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6. SHELF-SCALE PATTERNS OF VERTEBRATE 

ASSEMBLAGES IN THE INTER-REEFAL WATERS OF  

THE GREAT BARRIER REEF MARINE PARK 

6.1 INTRODUCTION 

Definition of environmental boundaries in species ranges, species assemblages and species 

‘stock structure’ is central to conservation planning, fisheries management and the 

understanding of ecosystem and evolutionary processes. This is particularly important in the 

tropics, where marine fisheries exploit co-occurring vertebrates in large assemblages (hundreds 

of taxa) of ‘target’ and ‘bycatch’ species (Sainsbury et al. 1997). For the purposes of this thesis, 

an assemblage is defined as the species available (to the BRUVS sampling technique) in the 

same place at the same time. Ecological analysis of assemblage structure can assist in defining 

spatial ‘assemblage production units’ for the assignment of particular zones of a fishery to 

specific sectors, gear types and harvest pressures (Garces et al. 2006b). Such analysis can also 

be used with knowledge of spatial patterns in fishing effort and vulnerability to capture to assess 

risks to metapopulations exposed to locally intensive fishing pressure (Pitcher et al. 2000; 

Astles et al. 2006; Ellis et al. 2008).  

 

If the relationship between assemblages and critical features of their habitats (such as 

substratum type) is known well, then ‘area-based management’ could use maps of major habitat 

features as a proxy for the populations themselves (Bax & Williams 2001; Anderson et al. 2005; 

Anderson & Yoklavich 2007; Haywood et al. 2008; Anderson et al. 2009). Marine protected 

areas (MPAs) are now using these surrogates to complement management of fisheries and 

tourism or to conserve marine biodiversity and marine resources for their intrinsic values 

(Agardy et al. 2003; Babcock 2003; Faith et al. 2004; Ashworth & Ormond 2005; Evans et al. 

2008). These trends towards managing areas rather than single species imply that robust models 

must be developed to explicitly link biotic and abiotic characteristics of shelf habitats to the 

distribution of both exploited and unexploited species in assemblages (Ward et al. 1999). 

 

However, a major lack of fishery-independent information has prevailed in almost all tropical 

shelf provinces (see Garces et al. 2006a and Stobutzki et al. 2006b for review). Research trawls, 

often aimed at discovering potential for fishery development, have provided the only historic 

data sources for ecological analysis of species assemblages (Koranteng 2001; Joanny & Menard 

2002; Le Loeuff & Zabi 2002). Despite the fact that Asia alone supplies nearly sixty percent of 

global fish production, only recently has a standardised, georeferenced database on trawl 

catches become available for the shelves in that region (Pauly & Chuenpagdee 2003; Garces et 
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al. 2006a).  Only depth and position was routinely recorded at these trawl stations, so the 

underlying causes of spatial patterns have not been examined. Whilst cross-shelf zonations in 

fish assemblages attributed to depth have been a feature of the tropical shelf studies (García et 

al. 1998; Koranteng 2001; Garces et al. 2006b), a great variety of other known (or unknown) 

environmental covariates are collinear with depth (Murawski & Finn 1988; Mahon & Smith 

1989). Studies of the bycatch from prawn trawl fisheries have provided additional information 

on broad-scale geographic patterns, but without supporting data on the habitats trawled it has 

been difficult to interpret their findings (Ramm et al. 1990; Tonks et al. 2008). 

 

Relatively few measurements of temperature, salinity, and sediment particle size and 

composition have been made in conjunction with tropical trawl surveys (Harris & Poiner 1991; 

Blaber et al. 1994; Pierce & Mahmoudi 2001; Haywood et al. 2008), and direct measurement 

and characterisation of the epibenthic communities in the path of these trawls has been even 

rarer (Sainsbury et al. 1992; Sainsbury et al. 1997). Thus hydrology and characteristics of the 

substratum were often inferred from other studies to interpret spatial patterns in trawl catches 

(Bianchi 1992b; 1992a; Bianchi et al. 2000). In combination these factors have hampered 

multivariate analyses of the relationships between tropical species and their environments.  

