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ABSTRACT 

The first systematic benthic survey in the deep sea (200-3000 m) of Australia’s Great Australian Bight (GAB) 

was undertaken in 2015 to characterise the invertebrate megafauna, and to inform the selection of indicators 

and metrics for ecological monitoring ahead of oil and gas exploration. The survey yielded more than 629 

species of invertebrate megafauna; of the 376 species with distributional data, 92 (25%) were undescribed and 

77 were new records for Australian waters. The families and genera present were all known to occur in the 

deep sea and many species had been previously recorded in Australia and worldwide; faunal composition was 

broadly typical for temperate deep-sea regions. The highest diversities (>80 putative species, or Operational 

Taxonomic Units, OTUs) were recorded within the higher taxa Demospongiae, Decapoda, Gastropoda and 

Echinodermata. Multispecies analyses showed clear changes in the assemblage structure with depth; sponges 

and echinoderms dominated the overall biomass and density, with the former being more prominent in 



shallower depths. The assemblage structure is consistent with the GAB being a single provincial-scale 

bioregion, with no longitudinal pattern in assemblage, biomass or density distribution. Approximately 70% of 

species that could be assigned biogeographic data were previously recorded from Australia, with less than half 

(146 species, 39%) previously known from the GAB. Only two described species, the crab Choniognathus 

granulosus and barnacle Arcoscalpellum inum, appear restricted to the GAB; it would be premature to assign 

any undescribed species as having endemic status. The clear eastwards biogeographic affinity of the GAB 

fauna is influenced by the relatively high deep-sea sampling effort to the east off southeastern Australia and 

New Zealand. Our survey of invertebrate megafauna at baseline (unperturbed) sites provides the basis to 

evaluate indicators and metrics using a reference-site monitoring approach. A robust (consistent species-level) 

taxonomic foundation will enable a variety of assemblage-level (composite) metrics (e.g. richness, diversity, 

distinctness) to be derived, and this is possible across several major taxa including Porifera, Cnidaria, Mollusca, 

Echinodermata and Crustacea. Species-level data also permit structural and functional changes (including 

recovery) to be assessed in response to disturbance. Where reference sites should be established can only be 

determined once the exploration phase of industry development is further advanced because the spatial 

scales of potential impact are highly activity-specific. However, our data show the high importance of depth to 

selecting monitoring sites because invertebrate megafaunal assemblage composition (turnover), diversity, and 

abundance are all highly correlated with depth. Conversely, latitude is not important because the central GAB 

is a single biogeographic province. 
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1. Introduction

The Great Australian Bight (GAB), defined here as extending from Cape Pasley, Western Australia to Cape 

Catastrophe off southern Australia (Figure 1), is recognised as a unique marine bioregion on the basis of the 

high species richness and endemism of its near-shore invertebrate fauna (Ward, 2006). Its offshore area also 

has high conservation significance as evidenced by the proclamation of several large marine reserves (DEE, 

2017). However, the conservation values generally attributed to shallow GAB waters are untested in the deep 

sea. Continental slope and rise depths (200-3000 m) of the GAB are characterised by a paucity of data on 

benthic biodiversity to 1000 m, and near-absence of data beyond (Rogers et al., 2013). These deep-sea areas 

make up the majority of the total 425,000 km2 of seabed in the GAB: 20% is continental slope and rise (200-

5000 m) and 45% abyssal depths (> 5000 m), with the remaining 35% being continental shelf in less than 200 

m depth. Most of the GAB seabed is believed to be comprised of soft unconsolidated sediments (Rogers et al., 

2013), although most areas are incompletely mapped or mapped at spatially coarse resolution. 

Until recently, there had also been a paucity of data on epifaunal assemblages of the continental shelf (species 

composition and assemblage structure) and the environmental factors that drive patterns in their distribution 

and abundance (Ward et al., 2006). However, the shelf epifaunal assemblages of the eastern GAB are now 



better known following studies to assess the effectiveness of the Benthic Protection Zone of the GAB Marine 

Park, proclaimed in 1998. These studies found that the species composition of assemblages was significantly 

different among habitats. Sediment grain size strongly correlated with epifauna distribution, biomass and 

species composition, and biomass and species richness were negatively correlated with the percentage of mud 

(James et al., 2001; Ward et al., 2006). Muddy sediments supported lower biomasses and lower number of 

species than coarse sediments. In the single study in deeper water, Currie and Sorokin (2011) found that 

epifaunal species composition was divided into three distinct communities (upper-slope, mid-slope and lower-

slope), related to changes in depth and sediment sorting.  

The deep sea in the GAB may experience an increase in oil and gas exploration following release of oil and gas 

lease blocks. The need for information on the pre-exploitation status of the benthic environment is 

accentuated because oil and gas lease areas extend across areas of conservation significance (e.g. the GAB 

Commonwealth Marine Reserve (CMR), Figure 1). A major science program has been implemented to enhance 

ecological knowledge of the deep GAB: the GAB Research Program (GABRP, 2017). Benthic ecological work 

undertaken as part of this program has included making a collection of invertebrates in 200 to 3000 m depths 

during a survey in 2015 (MNF, 2015). Analysis of the epibenthic invertebrate collection is reported here, with 

the following aims: (1) to document the composition, diversity and assemblage structure of deep-sea 

invertebrate megafauna in the central GAB, including from previously unsampled depths (1500-3000 m); (2) to 

put the GAB invertebrate megafauna in biogeographic context; and (3) consider the characteristics of the 

fauna in regard to the needs for future ecological monitoring of the GAB benthic ecosystem given the 

increasing focus on the development of an offshore oil and gas industry. 

 

2. Materials and methods 

2.1 Survey design 

Field sampling was completed during a survey that aimed to characterise regional ecological properties of the 

central GAB ahead of proposed exploration for oil and gas resources. The survey was designed to sample over 

two gradients along which ecosystem characteristics were expected to vary: depth and east-west (longitude). 

It was based on sampling at 6 depth strata (200, 400, 1000, 1500, 2000 and 3000 m) along 5 north-south 

transects (T1 to T5) at increasing meridians of longitude (Figure 1), i.e. a total of 30 sites. Nomenclature for the 

depth ranges sampled follow those proposed for depth-related patterns in fauna (bathomes) (Last et al., 

2010): 200 m (shelf break); 400 m upper continental slope; 1000 and 1500 m (mid-continental slope); 2000 m 

(lower continental slope); and 3000 m (continental rise). To achieve relatively high sampling density in the 

region of the GAB Commonwealth Marine Reserve (GAB CMR) and active oil and gas leases, one transect (T2) 

was located in the centre of the GAB CMR, and one located at 10 nautical miles either side of the GAB CMR (T1 



and T3). Two others were located in the eastern GAB at 80 and 150 nautical miles distance eastwards from the 

centre of the GAB CMR (T4 and T5 respectively) (Figure 1).  

