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Pilbara Seabed Biodiversity Mapping & Characterisation

Summary

The Pilbara shelf is an important area of ecological and development significance. Activities such as
offshore gas and petroleum extraction and processing, major port developments, and commercial and
recreational fishing occur together with primary natural resource conservation areas. Managers need
information on habitats and biodiversity distribution and risks to ensure these activities are conducted
sustainably. However, while some demersal species information was available for the broader Pilbara
region, this was mostly for fishes and some mobile invertebrates and did not include sessile
invertebrates and habitats. Further, most existing information was for outside the specific shelf area of
interest. Thus, there were significant gaps spatially and taxonomically, and for seabed habitats.

Between 2012 and 2015, the Pilbara Seabed Biodiversity Mapping & Characterisation Project, as part
of the Pilbara Marine Conservation Program, mapped habitats and their associated biodiversity across
the length and breadth of the west Pilbara shelf (0—50 m) to provide information that will help
managers with regional planning and management, and to help ensure that human uses of the region
are ecologically sustainable, as required by environmental protection legislation. Comprehensive
information on the biodiversity of the seabed was acquired by visiting 125 sites, representing a wide
range of known environments, during a ~month-long voyage on each of two vessels and deploying
several types of sampling devices including: towed video and digital cameras, an epibenthic sled and
a research trawl to collect samples for more detailed data about plants, invertebrates and fishes on the
seabed. Data were collected and processed from ~63 km of towed video, and from sorting and
identification of 1,469 benthic samples and 382 demersal fish samples. The project has analysed this
information and produced all of the outputs as originally proposed; these included:

e Video transects of seabed habitat types, including 10 substratum, 22 biological habitat
component types, and 12 benthos faunal types

e An inventory of 1326 species or taxa of invertebrates, fishes, and plants with catalogued
museum voucher specimens, including new species, and a database of almost 6,880 records of
species distribution and abundance on the seabed.

e Identification of the key environmental variables important for structuring seabed
distributions, and predictive models of bio-physical relationships between seabed species,
their assemblages and the physical environment.

e  Maps of the distribution and abundance of 180 seabed species throughout the study region.

These data provide information on the current ecological status of the region, and strengthen
understanding of linkages between ecological attributes and the processes that affect them. The
outputs from this study can be used to support a range of spatial planning, assessment and
management applications across the west Pilbara, including for conservation, assessments of current
uses, and to provide information for evaluating future development proposals — thus providing
lasting benefits.
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1 Introduction

Planning, assessment and management of the marine environment requires an essential base level of
understanding about the distribution of habitats and biodiversity. It is also critical for developing an
effective sampling program for Key Performance Indicators (KPIs). Habitat is a key determinant of
population structure and having a stratified sampling regime is vital to obtaining precise estimates of
population parameters and properly identifying drivers of biological response. Consequently, the
initial phase of the project included a component to compile all relevant existing available information
relating to biodiversity and habitat variation in the region. Since the sea is a dynamic and three-
dimensional environment, habitat descriptions included benthic mapping, and key water column
properties related to fish and biotic health, linking to satellite data for ground-truthing. In order to plan
the biodiversity sampling program we therefore capitalised on existing holdings of national scale
environmental and biodiversity data sets, acquired additional regional datasets, and analysed these
data to provide an initial regional characterisation and stratification prior to any fieldwork.

The regional seabed biodiversity study area spanned the region between Northern Ningaloo and the
Dampier Archipelago encompassing Barrow Island and the Montebello Islands west to depths of
approximately 50 m. In addition to video transects and photographs, extractive sampling using an
epibenthic sled and a research trawl was planned in order to provide detailed biodiversity assessments
rather than simple descriptions of coarse habitat types. The first year of the project collated and
analysed existing available data to provide the preliminary characterisation of the region and
stratification for the sampling design. Sampling was designed to representatively sample all known
important environmental-driver gradients in the region and to ensure that areas for which there were
low levels of data or poor ability to accurately predict habitat and biodiversity would be sampled.
Field work was conducted at the end of the first year of the project in order to inform sampling in
other PMCP programs, but detailed processing of samples, analysis and reporting continued into
subsequent years.

2  Objectives

A primary determinant of the nature and complexity of ecological interactions is the composition and
diversity of ecological communities. Accordingly we aimed to acquire information on regional
biodiversity and habitat structure for the purposes of planning, assessment and management, as well
as for use in the design of other ongoing sampling in the PMCP Coral Reef Health and Fish and
Sharks projects. The Biodiversity and Habitat Project’s goal was to provide a region wide
characterisation of biodiversity and habitat patterns as its key objective.

The key specific objectives are:

1. Acquire available existing data, conduct an initial biophysical characterisation of the west
Pilbara region, including initial identification of environmental drivers, and produce a
preliminary bioregional map for survey design and for departmental purposes.

2. Survey and sample spatial patterns of biodiversity of benthic ecosystems across the entire
west Pilbara region, using towed video transects, an epibenthic sled and a research trawl.

3. From survey data, characterise biodiversity of the west Pilbara region including identification
of key environmental drivers of biodiversity patterns, and produce a final bioregional map to
inform the design of future ecological sampling program and for departmental planning and
management purposes.

Pilbara seabed biodiversity 8



3 Methods

3.1 Environmental Data Sets

The environmental data layers collated and used for the biophysical analysis and mapping of
biodiversity included:

e Bathymetry DEM: depth, slope, aspect — the model bathymetry is based on several sources.
The data set uses the Geoscience Australia (GA) GA2009 250m bathymetric product as a
background. The WA state’s official coastline (mean tide) was used to define 0 depth and
islands. Commercial partners provided bathymetric data based upon LiDAR/LADS surveys
and CSIRO and GA provided surveys based on acoustic systems. AHO and WA DPI
provided historical soundings. These were integrated and processed in swath mapper
processing software by Gordon Keith into a 0.01 degree gridded product.

e Sediment: gravel, sand, mud, carbonate — sediment properties where derived from
dbSEABED (http://instaar.colorado.edu/~jenkinsc/dbseabed/, Chris Jenkins) gridded at 0.01°.

e Seabed current stress — Data sourced from the CSIRO RIBBON Model
(http://www.emg.cmar.csiro.aw/www/en/emg/projects/-Ribbon--Model.html ).

e Bottom water attributes (annual average and seasonal range): temperature, salinity, oxygen,
nitrate, phosphate, silicate — Data sourced from the CSIRO Atlas of Regional Seas (CARS)
(http://www.marine.csiro.au/~dunn/cars2009/ )

e NASA Ocean colour (SeaWiFS & MODIS): chlorophyll, light attenuation, SST, surface PAR
— satellite derived datasets were processed by IMOS (Edward King), gridded at 0.01°.

e Derived variables: benthic irradiance, primary productivity, exported POC — calculated from
ocean colour variables using published algorithms.

e Terrain morphology probabilities: ridge, channel, peak, depression, pass, plane — generated
from bathymetric data by Vanessa Lucieer, University of Tasmania.

e Human use layers: fishing (e.g. trawl effort), mining, infrastructure, spatial management —
datasets provided by WA DOF, DPI and DPaW

See Appendix 1 for descriptions of environmental variables used in project analyses, and see
Appendix 2 for maps of each variable.

3.2 Initial characterisation & stratification

To achieve the initial regional scale characterisation, existing benthic biodiversity data from locations
well distributed across the study area were acquired and used to integrate with environmental data and
analyse relationships between species distributions and their environment. Additional biological data
were collated from past CSIRO trawl surveys, WA Fisheries surveys and WA DEC reefs surveys with
seven datasets available in total (see Appendix 3). An integrative analysis method, ‘gradientForest’
(Ellis et al 2012, Pitcher et al 2012), was used to obtain evidence-based relationships between species
compositional change and multiple environmental gradients that were then used to transform all
environmental layers to the same ‘biological’ scale. These transformed layer were mapped to provide
an initial characterisation, which was also the basis for the most biologically relevant stratification for
regional scale benthic sampling completed in mid—2013.

3.3 Field sampling

Previous studies have demonstrated that different sampling gears largely sample different species and
different assemblage patterns, generating different species compositions & spatial patterns and
confirming that data from multiple devices must be combined in order to comprehensively describe
the biodiversity of an area (e.g. Pitcher et al. 2002 & 2007). For example the assemblage data
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generated from video alone is much less similar to benchmark datasets (all three gears combined) than
either trawl or sled data alone. This stems from the different selectivity of sampling devices as well as
the considerable difficulty in identifying and quantifying organisms from video as well as the limited
observability resulting from variable visibility and camera movement in rough sea conditions.

To ensure the sampling of the benthic biodiversity of the Pilbara region was as comprehensive as
possible, this study deployed a variety of sampling gears including towed underwater video, a 1.5 m
epibenthic sled and an ~8-fathom research trawl. The biodiversity mapping voyages in the Pilbara
were conducted in June 2013 on the research vessels RV Naturaliste (Western Australia Fisheries;
trawl and sled sampling) and RV Linneaus (CSIRO Oceans & Atmosphere; video transects and some
sled sampling).

3.4 Sorting & identification of samples

Initial Operational Taxonomic Unit (OTU) level sorting of the new samples collected by the June
2013 Pilbara seabed biodiversity sampling trip was carried out by CSIRO staff at Floreat (WA).
Following this initial sorting, most specimens were sent to expert staff at the Western Australian
Museum (WAM) with CSIRO staff providing assistance — or for some groups, to the Museum of
Victoria, and marine plants to the WA Herbarium. At these laboratories, detailed identification of
specimens was completed as well as collation and storage of voucher samples and description of new
species. As previously advised, the sponges were particularly abundant and diverse, and completion
of identifications for sponges required more time than expected, delaying final analyses. All data were
transferred to a secure Oracle database at CSIRO and checked.

3.5 Analyses of new sample data

Data arising directly from the June 2013 field survey were mapped. These comprised (i) habitat data
recorded during towed video camera transects, and (ii) biomass data of the major sorting groups of
fishes and benthos derived from primary sorting of trawl and sled samples on vessels at sea.

After species sorting and identification of the new sled and trawl samples was completed, basic
biodiversity indices were examined and species richness was modelled and mapped. Selected
individual species (those sufficiently frequently occurring for analysis, and with successful prediction
models) were also modelled and mapped. Univariate modelling was conducted using Random Forests
(Breiman 2001), a bootstrapped tree-based method recognised for its prediction modelling power.

The initial regional scale characterisation was updated by integrating the new sled and trawl sample
data in a combining analysis with the data previously collated from other sources. Relationships
between species distributions and their environment were again analysed using ‘gradientForest’, to
provide a final biophysical characterisation and map of patterns of biodiversity composition for the
region.

4 Results

4.1 Initial characterisation & stratification

The relationships between species distributions in existing datasets and their environment, as
determined by the gradientForest analysis are shown in Figure 1. These indicate the cumulative
changes in biodiversity composition along multiple environmental gradients. After transforming all
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environmental layers to the same ‘biological’ scale, using the cumulative curves, the predicted
biologically relevant stratification for regional scale benthic sampling is shown in Figure 2.

The sampling design provided for 125 video and sled sites and 64 trawl sites. This was planned so that
invertebrate sampling sites would be about 12 km apart on average and fish sampling sites would be
about 17 km apart on average, because previous analyses (e.g. Pitcher et al. 2002) had demonstrated
that these sampling densities were appropriate given the change in invertebrate and fish composition
with distance on the seabed. That is, samples taken much closer than these distances would likely be
too similar and waste resources, whereas samples taken much further apart would likely sample
biodiversity inadequately. In addition, given the estimated time required to deploy the different
sampling gears on the two research vessels, this allocation would keep the vessels in proximity to
each other and for similar amounts of time at sea, in order to provide assistance to each other. Finally,
this allocation was appropriate given the resources available to the project.
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Figure 1 Relationships between change in species composition and 37 environmental variables (in order of importance) in the
west Pilbara study region. The y-axis is the cumulative compositional change associated with increasing values of the x-axis
(each environmental gradient). Seabed biological surveys include 3 existing CSIRO datasets and 4 acquired prior to
fieldwork. Variables include parameters such as depth, SST, salinity, bottom irradiance, sediment composition,
hydrodynamic shear stress, among others (see Appendix 1); 44 variables were assessed; 7 are excluded here due to
unimportant response.
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Figure 2. Stratification of the west Pilbara region (5-50m), based on analyses of previous
biological surveys against 37 environmental layers including pre-existing datasets and those
acquired by the project. The biplot shows the first 2 dimensions of the transformed biological
space, which was sampled representatively (at points ), as well as vectors of the major
environmental drivers. The geographic map shows the biologically informed stratification for
regional sampling, with selected sample sites: o-tow-video & sled; *-trawl, video & sled.
(Compare with Appendix 4 to see improvements due to data acquired by the project).

A key initial output from the project was a map of the initial characterisation. Preliminary analyses of

the existing biological survey data suggested that approximately 11 clusters were statistically
justifiable for management purposes. These represent predicted biological assemblages at ~1 km
resolution (with ~1-10 km utility, at full regional extent ~18,700s sq kms, see Figure 3). The
expectation is that assemblage composition would differ from cluster to cluster corresponding to

distance apart in the biplot — some assemblages are more heterogeneous than others (e.g. in Figure 3,

clusters 3 and 7 are each more heterogeneous than clusters 2 and 6 together).

Sl
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Figure 3. Initial seabed characterisation of the west Pilbara region (5-50m): 11 assemblage
types were predicted based on analyses of previous biological survey data against multiple
environmental layers including datasets and those acquired by the project. The biplot at top
left shows the variables principally associated with each assemblage type.
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4.2 Field sampling

The seabed biodiversity sampling voyages in the Pilbara were successfully completed in June 2013,
using the research vessels RV Naturaliste (WA Fisheries) and RV Linneaus (CSIRO). In total, 125
sites were sampled with towed-video and digital stills for seabed habitat, 111 sites with an epibenthic
sled for sessile and mobile invertebrates and 43 with a research trawl net for fishes and mobile
invertebrates. A number of sites were unsuitable for sampling by sled and/or trawl. Many sled and
trawl samples were dominated by a large abundance and diversity of sponges (e.g. see Figure 4).

Figure 4 Photograph iliﬁéffé_ti?l_g an é):é;hﬁle of the abundance and diversity -
of sponges observed in the Pilbara study area.

The biomass, by taxonomic group, sampled during the voyages is shown in Figure 5 and Figure 6, for
benthic sled and trawl respectively. Overall, sponges dominated the sled samples — and fish
dominated the trawl samples. The substratum types observed during video transects are shown in
Figure 7 indicating that sand dominates the sampled area and most seabed reef areas were found
around Barrow Island and the Montebello Islands. The biological habitat types observed during video
transects are shown in Figure 8 indicating macro-vegetated habitats in the vicinity of Barrow Island,
and either gorgonian or sponge dominated habitats (or a mixture) scattered through much of the
region; however, much of the seabed was bare of biological habitat, or bioturbated towards the NE.

4.3 Sorting & identification of samples

The samples collected showed high diversity of all groups examined in detail, noting that several
groups (e.g. Annelida, Brachiopoda, Bryozoa, Ascidiacea, Hydrozoa) were not identified further in
the laboratory due to resource constraints. Table 1 summarises the results of sorting of benthic sled
and demersal trawl samples from the June 2013 trip. The diversity of the sponge communities was
particularly high — and this required significantly more time for identifications. Data from sorting
and identifications are stored in an Oracle database, as well as in the databases of the museums
responsible for the final identification of specimens.

In total, 1326 taxa were recognized, of which 1157 occurred in sled samples, 427 in trawl samples,
and 258 in both. The number of taxa at sled sites ranged from 2 to 140 (mean= 44.88; std dev=33.27),
and the number of taxa at trawl sites ranged from 0 to 140 (mean= 25.52; std dev=21.27). Most taxa
were sampled rarely or infrequently: 516 taxa (44.6%) were found at only one sled site, and 355 taxa
(30.7%) were found at only 2—4 sled sites; 235 taxa (55%) were found at only one trawl site, and 138
taxa (32.3%) were found at only 2—4 trawl sites.

The numbers of species identified from each sled and trawl site are mapped in Figure 9. Random
Forest models fitted to these richness data (log transformed) predicted richness across the region
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Figure 5 Biomass of benthic biodiversity and proportions by taxonomic group, sampled by epibenthic sled during
the biodiversity mapping and characterisation cruise carried out in the Pilbara in June 2013.
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Figure 6 Biomass of demersal biodiversity and proportions by taxonomic group, sampled by trawl net during the
biodiversity mapping and characterisation cruise carried out in the Pilbara in June 2013.
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Figure 7 Substratum characterisation by proportions of the towed video transects completed during the
biodiversity mapping and characterisation cruise carried out in the Pilbara in June 2013.
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Figure 8 Biological habitat characterisation by proportions of the towed video transects completed during the
biodiversity mapping and characterisation cruise carried out in the Pilbara in June 2013.
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(background colour on maps). From 17% (Trawl) to 20% (Sled) of richness was predictable from
environmental variables in cross-validated tests, although model fits to data were good ("explained
variation" = 82% & 76% for Trawl & Sled respectively). Important variables for sled richness
included: sediments, nutrients, bottom temperature, turbidity, productivity, sea surface temperature.
Richness was notably lower in muddy areas in the vicinity of the Dampier Archipelago. Important
variables for trawl richness included: sea surface temperature, oxygen, turbidity, productivity, light.

Table 1 Summary of sorting and identification of samples collected from the Pilbara in June 2013.

| Phylum | Class | Number of taxa | Number of Sled sites | Number of Trawl sites |
Annelida Polychaeta 1 53 2
Arthropoda unidentified 1 2
Arthropoda Malacostraca 196 99 21
Arthropoda Maxillopoda 5 10
Brachiopoda unidentified 1 1
Bryozoa unidentified 1 86 16
Chordata Actinopterygii 202 90 40
Chordata Ascidiacea 2 86 16
Chordata Chondrichthyes 3 2 2
Chordata Reptilia 6 1 5
Cnidaria Anthozoa 158 81 22
Cnidaria Hydrozoa 1 65 5
Echinodermata Asteroidea 32 87 14
Echinodermata Crinoidea 49 84 20
Echinodermata Echinoidea 30 80 9
Echinodermata Holothuroidea 29 58 8
Echinodermata Ophiuroidea 33 76 9
Mollusca unidentified 1 1
Mollusca Bivalvia 90 73 11
Mollusca Cephalopoda 11 24 27
Mollusca Gastropoda 93 91 8
Mollusca Polyplacophora 1 3
Porifera unidentified 2 45 11
Porifera Calcarea 4 13 2
Porifera Demospongiae 296 94 26
Porifera Homoscleromorpha 1 1
Chlorophyta Chlorophyceae 12 41
Heterokontophyta = Phaeophyceae 23 70 22
Magnoliophyta Liliopsida 4 15 5
Rhodophyta unidentified 1 23 2
Rhodophyta Florideophyceae 33 32 5
Rhodophyta Rhodophyta 3 7 4
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Figure 9 Maps of the number of species identified from Sled and Trawl sites sampled during the biodiversity survey.
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A substantive number of potential, but unconfirmed, new species are likely to have been discovered.
These include, among other possibilities, 12 unique sponge OTUs not found previously in any WAM
collections; approximately 5 new species of Molluscs; a few Flabellid and one Rhizangid hard corals;
3—4 suspected new crinoid species; 5 undescribed species of symbiotic barnacles; and among the
echinoderms, 3 new species of holothurians, one new Goniodiscaster sea star and 3 Peronella sand
dollar species.

These taxa could not be confidently placed into known species. Determining whether these actually
represent new, undescribed species and then describing them requires more careful work (both
morphological and molecular) by taxonomic experts in Australia and overseas. Often this work
involves revision of an entire genus or family and can take some time.

4.4 Analyses of new sample data

4.4.1 Regional characterisation

The updated regional scale biophysical characterisation, integrating the new sled and trawl sample
data with the previous data (see Appendix 5), provided a final map of patterns of biodiversity
composition for the region (Figure 10) that were broadly consistent with the initial characterisation.
While composition naturally changes in a continuous — though non-uniform — manner, for the
purposes of management a categorical characterisation is often preferred. The question then becomes
how many categories. The results of multivariate analysis are shown in Figure 11 indicating that
variation in trawl and sled data together is best explained by 6 clusters, or assemblages.

Latitude ()

114.5 15 1155 116 116.5
Longitude (%)

Figure 10. Final continuous seabed characterisation of the west Pilbara region (5-50m), showing
expected changes in biodiversity composition associated multiple environmental gradients. The biplot
at top left shows the first two dimensions of the transformed biological space and variables
principally associated with changes in composition.
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Figure 11. F-ratio results of multi-variate MANOVA illustrating variation in Sled and Trawl
site data explained by a range of clusterings (3—22) of the regional biological space.

In this case, as is almost always so, there was not a clear optimum number of assemblages — because
biodiversity composition changes continuously. The F-ratio is only a guide; other choices (e.g. 8, 10)
are not significantly sub-optimal and there is also a coincident peak in F-ratio at 18 clusters for both
trawl and sled (Figure 11). These choices provide different resolutions of biodiversity patterns —
coarser to finer — and each may be applicable in different planning and/or management
circumstances. Here we suggest that 6 assemblages may be too coarse and do not distinguish
shallower reef areas around the Montebello Islands, or south of Barrow Island, from adjacent shelf
seabed to the northeast, and southwest, respectively (Figure 12 left). On the other hand, 18
assemblages (Figure 12 right) may be too fine for some management applications. A suitable
compromise may be 10 assemblages (Figure 13), which also retains a relatively high F-ratio.
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Figure 12. Clustering of the west Pilbara biological space into 6 and 18 assemblage types that each may be appropriate under
different planning and/or management circumstances.
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Figure 13. Final seabed characterisation of the west Pilbara region (5-50m): 10 assemblage types were
defined based on analyses of new and existing biological survey data with multiple environmental
layers. The biplot indicates the principal variables associated with the assemblages.