 

The earliest work by Fager & Longhurst (1968) and Lowe-McConnell (1987) in West Africa 

produced persistent generalisations that fish communities were influenced most by latitude, 

hydrology, depth and sediment coarseness. These authors confidently characterised tropical 

shelves everywhere by cross-shelf gradients from muddy coastal waters, dominated by riverine 

inputs, to sand and sponge gardens amongst ‘rock and dead coral’ under influences of oceanic 

currents. They proposed abrupt changes in the distribution of fish families comprising 

communities along that gradient. Inshore ‘brown water’ communities were reported to be 

dominated by ariid catfishes and dasyatid rays over mud, shifting to a ‘golden fish’ zone 

dominated by sciaenid croakers over sandy/mud. Further offshore, in ‘green water’ (40-60 

metres deep), a ‘silver fish’ zone of carangid jacks and haemulid grunts was proposed to reside 

above a ‘red fish’ zone of lutjanid snappers over hard sand and rock in ‘blue’ oceanic waters 

around one hundred metres deep. The cooler waters below permanent or seasonal thermoclines 

were characterised by the presence of a ‘sparid’ assemblage. These simple generalisations 

remain in the literature to this day, implying wide determinism at provincial scales in the 

dominance of sciaenids, ariids, sparids, haemulids and lutjanids in tropical assemblages 

depending upon depth, temperature and the nature of underlying sedimentary deposits 

(Longhurst & Pauly 1987; Longhurst 2007). 
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The ‘soft-bottom’ plains between the reefs of the GBRMP, and in the large lagoons of atoll 

islands such as New Caledonia, also support major fisheries for prawns or finfish. They are 

comprised largely of shallow, sheltered, well-mixed lagoons behind a shelf-edge barrier of coral 

reefs, and the roles of upwelling and thermoclines highlighted by Longhurst & Pauly (1987), Le 

Loeuff & Zabi (2002) and Longhurst (2007) are of less relevance than the presence of biogenic 

structures, riverine inputs and tidal forcing. Nevertheless, a variety of strong gradients in these 

lagoons have measurable influences on the vertebrate fauna (Williams & Hatcher 1983; Russ 

1984; Newman et al. 1997; Letourneur et al. 1998; Letourneur et al. 1999; Kulbicki et al. 2000; 

Gust et al. 2001; Begg et al. 2005; Burridge et al. 2006; Beger & Possingham 2008; Hoey & 

Bellwood 2008; Wismer et al. 2009). 

 

The shelf-scale patterns in species richness I described in Chapter 5 fitted well with general 

expectations based on knowledge of gradients and boundaries in sedimentary processes, water 

movement and seafloor fish habitats. The position along and across the shelf were shown to be 

very useful surrogates for major hydrological and sedimentary variables suspected to constrain 

the distribution and abundance of marine vertebrates. The position of sites within the GBRMP 

has also recently been assessed as a surrogate for measurements of chlorophyll, phaeophtyin, 

nitrate and turbidity (Fabricius & De’ath 2001a; 2001b; 2004; Devlin & Brodie 2005; Fabricius 

et al. 2005; Fabricius 2005; Brodie et al. 2007; Fabricius & De’ath 2008; Fabricius et al. 2008).  

In turn, these environmental drivers have repeatedly been used to explain the distributions of 

autotrophs and heterotrophs (Carruthers et al. 2002; Fabricius et al. 2005; DeVantier et al. 2006; 

Fabricius & De’ath 2008), and predict the effects of changes in water quality at the scale of the 

entire GBRMP (Carruthers et al. 2002; Brodie 2003; Fabricius et al. 2005; DeVantier et al. 

2006; Wooldridge et al. 2006; Fabricius & De’ath 2008; Brodie & Fabricius 2009).  

 

It might be argued that the dimensionless positions ‘across’ and ‘along’ were unique to the 

GBRMP shelf and therefore not directly transportable to other shelf systems, such as the Torres 

Strait or the large lagoons of New Caledonia. Identification of the major environmental 

correlates underlying the spatial surrogates is therefore desirable to allow both a better 

definition and interpretation of vertebrate assemblages in terms of seafloor habitats, and for 

better contrasts to be made with assemblages in other Indo-Pacific regions. 

 

In this chapter I attempt to determine if environmental mechanisms, thresholds and interactions 

can be identified to improve predictions and explanations of shelf-scale patterns in assemblages. 