2.2 Data collection and dataset 

Collections of invertebrate megafauna were made with a beam trawl adapted from an existing beam trawl 

design (Forest, 1981; Lewis, 2010). Its mouth is 4.0 m wide x 0.5 m high; tickler chains are fitted in front of the 

weighted ground rope and the net is made of 25 mm stretch mesh. Tows followed a depth contour to avoid 

large variations in depth within a single sample unit; average towing depth was used to provide a single value 

for each sample. All tows were at a known speed (~2 knots), but tow duration varied, being shortest 

(~20 minutes) at the shallowest sites (200 m) to regulate the catch volume (particularly sponges), and longest 

(~60 minutes) at the deepest sites (3000 m) to increase the volume of catch without reducing the quality of 

specimens. An ultra-short baseline positioning system (USBL beacon) was used to confirm the location and 

bottom-contact distance in a GIS of each tow. Swept area (m2) was estimated for each tow based on the net 

width (m) x tow distance (m). The swept area was used to standardise the sample from each tow into 

estimates of abundance: biomass (g.m-2) and density (individuals per m-2, or ind.m-2).  

For the purpose of this study, invertebrate megafauna was defined as specimens exceeding approximately 10 

mm in length and easily visible to the naked eye. Megafauna collected in the trawls were sorted and identified 

to an operational taxonomic unit (OTU) at sea. Once recorded, the specimen lots were preserved. Material 

that was dead (e.g. empty shells) and all pelagic taxa were excluded from the data set. The ship-board OTUs 

were equivalent to putative species for many groups. Each was given a unique identifier (name and number), 

counted, weighed and a representative sample was photographed. A library of the photographed ship-board 

OTUs was collated for each sample to ensure consistency of naming throughout the survey. Selected taxa were 

examined further by taxonomists who upgraded and/or confirmed the ship-board identifications. Full details 

of the taxonomic identification process, and the final list of species, is provided in MacIntosh et al. (submitted). 

In cases where ship-board OTUs were upgraded, e.g. revised or lots split, the counts and weights of taxa 

recorded at sea were also updated. Records were excluded from analysis if the identification was ambiguous 

between OTUs due to damage from the sampling process; these amounted to 7.5 kg of biological material 

(~3% of the total) identified to 66 higher taxa, the largest fraction of this was 3.7 kg of undifferentiated sponge 

fragments. The final list of taxa with consistent identification to the lowest taxonomic level achieved are 

referred to as OTUs in diversity and assemblage analyses (Table 1). As there was no replicated sampling at 

sites, there was a total of 30 samples; these yielded 217 kg (44349 individuals) of 629 OTUs from 36 taxon 

groups in 11 phyla (Table 1).  

As part of the process to review and improve ship-board taxonomic identifications and where possible, the 

prior known distributions of megafauna species were recorded. The categories identified were ‘undescribed’, 

‘known from the GAB’, ‘known from temperate Australia’ (Perth to Sydney) and ‘known from Australia’; where 



possible, notes on the wider distribution were added. These data were gathered from published literature and 

biodiversity databases including the Atlas of Living Australia (ALA, 2017), Australian Faunal Directory (AFD; 

ABRS, 2009), and Ocean Biogeographic Information System (OBIS, 2017). For the invertebrate taxa, broader 

distributions were further categorised into regions of southwest (Perth to Esperance) and southeast Australia 

(Victoria, Tasmania and New South Wales to Sydney) and the Indian and southern Pacific Ocean regions. As 

the goal was to test affinities with regions neighbouring the GAB, ‘Indo Pacific’ records in the Indonesia-Papua-

Philippine region were not assigned to either Indian or Pacific Ocean. Lastly, species were recorded as 

‘cosmopolitan’ (i.e. known near-worldwide) where supported by literature and occurrence data. The compiled 

distribution data enabled results to be placed in a biogeographic context and provide further insights into the 

potential endemism of species in the deep GAB. 

2.3 Physical covariate data 

A set of environmental data was generated for each sampling station from data that were compiled and 

spatially assigned to a 0.01 degree grid for modelling in other projects from a variety of mostly web-based 

sources (Table 2) (Pitcher et al., 2016 and references therein): 

1. Bathymetry: slope, aspect — based on model bathymetry combined from several sources. The data set 

uses the Geoscience Australia (GA) GA2009 250 m bathymetric product as a background (Whiteway, 

2009). The Western Australian state official coastline (mean tide) was used to define 0 depth and islands. 

Commercial partners provided bathymetric data based upon LiDAR/LADS surveys and the 

Commonwealth Scientific and Industrial Research Organisation (CSIRO) and GA provided surveys based 

on acoustic systems. Australian Hydrographic Service (AHO) and the Western Australian Department of 

Primary Industries and regional Development (WA DPIRD) provided historical soundings. These were 

integrated and processed in swath mapper processing software (CSIRO) into a 0.01 degree gridded 

product. 

2. Sediment: gravel, sand, mud, carbonate — Data sourced from the Australian MARine Sediments 

Database (MARS), Geoscience Australia (Passlow et al., 2005). 

3. Bottom water attributes (annual average and seasonal range): temperature, salinity, oxygen, nitrate, 

phosphate, silicate — Data sourced from the CSIRO Atlas of Regional Seas (CARS) (Dunn and Ridgway, 

2002; Ridgeway et al., 2002). 

4. NASA Ocean colour (SeaWiFS and MODIS): chlorophyll, SST, surface PAR — satellite derived datasets 

(2003-2014) were processed by the Integrated Marine Observing System (IMOS) (Edward King; IMOS, 

2017). 

5. Derived variables: benthic irradiance, primary productivity, exported POC (Particulate Organic Carbon) — 

calculated from ocean colour variables using published algorithms. 



6. Bottom stress, output from the GABRP Theme 1 (Physical Oceanography): Bottom stress was averaged 

over a two year model simulation (2013-2014); maximum and standard deviation were also recorded 

(Middleton et al., 2017a). 

 

Each sampling station was assigned to a 0.01 degree spatial grid in GIS based on the mid- point between the 

gear touching bottom and being lifted off the seafloor, and the environmental data from this grid cell was 

used. A total of 36 environmental predictor variables (including the deployment depth and Latitude / 

Longitude position) were available (Table 2). 

 

2.4 Analysis methods 

The swept area of each tow was used to calculate standardised estimates of abundance for each sample 

individually: biomass (g.m-2) and density (number of individuals per square metre – ind.m-2). These estimates 

were combined to calculate an average biomass and density for each OTU (and taxon group) for each depth 

stratum across transects and each transect across depths (Supplementary Material, Table S1 & S2). 

Richness and taxon distributions were examined using summary statistic and randomly permutated species 

accumulation in PRIMER v7 (Clarke and Gorley, 2015). Average richness, biomass and density were compared 

between depth strata and transects using 2-way ANOVA without replication (assuming no interaction between 

the two factors). Bonferroni post hoc tests were used to identify any pairwise differences for significant main 

effects. Analyses were done using GraphPad Prism v5.02 software (http://www.graphpad.com/).  

Differences in the OTU-level assemblage structure were examined using Permutational Multivariate Analysis of 

Variance (PERMANOVA; Anderson, 2001) and Principal Coordinate Analysis (PCO) (Torgerson, 1958; Gower, 

1966; Anderson et al., 2008) for both biomass and density. The PERMANOVA was used to examine differences 

between depths and transects; for significant results in the main test, a post-hoc pairwise test was used to 

determine where differences lie. Both factors (depth and transect number) were treated as fixed, and 9999 

permutations of residuals under a reduced model were used. All analyses were performed on square-root 

transformed data, and the Bray-Curtis similarity measure was used. The multivariate correlation between 

density and biomass was examined using the RELATE procedure (Clarke and Gorley, 2015).  

