, it is a
small geographicallglistinct province which contains corals and fish that are related to those seen
in Hawaii (Veroret al.,2015). This region is constrained to the stiaffproximately200 meters).
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3.2.3 Marquesas Shelf

South West Pacific Province
Marquesas Shelf
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The Marquesas Islands are a unique and geographidatinat region. These islands are the most
eastern extent of coral distributions and many reef fishes in the pacific. They share no close

affinity to any neighbouring regions. The classification of the Marqueses Shelf Province is based on
corals and fishefulbicki et al., 2013, Veron et al., 201Bhis province is constrained to
approximately200 meters depth.
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3.24 South East PolynesieShelf
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The South East Polynesia Shelf Province includes the Cook and Astral Islands. This province is
based on a mergerfawo coral ecoregions (Cooks and Astral) and the distribution of fishes
(Kulbicki et al., 2013, Veron et al., 201Bhis region is distinct from the Central and Eastern
Polynesian Shelf Province to the north and Niue to the west. This province is coedta
approximately200 meters depth.
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3.25 Tropic Eastern Abyss
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The Tropic Eastern Abyssal Province is based on the modelled distribution of ophiuroids and squat

lobsters using the Regisnf Common Profilenethod (Fosteet al.,2013) see the Appendix
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boundary at 2000 meterh(Q | ktldll; 2011). But it doesonform to other benthic classifications

which draw his boundary at 3500 meters (€50OD8lassification andVatlinget al., 213).

’ Commented [WS(H2]:  Both this and the next map need to
have the eastern boundary fixed. We need t make a nice clean
latitudinal line along the eastern mot boundary of the overall reg
and get rid of the dodgy bathyal contour.
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3.2.6 Tropic Eastern Bathyal
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The Tropic Eastern Bathyal province is based on the modelled distribution of ophiuroidsuand s

lobsters using the Regisnf Common Profile Method (Fostet al.,2013) see the Appendix
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boundary at 2000 meterh(Q | lketldll; 2011). The 2000 to 3500 meter region could be viewed as

the lower bathyal and a mordepauperatesubset of the shallower bathyal region. We however,

do not define an upper and lowdrathyal region, but recognise that there will be an affinity

between these two bathomes (e.OOD$lassification andVatlinget al., 213).
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3.3 Temperae WesternRegion
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The Temperate Western Pacific Region is a large bioregional province which inemgesate
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latitudinal boundary which sits below Lord Howe, New Caledonia and Kermedecs and cuts slightly

north up the eastern coast of Australiato matchthe distdb A 2y 2 F | dzZaGNJ f Al Q& La/w! NBIA2Yyad hy
the Australian coastline the southern boundary reflects the latitudinal break in the middle of the

Central Eastern IMCR#Aansition province (IMCRA 4ihe eastern boundary follows New

»SEHflyRQE 99 Y% ~8300infeters)fand deflediy/tielpaiBioniag of this region as seen

in the GOOD biogeographic classification (GOODS report). This reflects the distribution of benthic

fauna across this region, which largely ends at this boundary due to much deeper seaflato

the east and a lack of island which can support these species. The southern boundary is driven by

the extent of the sukpolar front and the sufantarctic front. This boundary is slightly shifted to

adhere to follow the bathyal depth contour thatims at 3500 meters across this Southern Indian

and Pacific Antarctic midcean ridges.
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3.3.1 Central North New Zealand Shelf

South West Pacific Province
Central North New Zealand Shelf
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The Central North New Zealand shelf regionalisation is shallower shelf areas that encompass the
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Stephensoret al.,2017). These region came directly from Stephsensbal.,H n M7 Wi Sy 3IANE dzLJa Q

output, which a more generalised classification for this region. The Central North New Zealand

Shelf Province was constrained to shelf habitats.
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3.3.2 IMCRA Bass Strait Shelf

South West Pacific Province
IMCRA Bass Strait Shelf
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bioregionalisation. This is a shallow strait between Victoria and Tasmania. Within the IMCRA

framework it is based on the distribution of demersal fishes and geomorphic features. See the