To do this I use multivariate analyses of vertebrate assemblage structure with nineteen of the top 

environmental predictors of species richness distinguished in Chapter 5. I use multivariate 

regression trees (De’ath 1999; 2002) and Dufrêne-Legendre indices to define spatially 
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contiguous vertebrate assemblages of fishes, sharks, rays and seasnakes, constrained by the 

spatial and environmental values that locate them in the GBRMP. At each node in the tree I 

examine the improvements in the model predictions provided by the primary splitting variable 

and also the alternative, surrogate splitting variables. This will provide insights into the 

influence of underlying environmental covariates that were collinear with the position and depth 

of sites on the GBRMP shelf. 

 

6.2 METHODS 

The survey design, 366 BRUVS sites and environmental covariates have been described in 

detail in Chapter 5.2. In this chapter I used only the nineteen most complete, and most 

influential, environmental covariates distinguished in Chapter 5.2.3.2. These covariates were 

percentage composition of sediments (coarsns.pc, carbnte.pc, gravl.pc, sand.pc, mud.pc), 

position (across, along), depth, interpolated seabed current shear stress and hydrology (Current, 

Salin.av, Salin.sd, Temp.av, Temp.sd), and analyses of the seafloor footage obtained by video 

tows. These were measures of location and spread of substratum complexity (rugosity.vid.av, 

rugosity.vid.sprd), the percentage of the video track comprised of bare or bioturbated seabed 

(bare.pc.vid, biotrb.pc.vid), and the percentage of the track comprised of marine plants or 

megabenthos (plant.pc.vid, mgbnths.pc.vid). The towed video data (with the ‘vid’ suffix) were 

used because they were more comprehensive (342 sites) than the analysis of still frames (332 

sites). Detailed definitions were provided in Table 5.1, and values of relative influence were 

presented in Table 5.4. 

 

6.2.1 Statistical analysis 

The BRUVS data were filtered to select only the 172 species that occurred on at least four of the 

366 BRUVS sites in the GBRMP. The abundance estimates for these species at each site was 

transformed by 4th root (∑MaxNi
0.25), to down-weight highly abundant species and reduce 

skewness in the distributions of values for each species. This metric has been discussed in detail 

in Chapter 2.1.2. The transformed abundances were explored using multivariate regression trees 

(MRTs) described in Chapter 2.4.3. The best tree defines a hierarchy of species communities 

and their spatial and environmental values that locate them in the GBRMP. This hierarchical 

approach can be used with any clustering method (constrained as is the case here with 

explanatory variables, or unconstrained). It also identifies groups of species that co-occur at 

varying spatial scales to form assemblages. This contrasts with non-hierarchical methods which 

derive mutually exclusive clusters at a single spatial scale, thereby lacking high-level (broad 

spatial scale) structure and ignoring information from highly prevalent species.  
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The clusters defined by MRTs represented species assemblages and associated environment 

types in a simple manner not available in other approaches.  A comprehensive view of species-

environment relationships was constructed by displaying the annotated tree, tabulating variation 

at the splits of the tree, and identifying indicator species to characterize groups (De’ath 2002). 

Indicator values (DLI) were calculated for each species for each node of the tree (see Chapter 

2.4.4 for explanation), and species rarefaction curves were plotted for each terminal leaf, or 

assemblage. 

 

6.3 RESULTS 

6.3.1 Patterns in vertebrate communities 

Hierarchical vertebrate communities were defined by MRT constrained by the nineteen 

environmental covariates representing each of the 366 sites. A tree with ten terminal nodes 

(leaves) was selected to represent the most parsimonious structure in similar species 

composition (Figure 6.1). The tree explained 26.3% of the variation in the transformed 

abundance data for the 172 species – not unusual for datasets containing large numbers of 

species occurring with low abundance. For example, a seven-group MRT based on position and 

depth explained only 13.3% of the variation in the epibenthic cover of 362 hard coral species 

(DeVantier et al. 2006). Unconstrained cluster solutions, comprising two to ten clusters, were 

derived using complete linkage hierarchical clustering (Euclidean metric). For each solution, the 

clusters were refined using k-means clustering to minimise the within-cluster sums of squares 

(De’ath 2002). This procedure gave compact, unconstrained clusters to compare with the 

constrained clusters defined by the MRT. The tree (26.3%) and the unconstrained clusters 

(29.1%) explained the species variance slightly differently, indicating that unobserved factors, 

additional to the nineteen explanatory variables of the tree analysis, may have been responsible 

for the species variation. The six variables that formed the tree were position across and along 

the GBRMP, water depth, the presence of marine plants and megabenthos on video footage, and 

a measure of location (the arithmetic mean) of the scores of substratum coarseness from mud to 

rocky-reef categories (Table 6.1). 