To examine the relationship between assemblage structure and the environmental covariates, distance-based 

linear models (DISTLM) with distance-based redundancy analysis (dbRDA) was used (Legendre and Anderson, 

1999; McArdle and Anderson, 2001; Anderson et al., 2008), with 999 permutations of the data, and using the 

‘best’ selection procedure that uses the adjusted R2 criterion to select the best model of all possible models. 

The set of 36 environmental predictor variables included in the dbRDA was a priori reduced to 30 by removing 

measures of variability, seasonal range (SR), maximum (MAX), or standard deviation (SD), in an environmental 



factor, where these were highly correlated (R > |0.9|, Draftsman plot) with another measure of the same 

factor. Thus, BIR_SR, SST_MAX, NPP SR, PAR_SR, EPOC_SR and BSTR_SD were excluded. Preliminary DISTLM 

analysis was used to further reduce the set of predictor variables; of highly correlated (R > |0.9|) variables only 

the one ranked highest in the marginal tests was retained in the final DISTLM analysis (Table 3). All 

multivariate analyses were performed in PRIMER v7 (Clarke and Gorley, 2015) and PERMANOVA+ for PRIMER 

(Anderson et al., 2008). 

 

3. Results 

3.1 Composition and diversity 

The total of 629 invertebrate OTUs did not represent the full diversity of the deep GAB based on the trajectory 

of a rarefaction curve which showed no close approach to an asymptote (Figure 2). Richness is also under-

estimated because some of the 629 OTUs were not identified to species level, e.g. bryozoa and hydrozoa 

(Table 1), and are likely to represent many species.  

Richness (number of OTUs per sample) varied by depth but not longitude. Depth accounted for 67.1% of the 

variance, contributing significantly to a difference in the richness per depth stratum (ANOVA: F5,4=10.27, 

P< 0.0001), whereas transect contributed a non-significant 6.7% of the variance (F5,4=1.28, P=0.31). Richness 

was highest (~75 OTUs per sample) at the shelf edge and upper slope (200 and 400 m depths respectively), 

and relatively low (~35-40) between 1000 and 3000 m (Figure 3a). The Bonferroni test showed the significant 

differences between depths were between the 200 m stratum and all depths > 1500 m, and between the 

400 m stratum and the 1000, 1500 and 2000 m strata. There was no clear difference in the average number of 

taxa from west (T1) to east (T5) (Figure 3b).  

Relatively few (185, 29%) OTUs were captured more than twice; 330 were singletons (52%) and 114 

doubletons (18%). Only 3 species-level OTUs were collected in more than half of the 30 samples: Parapagurus 

richeri (hermit crab, 18 samples), Ophiomusium lymani (brittlestar, 17 samples), and Nematocarcinus 

productus (carid shrimp, 16 samples). The sub-class-level OTU ‘undifferentiated hydroids’ was also observed in 

16 samples, however, this likely represents a number of species.  

 

3.2 Abundance (biomass and density) 

Megafaunal abundance (biomass and density) was relatively high in shallow depths (200-400 m) and 

consistently low in deep (>1500 m) strata, but there was some inconsistency in trend around 400 to 1000 m 

between the two measures of abundance (Figure 4a, c). Average biomass was highest at 200 m depth (2.2 gm-

2), followed by the 1000 m (1.3 gm-2) and 400 m strata (1.0 gm-2); biomass was less than 0.6 gm-2 in depths 

> 1500 m (Figure 4a). However, high variability within depths meant that these differences were not significant 



(ANOVA: F5,4=2.54, P=0.062), and neither was the transect effect (F5,4=0.89, P=0.49) (Figure 4b). Average 

density was highest (0.5 ind.m-2) at 400 m depth, relatively high at 200 m (0.3 ind.m-2) and evenly low (~0.1 

ind.m-2) in deeper depths (Figure 4c). This density pattern with depth was significant (ANOVA: F5,4=4.10, 

P= 0.01), and explained 44.7% of the variation in density, but again there was no transect effect (F5,4=1.35, 

P=0.29) (Figure 4d). The Bonferroni test showed the significant differences between depths were between the 

400 m stratum, and the 1000 and 2000 m strata. 

 

The assemblage composition of invertebrate megafauna changed markedly with depth, as measured by 

biomass and density of dominant higher level taxa (the 10 taxa making up 90% of total biomass and 89% of 

total density, respectively, Figure 5a & c; Table S1 & S2). Most striking was the overall dominance of sponges 

(Demospongiae), brittlestars (Ophiuroidea) (biomass and density), and sea cucumbers (Holothuroidea) 

(biomass) (Figure 5a & c). Sponges were highly dominant (biomass and density) in the three shallowest strata, 

making up the majority (53%) of biomass in the shelf break depth stratum (200 m) and 41% in the 1000 m 

stratum – the depth strata where average biomass was greatest (Figure 4a). Sea cucumbers and brittlestars 

were always amongst the dominant taxa (biomass and density in all depth strata), although both groups made 

up small proportions (< 8%) in the shelf break stratum (200 m). Brittlestars had intermediate to high fractions 

of biomass (~15-59%) and density (> 41%, except for 12% at 1000 m) in all deeper strata, and exceptionally 

high density (> 80%) at 1500 and 2000 m. Sea cucumbers (relatively large in body size compared to brittlestars) 

made up small proportions of density in all strata, but were conspicuously dominant in biomass at 2000 m and 

3000 m depth (>37%). Other noteworthy patterns amongst the dominant taxa (Figure 5a & c) were the 

biomass (15%) and density (22%) of tunicates (Tunicata) at 200 m; biomass (25%) and density (13%) of stony 

corals (Scleractinia) at 400 m; density (21%) of calcareous sponges (Calcarea) at 200 m depth; and the 

presence of crustaceans (Decapoda) among dominant taxa in all strata, but at consistently low (< 10%) 

proportions of biomass and density.  

The assemblage composition (higher level taxa) across transects (longitude) was relatively consistent for both 

biomass and density compared to the differences between depth strata (Figure 5b & d). The dominant taxa 

overall, sponges (Demospongiae) (biomass and density), brittlestars (Ophiuroidea) (especially density), and sea 

cucumbers (Holothuroidea) (especially biomass), were conspicuous on all transects, and many other taxa 

(Tunicata, Echinoidea, Scleractinia, Asteroidea, Decapoda, Gastropoda and Calcarea) were dominant on all 

transects. Some smaller-bodied (lighter) taxa (Calcarea, Bryozoa, Bivalvia) were dominant only in density, and 

some larger-bodied taxa (Echinoidea, Octocorallia, Asteroidea) only in biomass (Figure 5b & d). Despite the 

overall consistency in presence of dominant taxa across transects, there were some notable differences 

between transect (longitudinal) within taxa: brittlestar (Ophiuroidea) biomass was higher on transects T3 and 

T5 than on other transects, and relatively high biomasses of urchins (Echinoidea) and octocorals (Octocorallia) 



were observed on T4 (Figure 5b). The relatively higher densities of Bryozoa on T1 and of brittlestars 

(Ophiuroidea) on T4 were also noteworthy (Figure 5d).  