The important variables associated with compositional patterns in the combined trawl and sled data
included: sea surface temperature, bottom temperature, nutrients, salinity, current stress, chlorophyll,
oxygen, light, sediments, turbidity, and productivity.

The composition of each assemblage is described in relative terms as follows, with reference to Figure
13, Figure 14, Figure 15 and Appendix 6 (environmental variables, sled and trawl composition).
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Figure 14. Boxplot summaries of biotic habitat components observed by towed-video, for each Assemblage in the west
Pilbara study region. The box indicates the first and third quartiles and the horizontal bar indicates the median value; the
whiskers indicate the ‘normal’ range of the data and small circles indicate outlying values.
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Figure 15. Boxplot summaries of richness and biomass, sampled by the sled and the trawl,
for each Assemblage in the west Pilbara study region. The box indicates the first and third
quartiles and the horizontal bar indicates the median value; the whiskers indicate the
‘normal’ range of the data and small circles indicate outlying values.

Assemblage 1: is moderately shallow (Depth: 3.9—-16.2 m) with low average sea surface temperature
(SST: 25.5-26.1°C), moderately low seabed temperature (24.1-25.3°C) with narrow seasonal range
(4.6-5.7°C), moderately low salinity (35.1-35.4%o), high oxygen (4.77—4.82 mL L") with moderately
narrow seasonal range (0.4—0.48 mL L"), moderately high seabed stress (0.4—1.9¢™* Nm™),
moderately low slope (0—0.4°), moderately high light attenuation (K490: 0.11-0.29 m™) with
moderately wide seasonal range (0.03—0.1 m™"), moderately high net primary production (NPP)
(VGPM: 1249-1471 mg C m™2 d™'), moderately high gravel (2.4-82.6 %), moderately low sand (5.7—
96.5 %) and low mud (0-24.9 %). Other variables had about median range.

The habitat was typically bare seabed interspersed with moderately high cover of gorgonians (0—
67.3%) and whips (0-46%), median cover of sponges (0—9%), low corals (0-8.1%) and ~no cover of
other habitat forming biota.

The sled samples were of median richness (20.4—77.4 species) and biomass (22.2—-842.1 kg
Ha™), and comprised relatively high biomass of Polychaeta (0-9.2), Malacostraca (0.2-8.3),
Cephalopoda (0-2.8), and Chlorophyceae (0—1.3); moderately high biomass of Bivalvia (0—183.8),
Gastropoda (0-65.7), Crinoidea (0—17.6), Hydrozoa (0—10.6), Phacophyceae (0—7.2), Ophiuroidea (0—
2.5); Liliopsida (0-0.013) and Florideophyceae (0-0.025) were present whereas Calcarea sponges
were ~absent and other groups had about median biomass.

Trawl samples had moderately low richness (5.3-31.2 species) but moderately high biomass
(1.3-52.8 kg Ha™), and comprised relatively high biomass of Reptilia (0-50.9), Malacostraca (0—
0.65), Echinoidea (0-0.25), Phaecophyceae (0-0.13), Gastropoda (0—0.011); moderately high biomass
of Cephalopoda (0.03—0.2) and Crinoidea (0.006—0.08), whereas Holothuroidea, Hydrozoa,
Ophiuroidea, Anthozoa, Asteroidea, Ascidiacea, Bivalvia were ~absent and other groups had about
median biomass.

Assemblage 2: has median depth (12.0-36.6 m) and relative steep slope (0.04—0.73°), moderately low
sea surface temperature (SST: 25.5-26.6°C) with narrow seasonal range (5.6—7.2°C) and median
seabed temperature with moderately narrow seasonal range (4.35-6.25°C), moderately low salinity
(35.02-35.28 %0), moderately wide oxygen seasonal range (0.39-0.54 mL L™"), moderately high
seabed stress (0.6—4.2e™* Nm™2), moderately narrow K490 seasonal range (0.017-0.073 m™),
moderately narrow NPP seasonal range (VGPM: 482.2-978.8 mg C m™ d™'), moderately high gravel
(0-91.4 %), moderately low sand (0-99.4 %) and moderately high carbonate (28.4-99.75 %). Other
variables had about median range.
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The habitat was typically bare seabed interspersed with moderately high cover of whips (0—
95.6%), median gorgonians (0—12.4%) and median sponges (0—73.4%), some cover of algae (0-25%),
and low cover of alcyonarians (0-2.2%), corals (0—6.8%), coral reef (0-5.4%), bioturbation (0—
13.4%) and halimeda (0—0.8%), and ~no cover of seagrass.

The sled samples were of median richness (5.4—125.9) and biomass (13.4-1568.2 kg Ha™), and
comprised relatively high biomass of Phaeophyceae (0-48.01), Calcarea (0—13.25), Chlorophyceae
(0-7.25), Polychaeta (0—6.3) and Florideophyceae (0-2.54), moderately high biomass of Ascidiacea
(0-123.6), Crinoidea (0-26.7), Bivalvia (0-19.9), Hydrozoa (0—11.9), Holothuroidea (0-7.9) and
Ophiuroidea (0—1.7). Liliopsida (0—0.07) and Cephalopoda (0-2.8) were sampled, and other groups
had about median biomass.

The trawl samples were of moderately low richness (6.6—45.6) biomass (0.1-25.4 kg Ha™), and
comprised relatively high biomass of Phaeophyceae (0-0.19), moderately high biomass of
Demospongiae (0-18.01) and Ascidiacea (0-0.04), and low biomass of Holothuroidea (0—0.008).
Ophiuroidea (0-0.014) and Crinoidea (0—0.25) were sampled, whereas Reptilia, Asteroidea, Bivalvia,
Echinoidea, Gastropoda, Hydrozoa were ~absent and other groups had about median biomass.

Assemblage 3: is deep (27.3—48.9 m) with moderately steep slope (0.04—0.78 °), and has moderately
high seabed temperature (24.98-25.89 °C) with narrow seasonal range (4.2-5.42 °C) and narrow SST
seasonal range (5.68—6.31 °C), low salinity (34.98-35.15 %o)with moderately narrow seasonal range
(0.15-0.26 %0), moderately low oxygen (4.54—4.65 mL L") with narrow seasonal range (0.34-0.44
mL L"), moderately low light attenuation (K490: 0.048—0.079 m™") with narrow seasonal range
(0.015-0.0415 m™), moderately low NPP (VGPM: 989.8-1237.4 mg C m 2 d™') with narrow seasonal
range (378.3-724.1 mg C m™2 d™!), moderately high gravel (0—74.02 %) and low mud (0—4.632 %).
Other variables had about median range.

The habitat was typically bare seabed interspersed with moderately high cover of gorgonians (0—
34.5%) and whips (0-29.8%); median cover of sponges (0—-64%); moderately low coral reef (0—
38.5%); low alcyonarians (0—1.2%) and seagrass (0—0.8%); and ~no cover of corals, bioturbation,
algae and halimeda.

The sled samples were of median richness (10-107.4) and biomass (12.1-26580.8 kg Ha™), and
comprised relatively high biomass of Crinoidea (0.24-747.7), Ophiuroidea (0-51.6), Polychaeta (0—
21.9), Florideophyceae (0—1.02); moderately high biomass of Asteroidea (0-1512.7), Hydrozoa (0—
872.1), Malacostraca (0.001-17.2) and Phaecophyceae (0—10.3). Liliopsida (0—0.023), Cephalopoda
(0-0.61) and Calcarea (0-3.6) were sampled and other groups had about median biomass.

The trawl samples were of moderately low richness (8.6-30) and biomass (0.6—4.7 kg Ha™"), and
comprised relatively high biomass of Asteroidea (0-2.16), Ophiuroidea (0—0.038); moderately high
biomass of Demospongiae (0.032-2.34), Ascidiacea (0—0.08), Phacophyceae (0.001-0.04), Crinoidea
(0.002-0.05), Actinopterygii (0.197-1.424), Reptilia (0-0.42), Echinoidea (0—0.004), Hydrozoa (0—
0.002). Anthozoa (0.001-0.054) and Malacostraca (0—0.003) were sampled whereas Bivalvia,
Holothuroidea, Gastropoda were ~absent and other groups had about median biomass.

Assemblage 4: is shallow (1.3-9.3 m) and flat (slope: 0—0.37 ©) and has moderately low SST
(24.701-26.705 °C) with relatively wide seasonal range (9.35-10.87 °C), low seabed temperature
(24.11-25.36 °C) with wide seasonal range (5.74—6.82 °C), high salinity (35.12-35.61 %o) with
moderately narrow seasonal range (0.12—0.3 %o), moderately high oxygen (4.69—4.81 mL L™),
moderately high seabed stress (0.3-2.7¢”* Nm™2), high light attenuation (K490: 0.184-0.374 m™")
with wide seasonal range (0.05-0.11 m™), wide NPP seasonal range (VGPM: 787.3-1536.1 mg C
m~2d™"), moderately low sand (3.8-95.6%), relatively high mud (0-33.9%) and moderately high
carbonate (13.8-98.8 %). Other variables had about median range

Pilbara seabed biodiversity 21



The habitat was mostly bare seabed interspersed with median cover of sponges (0—50.8%) and
gorgonians (0—7.9%); some cover of algae (0—19.5%), seagrass (0—6.5%), bioturbation (0—7.8%),
alcyonarians (0—4%), whips (0—1.9%); and ~ no cover of coral reef, corals, halimeda.

The Sled samples were of median richness (11.4—66.7) and biomass (12-3931.6 kg Ha™), and
comprised relatively high biomass of Cephalopoda (0—1.06); moderately high biomass of Anthozoa
(0-234.3), Echinoidea (0-92.2), Ascidiacea (1.239-76.6), Bivalvia (0.484-60.7), Gastropoda (0.213—
7.3), Hydrozoa (0—6.4), Actinopterygii (0.037-5.99), Holothuroidea (0—5.17), Florideophyceae (0—
3.48), Ophiuroidea (0—1.31), Polychaeta (0—0.76), Chlorophyceae (0-0.57). Phacophyceae were
sampled (0-26.093) whereas Calcarea and Liliopsida were ~absent and other groups had about
median biomass.

The Trawl sample was of median richness (17) and biomass (3.2 kg Ha™), and comprised
relatively high biomass of Malacostraca (0.66), Cephalopoda (0.32), Echinoidea (0.42),Bivalvia
(0.02), Ophiuroidea (0.01), whereas Asteroidea, Ascidiacea, Phacophyceae, Crinoidea, Holothuroidea,
Gastropoda, Hydrozoa, Reptilia, were ~absent and other groups had about median biomass.

Assemblage 5: is moderately shallow (4.5-18.3 m) and flat (slope 0—-0.31 °) and has moderately low
SST (25.89-26.414 °C) with wide seasonal range (7.48-9.46 °C), low seabed temperature (24.25—
24.88 °C) with moderately wide seasonal range (5.76—6.71 °C), moderately high salinity (35.22-35.48
%0) with narrow seasonal range (0.12—0.2 %o), moderately high oxygen (4.74—4.79 mL L™") with
moderately wide seasonal range (0.47-0.53 mL L"), high seabed stress (0.7-4.8¢™* Nm™),
moderately high light attenuation (K490: 0.1203-0.212 m™") with wide seasonal range (0.0523—
0.0985 m™), high NPP (VGPM: 1335.2-1488.4 mg C m™2 d™!) with moderately wide seasonal range
(801.7-1152.3 mg C m™d™"), and low mud (0-0.38 %). Other variables had about median range.

The habitat was mostly bare seabed interspersed with median cover of sponges (0—40.5%) and
algae (0-52.8%); moderately low cover of alcyonarians (0-82.7%) and whips (0-10.6%); low cover
of coral reef (0-30%), halimeda (0-8.7%), bioturbation (0—4.2%), gorgonians (0-2.4%), and ~ no
cover of corals and seagrass.

The Sled samples were of moderately high richness (27.8—107) and biomass (44.1-7039.8 kg
Ha™), and comprised relatively high biomass of Phacophyceae (0-28.42), Polychaeta (0-8.53),
Cephalopoda (0-2.31); moderately high biomass of Actinopterygii (0.32—11.48), Anthozoa (0.045—
987.1), Ascidiacea (0-137.5), Bivalvia (0—1308.1), Echinoidea (0.091-99.56), Gastropoda (0.188—
2.68), Holothuroidea (0.059-29.51), Hydrozoa (0-3.24), Malacostraca (0.359-2.42), Ophiuroidea (0—
3.08). Chlorophyceae (0-2.84), Calcarea (0—1.17), Liliopsida (0—0.064), Florideophyceae (0-0.355)
were sampled and other groups had about median biomass.

The Trawl samples were of high richness (25.4—81.6) and moderately high biomass (5.7-54.8 kg
Ha™), and comprised relatively high biomass of Actinopterygii (3.01-38.82), Anthozoa (0.001-
14.91), Demospongiae (0.91-7.51), Bivalvia (0-0.543), Phaeophyceae (0.006—0.76), Holothuroidea
(0-0.59), Gastropoda (0-0.031); moderately high biomass of Echinoidea (0-0.032), Ascidiacea (0—
0.174), Cephalopoda (0-0.477), Crinoidea (0-0.103). Asteroidea (0—0.015), Hydrozoa (0-0.175),
Malacostraca (0-0.352) were sampled whereas Ophiuroidea and Reptilia were ~absent and other
groups had about median biomass.

Assemblage 6: is deep (34.3—49.1 m) and flat (slope 0-0.2200392 °) and has high SST (26.65-27.11
°C) with moderately narrow seasonal range (6.195—7.164 °C), median seabed temperature with
moderately narrow seasonal range (4.86-5.58 °C), low oxygen (4.54—4.58 mL L") with narrow
seasonal range (0.3-0.44 mL L"), low seabed stress (0.3—1.0e™* Nm™), low light attenuation (K490:
0.043-0.064 m™') with moderately narrow seasonal range (0.0298-0.0432 m™"), low NPP (VGPM:
(936.6-1102.3 mg C m™2 d™!') with narrow seasonal range (486.71-886.48 mg C m™ d™'), moderately
high sand (67.4-99.3 %), low mud (0-1.9 %) and low carbonate (7.8-53.1 %). Other variables had
about median range.
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The habitat was mostly bare seabed with moderately high levels of bioturbation (0-68.6%),
median cover of sponges (0-26%), moderately low cover of gorgonians (0—4.6%), low cover of algae
(0-0.6%), presence of whips (0—42.4%) and no cover of corals, coral reef, flora, seagrass, alimeda,
alcyonarians.

The Sled samples were of median richness (14.5-104.2) and biomass (9.5-2525.8 kg Ha™), and
comprised relatively high biomass of Florideophyceae (0—1.614); moderately high biomass of
Hydrozoa (0.332—6.591) and Malacostraca (0.082—0.671). Calcarea (0—1.134), Cephalopoda (0—
0.552), Phaeophyceae (0-0.049) were sampled whereas Chlorophyceae and Liliopsida were ~absent
and other groups had about median biomass.

The Trawl samples were of low richness (2.9-25.4) and moderately low biomass (0.3—15.9 kg
Ha™), and comprised relatively high biomass of Cephalopoda (0.006—-0.397), Gastropoda (0-0.014),
Hydrozoa (0-0.029); moderate biomass of Malacostraca (0—0.041), Bivalvia (0-0.019), Crinoidea (0—
0.071). Anthozoa, Echinoidea, Holothuroidea, Ophiuroidea and Reptilia were ~absent and other
groups had about median biomass.

Assemblage 7: is shallow (1.174—11.522 m) with moderately low SST (25.57-26.76 °C) but high
seabed temperature (24.89—25.94 °C) with moderately wide seasonal range (6.2—6.46 °C), low salinity
(35.01-35.25 %o) with moderately wide seasonal range (0.14-0.37 %o), high seabed stress (0.8-4.3¢™*
Nm™), high light attenuation (K490: 0.13-0.229 m™), high NPP (VGPM: 1239.9-1573.5 mg C m™
d™), low gravel (0-29.3 %), moderately high sand (0—100 %), low mud (0-19.684 %) and high
carbonate (80.26—100 %). Other variables had about median range.

The seabed had relatively less area of bare seabed and higher cover of algae (0-69.6%) and coral
reef (0-61.5%); median cover of sponges (0—-62.9%) and gorgonians (0—4.2%); moderately low cover
of whips (0-2.5%) and no cover of alcyonarians, corals, bioturbation, flora, seagrass and Halimeda.

The single Sled sample was of low richness (10) and median biomass (109 kg Ha™), and
comprised relatively high biomass of Echinoidea (102.813—-102.813) and Phaeophyceae (5.484—
5.484); moderately high biomass of Chlorophyceae (0.028—0.028) and median biomass of
Gastropoda. All other groups were not sampled and no trawl samples were possible.

Assemblage 8: is shallow GorgBATHY (1.55-15.08 m) and flat (slope 0—0.275 °), and has
moderately high SST (26.45-27.44 °C) with wide seasonal range (7.68-9.99 °C), high seabed
temperature (25.32-26.32 °C) with moderately wide seasonal range (6.17—6.52 °C), high salinity
(35.49-35.66 %o0) with wide seasonal range (0.3-0.46 %o), moderately narrow oxygen seasonal range
(0.44-0.47 mL L"), moderately high seabed stress (0.3-2.19¢™* Nm™2), moderately high light
attenuation (K490: 0.115-0.262 m™) with wide seasonal range (0.065-0.121 m™), moderately high
NPP (VGPM: 1227.1-1505.2 mg C m™ d™') with wide seasonal range (892.5-1395.6 mg C m™2d™),
moderately low gravel (0-34.5 %) and sand (0-97.8 %) sediments with high mud (0-99.3 %) and
carbonate (29.5-100 %). Other variables had about median range.

The habitat was mostly bare seabed with large areas of bioturbation (0-98.4%); median cover of
sponges (0-51.2%); low cover of whips (0—6.4%), gorgonians (0-5.6%), Halimeda (0-5.2%), algae
(0-1.4%), seagrass (0—1%) and no cover of alcyonarians, corals, coral reef.

The sled samples were of moderately low richness (3.2-99.4) and median biomass (2.7-2856.2
kg Ha™), and comprised relatively high biomass of Cephalopoda (0—1.953); moderately high biomass
of Bivalvia (0-105.403), Echinoidea (0-92.057), Holothuroidea (0—17.598), Asteroidea (0—13.686),
Actinopterygii (0-9.612), Malacostraca (0-3.881), Ophiuroidea (0—2.783) and Polychaeta (0—1.024),
whereas Calcarea (0-2.431), Florideophyceae (0-0.058), Liliopsida (0-0.016), Chlorophyceae (0—
0.109) were sampled and other groups had about median biomass.

The trawl samples were of moderately high richness (10-63.5) and biomass (0.7-61.4 kg Ha™),
and comprised relatively high biomass of Anthozoa (0—11.35), Malacostraca (0—1.34), Ascidiacea (0—
0.86), Cephalopoda (0.001-0.34), Holothuroidea (0-0.035); moderately high biomass of
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Actinopterygii (0.201-15.94), Demospongiae (0-3.79), Crinoidea (0—0.093), Phacophyceae (0—
0.052), Asteroidea (0—0.011), Ophiuroidea (0-0.003); moderately low biomass of Gastropoda (0—
0.005). Bivalvia (0-0.128), Echinoidea (0-0.057), Reptilia (0-33.413) were sampled, whereas
Hydrozoa were absent and other groups had about median biomass.

Assemblage 9: is moderately deep (21.16-33.14 m) and (0-0.261 °), and has moderately high SST
(26.36-26.95 °C) and seabed temperature (25.15-25.6 °C), moderately wide salinity seasonal range
(0.27-0.36 %0), moderately low oxygen (4.58—4.65 mL L") with moderately wide seasonal range
(0.45-0.52 mL L), low seabed stress (0.2-0.9¢™* Nm™), moderately low light attenuation (K490:
0.056-0.0821 m™') with moderately narrow seasonal range (0.0291-0.0633 m™!), moderately low NPP
(VGPM: 1033.2-1216.7 mg C m™ d™!'), moderately low gravel (0.08—69.9 %) and carbonate (7.14—
99.8 %) sediments with moderately high sand (28.1-99.6 %) and low mud (0-31.5 %). Other
variables had about median range.

The habitat was mostly bare seabed with moderately large areas of bioturbation (0-94.6%);
relatively high cover of whips (0-44.4%) and sponges (0.6—64.6%); moderately high cover of
gorgonians (0-6.4%); moderately low cover of algae (0-5.2%); low cover of halimeda (0-2%) and
seagrass (0—1%) and no cover of alcyonarians, corals, or coral reef.

The sled samples were of median richness (11.1-100.9) and biomass (17.1-1037.5 kg Ha™"), and
comprised relatively high biomass of Florideophyceae (0—16.515), Calcarea (0—1.36), Liliopsida (0—
0.105); moderately high biomass of Hydrozoa (0-15.116), Holothuroidea (0-2.903), Cephalopoda (0—
0.232), Chlorophyceae (0—0.258); and other groups had about median biomass.

The trawl samples were of moderately low richness (6—17.9) and biomass (0.6-3.7 kg Ha™"), and
comprised relatively high biomass of Echinoidea (0—0.069), Hydrozoa (0—0.042); moderately high
biomass of Demospongiae (0.002—1.027), Anthozoa (0—0.886), Malacostraca (0—0.05), Crinoidea
(0.001-0.044), Bivalvia (0—0.029); moderately low biomass of Reptilia (0—0.739), Cephalopoda (0—
0.037), Gastropoda (0—0.003) and Asteroidea (0—0.001). Phacophyceae, Holothuroidea, Ophiuroidea
were absent and other groups had about median biomass.