 

The primary split separated inshore and offshore groups at ~0.53 half way across the shelf. This 

isopleth lies in the open waters of the lagoon in the southern half of the GBRMP, south of 

Cardwell, and in the reef matrix in the northern half (Figure 5.2). The surrogates for this split 

were the cross-shelf change toward higher carbonate content of the sediments and coarser 

particles in the sediment size spectrum (Table 6.1). Offshore, ‘reefal’ assemblages comprised the 

left side of the tree and branched between finer, smoother substrata and coarser, rougher 
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substrata to produce four terminal assemblages representing deeper, offshore ‘shoals’ in the 

central and southern sections of the GBRMP, and deep carbonate plains (>35 metres) and 

shallower Halimeda/algal banks in offshore waters (Figure 6.1). The alternative splitting 

variables showed that the southern offshore shoals could also be distinguished by higher 

salinities, higher seabed current shear stress and much lower mud content of the sediments 

(Table 6.1).  

 

The inshore, right-hand side of the tree contained nodes and branches characterised by lower 

carbonate content of the sediments, the presence or absence of beds of marine plants and 

patches of megabenthos, and abrupt longshore faunal breaks about along ~0.37 (Bowen) in the 

south and ~0.74 (Cape Flattery) in the far north. The lower branching occurred about depths of 

~36 metres, similar to the other side of the tree, to produce two further branches splitting on 

alongshore position south of Bowen and north of Cape Flattery. Each of these branches 

produced three terminal nodes. The shallower, inshore branch <36.75 metres terminated on one 

side in a hot, far northern assemblage and on the other side into a muddy, coastal node with fine 

sediments and a seagrass/algal bed assemblage with high coverage of marine plants. The deeper, 

inshore branch terminated on one side in the deep southern lagoon assemblage south of Bowen 

and on the other side into assemblages on the mud plains of the central section and in 

megabenthos ‘gardens’ (Figure 6.1). The alternative splitting variables showed that the far 

northern shallow assemblage could also be distinguished by lower salinities, higher 

temperatures and higher mud fractions in the sediments (Table 6.1).  

 

The location of BRUVS sites within the ten vertebrate assemblages were best comprehended by 

plotting them in inshore, ‘lagoonal’ and offshore, ‘reefal’ groups (Figure 6.2). The inshore 

assemblages showed distinct faunal breaks between Cooktown/Cape Flattery (along ~0.7-0.74) 

in the north and the top of the Whitsundays near Bowen (along ~0.37). Cape Flattery separated 

the ‘hot far northern’ assemblage from the ‘central mud plains’, ‘muddy coastal’, ‘seagrass/algal 

banks’ and ‘southern deep lagoon’, which lay between the coastal island chains and main reef 

matrix south of Bowen. The ‘seagrass/algal’ assemblage was best represented in a long belt in 

the lagoon of the central section between about Cardwell (along ~0.53) and Bowen. However, 

clusters of sites within this assemblage were also found on the sandy Capricorn-Bunker shelf 

and even inshore to the north of the Shoalwater Bay macrotidal region (Figure 6.2). The ‘central 

muddy plains’ were also located in a belt just inside the reef matrix between Cooktown and 

Bowen, slightly offshore from the ‘seagrass/algal’ assemblage. These plains had higher 

carbonate composition than the ‘coastal muddy plains’, which occurred almost continuously 

along the coast south of Cape Flattery, with the exception of a significant break along the 

macrotidal Broad Sound coast. Sites in that highly scoured region were members of the ‘deep 
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southern lagoon’ assemblage. Few sites, spread widely north of Bowen, were grouped in the 

small ‘megabenthos gardens’ assemblage. 