 

3.3 Assemblage structure 

Invertebrate assemblages were most strongly structured by depth, as shown by the dbRDA plot (Figure 6), 

although there is little separation between the 200 and 400 m strata. RDA and PCO results were very similar; 

only the dbRDA plots are shown here (Figure 6). The first two PCO-axes explained 25.0% and 27.6% of the 

variation in the biomass and density data, respectively. The depth effect in the PERMANOVA is highly 

significant for both the biomass and density data (pseudo- F5,4=5.464, P=0.0001 and pseudo- F5,4=5.963, 

P=0.0001, respectively). The pair-wise tests showed there were only few instances with no differences 

(P>0.01). These were for biomass between the 1500 m stratum and its two adjacent strata, and between 

200 m and 1000 m depths. There were no differences for density in the pair-wise comparison between all 

strata below 1000 m, and between the 1000 m and 1500 m strata. The transect effect was non-significant in 

the PERMANOVA (biomass: pseudo- F5,4=1.087, P=0.226; density: pseudo- F5,4=1.072, P=0.2645), thus there 

was no east-west pattern discernible in the data. Similarity patterns based on biomass and density data are 

highly correlated (RELATE analysis: Rho= 0.971, P=0.1%).  

The marginal tests of the DISTLM analysis showed significant (P = 0.001) contribution by 25 of the 30 tested 

predictor variables, each accounting for between 11% or 13% (GA CRBNT) and 19% or 22% (CRS_O2_AV) of the 

variation in the assemblage data based on either biomass or density (Table 3). For sets of highly correlated (R > 

|0.9|) variables, only the one ranked highest in the marginal tests was retained in the final DISTLM analysis 

(Table 3). 

The best solution (based on all possible combinations of predictor variables) for explaining the patterns of 

invertebrate assemblage structure was reached by using 17 (biomass) or 16 (density) of the 21 tested 

predictor variables (biomass: adjusted R2 = 0.50; R2 = 0.79; density: adjusted R2 = 0.50; R2 = 0.78) (Table 3). 

Average of oxygen, salinity and temperature were the most influential variables accounting for 39% (total 

79%) explained variation in the biomass model, and oxygen, silicate and salinity in the density model 

(accounting for 40%; total 78%). The first two axes of the associated dbRDAs explained 30.57% and 33.49% of 

the individual variation, and 38.62% and 43.11% of the fitted model for biomass and density data respectively 

(Figure 6). The variables with the highest correlations (>0.3) to the first two axes were: average silicate, 

proportion of sand, average temperature and seasonal range of nitrate in bottom waters for both biomass and 

density data; in addition, slope and average oxygen were also correlated to the first two axes of the biomass 

dbRDA (Figure 6). Silicate is highly correlated with depth and sand is correlated to mud; temperature and 

oxygen are both proxies for a range of chemical characteristics of bottom water (Table 3). Biomass of 

Ocrocoralia, Scleractinia and Tunicata is positively correlated with the 1st RDA axis, while Decapoda and 



Holothuroidea biomass show high, but opposite correlation with the 2nd RDA axis (Figure 6a). Densities of most 

dominant taxa are positively correlated with the 1st RDA axis (Figure 6b) 

3.4 Biogeography  

Of the 629 invertebrate OTUs, 376 identified to species-level (60%) possessed sufficient distribution data for 

analysis. Of these species, the majority (261, 70%) were previously recorded from Australia, with 146 (39%) 

previously recorded from the GAB. A quarter (92) of species were undescribed, though 15 of these were 

previously collected from temperate Australia but remain undescribed. This left 77 species (21%) that are not 

only undescribed but are currently known only from the GAB (Table 4). 

Only a small number of described species (37, 10% of the sub-total identified to species-level) had not been 

previously collected in Australian waters and represent new occurrence records for Australia. A larger 

proportion (n=110, 29%) were known from other regions in Australia, but were new records for the GAB. 

Roughly a quarter of described species (n=88) are to date known only from Australian waters, but only two 

species (excluding undescribed species) could be confidently assessed as endemic to the GAB (having been 

previously recorded in the GAB and nowhere else since) (Table 4). 

In terms of broader distributions and biogeographic affinities, more species were associated with southeastern 

(183, 49%) compared to southwestern Australian waters (104, 28%). Extending further to adjacent ocean 

basins, over twice as many invertebrate species were recorded from the southern Pacific (149, 40%), 

compared with the Indian Ocean (64, 17%). A small proportion (22, 6%) of species were known to have 

cosmopolitan distributions in the deep sea (Table 4). 

 

4. Discussion 

4.1 Composition, diversity and assemblage structure of megabenthic invertebrates 

Our deep-sea survey represents a highly successful systematic sampling of the deep GAB; more than 44,000 

specimens of > 600 species were collected. The beam trawl appeared to be well suited to sampling on deep 

sediments as a wide range of mobile and sessile epibenthos was collected, and there was no obvious selection 

bias for particular taxa. A total of 92 species (25%) were undescribed and 77 of these were collected for the 

first time. This high level of taxonomic novelty was consistent with other recent deep-sea sampling off 

Australia (Williams et al., 2010a; Poore et al., 2015) and worldwide (Glover et al., 2002; Brandt et al., 2007; 

Ellingsen, 2007). In addition, the high level of apparent rarity (52% of species known from a single sample) was 

consistent with findings of deep-sea surveys off Australia (Williams et al., 2010a; Poore et al., 2015) and more 

broadly (Grassle and Maciolek, 1992; Ellingsen, 2007).  

The composition of the deep GAB invertebrate epifauna was broadly typical for temperate deep-sea regions. 

The families and genera present were all known to occur in the deep sea, and many of the GAB deep-sea 



species had been previously recorded off temperate Australia and from temperate waters worldwide, e.g. 

Annelids (Alalykina, 2013; Shields and Blanco-Perez, 2013), Molluscs (Allen, 1983; Knudsen, 1970; Scarlato, 

1981), Crustaceans (Brandt et al., 2007; Poore et al., 2008; Knox et al., 2012), Echinoderms (Hansen, 1975; 

Rodrigues et al., 2011; Stohr et al., 2012). Consistent with previous deep water sampling in Australia (Williams 

et al., 2010a; 2011), the highest diversities (> 80 OTUs) were recorded for within the Demospongiae, 

Decapoda, Gastropoda and the combined Echinodermata (Table 1). Cnidaria, particularly corals, were less 

diverse and abundant than in a similar survey in the Tasman Sea (Williams et al., 2011), but that is attributable 

to substrata sampled – muddy sediments in the GAB compared to a higher proportion of rocky habitats in the 

Tasman Sea survey.  Sponges and echinoderms dominated the biomass and density, with the former being 

more prominent in shallower depths. Similar patterns were reported from canyon habitats in the GAB (Currie 

and Sorokin, 2014) and another deep-sea survey on the adjacent Australian west coast (Williams et al., 2010a). 