Assemblage 10: is moderately shallow (7.1-20.1 m) and flat (slope: 0-0.283 ©), and has moderately
wide SST seasonal range (7.34-9.11 °C), moderately low seabed temperature (24.72-25.83 °C) with
wide seasonal range (6.2—6.66 °C), moderately high salinity (35.14-35.51 %o) with moderately wide
seasonal range (0.23—0.43 %o), moderately wide oxygen seasonal range (0.46—0.53 mL L") and K490
seasonal range (0.041-0.089 m™"), wide NPP seasonal range (VGPM: 955.52-1309.19 mg C m™=d™)
and low mud (0-30.5 %).

The habitat was mostly bare seabed with moderately large areas of bioturbation (0-84%);
moderate cover of gorgonians (0—41%), whips (0-16.8%) and sponges (0—47.2%); low cover of
seagrass (0—4.5%), algae (0-21%) and low Halimeda (0-2.5%); and ~no cover of alcyonarians, corals
and coral reef.

The sled samples were of median richness (8.8-98.2) biomass (22.7-2476.5 kg Ha™), and
comprised relatively high biomass of Anthozoa (0—798.75), Phacophyceae (0—192.048), Asteroidea
(0.013-38.464), Chlorophyceae (0—12.414), Holothuroidea (0—10.148), Liliopsida (0-0.087);
moderately high biomass of Florideophyceae (0-3.345), Echinoidea (0—42.805), Gastropoda (0—
3.533), Malacostraca (0—4.41), Polychaeta (0—4.337); and Cephalopoda (0—0.341) were sampled.
Calcarea were absent and other groups had about median biomass.

The trawl samples were of moderately high richness (12.8—-77.4) and biomass (1-36.8 kg Ha™),
and comprised relatively high biomass of Anthozoa (0.002—10.487), Asteroidea (0—1.403), Bivalvia
(0-1.007), Ascidiacea (0-0.741), Holothuroidea (0—0.243); moderately high biomass of
Actinopterygii (0.642—24.909), Malacostraca (0—0.744), Gastropoda (0—0.289), Echinoidea (0-0.15),
Crinoidea (0—0.111), Ophiuroidea (0—0.08), Phacophyceae (0—0.058); and low biomass of Reptilia (0—
0.517). Hydrozoa (0-0.018) were sampled and other groups had about median biomass.
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4.4.2  Species distributions

Successful species distribution models and maps were generated for 183 species of 340 that met the
minimum occurrence criterion of being sampled at >4 sites. Note that the majority of species (Sled:
75.3%; Trawl: 87.6%) were too rare for analyses (see section 4.3). A successful model is defined as
being able to predict held-out data better than random in cross-validation tests. This is not the same as
model fit to the data or "explained variation", which was generally around 80% for most models (even
for some models with unsuccessful prediction performance) — nevertheless, a substantive number of
models could not fit the data better than the overall mean. The prediction performance of the species
distribution models is summarized in Figure 16. For sled, 143 of 286 models (50%) were successful
and for trawl, 40 of 54 models (74%) were successful. While many successful models were relatively
weak, prediction performance ranged up to 43% for sled and 56% for trawl. These differences
between trawl and sled are not unusual as the larger sampled area of the trawl (~1.0 Ha) compared
with the sled (~ 0.03 Ha) tends to produce less variable data. Further, fishes dominate the trawl
samples and tend to be less heterogeneously distributed than invertebrates that are sampled better by
the sled.
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Figure 16. Histograms of species distribution model prediction performance (R squared) on held-out samples.

Of the 258 taxa sampled by both sled and trawl, 25 met the minimum occurrence criterion for both
devices and were candidates for joint modelling. This was done by iteratively estimating, until
convergence, a relative catchability between the two devices, using linear models, and fitting
randomForest models to the joint data after adjusting for the differences. In this way, successful joint
models were developed for 20 of the 25 taxa. In 5 cases, the joint model performed better than either
the respective sled or the trawl models — and in 2 of those 5 cases, both the sled and trawl models
were unsuccessful.

Distribution maps were ultimately predicted for 185 species (or taxa), based on a mix of either sled or
trawl data, and a number of joint models. All maps are provided in Appendix 7; here a selection of
contrasting species distributions from a range of taxa are presented (Figure 17, Figure 18, Figure 19).
The maps indicate species names, frequency in sled, trawl or joint models, names of selected
predictors, cross-validated model performance, and model complexity (as indicated by the number of
predictors and number of terminal nodes [tree branches]). The maps demonstrate that different species
are associated with different environmental variables and so have different distributions — even
similar, congeneric species, thus emphasizing the importance of species level identifications where
possible.

The distribution of Lethrinus genivittatus (Figure 17) is considered to be associated with marine
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Figure 17. Maps of predicted distributions for selected species of fishes. Map annotations indicate species names, frequency
in Trawl models, names of predictors, model performance (Rsq), and model complexity (number of predictors and nodes).
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Figure 18. Maps of predicted distributions for selected species of corals, sponges and ascidians. Map annotations indicate
species names, frequency in Sled, Trawl or Joint models, names of predictors, model performance (Rsq), and model

complexity (number of predictors and nodes).
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Figure 19. Maps of predicted distributions for selected species of echinoderms. Map annotations indicate species names,

frequency in Sled or Joint models, names of predictors, model performance (Rsq), and model complexity (number of
predictors and nodes).
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Figure 20. Maps of predicted distributions for selected species of molluscs and crustaceans. Map annotations indicate species
names, frequency in Sled or Trawl models, names of predictors, model performance (Rsq), and model complexity (number of

predictors and nodes).
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Figure 21. Maps of predicted distributions for selected species of sea grass and algae. Map annotations indicate species
names, frequency in Sled or Trawl models, names of predictors, model performance (Rsq), and model complexity (number of

predictors and nodes).
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plants and has some correspondence with the distributions of some Sargassid species (Figure 21) and
contrasts with congeneric L. punctulatus which corresponds with a number of sponges (e.g.
Irciniidae), ascidians and some crinoids (Figure 18 and Figure 19). Siganus is a herbivore, and also
corresponds with some Sargassid taxa. Chaetodontoplus is a popular aquarium species. The two
goatfish (Upeneus, Figure 17) are very similar species with apparently contrasting distributions. The
lizard fish (Saurida) and file fish (Paramonocanthus) are common on sandy seabeds.

Corals, sponges and ascidians (Figure 18) include some of the highest biomass taxa. Trachyphyllia and
Cycloseris are likely to be species collected by the coral aquarium fishery. The seawhip, Junceella, along
with many other gorgonians and sponges are potential habitat forming species.

Echinoderms (Figure 19) are a diverse group. Astropecten and Luidia are common sea-stars on sandy
shelf seabeds, but with contrasting distributions. Crinoids (e.g. Comanthus) are often found attached
in elevated positions on habitat forming benthos (e.g. at Cape Preston). Numerous other crinoids have
a deeper offshore distribution similar to the brittle star Ophiomaza, which lives only on different kinds
of crinoids. The sea cucumber (Actinocucumis) and heart urchin (Breynia) have inshore distributions
and feed on sedimentary deposits. Echinodiscus and Peronella are both sand dollars but have very
different distributions. The gastropod Phalium (Figure 21) is a known predator of Echinodiscus and
their distributions appear to be clearly associated.

Chicoreus is a spectacular spiky gastropod with a central inshore distribution (Figure 21); the spiny
bivalve Spondylus also has an inshore distribution and may be its prey. The common squid Uroteuthis
and the bug lobster Thenus are both potential commercial by-product species. The squat lobster
Allogalathea has a deeper offshore distribution. The congeneric hermit crabs Dardanus have strongly
contrasting distributions.

The region may be a transition for seagrass species, with the temperate Amphibolis antarctica
appearing at the edge of its range in the south of the study area, and the tropical Halophila spinulosa
in the north of the study area (Figure 21). The biomass and cover of seagrass was low, but they are
considered important food sources for turtles and dugongs. Most algal taxa were distribution towards
the central part of the region and are considered important habitat (e.g. Sargassid species) for fishes
and other species, and have been implicated in lethrinid recruitment. Algae are diverse and include
browns (e.g. Sargassaceae sps.), coraline rhodoliths, reds (e.g. Desikacharyella), calcified greens (e.g.
Halimeda), and other greens (e.g. Udotea).

5 Discussion

The project has demonstrated substantial biodiversity on seabed of the Pilbara region, and has filled in
data gaps for the majority of the ~18,700 km? study area, much of which had no pre-existing data.
Most of the prior biological knowledge about the region comes from fisheries surveys largely outside
the immediate vicinity of the study area. The completed sorting and identification of samples has
revealed new species and provided valuable specimens accessioned into the WA Museum that
comprise an important biodiversity and genetic resource for WA. These new data and analyses have
also documented the important relationships between sampled species distributions and environmental
gradients that have been used to predict patterns of seabed assemblages and if species distributions at
regional scale. These maps of regional biodiversity are more comprehensive and more detailed than
available previously.

The Pilbara shelf seabed is a complex mix of physical environments. The biological assemblages were
observed to respond significantly to the multiple interacting physical gradients and few of these
gradients have simple trends in geographic space. Some of the environmental gradients most
associated with driving patterns of biodiversity composition include: seasonal range in sea surface
temperature, which is greater in shallower and inshore areas; average annual sea surface temperature,
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which is higher in the NE of the region cf. the SW; seasonal range in salinity, which is greater in the
NE coastal areas and lowest in central areas; seasonal range in bottom temperature, which is greater in
central and NE inshore areas and lowest in deeper offshore area; seabed current stress, which is higher
in central areas and around North West Cape; bottom water oxygen, which is higher on SW shelf
areas and decreasing to the NE and with depth; and turbidity, which is higher in inshore areas. Other
variables also are associated with biodiversity patterns but are increasingly less important overall,
including those related to light, productivity, nutrients, and sediment types. These gradients in the
Pilbara are perhaps not as strong as in some other areas such as the Torres Strait and parts of the Great
Barrier Reef region, where sediment types and seabed current stress are strong drivers.

The epibenthic sled and research trawl both sampled a diverse seabed biota of about 12 phyla and
1326 species, of which almost 20% were sampled by both devices; 899 (78%) were unique to the sled
and 169 (40%) to the trawl. The sled samples were rich with more than ~45 taxa per site on average,
whereas the trawl samples averaged about 25 taxa per site. This site richness is somewhat lower than
other similar tropical demersal/benthic surveys in the Torres Strait and the Great Barrier Reef regions
(e.g. Pitcher et al. 2007ab: TS: sled: ~49, trawl: ~76; GBR: sled: ~41, trawl: ~76 — excluding
Bryozoans), particularly for the trawl samples. Nevertheless, the trawl sampled fishes more
consistently and representatively, whereas the Sled sampled all other biota better, though with greater
variability due to its much smaller swept area. These devices provided specimens that could be
properly identified, showed that otherwise inseparable taxa could have strikingly different distribution
patterns, and revealed the biodiversity of the region (even at sites where no biota were observed in
video). The level of relative rarity of species in the samples was also high: ~76% of sled species were
found at <5 sled sites, and >87% of trawl species were found <5 trawl sites. This rarity was somewhat
higher than other similar tropical demersal/benthic surveys (e.g. Pitcher et al. 2007ab: TS: sled:
~76%, trawl: ~75%; GBR: sled: ~62%, trawl: ~65%), particularly for the trawl samples. This suggests
that more species, possibly many more, remain to be discovered by further sampling in the region.

As is typical of biological sampling, a large proportion of taxa were sampled at only one or a very few
sites. This suggests that many more seabed species remain to be discovered in the shelf seabed of the
region. Compared with the total number of species sampled, relatively fewer species were considered
frequent enough for analyses (at >5 sites). Nevertheless, there were about 315 species that meet this
criterion, including 25 that were sampled by both devices. The randomForest method provided a
robust and flexible approach for modelling statistical relationships between the biological data and
environmental gradients, and for identifying the important variables and predicting distributions.
Ultimately, accounting for species modelled from both devices and joint modelling, 180 taxa had
‘successful’ models. Species with unsuccessful models had no statistically predictable relationship
with the environmental variables. For the majority of species, i.e. those occurring at <5 sites, no
individual analyses or modelling was possible, although the sample data are available. While the
environmental variables have demonstrable utility for predicting the regional distribution of many
species with adequate frequency of occurrence, not all the successful models could predict well even
if they fitted the site data well. That is, they do not often account for the majority of observed
variation in local biomass — other factors, including stochastic processes such as recruitment and
mortality, biological interactions, and random sampling effects typically outweigh deterministic
environmental relationships, or habitat preferences, at the local site biomass scale. Nevertheless, the
regional scale patterns of distribution are representative.

The multitude of species sampled, modelled and mapped respond in different, overlapping and
varying ways to the multiple interacting environmental variables, which as noted above do not have
simple trends in geographic space. Different species were associated with different variables, and
some positively and others negatively to the same variables. Overall, the important variables for
species were largely in line with the environmental variables associated with assemblage patterns.

Pilbara seabed biodiversity 32



5.1 Integration with other PMCP projects and sub-projects

The datasets collated by this project have been used by the Hydrodynamic Model & Connectivity
Project of the PMCP, and the characterisation of benthic habitats and assemblages in the Pilbara
region, have been used to inform the sampling locations for the broad-scale sampling that is being
carried out within the scope of the Coral Health and Reef and Sharks projects of the PMCP.

5.2 Planning and management implications

The outputs from this study are intended to support a range of spatial planning, assessment and
management applications across the west Pilbara, including for conservation, assessments of current
uses, and to provide information for evaluating future development proposals. Such applications of
the project’s outputs will be developed in an ongoing fashion as part of continuing dialogue with
government stakeholders.

The outputs from the project can support important management questions:

e s the current positioning and scale of MPA networks and no-take zones providing
comprehensive, adequate and representative protection for marine benthic species,
assemblages and habitats?

e What is the CAR performance of spatial management at multiple levels, including habitats,
assemblages and for hundreds of species?

e What should be the size and location of spatial management zones in the region?

What is the appropriate design for spatial management plans for activities such as recreational
fishing, industrial and tourism development, infrastructure planning relevant to DEC but also
to DOF, EPA, DPI

e Are proposed development areas unique in terms of their biodiversity and habitat values, or
for any key threatened species?

e How can biodiversity be taken into account in assessments of development plans in relation to
relevant marine management units in a quantitative and objective manner?

e How do anthropogenic risk factors map across various habitats and biodiversity values in the
region, including marine parks?

The project’s outputs will enable spatial analyses of the overlap of human uses with multiple levels of
biodiversity, permitting ecological risk assessments and, for some types of uses, fully quantitative
assessments of their sustainability. The outputs will also support design of spatial aspects of
monitoring in relationship to biodiversity attributes and human use factors.

As an example, we quantified the representation of the 10 assemblages defined for the west Pilbara
shelf (Figure 13) in the region’s Marine Park areas (both State and Commonwealth, Figure 22) and
their exposure to regional trawl fisheries (Table 2). Highly protected areas (IUCN IA) ranged from
0—19% of each Assemblage, and trawl footprints ranged from 0—10.3%. Analogous quantification is
possible for fishery closure areas and major marine infrastructure development, among others.
Further, the representation of habitats, commercial species, species of conservation concern and other
species in Marine Park zoning or other closure areas, and their exposure to major uses such as fishing
pressure and infrastructure development can be similarly quantified.
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Figure 22. Map of State and Commonwealth Marine Park areas (IUCN Categories) on the
west Pilbara shelf.

Table 2. Overlap, by percentage area, of Marine Park areas (IUCN Categories) and
trawl fishery footprints with 10 Assemblages defined on the west Pilbara shelf.
| Assemblage | IUCNIA | IUCNII | IUCNIV | TUCN VI | Footprint |

1 1.1 1.1 0.0 6.4 10.3
2 6.7 22.0 0.4 13.5 6.5
3 0.6 5.7 0.2 56.5 0.0
4 1.0 0.7 0.5 1.3 4.7
5 0.0 0.0 0.0 153 0.8
6 0.0 0.3 0.0 8.0 0.3
7 19.0 55 0.0 57.5 0.0
8 0.0 0.0 0.0 0.0 0.1
9 0.6 1.2 0.0 1.0 0.0
10 0.0 0.2 0.0 6.1 0.6
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7 Appendices

Appendix 1.

List of mapped environmental variables

Table A-1 Descriptions of mapped environmental variables used in project analyses

[ Variable | Abbreviation | Description
GorgBATHY BATHY Depth from bathymetry DEM — metres
GorgSLOPE SLOPE Slope derived from bathymetry DEM — degrees
GorgASPECT ASPECT Aspect of slope derived from bathymetry DEM — degrees T
RBN_BSTRESS | BSTRESS Seabed tidal current stress, RMS mean — Nm™
dbS_CRBNT CRBNT Sediment % carbonate (CaCO3) composition, percent
dbS_ GRAVEL GRAVEL Sediment % gravel grainsize fraction, (@ > 2 mm)
dbS_SAND SAND Sediment % sand grainsize fraction, (63 um < @ <2 mm)
dbS_MUD MUD Sediment % mud grainsize fraction, (J < 63 pm)
dbS_ROCK ROCK Rock exposure (%) at the sediment surface
dbS_GRNSZ GRNSZ Sediment characteristic grainsize, log(mean) Phi
dbS SORTG SORTG Sediment grainsize dispersion, Phi standard deviation
CRS NO3 AV | NO3 Nitrate bottom water annual average NO3; — uM
CRS NO3 SR no3 Nitrate Seasonal Range
CRS_PO4_AV PO4 Phosphate bottom water annual average POs — uM
CRS PO4 SR po4 Phosphate Seasonal Range
CRS_02_AV 02 Oxygen bottom water annual average O —mL L™ ~!
CRS 02 SR 02 Oxygen Seasonal Range
CRS S AV S Salinity bottom water annual average S — %o (ppt)
CRS S SR s Salinity Seasonal Range
CRS T AV T Temperature bottom water annual average T — °C
CRS_T SR t Temperature Seasonal Range
CRS SI AV SI Silicate bottom water annual average Si — uM
CRS SI SR si Silicate Seasonal Range
SW_CHLA AV ' CHLA Chlorophyll annual average from SeaWiFS — mg m™
SW _CHLA SR | chla Chlorophyll Seasonal Range
SW_K490 AV K490 Attenuation coefficient at wavelength 490nm annual average from SeaWiFS — m™!
SW K490 SR k490 Attenuation coefficient Seasonal Range
MT SST AV SST Sea Surface Temperature annual average from Modis — °C
MT_SST SR sst Sea Surface Temperature Seasonal Range
VGPM_AV NPP Net Primary Production annual average from SeaWiFS —mg C m™2d™!
VGPM_SR npp Net Primary Production seasonal range
EPOC_AV EPOC Export Particulate Organic Carbon flux annual average from SeaWiFS —mg C m™ d™
EPOC_SR epoc Export Particulate Organic Carbon seasonal range
PAR_AV PAR Photosynthetically Active Radiation (PAR) from MODIS — Einsteins m-2day ™"
PAR SR par Photosynthetically Active Radiation seasonal range
SW_BIR AV BIR Benthic Irradiance annual average, BIR = PAR % exp(-K490 * Depth)
SW_BIR SR bir Benthic Irradiance Seasonal Range
TERAN CHAN | CHAN Terrain channel, probability of membership of topographic shape "channel"
TERAN PASS PASS Terrain pass, probability of membership of topographic shape "pass"
TERAN PEAK | PEAK Terrain peak, probability of membership of topographic shape "peak"
TERAN_PIT PIT Terrain pit, probability of membership of topographic shape "pit"
TERAN PLAN | PLAN Terrain plane, probability of membership of topographic shape "plane"
TERAN RIDG | RIDG Terrain ridge, probability of membership of topographic shape "ridge"
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Appendix 2.  Maps of regional environmental variables
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Appendix 3.  Map of previous biological survey sites
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Fig. A3-1. Map of greater Pilbara vicinity, showing location of previous biological survey sites

used in the initial characterisation and stratification of the study area.

Appendix 4.  Map of preliminary regional characterisation
SW_CHLA_AV

SW_BIR_AV

1145 115 1155 116
Longitude (7)

116.5

Fig. A4-1. Results of preliminary analyses of pre-existing CSIRO fish survey data on multiple
environmental data coverages, prior to acquisition by the project of additional biological and

environmental datasets and finer resolution ocean-colour derived datasets.
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Appendix 5.  Relationships between change in species composition and environmental variables.
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Fig. AS-1. Relationships between change in species composition and 37 environmental variables (in order of importance) in the west Pilbara study region. Seabed biological datasets include the
new sled and trawl samples as well as the 7 previous surveys. Variables include parameters such as depth, SST, salinity, bottom irradiance, sediment composition, hydrodynamic shear stress,
among others. 44 variables were assessed; 7 are excluded here due to unimportant response.
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Graphical summaries of composition of Assemblages.

Appendix 6.
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Fig. A6-1. Boxplot summaries of environmental variables for each Assemblage in the west Pilbara study region. Variables
include parameters such as depth, SST, salinity, bottom irradiance, sediment composition, hydrodynamic shear stress and

others; 21 variables are summarized in order of importance were assessed (See Appendix 1 for definitions of variables). The

box indicates the first and third quartiles and the horizontal bar indicates the median value; the whiskers indicate the

‘normal’ range of the data and small circles indicate outlying values.
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Fig. A6-2. Boxplot summaries of sled biota composition, at taxonomic class level, for each Assemblage in the west Pilbara
study region. The box indicates the first and third quartiles and the horizontal bar indicates the median value.
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Fig. A6-3. Boxplot summaries of trawl biota composition, at taxonomic class level, for each Assemblage in the west Pilbara
study region. The box indicates the first and third quartiles and the horizontal bar indicates the median value.
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Appendix 7.