 

The offshore, ‘reefal’ group of assemblages also showed some strong latitudinal structure. Most 

of the sites in the ‘Halimeda/algal assemblage’ were located north of Cooktown, but other sites 

were included from the Swain group of reefs far to the south. A position offshore from Ayr 

(along ~0.45) separated the ‘central offshore shoals’ to the north from the widespread ‘southern 

shoals’ assemblage which extended to the southern extent of the study area. The ‘deep carbonate 

plains’ occurred offshore between reef bases and deeper than the ‘Halimeda/algal assemblage’ 

for most of the length of the GBR (Figure 6.2). 
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Figure 6.1. A MRT based on 172 species of vertebrates and the nineteen explanatory variables. Terminal node 

numbers were summarised in Table 6.1, and mapped with abbreviated names in Figure 6.2. 
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Table 6.1. Values for environmental covariates producing primary and surrogate splits (nodes) on the left 

(1, 2, 4, 5) ‘reefal’ and right (3, 6, 7, 12, 14) ‘lagoonal’ sides (branches) of the tree in Figure 6.1. The 

‘improvements’ in the model at each split are represented by the decrease in relative error from the first to 

the last split. The model has explained (1-0.737=26.3%) of the variation amongst the occurrence of 172 

species amongst 366 BRUVS sites. The percentage improvement in each split by the primary and 

surrogate splitting variables shows that there were numerous correlations amongst the spatial and 

environmental covariates – especially the interpolated values for salinity, temperature and sediment 

composition. 

 

Tree 
split 

CP Rel.error 
Primary splitting 
variable 

Surrogate splitting variables 

‘Reefal’, offshore assemblages:  
coarser, high carbonate sediments with rougher substratum topography 

1 0.071 1.000 
across  
< 0.53 (7.1%) 

carbnte.pc < 84.4 (6.1%),  
rugosity.vid.av < 0.26 (5.6%),  
mud.pc < 7.17 (4.9%) 

2 0.047 0.929 
rugosity.vid.av  
 < 0.42 (5.3%) 

gravl.pc < 8.98 (5.2%),   
plant.pc.vid< 6.82 (4.4%),  
mud.pc < 6.62 (4.2%) 

4 0.029 0.852 
depth  
< 35.95 (7.5%) 

along < 0.71 (7.0%),  
plant.pc.vid < 8.095 (6.7%),  
Salin.av < 35.184 (5.9%) 

5 0.017 0.794 
along  
< 0.45 (8.3%) 

Current < 0.246 (7.3%),  
Salin.av < 35.114 (6.1%),  
mud.pc < 8.07 (5.5%) 

‘Lagoonal’, inshore assemblages:  
high mud, lower carbonate, beds of marine plants and filter feeders 

3 0.031 0.882 
depth  
< 36.75 (6.3%) 

along < 0.37 (5.7%),  
Temp.av  < 26.39 (5.3%),  
Salin.av < 35.115 (4.6%) 

6 0.015 0.778 
along  
< 0.742 (5.91%) 

plant.pc.vid < 49.52  (5.9%),   
mud.pc < 19.43 (5.7%),  
Temp.av < 26.39 (5.7%) 

7 0.013 0.763 
along  
< 0.37 (8.6%)  

rugosity.vid.av < 0.125 (7.16%),  
Salin.av < 35.191 (7.03%),  
plant.pc.vid < 0.23 (6.7%) 

12 0.013 0.749 
plant.pc.vid 
< 49.52 (8.6%) 

mud.pc < 13.77 (7.5%),   
rugosity.vid.av < 0.134 (5.8%),  
along < 0.37 (5.4%) 

14 0.010 0.737 
mgbnths.pc.vid 
< 2.35  (13.2%) 

gravl.pc < 4.39 (12.0%),  
rugosity.vid.av < 0.258 (11.8%),   
Temp.av < 26.376 (11.5%) 
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Figure 6.2. The location of BRUVS sites within the ten vertebrate assemblages divided into ‘lagoonal’ 

(A) and ‘reefal’ (B) groups within regions of the GBRMP (rotated). The node numbers in the legend link 

to Figure 6.1 and Table 6.1, where full descriptions were provided. 
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6.3.2 Diversity and abundance of assemblages 