Tunicates were abundant at the shelf break (200 m depth stratum) which is consistent with Ward et al.’s 

(2006) description of the GAB shelf epifauna. The depth strata targeted in this study were based on generally 

reported bathymetric patterns in the deep sea: clearly defined shifts in community structure across the 

continental slope from the shelf edge ~200 m depth to the continental rise (~4000 m depth) (e.g. Schiaparelli 

et al., 2016), and mirroring the depth-related ‘bathomic’ structure observed in the Australian ichthyofauna 

(Last and White, 2011). Our analyses confirmed that these generalised bathomic patterns hold true for the 

epibenthic communities in the GAB deep sea, and are consistent with previous observations elsewhere in 

temperate Australia (Williams et al., 2010a, Currie and Sorokin, 2011; Thresher et al., 2014). We found no 

longitudinal pattern in assemblage structure, biomass or density distribution from the central and eastern 

GAB, despite summertime upwelling driving higher productivity in the eastern GAB (Middleton et al., 2017b).  

A result which is consistent with the concept of the GAB being a single provincial-scale bioregion as identified 

previously from the distribution of brittlestars (O’Hara, 2008), fishes (Last et al., 2005), and assorted epifaunal 

data from museum databases (Tanner et al., submitted).  

The dominance of depth patterns in both the environmental variables and the assemblage structure appears 

to account for the high (>0.10) individual and overall (nearly 80%) explanatory power of the most influential 

environmental co-variates in the DISTLM analysis. Our study area, along the south-facing coastline of the GAB, 

spanned four degrees of longitude, but a relatively small range of latitude; in this region, latitude is highly 

correlated with depth. Similar analyses of sponges (Fromont et al., 2012) and crustaceans (McCallum et al., 

2013) along the adjacent western Australian margin found much lower fractions of faunal variation explained 

by environmental covariates – 37% and 25% respectively. The contrast to our findings appears to be linked to 

two aspects of the sampling design of the western Australian studies.  First, they were both structured by 

depth but also strongly and independently by latitude, following the north to south western Australian 

coastline spanning over 14 degrees of latitude. Second, the western Australian studies included sampling sites 

on both soft sediment and hard bottom. Rowden et al. (2016) found that substrate diversity (after depth) was 



the most important variable explaining differences in deep-sea community structure among all samples; 

similarly, bottom hardness was an influential variable in the McCallum et al. (2013) study. Bottom stress, 

which may have been expected to influence the distribution of filter feeding epifauna such as sponges and 

corals, had no strong explanatory power in our model. There is a complex current system overlaying the study 

area that generates year-round downwelling in the central GAB and seasonal upwelling on the eastern part of 

our study area (Middleton et al., 2017b). However, the long-term averages of chemical and physical water 

quality characteristics on the slope vary little within depth ranges across the four degrees of longitude we 

sampled (Pitcher et al., 2016 and references therein). 

 

4.2 Biogeographic affinities of central GAB fauna 

These survey data enable the GAB deep-sea fauna to be placed in a broader biogeographical context, in part 

because the data are comparable (species-level taxonomy) to recent biodiversity surveys in adjacent regions – 

western Australia (McEnnulty et al., 2011) and south eastern Australia (Poore et al., 1994). 

Results show an eastwards biogeographic affinity, suggesting that the deep GAB is not an equal mixing zone 

between western and eastern fauna. Within Australia, there was a noticeably stronger overlap in species 

distributions with southeast (n=183 species, 49%) than southwest waters (n=104 species, 28%). This pattern 

was also true for adjoining ocean basins, with over twice as many species previously recorded from the 

southern Pacific Ocean (n=149) than from the Indian Ocean (n=64). This pattern was more dramatic when 

factoring for species that occur in only one adjacent region, with 90 species (24%) found in the southern Pacific 

Ocean but not the Indian Ocean, but only six species (<2%) from the Indian Ocean but unknown from the 

Pacific Ocean. The mechanism driving this trend is unknown and may be due to factors such as the higher 

availability of slope-depth habitats in the southern Pacific Ocean, combined with higher sampling effort (Richer 

de Forges et al., 2000; Williams et al., 2006).  

A small proportion of species (6%) are recorded as having “cosmopolitan” distributions; occurring effectively 

worldwide in the deep sea. Several of these species, including the echinoderms Enypniastes eximia Théel, 1882 

and Ophiomusa lymani (Wyville Thomson, 1873) were amongst the most abundant species in the benthic 

sampling. Wide distributions have long been thought to be common in the deep sea (Gage and Tyler, 1991; 

Stuart and Rex, 2003), but further taxonomic revisions and genetic analyses may separate some of these 

cosmopolitan species into multiple cryptic species (Brandt et al., 2012). 

Approximately 70% of the species that could be assigned biogeographic data were previously recorded from 

Australia, although only 39% (146 species) were previously known from the GAB. Despite this, endemism of 

the deep-sea GAB epifauna is apparently low, with only two described species, the crab Choniognathus 

granulosus (Baker, 1906) and barnacle Arcoscalpellum inum Zevina, 1981 known only from the GAB.  



Seventy-seven species were undescribed and known only from the GAB, however, it would be premature to 

assign them as having endemic status. Because these surveys sampled deeper than any previous survey in 

Australia it is highly likely that many of these new species are a result of exploring new depth ranges, as 

opposed to geographic areas. To ascertain whether the deep GAB has an endemic fauna, further sampling at 

similar depths (>2500m) must be conducted elsewhere. 

 

4.3 Utility of the data for ecological monitoring 

Scientific interest in indicators of status change in marine ecosystems has increased rapidly in response to 

national and international policy requirements for ecologically sustainable development, and societal demands 

for ecosystem-health reporting (Hayes et al., 2012). For the Australian government, these imperatives create a 

need to assess the status of marine ecosystems at a variety of spatial and temporal scales. These include local 

to regional-scale assessments associated with anthropogenic activities such as oil and gas extraction within 

individual or clusters of lease blocks; such assessments inform national-scale state of the environment 

reporting that meets national and international obligations (Hayes et al., 2012). Ecological indicators are a key 

element of monitoring for assessing and reporting environmental changes, but deciding what variables and 

indicators should be measured is difficult (Hayes et al., 2015). Thus, whilst there are many candidate biological 

variables, there is little consensus on what to use because biological and ecological characteristics are 

complex, temporally and spatially variable in importance, and their interactions not well-understood (Fischer 

and Grimes, 2012).  

The design of any monitoring program, and the basis for identifying suitable indicators and metrics, should be 

driven by the management questions that need to be addressed (e.g. Hammerstrom et al., 2012; Hayes et al., 

2015; Kropp, 2004; Peterson et al., 2001 ). Further, in the context of oil and gas activities, environmental 

monitoring needs to be relevant to the phase of development (e.g. exploration, production, decommissioning) 

and the different potential effects resulting from them (Cordes et al., 2016; Green, 2005). However, whilst the 

international regulations for habitat protection during industry development typically include conservation 

objectives matched to requirements for environmental impact assessments (EIA), environmental approvals, 

and/or ecological monitoring programs, there are many examples of jurisdictions where there are no explicit 

objectives or prescribed methodology for completing assessments (Cordes et al., 2016; Table 5). Australia, 

including the GAB, is one such area.  