Actinopterygii (fishes):

Predicted species distribution maps.
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N C‘RS_NOB_AV Sampled g gHa £ EPOC_SR Sampled g gHa
- W =
;,ﬁﬁ:;‘f&‘ 31381 (100%) @ 343 gﬁfﬂgﬁ*\i\, Coz(00%) M 324
by i < 720 (90%) O 218 P O1g(e0%) O 185
MT_SST_AV 3 g T : ° 260 (75%) O 131 CR3_PO&_AV S7@ss) O 111
\i'gaﬁH}L\C—AV PO - o 174(50%) O 71 g‘l‘z"s—c.r”'g‘&—"‘v O13(50%) O 57
o | sw_Kiso_av 4 . AL 8 2 « | SW_CHLA_SR P EEEY ==
5 90 (10%} L) £ hswkeso SR 3 (10%) m o
Rsq: 63 % Rsq: 0.4 %
#nodes: 21 #nodes: 43
# predictors: 22 # predictors: 19
TRAWL frequency: 7 SLED frequency: 8
L . !

1145

Longitude (7}

118.5

42



Latitude (")

Latitude (")

Latitude (")

Latitude (")

208

21

214

208

21

214

208

21

214

208

21

214

Actinopterygii Platycephalidae Inegocia japonica
Predictors:

GorgBATHY
SW_CHLA_AY
SW_K490_AV
~RBN_BSTRESS
PAR_SA f
CRS_T_SR
CRS_NO3_AV
MT_SST_AV

Sampled g gHa
L3180 ¢100%) W gg
153 (90%) m]
@ 58 (75%) O 45
© 85 (50%) o 27
O 63 (25%) 12
© 56 (10%) L)

Rsq: 33.5%
#nodes: 7
# predictors: §

TRAWL frequency: 5
I

Latitude (7}

21

205

215

Pregictors:
CRS_PO4_AV
CRS_SLSR
CRS_T_SR
[CRS_E_AV
GorgSLOPE
SW_CHLA_SR
CRS_NO3_AV
EPOC_AV
WT_SST_AV
SW_K480_SR
| sW_CHLA_AV
SV K480_AV

Actinopterygii Pinguipedidae Parapercis nebulosa

Sampled g gHa
Troso (100%) m g7
) 245 (90%) o 127
O 229 (75%) o &l
O 140 (50%) O 48
© 102 (25%) 20
© 72 (10%) g

Rsq: 31.1 %
#nodes: 17
# predictors: 12

TRAWL freguency: 12
I

1145 115 115.5 118 1165

Longitude 7}

Actinopterygii Nemipteridae Pentapodus vitta
Predictors:

1155 18 1185
Longitude (7}

Actinopterygii Nemipteridae Pentapodus porosus

Predictors:
PAR_SR SW_CHLA_SR
EFF_COVER SW_K4B0_AV
CRS_T_AV o | CRS_SLAV
FCRS_ND3Z_AV _ 9 [SW_K480_SR
VGPM_SR ' * [ CRS_T_AWV '
dbS_ROCK SW_CHLA_AV
CRS_NO3_SR PAR_AV
CRS_S|_SR CRS_0Z_SR
CRS_S SR WMT_SST_SR
CRS_PO4_AV )
LMT_SST_AV -
Sampled g gHa N gHa
rsa3(i00%) M 20z| ~ m 707
{is17(@0%) O 177 O 376
Odr175%) O 102 o 191
€253 (50%) @ 53 o 8
o 99 (25%) =2 = 32
° B0 (10%) ] a ]
I3
Rsg: 27.6 % Rsgq: 30 %
#nodes: § # nodes: 19
# predictors: 11 # prediclors: 8
TRAWL frequency: 6 TRAWL freguency: 15
I I
1145 15 1155 118 1185 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Actinopterygii Nemipteridae Nemipterus peronii Actinopterygii Mulidae Upeneus cf. asymmetricus 4§
Predictors: Predictors:
4bS_MUD CRS_T_AV
CRS_SI_AV PAR_SR
CRS_T_AV = | CRS_s_av
FCRS_ND3_AV S [VGPI_SR
* | EPOC_AV
SW_K4B0_AV
SW_CHLA_SR
WT_SST_AW
- CRS_SIAV
i-
L =l
Sampled g gHa | £ Sampled g g/Ha
Jos7c00%) W 37| COD 13 (100%) W 41
200 (30%) O za 100 (90%) O 25
© 124 (75%) o 20 O 80 (75%) [m TS
< B1(50%) o 1z < 57 (50%) O s
o o o =}
51 (25%) 8 - © 24 (25%) 3
@ 46 (10%) H o b 13 (10%) Ho
&
Rsq: 0.4 % Rsq: 26.9 %
#nodes: 3 #nodes: 15
# pradictors: 4 # predictors: 9
TRAWL frequency: 6 TRAWL frequency: 5
I !
1145 15 155 118 1185 1145 15 1185 118 1185
Longitude (7] Longitude (7}
Actinopterygii Mulidae Upeneus asymmetricus A pteryai anthu:
Predictors: Predictors:
dbS_GRNSZ CRS_NO3_AV
CRS_SI_AV SW_CHLA_ AV
RBN_BSTRESS o | VGPM_SR
FCRS_T_SR g [EPOC_ER
PAR_SA ' | sw_Keso_av '
dbS_ROCK CRS_PO4_AV
CRS_NO3_AV CRS_SLAV
dbS_SAND MT_SST_AV
MT_SST_AV VGPM_AV
) EPOC_AV
L % 5 |CRS_BLSR
Sampled g gHa N Sampled g o/Ha
1838 (100%) W 302| {183 (100%) M &9
< 958 (90%) O 214 < 93 (90%) O 42
O 602 (75%) 0 1z Q 83 (75%) = 25
o 245 (50%) O =3 © 40 (50%) o 13
. [} o [}
3 : g? (25%) 19 - ° 26 (25%) 5
L (10%) 0 a 15 (10%) H 0
I3
Rsg: 27.8 % Rsgq: 26.2 %
#nodes: 13 # nodes: 33
[ # predictors: 9 # predictors: 11

TRAWL frequency: 9
I

TRAWL freguency: 15
I

1145 115 115.5 118 1165

Longitude 7}

Pilbara seabed biodiversity

1145

1155 18 1185
Longitude (7}

43



Sampled g o/Ha
{5250 (100%) M 1555
4373 (90%) O 234
@ 1533 (75%) O 428
= 530 (50%) O 200
© 295 (25%) O 72
a ' 108 (10%) ]
o
Rsg: 35.3 %
#nodes: 15
# predictors: 10
TRAWL frequency: 9
I
1145 15 1155 118 1185
Longitude ¥}
Actinopterygi Labridae Choerodon cephalotes
Predictors:
PAR_AN
VGPM_SR
o | SW_K4sn_av
S FSW CHLA_AV
© | CRS_T_AV .
SW_CHLA_SR
EPOC_AV
CRS_SI_AV
CRS_0Z_AV
o
g
S ar
=R Sampled g oHa
- O 1757 (100%) W 101
G 1194(30%) O 63
o 374 (75%) O 45
= 147 (50%) O 26
56 (25%) [=IN T
2 ' 44 (10%) H 0
o
Rsq: 12.9 %
#nodes: 3
# predictors: §
TRAWL freguency: 15
1
1145 15 155 118 1185
Longitude (7]
Actinopterygii Carangidae Selaroides leptolepis
Predictors:
dbS_MUD
CRS_PO4_SR
o | CRS_02_5R
S FSW_CHLA_SR
| cRs_sI_Av '
SW_CHLA_AY
SW_K490_AV
SW_K490_SR
dbS_GRAVEL
c dbS_SORTG
% 5 [CRS_5.SR
£  [Ren_BsTRESS Sampled g oHa
- 3 35149 (100%) B 4412
° 4740 (90%) O 1725
+ 2277 (75%) O 658
+ 230 (50%) o 235
© 134 (25%) o 67
a * BE(10%) ]
o
Rsg: 43.4 %
#nodes: 25

Latitude (")
1

Actinopterygi Monacanthidae Monacanthus chinem
Predictors:

PAR_AV
CRS_T_AV

CRS_02_AV
GorgBATHY
dbS_SORTG
c CRS_SI_AV
% 5 |MT_SST_SR
s 7 Sampled g gHa
- O 142(100%) W 38
119 (90%) o 22
© B4 (75%) o 13
© 53 (50%) o7
o 23 (25%) o3
a * 5 (10%) ]
&
Rsg 8.8 %
#nodes: 19

# predictors: 11
TRAWL frequency: 8
I

Predictors:

205

PAR_AV

Latitude (7}
1

115.5 1165

Longitude 7}

Actinopterygii Lethrinidae Lethrinus genivittatus
Predictors:
VGPM_AV
CRS_PD4_AV
CRS_0Z_SR
FCRS_NO3_SR
EPOC_AV f
CRS_SI_AV
CRS_S5_SR
SW_K4D0_AV
SW_CHLA_AV
RBN_BSTRESS

208

ar

CRS_S_AV
WT_55T_AV
CRS_PO4_AV
FCRE_T_SR

WT_S5T_SR
CRS_SISR

CRS_SLAV
VGPI_AV

| sw_K4s0_SR

Actinopterygii Lethrinidae Lethrinus punctulatus

# predictors: 12
TRAWL freguency: 15
1

115.5

118 1165

Longitude 7}

Pilbara seabed biodiversity

Sampled g gHa
£ 1515 (100%) @ 408
© 1113 (90%) 0 287
© 510 (75%) O 165
© 237 (50%) o 52
° 152 (25%) o 33
a * 121 (10%) ]
o
Rsq: 10.1 %
#nodes: §
# predictors: 11
TRAWL frequency: 5
!
1145 118 1155 118 118.5
Longitude (%)
Actinopterygii Labridae Choerodon vitta
Predictors.
WT_SST_AV
CRS_PO4_AV
1 | GOrgBATHY
2 [EPOC_SR
| VGPN_SR
SW_CHLA_SR
WT_SST_SR
SW_K490_SR
CRS_T_AV
) CRS_T_SR
% 5 |CRS_02_SR
£ CRS_S_SR Sampled g g/Ha
- 195 (100%) W 93
182 (90%) O 84
£ 135 (75%) O 41
C 113 (50%) o 24
© 65 (25%) [=IET)
a o 37 (10%) ]
o
Rsq: 235 %
#nodes: 7

# predictors: 12
TRAWL freguency: 10
I

1155 118.5

Longitude (7}

Predictors:

PAR_AW

205

EPOC_AV

RBN_BSTRE
CRS_SLAV
PARSR

dbS_CRBNT

Latitude (7
1

215

FGorgBATHY

CRS_0Z_AV

S5

LcRS_PO4_sR

Actinopterygil Chaetodontidae Coradion chrysozomg

Sampled g o/Ha
{3183 (100%) W 37
& 121 (90%) O 25
O 57 (75%) [SIET]
© 34 (50%) Os
° 24 (25%) =]
= 18 (10%) m o0

Rsq 6.4 %
#nodes: 13

# pradictors: 11
TRAWL frequency: 5
!

1145

1155 118.5

Longitude (7}

Predictors:

CRS_S_AV
dbS_CRBNT
[EPOC_SR
CRS_02_SR
CRS_T_AV

205

WT_SST_SR
| GorgsLOPE

Latitude (7}
1

215

SW_K480_SR

SW_K430_AV

Actinopterygii Bothidae Engyprosopon maldivensis

Sampled g gHa
ss(100%) M@ 759
© 43 (90%) 0 sis
©26(75%) O 333
©18(50%) O 182
O 13(25%) O 84
o 8 (10%) I

Rsq: 16.1 %
#nodes: 25

# predictors: 11
SLED frequency: 6
1

1145

1155 118.5

Longitude (7}

44



Actinopterygii Bothidae Engyprosopon grandisquar Actinopterygil Batrachoididae Batrachomoeus trispi
Predictors: Predictors.
CRS_T_AV CRS_NO3_SR
SW_BR_SR CRS_S_AV
o | CRS_MNO3_SR o | SW_CHLA_SR
S [CRS_NO3_AV 9 [MT SST_AV
" | EPOC_AV " | cRs sl AV '
EPOC_SR SW_K480_AV
dbS_CRBNT CRS_NO3_AV
NT_SST_SR CRS_T_SR
CRS_S| SR dbS_CRBNT
c SW_CHLA_AY ) WT_SST_SR
5 |SWiKeso_Av % 5 |CRS_T_AV
N Sampled g oHa [ £ = |RBN_BSTRESS Sampled g gHa
- Y 45(100%) W sgo ~ 39 (100%) M 455
Q27(90%) O 33 ©28(90%) O 282
G 21(75%) O 203 0 15(75%) O 166
° 10(50%) O 112 © 9 (50%) o s
o 7 (25%) o 47 ° 5 (25%) m 35
b © 3(10%) [ ] a + 3(10%) ]
& &
Rsq 142% Rsq: 213 %
#nodes: 43 #nodes: 45
# predictors: 11 # predictors: 12
SLED frequency: 20 SLED frequency: 6
. N
114.5 115 115.5 118 116.5 1145 115 1155 118 118.5
Longitude %) Longitude (%)
Actinopterygii Apogonidae Jaydia argyrogaster Actinopterygil Tetracdontidae Torquigener palima ot
Predictors: Pregictors.
CRS_02_AV dbS_CRBNT
CRS_T_SR EPOC_AV
« | CRS_NO3_SR o | SW_K4s0_AV
g FMT_SST_SR 9 [SW_CHLA_AV
" | vGPM_SR ' " | GorgBATHY '
CRS_02_SR SW_K430_SR
EPOC_SR SW_CHLA_SR
SW_CHLA_SR EPOC_SR
GorgBATHY
c EPOC_AV )
£ 5 LdbS_CReNT |
N 5‘{"’_’(490_‘\V Sampled g gHa [ £ Sampled g g/Ha
- SW_CHLA AV Chsgioow) m 75|~ ) o0e (100%) @ 30
O s (90%) o 47 148 (90%) o
© 4(75%) o 28 0O 75 (75%) O 14
0 2 (50%) o 15 © 42 (50%) O s
O 2 (25%) () © 29 (25%) =4
b o 1(10%) ] a @ 21 (10%) ]
& &
Rsg 43 % Rsq: 13.4 %
#nodes: 11 #nodes: 5
# predictors: 13 # predictors: 8
SLED frequency: 6 TRAWL freguency: 17
I |
114.5 115 115.5 118 116.5 1145 115 1155 118 11
Longitude %) Longitude (%)
Anthozoa Scleractinia incertas sedis Plesiastrea Anthozoa Plexauridae Paracis sp. 1
Predictors: Predictors:
CRS_SL AV dbS_GRNSZ
EPOC_SR dbS_GRAVEL
o | CRs_S SR o |PAR_AV
o [VGPN_AY g [MT_SST_SR
" | CRS_NO3_AV . " | sw_cHLA SR
CRS_02 SR RBN_BSTRESS
CRS_T_SR SW_BR_SR
GorgBATHY CRS_S_AV
SW_CHLA_AV dbS_S0RTG
] EPOC_AV ) SW_BIR_AV
B 5 [SwW Kaso_av -
£ | dbS_ROCK Sampled g gHa s Sampled g gHa
- 31055 (100%) @ 7185 | ~ 3101 (100%) W 6765
988 90%) O 3920 88(30%) O 2815
0361 (75%) O 2046 o 19(75%) O 1140
° 114(50%) @ 971 = 11(50%) @ 429
© 50 (25%) O 354 - 5(25%) o 128
2 28 (10%) | a © 3 (10%) m
o o
Rsg 2.1 % Rsq 3.1 %
#nodes: 39 #nodes: 25
# predictors: 12 # predictors: 10
SLED frequency: 11 SLED frequency: 5
. h
114.5 115 115.5 118 1165 11458 115 1155 1186 118.5
Lengitude (7} Longitude (%)
Anthozoa Plexauridae Menela sp. 4 Anthozoa Nidalidas Nephthyigorgia Kkenthal
Predictors: Predictors:
SW_BR_SR CRS_02_SR
CRS_PO4_AV dbS_SAND
o | MT_SST_SR o |CRS_S_SR
g [EPOC_AV g [SW_K4s0_AV
" | SW_CHLA_SR . " [cRE_T_AV
CRS_T_AV EPOC_SR
GorgBATHY SW_CHLA_AV
SV_K480_AV dbS_SORTG
SW_CHLA_AV dbS_GRAVEL
] EPOC_SR ) dbS_GRNSZ
g 5 |CRS 02 AV % r |SW CHLA BR
E Sampled g gHa £ Sampled g gHa
- D7¢100%) =@ qo7| ~ O3 144 (100%) @ 1338
7@0%) O 72 C91(90%) O 895
O6(s% O 46 < 61(75%) O 347
¢ 3(50%) O 26 = 16(50%) @ 158
o 1(2s%) O N - 9 (25%) o 56
2 @ 1 (10%) ) a © 4(10%) m
o o
Rsq: 11.6 % Rsq 0.2 %
#nodes: 45 #nodes: 45
# predictors: 11 # predictors: 11
SLED frequency: 5 SLED frequency: 28
. f

1145 115

115.5

Lengitude (7}

1185

Pilbara seabed biodiversity

118.5

Longitude (7}

45



Latitude (")

Latitude (")

Latitude (")

Latitude (")

118.5

Longitude 7}

Anthozoa Nephtheidae Dendronephthya sp. ‘Anthozoa Nephtheidae Chromonephthea sp.
Predictors: Predictors:
CRS_02_AV CRS_DZ_AV
WT_35T_SR
@ o | SW_CHLA_SR -
El X g [VGRM_AV N
| crs_02_sR | sw_cHLa_av '
dbS_MUD SW_K4B0_AV
dbS_SORTG EPOC_AV
dbS_SAND CRS_DZ_SR
RBN_BSTRESS EPOC_SR
dbS_GRAVEL ) CRS_T_&W
5 |dbs_GRNSZ % & |CcRsssR
. Sampled g gHa £ | GorgBATHY Sampled g gHa
3 913 (100%) W 15383 | ~ {3 g24(100%) B 3934
© 182 (90%) O 4693 @ 201 (90%) O 2021
- 76(75%) O 1413 ~ 65(75%) O 997
- 20(50%) O 405 - 25(50%) O 450
© 6(25%) O 95 ©10(25%) O 157
b ©2(10%)) Mo a © 8 (10%) ]
o o
Rsg 86 % Rsg: 16 %
# nodes: 37 # nodes: 39
# predictors: 11 # predictors: 12
SLED freguency: 42 SLED frequency: 13
! I
1145 115 115.5 118 1165 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Anthozoa Merulinidae Cyphastrea chalcidicum ‘Anthozoa Fungiidae Cycloseris cycloltes
Predictors: Predictors:
dbS_GRNSZ CRS_S_SR
EFF_COVER CRS_PO4_SR
o | CRE_SLAV o |EPOC_AV
g FEPOC_SR 9 [CRS_T_AV N
© | MT_SST_SR ' © | swCBR_Av '
CRS_NO3_AV SW_CHLA_SR
CRS_T_SR WT_SST_SR
SW_CHLA_SR EPOC_SR
SW_K490_AV CRS_T_SR
SW_CHLA_AY g
aor ERNE
: Sampled g g/Ha N Sampled g gHa
2443 (100%) W 12081 | 3302 (100%) B 2281
3 1793 (90%) O 6484 Q213 (90%) O 1144
© 994 (75%) O 3343 ° 51 (75%) O 557
> 312 (50%) O 1569 - 31 (50%) O 248
54(25%) @ 567 © 10(25%) O 85
b M(10%) M0 a © 4(10%) ]
o o
Rsg 4.3 % Rsq: 317 %
# nodes: 27 # nodes: 17
# predictors: 10 # prediclors: 8
SLED frequency: 6 SLED frequency: 20
I I
1145 115 115.5 118 1165 1145 15 1155 118
Longitude ¥} Longitude (*)
Anthozoa Elliselidae Viminella sp. 1 ‘Anthozoa Eliselidae Junceella fragilis
Predictors: Predictors:
EPOC_SR CRS_PO4_AV
CRS_PO4_AV CRS_T_SR
o | sW_BIR_AV = | CRS_SLav
g FCRE S AV S [GorgSLOPE
| cRs_s_AW " | crs_T_av '
SW_K430_SR GorgBATHY
CRS_PO4_SR EPOC_SR
SW_CHLA_AY SW_K4B0_AV
SW_CHLA_SR WMT_SST_SR
GorgBATHY [ SW_CHLA_AV
5 kswikeso_av £ 5 [swikesosr
4 [WT 85T AV Sampled g gHa |2 ' [SW CHLA SR Sampled g oMa
CRS_02 AV Cr3s(100%) W 288 ~ {3967 (100%) B 4319
Q27 (80%) O 179 © 234 (90%) O 2073
o 12(75%) O 106 - 80(75%) O 960
© 8 (50%) O 55 - 31(50%) O 409
o 7 (25%) 0 23 ©14(25%) O 135
hid ° 4 (10%) H o s T (10%) oo
o o
Rsq 8.5% Rsq: 8%
#nodes: 35 # nodes: 23
# pradictors: 13 # pradictors: 12
SLED frequency: 5 SLED frequency: 32
L I L
1145 15 1158 118 1185 1145 15 1155 118 1185
Longitude (7] Longitude (7}
Anthozoa Elliselidae Elisella sp. 1 ‘Anthozoa Eliiselidae Dichotella gemmacea
Predictors: Predictors:
CRS_PO4_SR CRS_SLAV
CRS_5_SR dbS_SORTG
o | MT_S5T_SR o | SV BIR_AV
g FEPOC_AV 9 [dbS_GRAVEL
* | dbS_CRBNT ' * [ dbS_SAND '
EPOC_SR SW_CHLA_AV
SW_CHLA_SR WT_SST_SR
SW_CHLA_AY dbS_GRNSZ
PAR_SR CRS_T_SR
MT_SST_AV ) EPOC_AV
5 ksw_kaso_av % 5 [GoradATHY
* [crS_0z_SR Sampled g gHa | 2 7 [sw_kesosr Sampled g oMa
CRS_T_SR ooy W o7ze| ~  [CRESLER Crg337 (100%) W ses8
C121(90%) O 434 ! ¢+ 339(90%) O 1536
O 79 (75%) O 246 ©110(75%) O 398
- 5 (50%) O 126 - 18 (50%) O 99
- 4(25%) o 49 © 4(25%) = 2
b * 3(10%) ] a ©1(10%) ]
o o
Rsg 8% Rsg 7.6 %
# nodes: 29 # nodes: 37
# predictors: 13 # predictors: 14
SLED frequency: 5 JOINT freguency: 34
L I I L