IMCRA report for details (Heap al.,2005).
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3.3.3 IMCRA Centrdtastern Shelf

South West Pacific Province
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bioregionalisation. This province is located on the east margin shelf of Australia. Within the IMCRA

framework it is based on the distribution of mersal fishes and geomorphic features. See the

IMCRA report for details (Heagp al.,2005). This area is constrained to the shelf and was originally

derived based on the depth wise structure of demersal fish.
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3.34 IMCRA Central Eastern Transition Shelf
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The IMCRA Central Eastaransition{ KSf ¥ LINRPGAY OS Aa G(GF1Sy RANBOGt& FTNBY ! dzZAGNIf AL
marine bioregionalisation. This province is located on the east margin shelf of Australia. Within the

IMCRA framework it is based on the distribution of demkfisaes and geomorphic features. See

the IMCRA report for details (Heap et al., 2005). This area is constrained to the shelf and was

originally derived based on the depth wise structure of demersal Tikls region also reflects

where tropical species artransition into a sultropical and temperate fauna.
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3.35 IMCRA Southeast Australian Shelf

South West Pacific Province
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bioregionalisation. This province is located on soeitheast shelof Australia. Within the IMCRA

framework it is based on the distribution of demersal fishes and geomorphic features. See the

IMCRA report for details (Heap et al., 2005). This area is constrained to the shelf and was originally

derived based on the depthiae structure of demersal fisfthis region also reflects where sub

tropicalfauna transitions into &emperate faunabut also where the east coast shelf starts to

wrap into the Bass Strait.
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3.3.6 IMCRA Southeast Transition Shelf
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The IMCR&Southeast Trasition{ KSt ¥ LINRGAY OS A& (1 1Sy RANBOGEE FNRBY ! dzaiGNI Al Q&
bioregionalisation. This province is located on soeitheast shelf of Australia. Within the IMCRA

framework it is based on the distribution of demersal fishes and geomorphic featBeesthe

IMCRA report for details (Heap et al., 2008)is region where the east coast shelf starts to wrap

into the Bass Strait.
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3.3.7 IMCRA Tasmanian Province Shelf

South West Pacific Province

IMCRA Tasmanian Province Shelf
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The IMCRAasmaniaf KSt F LINRGAYOS Aa GF{1Sy RANBOGEE FTNBY ! daAGNItAlFIQa yI
bioregionalisatn. This province is located around Tasmashielf(excluding Bass Strai)Vithin

the IMCRA framework it is based on the distribution of demersal fishes and geomorphic features.

See the IMCRA report for details (Heap et al., 2005).
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3.3.8 IMCRAWestern Bass Strait Transition Shelf

South West Pacific Province
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marine bioregionalisatin. This province is located west of Bass St¥lithin the IMCRA

framework it is based on theigtribution of demersal fishes and geomorphic features. See the

IMCRA report for details (Heap et al., 2006also reflect the start of the longitudinal change in

fauna from the east coast to the west coast of Australia.
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3.3.9  Southern New Zealan@helf

South West Pacific Province
Southern New Zealand Shelf
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The Southern New Zealand shelf regionalisation is shallower shelf areas that encompass the
99%d ¢KAa

42dzi KSNYy akKStF FINBlFa 2F bSg %SItlyRQa
of demersal fishers, the physical environment and ophiuroid3 (O-et\dt.,2011; Stephensoat
al.,2017. These region came directly from Stephsensbal..H n M T

Commented [HD(H4]: ~ Southern new Zealand shelf needs to |
fixed includes some ridge system.
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more generalised classification for this region. The Southern New Zealand Shelf Province was

constrained to shelf habitats.
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3.3.10 Subantarctic New Zealand Shelf

South West Pacific Province
Subantarctic New Zealand Shelf
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The Subantarctic New Zealand shelf Province contains the shallower shelf areas that represent the
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classification of demer§a FA AKX (KS LIKeaAOlIt SyaddMBYYSYy(d FyR 2LKAdINBARA 6hQl |
Stephensoret al.,2017). These region came directly from Stephsensbal.,H n M7 Wi Sy 3IANE dzLJa Q

output, which a more generalised classification for this region.
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3.3.11 Temperate Western Abyss