The objectives in the management plans of several Australian authorities that regulate industries (oil and gas, 

and fishing), and biodiversity conservation (to meet federal and international obligations) are only broadly 

specified and interdependent. All link to Australia’s Environmental Protection and Biodiversity Conservation 

Act 1999 (EBPC Act), which does not specify details for monitoring, indicators, or metrics. In addition, most 

experience in Australia is from relatively shallow (continental shelf) depths (e.g. Chevron, 2013) and this may 



provide little basis for direct inferences into deep-sea environments (Gage, 2001) – including because 

ecological processes in deep-sea environments operate and respond to anthropogenic pressures at a relatively 

slow tempo (McClain and Schlacher, 2015; Williams et al., 2010b). In summary, there are no clear pre-existing 

directions within the Australian jurisdiction to inform the selection of appropriate indicators and metrics for 

ecological monitoring of benthic ecosystems in the deep GAB. 

Our survey of deep-sea invertebrate megafauna at baseline (unperturbed) sites provides the basis to evaluate 

indicators and metrics in future comparisons – a reference-site monitoring approach (Cordes, 2016; Hayes et 

al., 2015). We identified several opportunities to develop indicators and metrics by considering the data at 

both species- and assemblage-level (Table 5). Many of the opportunities are underpinned by establishing a 

robust (consistent species-level) taxonomic foundation for the collections taken during this and other studies 

(MacIntosh et al., submitted). This is essential to generate robust metrics for species- and assemblage-level 

indicators, and subsequently develop knowledge about community structural and functional changes 

(including recovery) in response to disturbance (Carney, 1997; Kropp, 2004). Monitoring the presence or 

abundance of individual species has potential to track the status of ecosystem engineers, endemics, and 

threatened/ endangered elements – all of which have significance for biodiversity conservation objectives. 

Monitoring sentinel species, those sensitive or tolerant to known stressors, may be possible but responses to 

either natural or human-induced stressors must be known to account for possible shifts in tolerance along 

natural environmental gradients and between biogeographic regions (Zettler et al., 2013). In the GAB, sentinel 

species include cold-water corals aggregated on seamounts that were not sampled in this study, but which are 

known from other surveys (Williams et al., 2016). 

Data collected from the GAB resolved to species-level will enable a variety of assemblage-level (composite) 

metrics (e.g. richness, diversity, distinctness) to be derived, and this is possible across several major taxa (Table 

5). Species-level data also permit the effect of data aggregation on the ability to detect community changes 

(taxonomic sufficiency) to be examined. Data aggregated at higher levels may still be informative (Dauvin et 

al., 2003; Olsgard et al., 1997; Vanderklift et al., 1996), however, Gage (2001) suggested that this is premature 

for the deep sea and that, before any such approach is implemented, testing against baseline species-level 

data is necessary. Robust taxonomy identified a high proportion of rarely-seen species in the GAB, a common 

observation in deep-sea fauna (e.g. Gage, 2001; Poore et al., 2015; Williams et al., 2010a). This implies a need 

for highly replicated sampling to generate representative assemblage-level metrics, but adequate 

representation of rare species in large numbers of samples will have little effect on analyses (Carney, 1997), 

especially when data are transformed to emphasise the ecological similarities of more abundant species 

(Olsgard et al., 1997).  

Where reference sites should be established can only be determined once the exploration phase of industry 

development is further advanced because the spatial scales of potential impact are highly activity-specific (e.g. 



Cordes et al., 2016). However, our data clearly show the high importance of depth to site selection. In our 

data, in common with other studies of megabenthos in Australian waters (e.g. Williams et al., 2010a) and more 

generally (Carney, 2005), assemblage composition (turnover), diversity, abundance and the proportion of 

endemic species are all highly correlated with depth. Conversely, latitude is not important because the central 

GAB is a single biogeographic province. The GAB CMR has potential to provide reference sites, but it is overlain 

by active oil and gas lease blocks; the GAB more generally has a history of bottom trawl fishing in depths to 

about 1200 m, including on seamounts. Impact history is a factor that needs accounting for when reference 

sites are considered.  

Comprehensive sampling of a large poorly known area such as the deep sea in the GAB is not realistically 

feasible. Therefore, the use of physical surrogate data available at broad scales (remotely sensed 

oceanographic, hydrographic or acoustic data) is attractive for generating predictive maps of biodiversity and 

habitat distributions so that their spatial extents and changes in them can be used as indicators. This has been 

done successfully for macrobenthos in the Gulf of Mexico where Wei et al. (2010) found zonal patterns of 

macrobenthos composition were correlated with depth and detrital particulate organic carbon (POC) export 

flux estimated from remotely-sensed phytoplankton pigment concentrations in the surface water. Similarly, in 

the North Atlantic, Johnson et al. (2007) found a relationship between the variance in benthic standing stock 

(biomass and abundance of deep-sea macrobenthos) and estimated particulate organic content (POC) flux at 

depth (derived from SeaWiFS satellite colour imagery). These analyses may be possible for the GAB, but the 

density, quality and relevance of physical covariate data available for the region is yet to be fully evaluated. 

Experience elsewhere (e.g. Anderson et al., 2016; Rowden et al., 2017) shows that model validation is a key 

step for successfully using environmental surrogates to map deep-sea biological distributions. 
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Figure 1 Map showing the study area in the central Great Australian Bight (GAB): sampling sites occur on 

transects T1 to T5, arranged from west to east, at six depth strata: 200, 400, 1000, 1500, 2000 and 3000 m. 

Also shown: relevant isobaths (labelled); proclaimed Commonwealth Marine Reserves (shaded light blue); 

active oil and gas lease blocks (black boundaries). Inset: Sampling location in relation to Australia.  

Figure 2 Rarefaction curve showing the accumulation of invertebrate OTUs over 30 samples (999 perm.) 

Figure 3 Richness of benthic invertebrates (measured as the average number of OTUs collected per sample) by 

(a) depth stratum (N=5) and (b) transect (T1-T5, west to east) (N=6); bar = SE. 

Figure 4 Abundance (biomass and density) of benthic megafaunal invertebrates in beam trawl samples by 

depth stratum and by transect (T1-T5, west to east): (a & b) average biomass per sample; (c & d) average 

density per sample. Number of samples per depth N=5, per transect N=6; bar = SE; ANOVA results are 

shown on each graph. 

Figure 5 Assemblage composition based on percentage contribution of the 10 most dominant high level taxa 

(those making up >90% of the standardised biomass or >89% of the standardised density): average biomass 

by (a) depth stratum, (b) transect and average density by (c) depth stratum, (d) transect. The remaining 

taxa (~10% of totals) summed into ‘other’. 

Figure 6 Distance based RDA based on the selected predictor variables from the DISTLM on (a) biomass and (b) 

density of epibenthic invertebrate fauna in the GAB (coloured by depth and labelled with transect number 

1-5). The overlay graph is limited to the variables that have a correlation to the RDA axes of >0.3; circle 

indicates correlation of 1. Vector correlations of the 10 most dominant taxon groups by biomass and 

density respectively are shown on the graphs (data transformation: square-root; similarity measure: Bray-

Curtis) 

  



Table 1 List of higher level taxa included in analyses showing the total number of OTUs and a summary of the taxonomic resolution 
achieved for each OTU within each taxon. 