Longitude (7}

Pilbara seabed biodiversity

118.5

46



Latitude (")

Latitude (")

Latitude (")

Latitude (")

208

21

214

208

214

208

21

214

208

214

Anthozoa Dendrophyllidae Turbinaria reniformis:
Predictors:
CRS_S_SR
CRS_S_SR
CRS_NO3_SR

Sampled g

Latitude (7}

{1832 (100%) M 273

{31802 (30%) O 198

©123075%) O 136
© 89 (50%) o g
© 53 (25%) o 3
© 29 (10%) m 0

Rsq: 3%

#nodes: 3

# predictors: 3

SLED frequency: 7
I

Predictors:
WT_SST_SR
VGPM_SR
EPOC_AV

[CRS_SLAV
CRS_T SR
SW_K480_SR
CRS_02_SR
CRS_0Z_AV
EPOC_SR
SW_CHLA_AV

| GorgBATHY

SWI_K480_AV

SW_CHLA_SR

205

21

215

‘Anthozoa Dendrophyliidae Turbinaria pettata

Sampled g o/Ha
3 25200 (100%) W 55011
0 4843 (90%) O 19347
- 790 (75%) O 6558
- 260 (50%) O 2008
- 79 (25%) O 543
* 30 (10%) B0

s 6.3 %
#nodes: 28

# predictors: 13
SLED frequency: 20
I

115.5

Longitude 7}

1155

Longitude (7}

115.5 1165

Longitude 7}

Pilbara seabed biodiversity

Anthozoa Dendrophyliidae Turbinaria mesenterina Anthozoa Dendrophyliidae Duncanopsammia axifull
Predictors: Predictors:
CRS_S|_SR PAR_AV
CRS_T_AV CRS_0Z_SR
SW_BR_AV o |EPOC_SR
FCRE_0Z_SR g [EPOC_AV .
CRS_SI_AV ' " | sw_cHLA_sR '
MT_S5T_SR CRS_T_AV
SW_CHLA_AV SW_K480_SR
SW_K490_AV VGPN_SR
EPOC_SR SW_CHLA_AV
SW_CHLA_SR ) CRS_S|AV
[ PAR_AN % 5 [MT_SsT_sR
SW_BIR_SR Sampled g gHa £ 7 [swBR_av Sampled g oMa
”
galfs,st?suisn €3 18211 (100%) W 3157 | ~ gg:{iﬂw 3231 (100%) M 1782
-1 O 8615 (90%) O 19750 RS MO AV < 180(90%) O 1184
© 3947 (75%) O 7180 W03 O 119 (75%) O 726
o 2420 (50%) O 2450 © 54(50%) O 408
- 242(25%) O 670 - 15(25%) O 171
78 (10%) [ a +13(10%) W0
I3
Rsg: 16.9 % RAsg: 5.1 %
# nodes: 63 # nodes: 37
# predictors: 14 # predictors: 15
JOINT frequency: 18 SLED frequency: 6
L I I 1
115 115.5 118 1165 1145 15 1155 118
Longitude ¥} Longitude (*)
Anthozoa Clavularidae Carijoa sp. 1 Anthozoa Anthothelidae Iciligorgia brunnea
Predictors: Predictors:
CRS_02_AV GorgSLOPE
SW_CHLA_SR WT_SST_SR
EPOC_SR - = | CRS_NO3_av
FMT_SST_AV _ 9 [VGPN_SH
SW_CHLA_AV . © | sw BR_AV '
MT_S5T_SR CRS_T_SR
CRS_SI_AV SW_CHLA_SR
EPOC_AV CRS_SLAV
SUY_K490_AW SW_K480_SR
GorgBATHY [ SW_CHLA_AV
LSW_BIR_AV £ 5 Lswikeso_av
CRS_02_SR Sampled g g/Ha £ CRS_02_SR Sampled g gHa
2498 (100%) W 2019 | ~ EPD(IE]?‘?HY 3 10278 (100%) @ 2516
- 119 (g0%) O g8 E;é?: o 0 3my (90%) O 713
" BD (75%) O 467 = -~ 627 (75%) o 200
17 (50%) o 202 - 255 (50%) O s3
5 (25%) O &8 * 57 (25%) o 1z
©3(10%) oo s B (10%) H o
&
Rsq: 0.8 % Rsq: 55 %
#nodes: 7 # nodes: 38
# pradictors: 12 # pradictors: 15
SLED frequency: 11 JOINT freguency: 17
I I L
1145 15 1158 118 1185 1145 15 1155 118 1185
Longitude (7] Longitude (7}
Anthozea Anthothelidae Alertigorgia orientalis Anthozoa Trachyphyliidae Trachyphylia geoffroyil
Predictors: Predictors:
CRS_NO3_AV CRS_NO3_AV
CRS_SI_AV EPOC_SR
SW_K490_AV o | CRS_T_AV
FSW_CHLA_AY 9 [CRS_PO4_AV
MT_SST_SR ' " | cRs_0z_av
EPOC_SR SW_CHLA_SR
CRS_0Z_SR CRS_SLAV
CRS_PO4_AV VGPN_SR
CRS_NO3_SR CRS_PO4_SR
PAR_AV ) CRS_S_AV
| CRS_S_SR T 5 Lswikdso_av
Sampled g oHa £ = [WT_SSTSR Sampled g gHa
1308 (100%) @ 7Es| CRS T SR 03 225 (100%) W 3377
3 955 (90%) O 412 @150 (90%) O 2053
o 22 (75%) O 207 o 85(75%) O 1185
59 (50%) O 95 © §2(50%) O 17
13 (25%) = 33 ° 25(25%) O 244
3 (10%) 0 a = 21(10%) M0
I3
Rsq: 146 % Rsq: 11.4 %
#nodes: 11 # nodes: 35
# predictors: 11 # predictors: 13
SLED frequency: 21 SLED frequency: 8
! 1

1145

1155 118.5

Longitude (7}
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Ascidiacea (ascidians):

Ascidiacea Ascidian (colonial) Ascidiacea Ascidian Ascidian (solitary)
Predictors: Predictors:
dbS_GRAVEL 5 CRS_SLAV
CRS_T_SR [ CRS_T_AV
« | b5 GRNSZ w | CRSS_AV .
g FNT_SST_SR g [MT_SST_AV
" | sw_cHia_sR " | WT_ssT SR
MT_SST_AV db5_GRAVEL
CRS_SL_SR dbS_SAND
CRS_T_AV dbS_SORTG
dbS_SORTG CRS_T_SR
] dbS_SAND ) dbS_GRNSZ
8 r Lsw_kesn_sR iz |
E Sampled g g/Ha £ Sampled g gMHa
- 3 5991 (100%)M 133220 | ~ 3930 (100%) M 14289
© 1878 (30%) O 32859 © 350 (90%) O 5659
© 990 (75%) O 8035 © 133(75%) O 2186
| 225 (50%) O 1894 + 50(50%) @ 789
| 55(25%) M 376 ©17(25%) B 226
2 19(10%) M 0 a © T (10%) L)
& &
Rsq 83 % Rsq 16.2%
#nodes: 25 # nodes: 41
# predictors: 11 # predictors: 10
JOINT frequency: 86 SLED frequency: 43
. f
114.5 115 118.5 118 1165 1145 115 1155 1186 118.5
Longitude (%) Longitude ()
Asteroidea (sea stars):
Asteroidea Luididae Luidia hardwicki Asteroidea Goniasteridae Stellaster equestris
Predictors: Predictors:
SWV_KASO_AV SW_K480_SR
SW_CHLA_SR CRS_T_AV
& |CRS_S SR w | SW_BR_SR
S [EPOC_SR N 5 [dbS_SORTG
* | sw_BR_sR " | WT_EsT_SR
CRS_02_SR WT_SST_AV
CRS T SR PAR_SR
CRS_NO3_AV VGPM_SR
FAR_SR CRS_S_SR
% g CRS_SLSR
EAR Sampled g oa |€ 7 Sampled g oHa
- S 13(i00%) B 62| ~ O350 (100%) B 6775
Ca O 94 O 199 (90%) O 2818
© 5 (75%) o 52 ° 70(75%) O 1141
© 3 (50%) o 25 © 40(50%) O 428
° 1 (25%) =R} ©11(25%) @ 128
2 ° 1(10%) ) 2 4(10%) )
o &
Rsq: 31.4% Rsq: 3.5 %
#nodes: 35 # nodes: 69
# predictors: 9 # predictors: 10
SLED frequency: 8 SLED freguency: 43
I f
114.5 115 118.5 118 1165 1145 118 11565 16 116.5
Longitude (%) Longitude ()
Asteroidea Echinasteridae Metrodira subulata Asteroidea Astropectinidae Astropecien zebra
Predictors: Predictors:.
_S_SR GOrgBATHY
CRS_T_AV CRS_T_SR
o | NT_SST_AV w | SW_BR_AV
o [REN_BSTRESS 5 [VGPM_SR
* | sw_BR_SR . " | sw_Kis0_sr s
PAR_AY CRS_S_AV
CRS S| SR WT_SST SR
dbS_SAND
dbS_SORTG
c dbS_GRAVEL €
% 5 [dbS GRNSZ -
E Sampledg  oMa | £
- £ 11 (100%) B 1066 |
9(90%) O 435
Q6@Fs%) O 173
©5(50%) O 64
¢ 2@s%) @ 19
2 ° 1(10%) [ ] 2
o &
Rsq: 7%
#nodes: 37
# predictors: 11 # predictors: 7
SLED frequency: 28 SLED freguency: 19
L . . . f
114.5 115 118.5 118 1165 1145 118 11565 16 116.5
Longitude (%) Longitude ()
Asteroidea Astropectinidae Astropecten velitaris Asteroidea Astropectinidae Astropecten pulcherri
Predictors: Predictors:.
CRS_NO3_AV WT_SST_AV
dbS_CRBNT SW_CHLA_SR T
& | CRS_SLAV o | GorgBATHY .
S FVGFH_SR 5 [CRS_SLAV
* | GorgBATHY . " | sw_K4s0_SR
CRS_S_AV CRS_NO3_SR
SW_CHLA_AV SW_CHLA_AV
NT_SST_SR SW_K480_AV
SW_BIR_AV EPOC_AV
c SW_CHLA_SR € WT_SST_SR
% 5 |CRE TSR % & |CRE_NOZ AV
H SUY_K480_SR Sampled g gHa | £ CRS_PO4_AV Sampled g aHa
3 EPOC_SR {2142 (100%) B 4251 | ~ CRS_T_AV Ci21(100%) M 452
@ of@o%) O 1507 O 16(90%) O 238
o 30(75%) O 524 ©11(75%) O 120
«1150%) B 171 © 7 (50%) a ss
" 4(25%) a 45 ° 3(25%) a 2o
2 * 1 (10%) [ ] 2 e 2 (10%) o
o &
Rsq: 21 % Rsq: 132 %
#nodes: 17 # nodes: 11
# predictors: 13 # predictors: 13
JOINT fregquency: 26 SLED frequency: 6
. . . N
114.5 115 118.5 118 1165 1145 118 11565 16 116.5
Longitude (%) Longitude ()
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Bivalvia (bivalves):

Latitude (%)

Latitude ()

Latitude (%)

Latitude (")

21

205

21

218

205

21

215

2056

21

215

208

214

Predictors:
CRS_SI_AV
CRS_0Z_AV
GorgBATHY
FEPOC_SR
MT_SST_SR
CRS_T_3R

Asteroidea Archasteridae Archaster angulatus

Latitude (7}

Sampled g gHa
142 (100%) W 59
© 42 (90%) O 39
© 26 (75%) o 25
o 18 (50%) o 14
* 5 (25%) o6
"1 (10%) m o

Rsq: 2%
#nodes: 3
# predictors: 6

SLED frequency: 11
!

115.5

Longitude (7

118.5

Predictors:
SW_BIR_AV
dbS_MUD
dbS_GRNSZ
rdbS_SAND
EPOC_AV
SW_CHLA_SR
GorgBATHY
EPOC_SR
dbS_GRAWEL
CRS_T_SR

| dbS_CRBNT
SW_K490_AV
MT_SST_SR
SW_CHLA_AV

Bivalvia Pteriidae Pteria broomei

Bivalvia Limidae Lima vulgaris
Predictors:
SUY_K490_AV
SW_BIR_AV
CRS_T_AV
Fsw_CHLA_SR
dbS_SAND
MT_SST_AV
dbS_GRNSZ
SW_CHLA_AY
dbS_SORTG
SW_BIR_SR
LPaR_AV
RBN_BSTRESS

Lengitude (7}

Predictors:
dbS_GRAWEL
CRS_SI_AV
GorgBATHY
FSW_BR_AV
CRE_NO3_SR
MT_SST_SR
SW_CHLA_SR
EPOC_AV
SW_CHLA_AY
SW_K490_AV

Bivalvia Spondylidae Spondylus victorias

teroidea O
Pregictors:
VGPM_AV
SW_K430_SR
CRS_PD4_AV
[RBN_BSTRESS
SW_K480_AV
VGPM_SR
SW_CHLA_SR
SW_CHLA_AV
EPOC_AV
CRS_T_SR

idae O

205

21

GorgBATHY

215

Sampled g gHa

a3 (100%) M@ 287
3 38 (90%) 0 178
< 30(5%) O 103
© 11(50%) @ 54
° 4(25%) a2
* 2 (10%) )
Rsq: 9.5 %
# nodes: 28

# predictors: 13
SLED frequency: 5
1

1145 115

Longitude (7}

1155 118

118.5

Bivalvia Pectinidas Annachlamys flabellata
Predictors:
SW_CHLA_SR
CRS_02_SR
o | sW_Kes0_av
S [GorgBATHY
" | dbs_MuD '
CRS_ND3_SR
CRS_S SR
CRS_T_SR
EPOC_SR
) CRS_S|SR
 r | SW CHLA AV
Sampled g oHa [ £  [CRS_NO3_AV Sampled g gHa
78 (100%) W 359 ~ EEFS—CSE']—V“EVR 61(100%) M 167
<} 59 (90%) O 209 - O 45 (90%) o 107
< 35@s%) O 115 025(75%) O 65
° 13(50%) O 58 o 10(50%) @ 35
© 3(25%) o 2 * 5 (25%) o 15
©1(10%) m oo b 3 (10%) m o
&
Rsg 4% Rsg 1.5 %
#nodes: 37 #nodes: 9
# predictors: 14 # predictors: 14
SLED frequency: 6 SLED frequency: 6
I . N
116.5 1145 115 1155 118 118.5
Longitude (%)
Bivalvia Glycymerididae Glycymeris dampierensis Al
Predictors:
CRS_T_AV
VGPH_SR
o | GorgBATHY
9 [SW_K430_SR
" | sw cHLA AV .
PAR_AV
CRS_PO4_AV
CRS_02_AV
CRS_SI_AV
) SW_CHLA_SR
% r |EPOC_SR
Sampled g g/Ha £ ' |CRSTSR Sampled g gHa
3251 (100%) @ 2179 | ~ Esg—gg:’g’;“’ 339(100%) M@ 356
° 35(90%) O 1228 S O30(90%) O 278
o 27 (75%) O 660 ©21(75%) O 184
* B (50%) o 322 0 16(50%) @ 109
* 7 (25%) o 120 o 7 (25%) o 48
* 5 (10%) m 2 ° 5 (10%) L)
5
Rsg 6.9 % Rsq: 2.3 %
#nodes: 43 #nodes: 21
# predictors: 12 # predictors: 14
SLED frequency: 13 SLED frequency: 8
. . h
1165 11458 115 1155 1186 118.5
Longitude (%)
Bryozoa
Bryozoa "
Predictors:
CRS_SI_AV
CRS_T_SR
» |EPOC_SR
o [CRS_D2_SR
" |cRs_s_AV
dbS_GRNSZ
WT_SST_SR
SW_CHLA_SR
dbS_SORTG
§ CRS_T_AV
Sampled g gHa | £ Sampled g oHa
163 (100%) M 1073 | = 3 2100 (100%) W 77276
146 (0%) O 587 ° 577(90%) O 19521
O 122(75%) O 307 © 350 (75%) O 4886
©67(50%) O 146 ¢ 105(50%) O 1178
o 32(25%) H 53 28(25%) O 238
° 16(10%) W0 © B(10%) =
Rsq 9.1 % Rsq: 10.1 %
#nodes: 9 #nodes: 35
# predictors: 10 # predictors: 13
SLED frequency: § JOINT frequency: 102
I 1

1145

115.5

Lengitude [7)

118.5

Longitude 7}

Pilbara seabed biodiversity
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Cephalopoda

Chlorophyceae (green algae):

Cephalopoda Loliginidae Uroteuthis edulls o Chiorophycsas Halmedaceas Halimeda discoidea Al
Predictors: Predictors:
CRS_T_AV dbS_MUD
PAR_SR i dbS_ROCK
o | CRs_SLAV - o |EPOC_AV
g FMT_SST_AV - g [GorgBATHY
" | VGPM_AV . " | dbs_GRNSZ .
CRS_NO3_AV SW_CHLA_AV
CRS_PO4_SR CRS_S|_SR
CRS_02_SR CRS_PO4_SR
SW_K480_AV
] ) CRS_0Z_SR
-0 % r |dbS SORTG
E gHa | £ 7 [cRS.sLAV Sampled g oMa
- 3460 (100%) M 18| ~ 9bS_GRAVEL 31041 (100%) @ 1575
P O27e@%) O 99 * 27 (90%) O 429
4 2 ; 0 170(75%) O 48 © 8(75%) O 118
5 "3‘-\‘_ 4 ¢ 103(50%) O 21 © 4 (50%) @ 3
L O ° 52 (25%) o7 © 1 (25%) =}
2 "-—/ Hego ? + 39 (10%) ) a © 1 (10%) [ )
o T H o
s 3 Rsq: 40.8 % Rsq: 6.8 %
. T #nodes: 17 #nodes: 53
i g # predictors: § # predictors: 13
- TRAWL frequency: 20 SLED frequency: 31
. . . . L . f
114.5 115 118.5 118 1165 1145 115 1155 1186 118.5
Longitude (%) Longitude ()
Chiorophyceas Udoteaceas Udotea argentea Chiorophyceae Udoteaceas Udotea flabsllum
Predictors: Predictors:
CRS_S_AV VGPH_AV
SW_CHLA_SR CRS_FO4_SR
o | SW_keso_sm « | CRS_SLAV
S [GOrgBATHY g [SW_CHLA_SR
" | SW_Keso_av ' " | GorgBATHY '
CRS_SLAV SW_CHLA_AV
CRS_S SR SW_K430_SR
EPOC_AV SW_K430_AV
dbS_ROCK PAR_SR
< CRS_NO3_SR ) EPOC_AV
g 5 [CRS NO3 AV % r | CRS NO3 AV
N EPOC_SR Sampled g gHa s CRS_02_AV Sampled g gHa
- CRS_PO4_AV 20(100%) ® 40~ 87 (100%) W 195
< 10 (90%) O 26 O46(90%) O 112
@ 5 (75%) ERT o 13(75%) O 62
° 2(50%) o - 4 (50%) o 3
© 1 (25%) (= * 1 (25%) @ 12
hat + 1(10%) ] a 0 (10%) ]
& &
Rsg 5.5% Rsg 1.3 %
#nodes: 9 #nodes: 11
# predictors: 13 # predictors: 12
SLED frequency: 18 SLED frequency: 7
. . . . . . . N
114.5 115 118.5 118 116.5 1145 118 1155 118 118.5
Longitude (%) Longitude ()
Crinoidea (feather stars):
Crinoidea Mariametridae Lamprometra paimata Crinoidea Himeromtridae Amphimstra tesselata # |
Predictors: Predictors:.
CRS_SL_SR dbS_SORTG
PAR_AV CRS_SL_SR
& | GorgSLOPE w | VGPM_SR
o FMT_SST_SR o [CRS_T_AV
" | EPOC_AV . " |cRS_02_3R
RBN_BSTRESS CRS_S SR
dbS_SORTG CRS_PO4 SR
SW_K430_SR EPOC_AV
SW_CHLA_SR dbS_SAND
c € BorgBATHY
R o | SW Kés0_SR
El sampledg  gHa | £ = |EPOCSR Sampledg  giHa
- a4 (100%) B 5663 | EEE_SFAV 32 (100%) B 398
< 80(90%) O 2086 CRETHGA SR O 23(00%) O 230
° 16(75%) O 752 obs GRATVEL o 12(75%) O 127
° §(50%) O 255 R O3, A o 6 (50%) O 63
" ' 2(25%) @ 69 o [orsT sk ° 3(25%) o 24
: 1(10%) =0 P 2 (10%) m g
Rsq: 7.8% Rsq: 0.2 %
#nodes: 21 # nodes: 55
# predictors: 9 # predictors: 25
SLED frequency: 9 SLED frequency: 16
I L 1
114.5 115 118.5 118 1165 1145 118 11565 16 116.5
Longitude (%) Longitude ()
Crinoidea Comasteridae Comatula rotalaria Crinoidea Comasteridae Comatula pectinata
Predictors: Predictors.
CRS_ND3_SR CRS_S_SR
SW_K490_SR dbS_GRANSZ
o | SW_CHLA SR o |EPOC_AV -
o FSW_K4B0_AV o [CRS_D2_AV N
| CRS_S_AV . [ cRST_AV .
GorgBATHY CRS_T_SR
CRS_T_SR SW_K480_AV
EPOC_SR dbS_SORTG
CRS_DZ_SR RBN_BSTRESS
c VGPM_SR € CRS_S_AV
8 5 |MT_SST_SR - Eﬁg%ﬂn
g« g
g S o | % VGPI_AY zie
3 1302 (100%) B 6465 - T esd (100%) W 3662
O783(90%) O 3038 @ 97 (90%) O 709
c M2@7s%) O 1380 - 50(75%) O 138
32 (50%) o 577 ©11(50%) O 26
10 (25%) o 188 " 2(25%) a s
2 © 6 (10%) [ ] 2 © 1 (10%) m
& &
Rsq 4% Rsq: 14.4 %
#nodes: 17 # nodes: 69
# predictors: 11 # predictors: 13
SLED frequency: 14 SLED frequency: 54
L 1 L L 1