South West Pacific Province

Temperate Western Abyss
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The Temperate Western Abyssal Province is based on the modelled distribution of ophiuroids and

squat lobsters using the Regmof Common Profile Method (Fostet al.,2013) see the Appendix
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made this boundary at 2000 metetts Q | ktHll; 2011). But it does conform to other benthic

classifications which drahis boundary at 3500 meters (e @OODS$lassification andVatlinget

al., 013
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3.3.12 Temperate Western Bathyal

South West Pacific Province
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The Temperate Western Bathyal Province is based on the modelled distribution of ophiuroids and

squat lobsters using the Region of Common PriMii¢hod (Fosteet al.,2013) see the Appendix
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made this boundry at 2000 metersh( Q| ktHl; 2011). The 2000 to 3500 meter region could be

viewed as the lower bathyal and a matepauperatesubset of the shallower bathyal region. We

however, do not define an upper and lower bathyal region, but recognise that¢ thédl be an

affinity between these two bathomes (e.GOOD$lassification andVatlinget al., 213).
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3.4 SW Pacififemperate EasterRegion

South West Pacific Benthic Regions
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The Temperate Eastern Pacific Regi@s bounded to the westly S 6 %St  yYRQ& 99% ol (K&l f
boundary (~3500 meterg)nd reflects the partitioning of this region as seen in the GOOD

biogeographic classification (GOODS report). The northern boundary reflects southernmost extent

of tropical coral, fishes and other tropical species. The southern boundary is driven bytehe e

of the subantarctic front. This boundary is slightly shifted to adhere to follow the bathyal depth

contour that runs at 3500 meters across this Southern Indian and Pacific Antarcticesd

ridges.
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34.1 Temperate Eastern Abyss

South West Pacific Province
Temperate Eastern Abyss
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The Temperate Easterrbfss makes up large parts of the Temper&sternRegion and is

defined based on model output from ttephuiroid analyses and based on the regionalisation in
GOODS, which defines the Abyssal region as depths greater than 3500 Dneteo the lack of
biological information from this region, these boundaries are based on predicting observed model
based relationships into new areas (as per tpiuroid models) or are based on a combination of
expert derived and environmental data (as per the GOODS diasisifi).

64 | Bioregions of the South West Pacific Ocean



3.4.2 Temperate Eastern Bathyal

South West Pacific Province
Temperate Eastern Bathyal
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The Temperate Eastern Bathyal are the depth regions of the benthos between 200 and 3500
meters depth within the Temperate Eastern Region. These boundaries are defined based on
model output from the ophuiroid analyses and based on the regionalisation irD3&0Due to the
lack of biological information from this region, these boundaries are based on predicting observed

model based relationships into new areas (as per the ophiuroid models) or are based on a
combination of expert derived and environmental déts per the GOODS classification).
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3.5 SW PacifiSubpolaiRegion
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South West Pacific Benthic Regions =23
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The northern boundary is driven by the extent of the subantarctic front and the bathyal depth
contour that runs at 3500 meters across this Southern Indian and Pacific Antarcticesd

ridges. The southern boundary follows the CCAMLR boundary. This area is comprised of
temperate and subpolar species which are restricted to subpolar archipelagos and other subpolar
islands and seamounts.
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351 Subpolar Bathyal
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The subpolar bathyal provincedsfined by the bathymetry differentiation that emerged from our
modetbased bioregionalisation models for ophiuroids, squat lobsters and corals. They also are
complemented by other existing schemes such as the GOODS benthic classification. However, the
GQODS classification is restricted to ~800m depth, where our analysis shows that the major
biogeographic break is along the shelf edge (at approximately 200m). We used theeHalris

2008 geomorphic classification as our boundary for defining the sfatteobathymetry province.