 Number 
OTUs 

Number OTUs at respective taxonomic level 

Taxon group Species Genus Family 
Sub-
order Order 

Sub-
class Class Phylum 

Phyl. Porifera 
         

Calcarea 30 27 3 
      

Demospongiae 118 108 9 1 
     

Hexactinellida 18 18 
       

Phyl. Cnidaria 
         

Actiniaria 34 33 1 
      

Corallimorpharia 2 2 
       

Hexacorallia 1 
    

1 
   

Hydrozoa 2 
  

1 
  

1 
  

Octocorallia 24 22 2 
      

Scleractinia 9 9 
       

Siphonophorae 1 1 
       

Zoanthidea 1 
    

1 
   

Phyl. Nemertea 1 
       

1 

Phyl. Priapulida 1 
       

1 

Phyl. Sipuncula 6 6 
       

Phyl. Brachiopoda 3 3 
       

Phyl. Bryozoa 1 
       

1 

Phyl. Annelida 
         

Hirudinea 1 1 
       

Polychaeta 27 16 11 
      

Phyl. Mollusca 
         

Aplacophora 3 3 
       

Bivalvia 22 22 
       

Cephalopoda 14 14 
       

Polyplacophora 1 1 
       

Scaphopoda 4 4 
       

Gastropoda 80 76 2 2 
     

Phyl. Echinodermata 
         

Asteroidea 43 41 1 1 
     

Crinoidea 1 1 
       

Echinoidea 11 8 3 
      

Holothuroidea 15 14 1 
      

Ophiuroidea 33 32 1 
      

Phyl. Arthopoda 
         

Cirripedia 14 14 
       

Decapoda 81 80 
  

1 
    

Isopoda 12 11 1 
      

Lophogastrida 1 1 
       

Stomatopoda 1 1 
       

Pycnogonida 9 9 
       

S-Phyl. Tunicata 4 
  

3 
   

1 
 

Grand Total 629 578 35 8 1 2 1 1 3 

  



Table 2 Environmental variables compiled for consideration as explanatory factors in community analyses 

Variable Description Units Source 

DPTH_AV Average of start and end depth of gear deployment m  Survey data 

LAT_MID Latitude of midpoint of gear deployment °  Survey data 

LONG_MID Longitude of midpoint of gear deployment °  Survey data 

GA_SLOPE Slope derived from bathymetry DEM ° 1 Bathymetry 
DEM 

GA_ASPECT Aspect of slope derived from bathymetry DEM ° 1 Bathymetry 
DEM 

GA_CRBNT Sediment carbonate (CaCO3) composition %CaCO3 2 MARS 

GA_GRAVEL Sediment gravel grainsize fraction, (Ø > 2 mm) % 2 MARS 

GA_SAND Sediment sand grainsize fraction, (63 ?m < Ø < 2 mm) % 2 MARS 

GA_MUD Sediment mud grainsize fraction, (Ø < 63 ?m) % 2 MARS 

CRS_NO3_AV Nitrate bottom water annual average NO3  

M 
 

3 CARS 

CRS_NO3_SR Nitrate Seasonal Range M 3 CARS 

CRS_PO4_AV Phosphate bottom water annual average PO4 M 3 CARS 

CRS_PO4_SR Phosphate Seasonal Range M 3 CARS 

CRS_O2_AV Oxygen bottom water annual average O2 mL. L
-1

  3 CARS 

CRS_O2_SR Oxygen Seasonal Range mL. L
-1 

 3 CARS 

CRS_S_AV Salinity bottom water annual average S ‰ 3 CARS 

CRS_S_SR Salinity Seasonal Range ‰ 3 CARS 

CRS_T_AV Temperature bottom water annual average T °C 3 CARS 

CRS_T_SR Temperature Seasonal Range °C 3 CARS 

CRS_SI_AV Silicate bottom water annual average SI  

M 
 

3 CARS 

CRS_SI_SR Silicate Seasonal Range M 3 CARS 

CHLA_AV Chlorophyll annual average from SeaWiFS mg.m
-3

 4 NASA Ocean 
colour 

CHLA_SR Chlorophyll Seasonal Range mg.m
-3

 4 NASA Ocean 
colour 

NPP_AV Net Primary Production annual average from SeaWiFs mg C m
-2

day
-1

 4 NASA Ocean 
colour 

NPP_SR Net Primary Production seasonal range mg C m
-2

day
-1

 4 NASA Ocean 
colour 

PAR_AV Photosynthetically Active Radiation (PAR) from MODIS E m
-2

day
-1

 4 NASA Ocean 
colour 

PAR_SR Photosynthetically Active Radiation seasonal range E m
-2

day
-1

 4 NASA Ocean 
colour 

SST_AV Sea Surface Temperature annual average from Modis °C 4 NASA Ocean 
colour 

SST_MAX Sea Surface Temperature maximum monthly average °C 4 NASA Ocean 
colour 

BIR_AV Benthic Irradiance annual average, BIR = PAR × $e^{-
\text{K490}\times\textDepth}$ 

E m
-2

day
-1

 5 Derived 
variables 

BIR_SR Benthic Irradiance Seasonal Range E m
-2

day
-1

 5 Derived 
variables 

EPOC_AV Export Particulate Organic Carbon flux annual average from 
SeaWiFs 

mg C m
-2

day
-1

 5 Derived 
variables 

EPOC_SR Export Particulate Organic Carbon seasonal range mg C m
-2

day
-1

 5 Derived 
variables 

BSTR_AV Bottom stress Average - mean over 2 year model simulation N m
-2

 6 BENTHIS (BPRP 
1.1) 

BSTR_MAX Bottom stress Maximum over 2 year model simulation N m
-2

 6 BENTHIS (BPRP 
1.1) 

BSTR_SD Bottom stress Standard Deviation of mean over 2 year model 
simulation 

N m
-2

 6 BENTHIS (BPRP 
1.1) 

  



Table 3 The marginal test results from the DISTLM analysis showing the proportion of variation in the assemblage structure explained by 
environmental predictor variables tested for biomass and density data, respectively. Variables with correlation of >|0.9| to a higher 
ranked variable were excluded from the DISTLM model run (grey cells). The selection of variables resulting in the ‘best’ result adj.R2 = 
0.50, R2= 0.78, adj.R2 = 0.50, R2= 0.79 (biomass and density, respectively) are ranked by their relative influence on the models. 