115.5 118 116.5

Lengitude [7)

Pilbara seabed biodiversity

1155 118.5

Longitude 7}
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Crinoidea Comasteridae Comatella maculata Crinoidea Comasteridae Comaster muftifidus
Predictors: Prediciors:
VGPM_SR SW_K4B0_AV
SW_CHLA_SR CRS_PO4_AV
o | CRE_PO4_AV o | SW_BIR_AV
S FSW_CHLA_AV 9 [GorgBATHY
| cRs_sI_Av © | vGPM_SR '
VGPH_AV CRS_SISR
SW_K490_AV WT_SST_SR
EPOC_AV CRS_0Z_SR
GorgBATHY SW_CHLA_SR
c CRS_02_SR ) CRS_T_SR
% 5 |EPOC_SR % 5 |CRS 5 SR
N Sampled g g/Ha £ SW_K480_SR Sampled g gHa
- €341 ¢100%) m 1z29| - CRS T AV 3158 (100%) M 859
O 25(80%) O ss2 < 80 (90%) O 179
o g(75%) O 418 < 66 (75%) O 48
s 5(50%) O 181 © 38 (50%) = 12
© 2 (25%) &1 * 18 (25%) 3
b © 2 (10%) ] a © 1 (10%) ]
o o
Rsg 4.2 % Rsg: 1%
#nodes: 28 # nodes: 43
# predictors: 11 # predictors: 13
SLED frequency: 6 ‘SLED frequency: 24
I L I I I
1145 15 1155 118 1185 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Crinoidea Comasteridae Comanthus gisleni Crinoidea Comasteridae Comanthus alternans.
Predictors: Prediciors:
CRS_SI_AV CRS_T_SR
SW_CHLA_SR EPOC_3R
o | CRE_SLSR o | CRS_PO4_AV -
g FNT_SST AV g [CRS_02_SR ~
| SW_Kds0_av ' © | PaR_av '
CRS_T_AV SW_K480_SR
PAR_AV
dbS_GRNSZ
VGPM_SR
c MT_SST_SR )
% 5 [SW_K4sD_SR -
= ¥ [dos_eRAVEL Sampled g oHa |2
g CRE.T SR Oaa100%) ™ 496( "
o a4 O 142
o 3RF5%) O 40
5 10(50%) O 11
© 6 (25%) w2
a + 4(10%) ] a
o o
Rsg: 20.5 %
#nodes: 25
# predictors: 13 # predictors: &
‘SLED frequency: 15 ‘SLED frequency: 11
L ! L I I I
1145 15 1155 118 1185 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Crinoidea Colobometridae Oligometrides adeonae Crinoidea Zygometridae Zygometra microdiscus
Predictors: Prediciors:
CRS_PO4_AV CRS_D2_AV
CRS_5_SR REN_BSTRESS
o | SW_CHLA_SR o | SW_K4s0_av
S FSW K40 SR 9 [dbS SORTG
* | EPOC_SR . | sw_K4s0_SR '
CRS_NO3_AV SW_CHLA_SR
CRS_SI_AW WT_SST_SR
MT_SST_SR CRS_S_AV
dbS_SAND SW_BIR_SR
c CRS_S_AV [ WT_SST_AV
£ g [dbS_GRNSZ % 5 |CRS_T_SR
£ 7 |ERS_ELER Sampled g oHa £ Sampled g oHa
- g:%iﬂ,;:& Cr110100%) B o8|~ 7159 (100%) M 4475
—= 8 (90%) O < 51(30%) O 83z
© 3 (75%) O 42 © 39(75%) O 154
o 2 (50%) = 23 © 25 (50%) o 28
< 1(25%) (= ]:] +13(25%) O 4
a ° 1 (10%) H 0 o * 1 (10%) [ ]
o L
Rsg 9.9 % Rsq 116 %
#nodes: 27 # nodes: 27
# predictors: 14 # predictors: 11
SLED frequency: 8 SLED frequency: 23
L I L
1145 15 155 118 1185 1145 15 1185 118 1185
Longitude (7] Longitude (7}
Demospongiae (sponges):
Porifera Demospongias Thorectidae
Predictors: Predictors:
dbS_GRAVEL dbS_SAND
VGRM_AV CRS_S_SR -'
w | EPOC_AV o | VGPM_SR -
g FCRST AV 9 [SW_Kes0_AV N
© | CRs_sL_AV ' " | EPOC_av '
SW_K480_AV SW_CHLA_AV
SW_CHLA_AV dbS_GRAVEL
GorgBATHY SW_K480_SR
SW_BIR_AV CRS_0Z_ZR
] SW_CHLA_SR ) GorgBATHY
B 5 [PaR AV % 5 |CRS TSR
£ 7 |cRs_02sR Sampled g oita £ 7 |sw cHLA SR Sampled g oHa
- SW_K490_SR 3 12632 (100%) @ 153182 [ ~ EPOC_SR £ 6014 (100%) M 11095
< 1859 (90%) 32599 © 1951 (90%) O 5708
- 306 (75%) O 6895 + 864 (75%) O 2819
< o41(50%) O 1417 C122(50%) O 1273
©16(25%) O 249 ©65(25%) O 444
2 © 5 {10%) L) a 29 (10%) L]
o o
Rsq: 17.6 % Rsq 8.1 %
# nodes: 41 # nodes: 7
# predictors: 13 # predictors: 13
JOINT frequency: 54 SLED frequency: 16
L . L . . L

115.5 118

Lengitude (7}

11865

Pilbara seabed biodiversity

1145

1155 118.5

Longitude (7}
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Latitude (")

Latitude (")

Latitude (")

Latitude (")

208

21

214

208

21

214

208

21

214

208

214

Demospongiae Tethyidae Tethya robusta
Predictors:

Demospongiae Spongidae Hyattella sp.

115.5 1165

Longitude 7}

Predictors:
VGPM_AY CRS_PO4_AV
CRS_SI_AV CRS_SLAV
dbS_SAND o | GorgBATHY
FVGPM_SR g [CRS_S_AV
EPOC_AV . " |crRs_T s8R '
GorgBATHY CRS_T_AV
SW_K490_SR SW_CHLA_SR
dbS_GRAVEL WT_SST_SR
SW_K490_AV VGPM_SR
CRS_NO3_AV ) SW_CHLA_ AV
LSW_CHLA_SR T 5 Lswikeso_av
EPOC_SR Sampled g gHa |2 7 [swkesolsm Sampled g oMa
SW_CHLA AV 3470 (100%) ®@ 32000 | EPOC_SR 03723 (100%) M 4094
O 288 (80%) O 1722 O 472 (90%) O 2594
~39(75%) O 973 ° 96 (75%) O 1557
- 20(50%) O 498 - 54(50%) O 839
© 16(25%) @ 193 - 37 (25%) O 343
S 11{10%) W0 a © 28(10%) W0
I3
Rsg 65 % Rsg: 0.9 %
#nodes: 38 #nodes: 13
# predictors: 13 # predictors: 13
SLED frequency: § SLED frequency: §
L I I 1
1145 115 115.5 118 1165 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Demospongiae Raspailidae Trikentrion flabeliforme’ Demospongiae Raspailidae Raspailia vestigifera
Predictors: 3 Predictors:
dbS_SAND CRS_NO3_SR
SW_K490_SR VGPN_SR
dbS_GRAWEL > o | MT_SST_sR
FSW_CHLA_SR 9 [SW_K480_SR
MT_SST_SR " | ePoc_sm '
SW_CHLA_AV PAR_AV
RBN_BSTRESS SW_CHLA_SR
dbS_CRENT SW_BIR_AV
SW_K490_AV GorgBATHY
EPOC_SR ) CRS_S|AV
|EPOC_AV % 5 |CRS_T SR
GorgBATHY Sampled g g/Ha £ CRS_0z_AV Sampled g gHa
CRS 02 SR 32345 (100%) W 2159 ~ ;ff%:‘l_‘i v st (00%) M 703
© 805 (90%) O 1081 S KAgn O e2(80%) O 487
- 178(75%) O 521 RS NO3 Ay ©38(75%) O 291
© 36 (50%) o 230 _NO3_ o 20(s0%) O 183
13 (25%) = 79 o 12(25%) O 69
6 (10%) [ ) a + T (10%) [
I3
Rsg 31 % Rsg: 16 %
#nodes: 5 # nodes.: 37
# predictors: 13 # predictors: 16
SLED freguency: 19 SLED frequency: 6
L ! I 1
115 115.5 118 1165 1145 15 1155 118
Longitude ¥} Longitude (*)
Demospongiae Raspailidae Raspailia cf. clathrata ) Demospongiae Raspailidae Ectyoplasia vannus
Predictors: Predictors:
SW_BR_AV EPOC_SR
CRE_T_AV dbS_CRBNT
SW_K490_SR = | CRS_T_Av
rEPOC_SR g [VGPM_AV
CRS_SI_AV " | dbS_SanD
VGPM_SR CRS_0Z_AV
CRS_T_SR GorgBATHY
VGPH_AV CRS_SLAV
GorgSLOPE CRS_S| SR
SW_BIR_SR [ SW_CHLA_SR
| CRS_S| SR £ 5 feroc_av
dbs_ROCK Sampled g gHa £ 7 [swkeen_sR Sampled g oHa
3 10612 (100%) W 20294 | ~ 32411 (100%) B 10731
© 5335 (90%) O 9734 2081 (90%) O 5098
57 (75%) O 4505 © 1056 (75%) O 2339
- &7 (50%) O 19158 o 401 (50%) O 987
* 37 (25%) O 635 ©70(25%) O 324
* 25 (10%) Ho s CAT(0%) Moo
&
Rsq 45% Rsq 47 %
#nodes: 31 # nodes: 21
# pradictors: 12 # pradictors: 12
SLED frequency: 6 SLED frequency: 13
I L
1145 15 1158 118 1185 1145 15 1155 118 1185
Longitude (7] Longitude (7}
Demospongiae Raspailidae Ectyoplasia tabula Demospongiae Raspaliidae Echinodictyum mesentel
Predictors: Predictors:
SW_BR_AV CRS_PO4_AV
CRE_SI_AV CRS_NO3_AV
EPOC_AV o |EPOC_SR
FCRS_S_SR g [MT_SET_SR
EPOC_SR ' * | EPOC_AV 1
SW_CHLA_SR CRS_T_AV
CRS_0Z_SR GorgBATHY
VGPM_AV RBN_BSTRESS
SW_K490_SR SWW_K480_aV
CRS_T_SR ) SW_CHLA_SR
[ver_sR T 5 kswicHLA AV
Sampled g gHa £ ' |CRSS_SR Sampled g gHa
3 30673 (100%) W 42283 | ~ 32552 (100%) B 845
+ 1708 (90%) O 19407 © 1781 (90%) O 559
- 826 (75%) O 8618 2 574 (75%) O 343
- 199(50%) O 3531 o 381 (50%) o 195
. 72 (25%) = 1131 ° 282 (25%) o 82
* 38 (10%) H 0 a s 248 (10%) [
I3
Rsg 13 % Rsg 8.9 %
#nodes: 17 #nodes: §
# predictors: 11 # predictors: 12
SLED frequency: 23 TRAWL frequency: 5
! !

Pilbara seabed biodiversity

1155 118.5

Longitude (7}
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Latitude (")

Latitude (")

Latitude (")

Latitude (")

208

214

208

21

214

208

21

214

208

21

214

Demospongiae Phioeodictyidae Oceanapia sp.
Predictors:

CRS_T_SR s';

CRS_NO3_AV

SW_CHLA_SR e

FGorgBATHY

CRS_SLAV f

EPOC_AV F

SW_K480_SR

CRE_T AV

CRS_0Z_AV

SUY_CHLA_AV

Lsw_kas0_av

Sampled g o/Ha
{32021 (100%) M 5328
© 2107 (80%) O 2422
© 512(75%) O 1066
CE5(s0%) O 433
" 43 (25%) 138
©9(10%) L)
Rsq: 3%
#nodes: 5

# predictors: 11

SLED frequency: 15
!

115.5 1165

Longitude 7}

Demospongiae Mycalidae Mycale mirabilis
Predictors:

dbS_GRNSZ
CRS_PO4_SR
EPOC_AV
[CRS_D2_SR -
CRS_NO3_AV '
CRS_ND3_SR
CRS_PO4_AV
GorgBATHY
CRS_SLAV
NT_SST_AV
LCRS_T_AV
CRS_0Z_AV Sampled g g/Ha
1484 (100%) B 9piE
1029 (90%) O 4778
© 384 (75%) O 2427
42 (50%) o 1123
| 28 (25%) o 401
© 20 (10%) m g
Rsq 383 %
#nodes: 41

# predictors: 12

SLED frequency: 9
I

115.5 1165

Longitude 7}

Demospongiae Microcionidae Clathria sp.
Predictors:

SW_CHLA_AY

SW_BR_AV

Sampled g oHa
1475 (100%) M 3129
< 1104 (90%) O 2181
O 789 (75%) O 1431
> 146(50%) O 839
¢ 78 (25%) a 370
' 36 (10%) m o

Rsq: 36 %
#nodes: 3
# predictors: 2

SLED frequency: 7
I

1155 118.5

Langitude %)

Demospongiae Irciniidag
Predictors:

CRS_S_SR
SW_K430_SR
CRS_0Z_AV
FEPOC_AV
CRS_NO3_AW f
WT_SST_AV

VGPM_SR Sampled g oHa
3 31728 (100%) M@ 110825
s 2951 (90%) O 26186
-+ 1967 (75%) O 6139
- 290 (50%) O 1391
© 93 (25%) O 266
C14(10%) W0
Rsg: 12.3 %
#nodes: 35

# predictors: 13
SLED frequency: 30
!

1145

115.5 118 1165

Longitude 7}

Pilbara seabed biodiversity

Latitude (7}

Latitude (7}

Latitude (7

Latitude (7}

21

205

21

215

205

21

215

205

21

215

205

215

Predictors:
dbS_GRNSZ
dbS_GRAVEL
SW_CHLA_SR
[CorgBATHY

SW_K480_AV
SW_CHLA_AV
LCRS_02_SR
WT_SST_SR

Demospongiae Niphatidae Amphimedon cf. paravir

Sampled g o/Ha
3 4918 (100%) B 32639
© 1798 (90%) DO 14953
o 748 (75%) O 6620
- 189 (50%) O 2704
© 72(25%) 864
C44(10%) Mo

Rsq: 223 %
# nodes: 47

# predictors: 12
JOINT freguency: 28
L

1145

1155 118.5

Longitude (7}

Pregictors:
CRS_02_AV
CRS_NO3_AV
SW_CHLA_SR

FSW_BR_AV
CRS_PO&_AV
VGPN_SR
WT_SST_SR
SVL_CHLA_AV
CRS_T_SR
SW_K480_AV

| EPOC_av

VGPN_AV

GorgBATHY

CRS_SLAV

Demospongiae Microcionidae Clathria vulpina

Sampled g oHa
7 200 (100%) W 2650

© 113(80%) O 1304
© 90 (75%) O 618
- 4p(s0%) O 289
- 23(26%) @ 91
©10(10%) Moo
Rsq: 46 %
# nodes: 27

# predictors: 14
SLED frequency: 11
I

1145

1155 118.5

Longitude (7}

Predictors:
VGPM_SR
SW_K290_SR
EPOC_AV
FEPOC 2R
CRS_5_SR
PAR_AV
CRS_0Z_SR
SW_CHLA_SR

LMT_55T_sR
SW_K480_AV
CRS_NO3_AV
CRS_S|_SR
CRS_T_AV

Demospongiae Irciniidae Sarcotragus PB 1

Sampled g g/Ha
{3 14995 (100%) B 25780
T 7709 (90%) O 23959
o 3062(75%) O 12037
- 519(50%) O 5518
253 (25%) O 1950
© 186 (10%) MW 0
Rsq 0.4 %
# nodes: 31

# pradictors: 15
SLED frequency: 9
1

1145

1155 118.5

Longitude (7}

Predictors:
CRS_S_AV
SW_CHLA_AV
GorgBATHY
[CRS_PO4_AV
SWW_K480_AV
SW_CHLA_SR
CRS_T_SR

dbs_MUD
CRS_SLAV
LCRs_T_Av
SV BIR_SR
SW_BIR_AV

Demospongiae lotrochotidae lotrochota sp. 2

Sampled g oHa
2073 (100%) W 2172
© 1198 (80%) O 1236
o 361 (75%) O 671
© B7 (50%) o 330
© 13 (25%) o 124
7 (10%) [ ]

Rsg 1.2 %
#nodes: 3

# predictors: 13
SLED frequency: 11
I

1145

1155 118.5

Longitude (7}

53



Latitude (")

Latitude (")

Latitude (")

Latitude (")

Demospongiae lotrochotidae lotrochota cf. acerala‘&.. Demospongiae lanthelidae lanthella basta
Predictors: g Predictors:
CRS_T_AV z SW_K480_AV
CRS_S_AV CRS_SLAV
o | EPOC_AV o |EPOC_SR
g FCRS_NO3_AV g [EPOC_AV
| CRS_SL_SR " | crs_Dz_sm
CRS_PO4_AV GorgBATHY
SW_K490_SR
CRE_NOZ_SR
CRS_S AV
SW_CHLA_SR )
5 Leroc_sr |
| GorgBATHY Sampled g g/Ha £ Sampled g g/Ha
2058 (100%) W @327 | 1997 (100%) M 15954
1933 (90%) O 4133 1963 (90%) O 8648
O 1445 (75%) O 2553 31681 (75%) O 4487
0389 (50%) O 1413 © 930 (50%) O 2118
© 117 (25%) @ 592 O gE) (25%) O 788
b 70 (10%) ] a ©32(10%) M0
o o
Rsg 46 % Rsgq: 156 %
#nodes: 5 #nodes: 3
# predictors: 12 # prediclors: 6
SLED frequency: 5 SLED frequency: 6
I 1
1145 115 115.5 118 1165 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Demospongiae Heteroxyidae Higginsia cf. scabra Demospongiae Hemiasterelidas Axos cliftoni
Predictors: Predictors:
GorgSLOPE CRS_SISR
SW_BIR_SR CRS_PO4_SR
o | MT_SST_SR o | dbS_mun
S FSW_BR_AV ~ g [CRS_T_SR _
© | PAR_AY ' | 3w kds0_sR '
VGPM_AV CRS_T_AV
EPOC_AV SW_CHLA_SR
SW_CHLA_SR CRE_NO3_AV
SW_K490_SR CRS_0Z_SR
SW_CHLA_AV ) EPOC_SR
5 [GorgaaTHY % 5 LCRs_sLAv
T | SW_K4S0_AV Sampled g gHa £ SW_CHLA_AV Sampled g g/Ha
EPOC_SR 3 2045 (100%) m 10182 | ~ E;é{‘f@f“v €3 4065 (100%) MW 49373
< 892 (90%) O 4841 RS Foa AV © 2619 (80%) O 31245
> 220 (75%) O 2221 R 02 BV © 1535 (75%) O 18728
- 107 (50%) O 937 e > 496 (50%) O 10088
©40(25%) O 308 9 ° 308 (25%) O 4119
b C25(10%)) Moo a ¢+ 283(10%) M 0
o o
Rsg 1.4% Rsg 7.4 %
#nodes: 23 #nodes: 35
# predictors: 13 # predictors: 17
SLED frequency: 17 SLED frequency: 7
L ! I 1
115 115.5 118 1165 1145 15 1155 118
Longitude ¥} Longitude (*)
Demospongiae Darwinelidae Dendrila EG 1 Demospongiae Creliidae Crella spinulata
Predictors: Predictors:
CRS_S_SR CRS_DZ_AV
CRS_PO4_SR WT_SST_AV
o | CRS_0Z_AV = | dbS_muD
S FPAR_SR g [VGPM_AV
* | CRS_SI_SR . " | cRs_Po4_sR
WT_SST_AV CRS_S_SR
CRS_T_SR dbS_ROCK
SW_CHLA_SR W_K490_AV
SUW_KA90_AW CRS_S_AV
CRS_T_AV [ CRS_SLAV
5 kswi cHLA av £ 5 Lors_T_av
* | MT_SST_SR Sampled g gHa £ SW_CHLA_SR Sampled g g/Ha
{1994 (100%) W 21234 | = £ 4307 (100%) B 15215
O 1679 (30%) O 10022 O 2362 (90%) O 8592
O 1207 (75%) O 4569 o 565 (75%) O 4631
= 201 (50%) O 1917 47 (50%) O 2283
C19(2s%) O e27 © 3g(25%) O 847
hid C1B(10%) M0 s C32(10%) Mo
o o
Rsq: 32 % Rsq 4.4 %
#nodes: 33 #nodes: 15
# pradictors: 12 # pradictors: 12
SLED frequency: 5 SLED frequency: 7
I 1
1145 15 1158 118 1185 1145 15 1155 118 1185
Longitude (7] Longitude (7}
Demospongiae Chalinidae C Ci sp.
Predictors: Predictors:
dbs_ROCK SW_K480_SR
CRS_PO4_AV CRS_PO4_AV
o | GorgSLOPE * o | CRS_NO3_SR v
g -dbs_SORTG _ 9 [CRST SR N
| sW_CHLA_SR " | crs_0z_sR
SW_K490_AV REN_BSTRESS
RBN_BSTRESS CRS_SISR
SW_CHLA_AY SW_BIR_SR
SW_BIR_AV SW_BIR_AV
SW_BIR_SR §
aor ERNE
: Sampled g gMHa N Sampled g gMHa
3503 (100%) W 5397 | £ 2105 (100%) M 18746
© 85(90%) O 1882 © g34(90%) O 8312
- 14(75%) O 516 ° 210(75%) O 3574
. 5 (50%) o 151 C 45(50%) O 1422
- 3(25%) o 3 C23(25%) O 444
b © 1 (10%) ] a 19 (10%) ]
o o
Rsg 7.7 % Rsg: 4.9 %
#nodes: 45 #nodes: 35
# predictors: 10 # prediclors: 8
SLED frequency: 18 SLED frequency: 10
! I