The deepest boundary of the bathymetric province was set at 3500m, which agreed with both the
modelbased bioregionalisations and the GOODS classification. The Subpolar Bathyal Province
follows the Southern Indian and Pacific Ardtic midocean ridges.
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3.5.2 Subpolar Abyss
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TheSubpolarAbyssal Province sits within the Subpolar Bioregion and is defined by the abyssal
regions that emerged from the modébsed classification for ophiuroids and the agreed with the
GOODS classificatioBubpolar Abyssal Province is the deep seafloor (>3500 meters) that is on the
southern side of the Southern Indian and Pacific Antarcticooihn ridges.
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4 Appendx 1. Statistical Bioregionalisations

We developed and implemented a series of models whidended on a Regions of Common Profile (RCP)

models (Fosteet al.,2013) to generate biologically data driven bioregions for the Southwest Pacific and

(KS {2dziKgSaGSNY t I OAFTAO hOSI Yol NBIISRIVA® TKYSA W3 t Y A Blaees OKz2 R&f |

This modetharacteriesa bioregionas a spatial region, where thpeobability of observing a species, at a
randomly chosen location falling withthat bioregion, should be approximately constaAdditionally, the
chances of observing thapecies atandom sites in different bioregions should be uneqi&lis model

based notion was formally introducdsy Foster et al., (2013).

However, at regional scales the availability of broad scale biological datasets tends to decrease, instead, ad
hoc datasets with are an amalgamation of smaller scientific surveys anldcadcollections. These records

are often kept in natural history collections and in online repositories. Tadd®cdata often come with

the unfortunate problem of missing information on whespecies were not observed (absences). As a
consequence we can never truly estimate the probability of occupancy form these data as we are missing
key information (absences). This also means that the models (built for preadiseace and abundance

data) ak ill equipped to deal with these data, without some modifications.

We do this by extending the RCP model to be a spatial point process (Cressie 1993). Based on the current
implementation of the RCP models, we can do this simply by generating a spasrPmodel, which is

often done for single species models (Fithian & Hastie, 2014). The inhomogeneous Poisson point process
RCP (IPPMRCP) was fitted as a Poisson model. This was achieved by fitting the model to a grid of
environmental predictors, wheradividual species occurrences are summed to reflect a count (Poisson),
the exception being that cells will no species records in them are not excluded from model fitting, but
rather are given a value of zero (akin to a background point). This model tbénges a bioregions similar

to the definition above, but rather than a probability of occurrence of a species within a bioregion, we

generate a probability of sighting a species within a bioregion (a density based on the presence points).

We used the IPM-RCP method tgenerate bioregions from benthic regions of theuthwest Pacifi©cean

we developedhree seafloor taxonomic groups, brittle stars (Ophiuroidea), squat lobsters (Galatheoidea
and Chirostyloidea) and cold water corals (Octocoralliajeebiological datasets were used that included
363 brittle star, 16Gquat lobsterand 14 coraspecies with greater than 10 observations across the
southwest Pacifi©cean regionThese biological data were fitted to a set of environmental and spatial
data,includinglatitude, longitude, depth, nitrate, oxygen, silicate and temperature as linear and quadratic

terms. The environmental covariates were derived from the World Ocean Atlas datasets, and were tri
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linearly interpolated to the seafloor using the GEBl@athymetry layerThe log area of each cell is also

included as an offset to account for any latitudinal bias in cell size.

Based on model fitting, taking a parsimonious approach, we found three broad regions for the ophiuroid
and coralspecies, and fouior the squat lobster dataset. The number of groups was derived based on
Bayesian Information Criteria. Spatial predictions where made acrosSahthwest Pacifi©cean seafloor

for each taxa, which contained mean (point) and standard errors in thegirediof each archetype
(group).

These model predictions where then takentte first Southwest Pacific Ocearpert elicitation workshop

for generating bioregions across tB®uthwest Pacifi©cean. After consultation among experts with

reference to these models and local knowledge of the region three broad scale bioregional provinces were
agreed upon which represented broad scale biological and physical classifications which strongly reflected
predicted distribution form the IPPNRCHnodek. The largeegions where then used at the top of

hierarchical scheme which then classified finer scale region within each of the broad provinces.
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