 
Biomass (g.m-2) Density (ind.m-2) 

Represented by 
(correlation >|0.9|) Variable Prop P 

Selection 
(best) Prop P 

Selection 
(best) 

CRS_O2_AV 0.192 0.001 1 0.215 0.001 1  

CRS_PO4_AV 0.187 0.001 
 

0.212 0.001 
 

CRS_O2_AV, CRS_T_AV 

CRS_T_AV 0.187 0.001 6 0.209 0.001 3  

CRS_NO3_AV 0.184 0.001 
 

0.209 0.001 
 

CRS_O2_AV, CRS_T_AV 

CRS_O2_SR 0.182 0.001 5 0.204 0.001 5  

EPOC_AV 0.181 0.001 
 

0.203 0.001 
 

CRS_T_AV, CRS_T_AV 

CRS_S_SR 0.179 0.001 
 

0.202 0.001 
 

CRS_O2_AV, CRS_T_AV 

CRS_SI_AV 0.180 0.001 2 0.197 0.001 6  

CRS_NO3_SR 0.172 0.001 4 0.193 0.001 4  

CRS_T_SR 0.171 0.001 
 

0.192 0.001 
 

CRS_O2_AV 

CRS_PO4_SR 0.170 0.001 
 

0.191 0.001 
 

CRS_NO3_SR 

NPP_AV 0.163 0.001 16 0.181 0.001 
 

 

CRS_S_AV 0.151 0.001 3 0.174 0.001 2  

Dpth (ave) 0.162 0.001 
 

0.172 0.001 
 

CRS_SI_AV, CRS_T_SR 

CRS_SI_SR 0.149 0.001 12 0.168 0.001 16  

SST_AV 0.153 0.001 9 0.166 0.001 10  

GA_SAND 0.144 0.001 14 0.159 0.001 14  

GA_MUD 0.137 0.001 
 

0.151 0.001 
 

GA_SAND 

BIR_AV 0.120 0.001 11 0.135 0.001 8  

PAR_AV 0.125 0.001 
 

0.133 0.001 
 

SST_AV, lat (mid) 

CHLA_AV 0.119 0.001 17 0.133 0.001 12  

BSTR_Max 0.108 0.001 
 

0.123 0.001 
 

 

BSTR_AV 0.104 0.001 
 

0.116 0.001 
 

 

lat (mid) 0.106 0.001 8 0.113 0.001 9  

GA_CRBNT 0.106 0.001 10 0.111 0.001 13  

GA_SLOPE 0.057 0.027 13 0.048 0.098 11  

GA_GRAVEL 0.041 0.221 15 0.045 0.143 15  

CHLA_SR 0.043 0.193 
 

0.041 0.238 
 

 

long (mid) 0.032 0.553 7 0.028 0.676 7  

GA_ASPECT 0.031 0.566 
 

0.025 0.822 
 

 

 

  



Table 4 Summary of the biogeographic information for 376 species-level OTUs where information was available. These represent 60% of 
the total 629 OTUs distinguished in the GAB collection; percentages are calculated in reference to 376 OTUs except for Species with 
distributional data (*) 

 

No. 
OTUs 

% 

Total species 632 
 

Species with distributional data 376 59.5* 

 
  

Undescribed 92 24.5 

Known from Australia 261 69.4 

Known from GAB 146 38.8 

Temperate Australia 247 65.7 

 
  

SW Australia 104 27.7 

SE Australia 183 48.7 

 
  

Indian Ocean 64 17.0 

South Pacific Ocean 149 39.6 

Indian NOT South Pacific 6 1.6 

South Pacific NOT Indian 90 23.9 

Cosmopolitan 22 5.9 

 
  

Australian endemic 88 23.4 

New to Australia 37 9.8 

Undescribed but previously 
collected 

15 4.0 

Undescribed not previously 
collected 

77 20.5 

GAB Endemic 2 0.5 

 

 

 

 

 

 

 

 

 

 



Table 5 Opportunities for survey collections of benthic invertebrate megafauna to inform ecological monitoring in the context of oil and 
gas development in the Great Australian Bight 

   Rationale Indicators Prospective taxa 
in GAB 

Metrics Considerations Reference 

 Species             

 Sentinels Known or predicted 
response to impact/ 
pressure 

(1) Erect sessile 
fauna sensitive to 
smothering; (2) 
taxa responding to 
ambient 
hydrocarbon 
concentration 

(1) Octocorals and 
sponges 
(2) Octocorals, 
decapods 

Presence/ 
abundance 
(biomass and/or 
density)/ 
condition 

Analyses based on 
traits (e.g. growth, 
reproduction) 
possible but 
inferential in GAB  
Responses likely 
have high spatial 
scale dependence 

(1) Kropp (2004); 
Clark et al. 
(2015) 
(2) White et al. 
(2012); Fisher et 
al. (2014b); 
Fisher et al. 
(2014a); Felder 
et al. (2014);  

 Ecosystem 
engineers 

Support elevated 
diversity and/or 
abundance by 
increasing habitat 
complexity 

Erect sessile fauna; 
reef/ thicket 
forming taxa 

(1) Octocorals and 
sponges; (2) Stony 
corals 

As above (1) Known 
aggregations in GAB 
on volcanic 
seamounts  

(1) Williams et al. 
(2016) 

 Endemics Range limited species 
make dis-
proportionately high 
contribution to 
biogeographic 
structure & 
conservation values 

Potentially, 
species from any 
higher level taxon 

(1) Invertebrate 
megfauna: the 
crab 
Choniognathus 
granulosus and 
barnacle 
Arcoscalpellum 
inum; (2) fishes 

As above Endemicity is 
difficult to identify 
with confidence in 
deep sea areas with 
low sampling 
intensity 

(1) this paper 
(2) Williams et al 
(this issue) 

 Threatened, 
endangered 

High conservation 
value; subject to 
management recovery 
plans 

Potentially, 
species from any 
higher level taxon 

No invertebrate 
taxa presently 
listed 

Presence/ 
abundance/ 
condition 

N/A N/A 

 Assemblage             

 Composition Assemblage 
characterised and 
baseline status 
described by simple 
composite metrics 

Change in 
composite metrics 

All higher level 
taxa for which 
species-level 
taxonomy is 
robust: Porifera, 
Actinaria, 
Octocorallia, 
Scleractinia, 
Mollusca, 
Echinodermata, 
Arthropoda 

Richness 
Diversity 
Eveness 
Distinctness 
Indices 
Feeding mode 

(1) High confidence 
in taxonomy; (2) 
high proportions of 
rarely seen species 
indicates many 
replicated samples 
needed; and (3) 
need for severe 
data transformation 
to identify signals; 
(4) Indices need 
calibration to 
specific locations 

(1) MacIntosh et 
al. (2017) 
(2) Gage (2001) 
(3) Carney (2001) 
(4) Dauvin et al. 
(2012) 

 Structure Trajectory of 
assemblage change 
based on 
hypothesised 
mechanism 

Trajectories of 
change indicated 
by composite 
metrics 

 
As above 

Ecological 
similarity of 
multiple species  
in 
multidimensional 
space (e.g. MDS) 

 
As above 

  
N/A 

 Predicted 
distributions 

Species distribution 
models or habitat 
suitability models 
indicate spatial extent 
of species and/or 
assemblages 

Mapped extents Abundant 
individual species; 
whole 
assemblages 

Change in spatial 
extent; areas or 
proportions 
inside protected 
areas or subject 
to impact 

Data density is 
typically low in deep 
sea studies 
including the GAB; 
many 
environmental 
covariates, 
especially those 
with near sea-
surface expression, 
have weak or 
unknown relevance 
in the deep sea; 
models need 
validation 

Anderson et al. 
(2016) 
Rowden et al. 
(2017) 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 