115.5 118 1165

Longitude 7}

1145 115 1155 118

Longitude (7}

Pilbara seabed biodiversity

118.5
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Latitude (")

Latitude (")

Latitude (")

Latitude ()

115.5 1185

Lengitude (7}

Demospongiae Callyspongidae Arenosclera sp. 148 Demospongiae Callyspongiidae
Predictors: Prediciors:
CRS_02_SR WT_SST_SR
CRS_T_3R PAR_AV
o | PAR_AW o | dbS_CRBNT
g Fdbs ROCK g [MT_SST_AV
© | MT_SST_sR ’ '
db3_CRBNT K480_
SW_K490_SR dbS_SORTG
EPOC_AW dbS_SAND
SW_CHLA_SR dbS_GRAVEL
EPOC_SR < dbS_GRNSZ
5 Lcrs_5_av |
| GorgBATHY Sampled g g/Ha £ Sampled g gHa
E&z;ﬁp\‘f 3 ods (100%) M s283| 3152 (100%) M 6844
—=L O 717 (@0%) O 2790 Q124 (00%) O 3189
O 418 (75%) O 1418 © 45(75%) O 1459
o 132(50%) O 858 o 30(50%) O 817
© 23(25%) O 234 - 11(25%) O 204
b © 9(10%) ] a + &(10%) ]
o o
Rsg: 13.1 % Rsg: 0.1 %
#nodes: 17 #nodes: 19
# predictors: 14 # predictors: 10
SLED frequency: 6 SLED frequency: 8
L I 1
1145 115 115.5 118 1165 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Demospongiae Biemnidae Biemna sp. Demospongiae Axinelidae Cymbastela stipitata B " L
Predictors: Prediciors:
CRS_SI_AV i GorgBATHY +
CRS_S_AV o WT_SST_SR ..‘ A
o | dbS_ROCK o | d9bS_GRNSZ
S FCRE_PO4_AV S [dbS_SAND N
© | CRs_T_AV ' " | dbS_GRAVEL '
SW_K490_SR CRS_0Z_SR
CRS_T_SR
SW_BIR_AV
SW_CHLA_SR
MT_SST_SR )
5 LGorgsLOPE |
© | CRS_NO3_SR Sampled g g/Ha £ Sampled g gHa
Epngcfgﬂ 3300 (100%) M 3705 | O 412 (100%) W 239
—== O381(90%) O 2385 <197 (90%) O 168
O3 75%) O 1374 © 95 (75%) o 12
0 122(50%) O 725 16 (50%) o &7
o 81 (25%) @ 291 - 9(25%) o 30
b ° 42 (10%) ] a © T (10%) ]
o o
Rsg 83 % Rsg: 4.3 %
# nodes: 47 # nodes: 3
# predictors: 14 # predictors: &
SLED frequency: 6 SLED frequency: 10
L I I
115 115.5 118 1165 1145 15 1155 118
Longitude ¥} Longitude (*)
Demospongiae Axinelidae Axinella Ng3 Demospongiae Ancorinidae Stelletta clavosa
Predictors: Prediciors:
CRS_S_SR SW_BIR_SR
SW_CHLA_SR SW_K4B0_AV
« | EPOC_AV = = | dbS_SAND
S FCRS_PO4_AV 9 [SW_BIR_AV
* | CcRs_02 S8R ' " | CRS_T_SR '
CRS_0Z_AV CRS_SLAV
REN_BSTRESS EPOC_SR
CRS_NO3Z_AV SW_CHLA_AV
GorgBATHY CRS_0Z_SR
SW_K490_AW < SW_CHLA_SR
5 LCRs_SL_AV % g |Eroc_av
© | SW_CHLA_AV Sampled g g/Ha £ GorgBATHY Sampled g gHa
{6127 (100%) W 9472 | ©331(100%) @ 131
© 1790 (30%) O 4217 Cq7(s0%) O 75
o 710 (75%) O 1820 o & (75%) o #
© 63 (50%) O 728 e 4 (50%) o 20
| 24 (25%) o 227 * 2(25%) o s
2 ' 13 (10%) u 2 1 (10%) L)
o L
Rsg: 0.6 % Rsq 12.1%
#nodes: 9 #nodes: 15
# predictors: 12 # predictors: 12
SLED frequency: 11 SLED frequency: 13
I L
1145 15 1158 118 1185 1145 15 1155 118 1185
Longitude (7] Longitude (7}
Echinoidea (sea urchins):
Demospongiae Thorectidae Aplysinopsis sp. 1 Echinoidea Temnopleuridasa Salmacis sphaeroidesl
Predictors: Predictors:
EPOC_SR EPOC_SR
EPOC_AV CRS_PO4_SR
« | GorgBATHY o | CRS_SLAV
o FSW_BR_AV 9 [CRS_NO3_SR
. " | cRS_T_SR '
PAR_SR
SW_K4B0_AV
SW_K480_SR
SW_CHLA_SR
) CRS_NO3_AV
arF % r |CRS T AV
. Sampled g g/Ha £ | MT_SST_SR Sampled g g/Ha
37843 (100%) M 2836 | — 1599 (100%) B 17763
© 3086 (30%) O 1966 © 884(90%) O 10337
+ 822(75%) O 1283 o 259 (75%) O 5728
© 275(50%) O 748 ° 197 (50%) O 2871
© 6B (25%) o 328  6T(25%) O 1099
2 43 (10%) | a 55 (10%) .
o o
Rsq 22 % Rsq: 43.2 %
#nodes: 3 # nodes: 35
# predictors: 4 # predictors: 12
SLED frequency: 8 SLED frequency: 12
. L

1145

1155

Longitude (7}

Pilbara seabed biodiversity

118.5

55



1145 115 115.5 118 1165

Longitude 7}

Pilbara seabed biodiversity

Echinoidea Maretiidae Nacospatangus interruptus Echinoidea Loveniidae Breynia desorii
Predictors: [ Predictors:
CRS_S_SR CRS_SISR
CRS_0Z_SR CRS_0Z_AV
o | CRS_NO3_SR o | CRS_NO3_AV
S FSW_BR_AV g [CRS_NO3_SR
* | cRS_NO3_AV ' | crs_T_av '
VGPM_SR SW_BIR_SR
EPOC_SR CRS_SLAV
CRS_SI_AV SW_CHLA_AV
CRS_T_SR SW_K480_aV
c GorgBATHY ) SW_CHLA_SR
2 5 [CRS_T AV % 5 |MTSST_SR
N EﬁUC_AV Sampled g oHa £ Sampled g g/Ha
R e Drescloo%) m 781| " 23265 (100%) W 13473
e - )57(80%) O 486 © 1633 (80%) O 8162
o 347s%) O 287 « 215(75%) O 2727
©21(50%) O 152 100 (50%) O 1114
o 11(25%) O &1 ©43(25%) O 356
b + 4(10%) [ ] a 31 (10%) ]
o o
Rsg 0.1 % Rsgq: 25.3 %
#nodes: 47 # nodes: 27
# predictors: 14 # predictors: 11
SLED frequency: 9 SLED frequency: 16
L I I
1145 15 115.5 118 1165 1145 15 118 118,
Longitude ¥} Longitude (*)
Echinoidea Laganidae Peronelia pilbara sp. 1 Echinoidea Laganidae Peronella lesueuri
Predictors: Predictors:
EPOC_AV CRS_T_AV
CRS_PO4_AV CRS_NO3_AV
o | CRS_5_SR o | GorgBATHY
S FGorgBATHY _ g [CRS_SLAV .
© | SW_BR_AV ' " |crRs_T_sR '
CRS_T_SR VGPN_AV
CRS_0Z_SR SW_K4B0_AV
CRE_T_AV EPOC_AV
CRS_02Z_AV CRS_PO4_AY
c CRS_SI_AV ) WT_SST_SR
% 5 |CRS_SISR % 5 |vVGPM_SR
N Et‘-"OC_SR Sampled g gHa £ SW_BIR_SR Sampled g gHa
R iy Caot005%) mogo0| ~  [RESAV 31108 (100%) M 6338
S HAST O 25(80%) O 208 © 576(90%) O 2877
_K490_ o 16(75%) O 104 © 476(75%) O 1161
© 9 (50%) O 48 © 200(50%) O 438
© 4(25%) o 17 © 57 (25%) o 130
b © 3(10%) ] a 26 (10%) ]
o o
Rsg: 1.4 % Rsq 224 %
# nodes: 27 # nodes: 27
# predictors: 15 # predictors: 13
SLED frequency: 19 SLED frequency: 31
L ! I
1145 15 115.5 118 1165 1145 15 1155 118 1185
Longitude ¥} Longitude (*)
Echinoidea Cidaridae Prionocidaris bispinosa Echinoidea Brissidae Rhynobrissus tumulus.
Predictors: Predictors:
EFF_COVER CRS_S_SR %
PAR_SR CRS_S_AV r
& | RBN_BSTRESS = | CRS_SLav -
S FCRS_NO3 SR 9 [EPOC_SR B
| SW_CHLA_AV . | vePn_sR '
EPOC_SR SW_K430_SR
SW_K490_AV GorgBATHY
SW_BIR_SR CRS_T_AV
CRS_SI_AV CRS_T SR
c SW_BIR_AV [ EPOC_AV
g 5 loRS_02_Av % 5 |SW_CHLA SR
N GorgBATHY Sampled g g/Ha £ V‘C:‘PM_AV Sampled g gHa
- EPRSEPE;‘/JV 3 822(100%) M g9oas| :“,:{:ﬂfﬁxj o1 (100%) M 1039
T SET AV < 248 (30%) O 2475 W_LHLA O 70qs0%) O 835
RS 5 En o 171(75%) O 610 O 40(75%) O 369
R TRGE SR o 106 (50%) O 145 ©29(50%) O 193
o oW THLA =R © 25(25%) O 29 - ©o42s%) O 77
£ ek sa 10(10%) M0 Z 4(10%) W0
Rsq: 34.5 % Rsq: 234 %
#nodes: 49 # nodes: 41
# pradictors: 25 # pradictors: 14
SLED frequency: 27 SLED frequency: 5
L I I 1
1145 15 1158 118 1185 1145 15 1155 118 1185
Longitude (7] Longitude (7}
Echinoidea Astriclypeidae Echinodiscus auritus. Echincidea Toxopneustidae Nudechinu
Predictors: Predictors:
MT_SST_SR EPOC_SR
RBN_BSTRESS
- o | CRS_NO3_AV
El 9 [SW_K4B0_AV
R " | cRS_n03_sR '
dbS_SAND
SW_CHLA_SR
T dbS_GRNSZ
dbS_SAND CRS_T_AV
c CRS_S_AV ) dbS_GRAVEL
% 5 [dbS_GRNSZ % 5 |MT_SST_SR
£ | dbS_SORTG Sampled g oHa £ Sampled g gHa
] dbS_MUD T 116(100%) M o72| 28 (100%) W 427
98 (90%) O s84 C27s0%) O 281
O 83 (75%) O 334 O26(75%) O 151
© 81 (30%) o 172 0 10(50%) O 79
© 35 (25%) = 68 o 4(25%) o n
b o 25 (10%) ] a + 2 (10%) ]
o o
Rsg: 18 % Req: 33.3 %
#nodes: 3 # nodes: 13
# predictors: 13 # predictors: 11
SLED frequency: 8 SLED frequency: 5
L I 1

1145

1155 118 118.5

Longitude (7}
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Florideophyceae (red algae):

1145 15 115.5 118 118.5

Lengitude [7)

Pilbara seabed biodiversity

Florideophyceae Wrangeliaceas Desikacharyela i

Sampled g o/Ha
a(100%) W 60
< 2 (90%) O 43
© 1 (75%) O 29
@ 1 (50%) [SIRT]
© 1 (25%) =3
© 1 (10%) m

Rsq: 218 %

#nodes: 11

# predictors: 12
SLED frequency: 6
"

15 1155 118 1

Longitude (7}

Gastropoda (sea snails):

Gastropoda Olividae Ancillista muscae

Sampled g oH
311 (100%) H s
011 (90%) O 4
311 (75%) oz
< 5 (50%) o2
C 5 (25%) =
@ 2(10%) m
Rsq: 32 %
#nodes: 3
# predictors: 3
SLED frequency: 5
N
118 115656 116 116.5
Longitude (7}

Gastropoda Muricidae Chicoreus cervicornis

Sampled g gHa
Ciez(100%) M 403
17 (90%) 0 238
©11(75%) O 134
© 6 (50%) o s
° 3(25%) a s
° 2(10%) m 0
Rsq: 205 %
# nodes: 29

# predictors: 12
SLED frequency: 18
I

1155 116

Longitude 7}

Florideophyceae Rhodomelaceae Laurencia majusd
Predictors: Predictors:
CRS_PO4_AV CRS_02_AV
CRS_SLAV SW_BR_SR
o | SW_BR_AV o |MT_SST_SR
o [SW_CHLA_SR - 9 [SW_K430_SR
" | CRS_NO3_AV . " | cRS_sLAV
CRS_S_SR CRS_S_AV
CRS_NO3_SR SW_CHLA_AV
NT_SST_SR CRS_02_SR
EPOC_AV SW_K480_AV
] EPOC_SR ) PAR_SR
B 5 [Sw CHLA av % r |CRS T AV
£ 7 [swikaso v Sampled g gta | £ © [obs_cranT
- GorgBATHY 172 (100%) @ 1123 | ~
D 116(30%) O 544
© 46 (75%) O 254
* 2 (50%) o 109
1 (25%) o 3%
2 1 (10%) | a
o o
Rsq: 26 %
#nodes: 15
# predictors: 13
SLED frequency: 6
. .
114.5 115 115.5 118 1165 11458
Longitude (%)
Rhodophyta Crustose coraline rhodoliths
Predictors: Predictors:
CRS_ND3_SR SW_K430_AV
SW_CHLA_AV CRS_NO3_AV
& | dbS_GRNSZ o |CRS_PO4_SR
o [CRS_PO4_SR NS
" | CRS_PO4_AV . ’
EPOC_SR.
dbS_GRAVEL
EPOC_AV
SW_K430_AV
c GorgBATHY €
% 5 |CRETAV |
E WT_SST_SR Sampled g gHa | £
- CRS_T_SR 3 301048 (100%) B 58407 | ~
* 782 (90%) O 13722
- 70 (75%) O 3174
32 (50%) = 707
' 14(25%) = 133
2 5 (10%) = 2
& &
Rsq: 29.8 %
#nodes: 17
# predictors: 13
SLED frequency: 23
1 L
114.5 115 118.5 118 1165 1145
Longitude (%)
Gastropoda Muricidae Pterynotus acanthopterus.
Predictors: Predictors:
PAR_SR CRS_02_AV
CRS_S SR CRS_PO4_SR
o | SW_BR_SR o [CRS_T_AV
o [CRS_T_SR o [MT_SST_AV
" | SW_CHLA_SR . " | sW_CHLA_SR
SW_BR_AV SW_K480_AV
NT_SST_SR VGPH_AV
SW_CHLA_AV WGPH_SR
CRS_T_AV SW_CHLA_AV
c SW_K490_AV € WT_SST_SR
5 % ¢ |CRE S AV
El Sampled g ota | £ CRS_T_SR
- a7 (100%) W 441~
C26(90%) O 27
©14(5%) O 157
o 13(50%) O 82
°10(@5%) O 33
2 ° 5 (10%) 0 2
& &
Rsq: 23.4%
#nodes: 17
# predictors: 10
SLED frequency: §
1 1 1 I
114.5 115 118.5 118 1165 1145
Longitude (%)
Gastropoda Fasciolaridae Fusinus colus
Predictors: Predictors:
CRS_T_AV CRS_SI_AV
CRS_PO4_AV CRS_T_SR
o | SW_CHLA SR o | GorgBATHY
o GorgBATHY o [GorgSLOPE
" | EPOC_AV . [ vePl_SR
REN_BSTRESS SW_BR_AV
dbS_ROCK WT_SST_SR
CRS_02_AV SW_CHLA_SR
CRS_SLAV CRS_02_SR
c EPOC_SR € EPOC_AV
% 5 |VGPI_SR % & |dbS_SORTG
£ " [sw_kaso_av Sampled g ota | £ dbS_MUD
- E.T-;‘Df’ﬁi\, 15 (100%) W 205 =
i = ) 13 (90%) O 114
O10@s% O 6o
o 4 (50%) o 28
° 2(25%) =R T
2 1 (10%) 0 2
& &
Rsq 131 %
#nodes: 27
# predictors: 14
SLED frequency: 12
1 L

Gastropoda Cassidae Phalium bandatum

Sampled g gHa
Cisa(i00%) M 384
52 (90%) 0O 289
O45@75%) O 177
©34(50%) O 104
©13(25%) O 46
° 5(10%) m 0
Rsq: 7.7 %
#nodes: 5

# predictors: 12
SLED frequency: 7
!

1145

1155 116

116.5

Longitude 7}

57



Holothuroidea (sea cucumbers):

Gastropoda Strombidae Doxander campbeli Holothuroidea Cucumaridae Colochirus quadrang
Predictors: Predictors:
CRS_PO4_AV SW_BIR_SR
VGPI_AV SW_K480_AV
& | dbS_MUD « | BorgBATHY
g FdbS_SORTG g [CRS_T_AV .
" | dos_GRNSZ f " | Erot_sm s
CRS_PO4_SR CRS_NO3_AV
SW_CHLA_SR CRS_S_AV
CRS_NO3_AV SW_K480_SR
NT_SST_SR SW_CHLA_AV
] CRS_T_SR ) WT_SST_SR
8 5 [CRS 5 AV % r |SW CHLA SR
£ " [vernsR sampled g gHa | £ 7 [cRssLav sampled g oHa
- O s4(100%) M sez| ~ CRS_02_SR 528 (100%) M 1764
O29(9%) O 568 © 73(90%) O 857
©o20@75%) O 319 + 42(75%) O 497
° 11(50%) O 162 + 31(50%) O 235
° 7(25%) o 63 ©17(25%) O 85
2 @ 5 (10%) ) a © B (10%) m
& &
Rsq: 26.5 % RsQ: 7.7 %
#nodes: 37 # nodes: 19
# predictors: 12 # predictors: 13
SLED frequency: 23 SLED frequency: 15
. . f
114.5 115 115.5 118 1165 11458 115 116 116.5
Lengitude (7}
Holothuroidea Cucumaridae Cercodemas anceps Al Holothuroidea Cucumaridae Actinocucumis typicadl
Predictors: Predictors:
GorgBATHY 1 VGPM_SR
CRS_SLAV _'J. ) CRS_NO3_AV
o | SW_BR_AV T I o |verm_av
g FNTSST_SR N { ! i 9 [CRS_NO3_SR
" | cRB_0Z_sR R 1 e " | RBN_BSTRESS '
CRS_POA_SR % = - SW_CHLA_SR
CRS_T_SR . ; ~ CRS_S_SR
CRS_0Z_AV
3 WT_SST_AV
< ) dbS_CRBNT
2 % r |WT SST SR
| Sampled g oHa £ = [CRS_TSR Sampled g gHa
- 267 (100%) MW 153 CRE_T_AV 376 (100%) @ 580
47 (90%) O 108 C32(00%) O 32
° 35 (75%) o 72 ° 10(7s%) O 171
« 22 (50%) o 42 ° 8 (50%) B3
* 13 (25%) (ST * 4(25%) @ 30
" 7 (10%) m a * 2 (10%) )
&
Rsq:62% Rsq: 17.4%
#nodes: 3 # nodes: 28
# predictors: 7 # predictors: 13
SLED frequency: 16 SLED frequency: 8
. . N

114.5 115 115.5 118 116.5 1145 115 1155 118 118.5
Longitude %) Longitude (%)
Hydrozoa (hydroids):
Holothuroidea Cucumaridae Neocucumis proteus. Al Hydrozoa "
Predictors: Predictors: &
CRS_D2_SR SW_CHLA_AV
CRS_S_AV CRS_SLAV
o | CRs_02_AV o [CRS_T_AV
o [CRS_T_SR o [GorgBATHY
| NT_SST_SR . " | CcRS_SISR
EPOC_AV SW_BIR_AV
CRS_S SR CRS_NO3_SR
SW_K430_AV WT_SST_SR
SW_CHLA_AV dbS_SORTG
c CRS_NO3_AV € PAR_AV
% 5 |GorgBATHY % & |CRS_ TSR
£ CRS_S| AV Sampledg  oMa | £ Sampled g oHa
- Eﬁ?c&sﬁ\ . 54 (100%) B 1004 | " 31100 (100%) B 54454
AT AL Qs0(90%) O 720 < 250(90%) O 14569
D 43(75%) O 485 ° 125(75%) O 3857
©38(50%) O 292 © 30(50%) O ss0
Q31(25%) B 132 C10(25%) O 208
2 ©22(10%) W 0 2 © 3(10%) 0
& &
Rsq: 10.4% Rsq: 13.4 %
#nodes: 39 #nodes: 45
# predictors: 14 # predictors: 11
SLED frequency: § SLED frequency: 65
1 I 1
114.5 115 118.5 118 1165 1145 118 115656 116 116.5
Lengitude [7) Longitude (7}
Liliopsoda (sea grasses)
Liliopsida Cymodoceaceae Amphibolis antarctica Liliopsida Hydrocharitaceae Halophila spinulosa
Predictors: Predictors.
CRS_NO3_SR
CRS_02_AV
@ o | SW_CHLA_SR
El 9 [CRE_T_SR
: " |crs0z sR
_02_ CRS_SI_AV
CRS_NO3_AV EPOC_SR
NT_SST_AV SW_BR_SR
GorgBATHY
c ) SW_K480_AV
A 2 5 |SW_CHLA AV
N Sampled g gHa | £ |CRS_S_ SR Sampled g g/Ha
- £ 4 (100%) w2z Os(o0%) W o4
O 4 (90%) o2 © 4 (90%) O 23
4 @5%) O © 2 (75%) o 13
© 3 (50%) [ ° 1 (50%) O
& 2 (25%) =0 0 (25%) o2
2L T 2(10%) g 2 0 (10%) L)
& &
Rsq: 58.4 % Rsq: 24.9 %
#nodes: 5 #nodes: 35
] # predictors: § # predictors: 12
4 TRAWE_ frequency: 5 SLEDIfrequency 10
1145 15 1185 118 118.5 1145 118 1155 118 11
Longitude %)

Longitude (7}

Pilbara seabed biodiversity 58



Malacostraca (crustaceans):

Malacostraca Portunidae Thalamita sima
Predictors:

CRS_S AV

SW_K4B0_AV

SW_K490_SR

FCRS_NO3_AV

SW_CHLA_AV .
CRS_PO4_SR
SW_CHLA_SR
VGPM_AY
PAR_AW
CRS_SI_AV

| GorgBATHY
EPOC_AV
EPOC_SR

21 205

Latitude ()

215

[
E
Sampled g gHa =
17 (100%) W 10| ~
Q 11 (90%) O 63
¢ 1 (75%) O 3
+ 1(50%) [SIET]
© 1(25%) o7
0 (10%) m 0
Rsq: 4%
#nodes: 13

# predictors: 13
SLED frequency: 5
I

115.5

Lengitude (7}

Malacostraca Pilumnidae Tiaramedon spinosum
Predictors:
SW_K490_SR
MT_S5T_SR
CRS_T_AV
~GorgBATHY
EPOC_AV f
SW_CHLA_SR
CRS_T_SR
SW_CHLA_AY
EPOC_SR
CRS_0Z_AV

| CRS_PO4_AV
CRS_0Z_SR
RBN_BSTRESS

Latitude (%)
1 208

218

Sampled g
1 (100%)

Latitude (7

0 (25%)
0 (10%)

Rsg 29 %

#nodes: 29

# predictors: 13

SLED frequency: 5
I

Malacostraca Pilimnidae Bathypilumnus pugiator
Predictors:
RBN_BSTRESS
EPOC_SR
CRS_NO3_AV
FCRS_SI_AV
CRS_NO3_SR B
CRS_T_SR
SW_BIR_AV
VGPM_AY
GorgBATHY
dbS_CRBNT
LEPOC_AV
SW_IK490_AV
SW_CHLA_AY

21 205

Latitude ()

215

Sampled g
3 1 (100%)
31 (30%)
3 1(75%)
21 (50%)
031 (25%)
1 (10%)

EODOO0ON k=S
o
Latitude ()

TSI R

Rsq 57 %

#nodes: 5

# predictors: 13

SLED frequency: 5
I

21

215

205

21

215

205

215

Malacostraca Pisinae Hyastenus diacanthus
Predictors:
CRS_S|AV
WT_SST_SR
VGPM_AV
HCRS_T_SR
SW_CHLA_SR
SW_CHLA_AV
EPOC_SA
SW_K4B0_AV
EPOC_AV
SW_BIR_AV

| GorgBATHY

Sampled g o/Ha
De(00%) B 78
) 5 (90%) 33
© 4 (75%) O 20
© 2 (50%) (=]
@ 1 (25%) (=)
o 1 (10%) m 0

Rsq: 11.4 %
# nodes: 41

# predictors: 11
SLED frequency: 12
f

1145

Malacostraca Pilumnidae Pilumnus semilanatus
Predictors:
CRS_PO4_AY

SW_K480_AV
SW_BIR_AV |
CRS_0Z_SR
SW_K480_SR
SW_CHLA_SR
CRS_T_AV
GorgBATHY
| crs_s1_av
EPOC_SR Sampled g gHa
Eiicﬁévﬁ\v ©21(100%) ®@ 199
02 © 9 (90%) o 120
© 3(75%) a7
° 2(50%) o 3z
* 1 (25%) o 15
* 1 (10%) ()
Rsq: 8.8 %
# nodes: 43
# predictors: 14
SLED frequency: 11
. 1

118.5

Walacostraca Gonodactylidas Gonodactylacsus g
Predictors:
GorgBATHY
WT_SST_SR
EPOC_SR
FSW_CHLA_av
SWW_K480_aV
VGPM_AV
SW_K480_SR
CRS_SILSR

Sampled g o/Ha
D6(100%) W 11
Q 5 (90%) a7
© 3 (75%) O
@ 2 (50%) =2
° 1 (25%) (=[]
0 (10%) )
Rsq: 2.9 %

#nodes: 3

# predictors: 8

SLED frequency: 17
f

1145

1145

1155

Longitude (7}

Malacostraca Galatheidae Allogalathea elegans
Predictors:
CRS_SI_SR
PAR_AW
CRS_02_SR
FEPOC_AV
SW_CHLA_SR
CRS_PO4_SR
CRS_SI_AV
CRS_NO3_SR
dbS_CRBNT
SW_K490_AV
LCRS_02_AV
CRS_T_AV
CRS_T_SR
SW_CHLA_AY
SW_K490_SR
GorgBATHY
MT_S5T_SR
CRS_PO4_AV
FEPOC_SR
CRS_:

Latitude ()
21 205

215

[
E
Sampled g gHa | £
T 1¢100%) = 1z~
1(30%) 06
0 1(75%) o3
0 (50%) o
0 (25%) =}
0 (10%) m
Rsq: 176 %
#nodes: 51
# predictors: 22

SLED frequency: 12
.

115.5

Lengitude (7}

Pilbara seabed biodiversity

1185

205

21

215

Walacostraca Diogenidae Paguristes dampierensisl
Predictors:
SW_CHLA_SR
GOrgBATHY
CRS_S_SR
[EPOC_3R

VGPM_SR
EPOC_AV

Sampled g o/Ha
1 (100%) -
1 (90%) s
3 1(75%) o 4
31 (50%) o3
0 (25%) o1

0 (10%) m
Rsq: 2.3 %

#nodes: 3

# predictors: 7

SLED frequency: 8
h

1155

118.5

Longitude (7}
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Latitude ()

Latitude (")

Latitude (")

Ophiuroidea (brittle

Latitude ()

2056

21

214

208

21

214

208

21

214

205

21

215

Predictors:
CRS_PO4_AV
CRS_5 AV
CRS_T_AV
FCRS_T SR
EPOC_SR
SW_K490_AV
SW_CHLA_AY
MT_SST_SR
SW_CHLA_SR

Malacostraca Diogenidae Dardanus squarrosus

Sampled g gHa

O3(100%) M 55
O3 (90%) o 38
O 3 (75%) O 24
O 2(50%) o 14
© 1 (25%) oe
© 1(10%) m o
Rsq: 282 %

#nodes: 5

# predictors: 9

SLED frequency: 9
I

1145

1185

Longitude 7}

Predictors:
SW_CHLA_SR
EFF_COVER
CRS_SL_AV
FSW_CHLA_AV
EPOC_SR
CRS_T_AV
GorgBATHY
NT_SST_SR
SW_KASO_AV
EPOC_AV
Lsw_BR_av
CRS_T_SR
Sw_BIR_SR

Malacostraca Diogenidae Dardanus imbricatus

Sampled g gHa
O 11¢100%) @ 29
<3 B (90%) o 19
© 4 (75%) o 1z
° 2 (50%) oe
° 1 (25%) o3
° 1(10%) )

Rsg: 0.1 %
#nodes: 9

# predictors: 13
SLED frequency: 22
!

115.5 118

118.5

Longitude 7}

Predictors:
dbS_GRNSZ
dbS_SORTG
GorgBATHY
FEPOC_SR
dbS_GRAVEL
EPOC_AV
CRS_T_AV
SW_CHLA_SR
SW_CHLA_AV
SW_K490_AV

Malacostraca Alpheidae Synalpheus comatularumed

Sampled g gHa
O 2 (100%) o 44
O 2 (@0%) [m
Q2 (75%) o 23
O 2 (50%) o 14
< 1 (25%) (=3
< 1(10%) m o

Rsq 126 %

#nodes: 33

# pradictors: 10
SLED frequency: 7
I

Latitude (7}

Latitude (7}

Latitude (7

205

21

215

205

21

215

205

21

215

Predictors:

[SW_CHLA_SR
SW_K480_AV
CRS_NO3_SR
SW_CHLA_AV
EPOC_AV
CRS_PD&_AV
GorgBATHY

| REN_BSTRESS

EPOC_SR

Malacostraca Diogenidae Dardanus setifer

Sampled g o/Ha

Degoewy B 73
& 6 (90%) O 42
© 4 (75%) O 23
° 1 (50%) (ST
° 1 (25%) o4
0 (10%) L)
Rsq: 153 %

# nodes: 13

# predictors: 12
SLED frequency: 17
I

1145

1155 118

118.5

Longitude (7}

Pregictors:
CRS_S_SR
SW_BIR_SR
CRS_DZ_AV
FSW_K480_av
CRS_T_SR
EPOC_SR
CRS_NO3_SR
SW_BIR_AV
CRS_PO&_AV
CRS_02_SR

| REN_BSTRESS

Malacostraca Diogenidae Dardanus crassimanus

Sampled g g/Ha
O4p00%) W 80
) 4 (90%) O s4
O 35
o 20
O s
2 1 (10%) m 0

Rsgq: 20.1 %

#nodes: 17

# predictors: 11

SLED frequency: 8
1

1145

1155 118

Longitude (7}

Pregictors:
CRS_PD4_AV
EFF_COVER

CRS_PO4_SR

VGPN_AV
SW_K&S0_AV
EFOC_AV
SW_CHLA_AV

Malacostraca Scyllaridae Thenus australiensis

Sampled g gHa
31006 (100%) W
© 809 (90%) [m]
Oee8(75%) O 17
© 244(50%) B
o 205(25%) O
° 143(10%) M 0

Rsq: 5%

#nodes: 17

# predictors: 8

TRAWL frequency: 7
!

1185

star

1145

1155 118 118.5

Longitude (7}

Predictors:
CRS_NO3_SR
SW_CHLA_SR
CRS_02_AV

FSW_CHLA_AY
CRS_PO4_SR
EPOC_AV
GorgBATHY
SW_K490_AV
dbS_CRBNT
CRS_SI_AV

| CRS_SI_SR

CRS_T_SR

Ophiursidea Ophistrichidas Macrophiothrbx melano

Sampled g gHa
C16(100%) B g9z
Q10 (90%) O 48
G 7 (75%) O 24
@ 2(50%) a 11

0 (25%) o4

0 (10%) m o

Rsg: 4.4 %
#nodes: 11

# predictors: 12
SLED frequency: 15
.

1185

Lengitude (7}

Pilbara seabed biodiversity

Latitude ()

205

21

215

Predictors:
dbS_GRAVEL
dbS_GRNSZ
CRS_02 SR
HcRS_s_3R

Ophiuroidea Ophiotrichidae Macrophiothrix megapofié,

Sampled g oM
335(100%) B 86
) 32 (90%) O s
© 12 (75%) O 40
© 10 (50%) O 24
° 4(25%) =11
2 (10%) m 0

Rsq: 3.9 %
#nodes: 3
# predictors: 4

SLED frequency: 17
f

1145

1155 118

118.5

Longitude (7}

60



Latitude (")

Latitude (")

Latitude ()

Latitude (")

Ophiurcidea Ophiotrichidae Macrophiothrix martensH

Predictors:
CRS_S|AV
dbS_SORTG
« | RBN_BSTRESS w
S FEPOC_SR 8
" | SW_Kas0_sR ' ’
SW_CHLA_SR
SWW_K480_AV
EPOC_AV
SW_CHLA_AV
GorgBATHY £
5 bveru_av S
: Sampled g gHa N
Cro100%) W 107|
T 4% O 67
G 4@75%) O 40
©2(50%) O 21
° (5% O 9
a ° 1 (10%) ] a
& &
Rsg 1.8 %
#nodes: 31
# predictors: 11
SLED frequency: 14
.
114.5 115 115.5 118 116.5
Longitude %)
Ophiurcidea Ophiodermatidae Ophiopsammus ol
Predictors:
CRS_S_SR
GorgBATHY
« | CRS_02_SR w
S FEPOC_SR 8
" | CRS_SLAV ' ’
SW_CHLA_SR
WT_SST_SR
SW_CHLA_AV
CRS_T_AV
CRS_02_AV £
5 kswikeso_av Y
: Sampled g gHa N
Cr10(100%) M 101~
2 9 (90%) O 7o
© 6 (75%) O 45
° 2 (50%) o 28
° 2 (25%) o 92
@ = 1 (10%) ) 2
& &
Rsg 7.3%
#nodes: 21
# predictors: 11
SLED frequency: 5
I
115 115.5 118 116.5
Longitude %)
Ophiuroidea Ophiactidae Ophiactis savignyi
Predictors:
CRS_NO3_AV
VGPM_SR
« | SW_Kdso_av “
g CRS.S SR 2
" | CRS_02_AV . ’
CRS_ND3_SR
CRS_SLAV
EPOC_SR
CRS_PO4_SR
CRS_PO4_AV e
a o ER
’ Sampled g gHa | £
Crarcioo%) W osof ~
© 15 (30%) o z7
0 (75%) o 12
0 (50%) o s
0 (25%) o1
hid 0 (10%) N 2
E &
Rsq 126 %
#nodes: 21
# predictors: 10
SLED frequency: 7
I
114.5 115 118.5 118 11685
Longitude [7)
Ophiursidea Ophiotrichida Ophiomaza cacaotica A%
Predictors: .
CRS_NO3_AV i
CRS_PO4_AV N
o | CRS_S_AV e o
o [CRS_SL_SR - 9
" | EPOC_AV . ’
SW_CHLA_AV
SW_K480_AV
CRS_02_5R
GorgBATHY
dbS_GRAWVEL )

5 LVGPI_SR -
' [eroc_sm Sampled g oa | £
SW_K490_SR O 16(100%) M 18] ~

Q10 (90%) O 54

© 4 (75%) O 24

+ 1(50%) =)

© 1(25%) =3

2 0 (10%) ) a
o o

Rsq: 11.7 %

#nodes: 53

# predictors: 13

SLED frequency: 16

. .

Ophiuroidea Ophiolepididae Ophiolepis unicolor
Predictors:
dbS_SORTG
CRS_NO3_AV

[MT_SST_sR
EPOC_SR
PAR_AY
SW_K480_AV

GorgBATHY
EPOC_AV

Lsw_CHLA_AV
CRS_SI_AV
CRS_02 SR

Sampled g gHa
3 30(100%) M 194
Os1(e0%) O 132
©31(75%) O 85
° B(50%) O 49
©5(25%) @2
C2(10%) Mo

Rsg: 1.9%
#nodes: §

# predictors: 13
SLED frequency: 13
I

1145

1155

Longitude (7}

Ophiuroidea Ophiodermatidae Ophiochasma cf. ste
Predictors:
SW_CHLA_SR

GorgBATHY
FSW_BIR_AV
CRS_SIAV |
EPOC_SR .
CRS_PO4_SR
PAR_AV
CRS_0Z_AV
WMT_SST_&V
| MT_SST_sR

Sampled g gHa
321 (100%) M 248
O 17 (90%) 0O 144
©10(75%) O 80
© 5 (50%) o 40
° 3 (25%) o 16
1 (10%) L)

Rsq: 1%
#nodes: 28

# predictors: 13
SLED frequency: 14
I

1145 1155

Longitude (7}

11

Ophiuroidea Euryalidae Euryale aspera
Predictors:

CRS_NO3_AV

CRS_NO3_SR

CRS_T_SR

dbS_MUD

SW_K480_AV
SW_CHLA_AV
|5W_CHLA_SR

Sampled g gHa
{3106 (100%) M 855
& 84 (90%) O 359
0 37 (75%) o 138
> 13 (50%) O 89
* 5 (25%) o a3
' 3(10%) m o
Rsg: 92 %
#nodes: 19

# pradictors: 11
SLED frequency: 8
1

1145 1155

Longitude (7}

Phaeophyceae (brown algae):

118.5

Phasophyceae Sargassaceas Sirophysalis trinodishy
Predictors: '
CRS_PO4_SR
SW_K480_3R
VGPI_SR
[SW_CHLA_AW
CRS_02_SR
SW_CHLA_SR
GorgBATHY
CRS_SLAV
CRS_S SR
CRE_S_AV
|.crRs T SR
bS_CRBNT
CRE_NOZ_AV

Lengitude (7}

1185

Sampled g oHa
31719 (100%) B 2319
s 188 (90%) O 791
© 31 (75%) O 285
" 9 (50%) O 84
©2(25%) o 2
1 (10%) .o

Rsq:21.2%
#nodes: 25

# predictors: 13
JOINT freguency: 50
.

1145

1155

Longitude (7}

Pilbara seabed biodiversity

118.5
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Latitude (")

Latitude (")

Latitude (")

Latitude (")

208

21

214

208

21

214

208

21

214

208

214

Phasophyceae Sargassaceas Sargassum polycys
Predictors:
CRS_SI_AV
VGPM_AW
PAR_SR
FSW_CHLA_AY
MT_SST_AV f
dbS_SAND
MT_S5T_SR
CRE_T_ER
EPOC_AV
EPOC_SR )
[ VGPNM_SR 2
SW_BR_AV Sampled g oHa | 2
255"35\{2@ Coze(100%) W 120|
Bl ©148(90%) O 83
+ 13 (75%) o 32
. 7 (50%) O 15
- 4(25%) (S
© 2(10%) )
Rsg 46 %
#nodes: §
# predictors: 14
JOINT frequency: 12
L I
1145 115 115.5 118 1165
Longitude ¥}
Phasophyceae Sargassaceae Hormophysa cuneiil
Predictors:
CRS_T_AV
SW_K430_SR
CRS_T_SR
FCRS_S_AV _
MT_SST_SR f
CRS_S_AV
CRS_PO4_SR
EPOC_AV
CRS_NO3_AV
SW_CHLA_AY )
| GorgBATHY 2
SW_CHLA_SR Sampled o gHa | 2
SW_K490_Av Charracioos) W 3401 |
9 1001 (90%) O 1182
© 6(75%) O 380
4 (50%) = 118
't 2(25%) a 30
1(10%) L]
Rsg 5.6 %
# nodes: 25
# predictors: 13
SLED frequency: 9
L I
15 115.5 118 1165
Longitude ¥}
Phaeophyceae Dictyotaceae Dictyota ciliolata
Predictors:
CRS_PO4_AV
CRS_5_SR
CRS_S5_SR
rdbS_CRBNT
VGPM_SR .
CRS_NO3_AV
CRS_PO4_SR
CRS_0Z_SR
CRS_SI_AV
CRS_S_AV [
| CRS_T_SR 2
dbS_ROCK Sampled g gHa z
on Qe 83|’
- ©121(90%) O 245
o 27 (75%) O 105
- 4(50%) o 42
© 1 (25%) 013
* 1 (10%) Ho
Rsq: 147 %
#nodes: 35
# pradictors: 14
SLED frequency: 7
L I
1145 15 1158 118 1185
Longitude (7]
Phagophyceae Dictyotaceae Dictyopteris australis®
Predictors:
VGPM_SR
CRS_PD4_AV
SW_CHLA_SR
FCRE_T_SR
CRS_0Z_AV f
CRS_S_SR
GorgBATHY
GorgSLOPE
RBN_BSTRESS
dbS_ROCK )
LSW_CHLA_AV 2
Sampled g gHa | £
Datoom m7s|
4 (90%) O s4
L 4 (75%) O 36
& 3 (50%) o zz
< 2(25%) o 10
< 1(10%) [ ]
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