The bar plots in Figure 6.1 showed the distribution of species abundances at each of the terminal 

nodes, ranked from left to right in decreasing order of prevalence in the entire data set, with 

each vertical bar representing the mean abundance of a species in that group. The numbers 

under the bar plots indicate the number n of sites within each group. Those bar plots, and 

summaries of species richness and abundance by assemblages in Table 6.2, showed that the 

most diverse assemblages were not always those comprising the most BRUVS sites. The most 

commonly occurring species were in relatively high abundance at all inshore assemblages, but 

an apparently different suite of rarer species was most abundant in the ‘reefal’ assemblages on 

coarser seafloor topographies of the central GBRMP and Halimeda/algal banks (Figure 6.1). 

 

The species accumulation curves showed that for the first ten BRUVS set, on average, there 

were about 50-80 species recorded for offshore ‘reefal’ assemblages and about 44-56 species 

recorded for inshore ‘lagoonal’ assemblages (Figure 6.3). With the exception of the small 

‘megabenthos gardens’ assemblage (just nine sites) and the relatively depauperate ‘hot far 

northern’ assemblage, the curve shapes for the inshore assemblages showed a coarsely similar 

trend toward an asymptote above one hundred species. In contrast, trends for all the offshore, 

‘reefal’ assemblages indicated latent diversity well above 120 species. The steep slopes of the 

curves for assemblages on rougher ‘shoal’ seafloors and ‘Halimeda/algal banks’ were 

particularly steep, with the most diverse fauna (~25 species per BRUVS set) recorded on the 

small, ‘central offshore shoals’ assemblage (14 sites with 96 species) (Figure 6.3, Table 6.2). 
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Table 6.2. Summaries of richness and abundance in the ten terminal fish assemblages. See Table 6.1 and Figure 6.1 for an explanation and summary of MRT node numbers 

and abbreviated node names. Overall richness and (raw) abundance are shown for the membership of each node, together with ranges, means and standard deviations in these 

parameters for n sites within nodes. The MRT was based on 172 species of vertebrates, with prevalence >3, and 19 spatial and environmental covariates. 

 

node n sites Node name ∑richness (S) S range S mean 
∑abund  

(N) 
N range N mean 

‘Reefal’, offshore assemblages: 
coarser, high carbonate sediments with rougher substratum topography 

  Smoother seafloors – Rugosity.vid.av <=0.146 

8 80 Dp.Carbonate.plains 117 (3-28) (10.6 ± 4.9) 5244 (10-248) (65.5 ± 43.7) 

9 17 Halimeda.algal.banks 86 (6-28) (19.1 ± 6.4) 2457 (25-525) (144.5 ± 124) 

  Roughest seafloor topography – Rugosity.vid.av  >0.146 

10 51 Sthn.Offsh.shoals 111 (6-39) (15.6 ± 6.6) 6256 (26-585) (122.7 ± 90.4) 

11 14 Cntrl.Offsh.shoals 96 (13-43) (24.9 ± 9.5) 1107 (25-212) (79.1 ± 56.8) 

‘Lagoonal’, inshore assemblages: 
high mud, lower carbonate, beds of marine plants and filter feeders 

  Depth <= 36.75 m 

   Central and Southern GBRMP; Along<0.74 

24 71 Muddy coastal 106 (2-21) (10.8 ± 4) 4109 (6-336) (57.9 ± 52.5) 

25 17 Seagrass/algal.beds 66 (11-28) (16.4 ± 4.2) 3269 (49-1096) (192.3 ± 240.2) 

   Along >= 0.74 
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node n sites Node name ∑richness (S) S range S mean 
∑abund  

(N) 
N range N mean 

13 35 Hot.far.Nthn 76 (8-23) (14.7 ± 3.4) 5363 (59-549) (153.2 ± 108.6) 

  Deeper waters >36.75 m 

   Central section of GBRMP 

28 11 Cntrl.Mud.plains 50 (8-21) (14.3 ± 3.3) 755 (18-122) (68.6 ± 27.3) 

29 9 Mgbnths.gardens 55 (11-19) (14.3 ± 2.4) 1890 (71-575) (210 ± 185) 

   Southern section; Along < 0.37 

15 41 Sthn.Dp.Lagoon 92 (8-26) (15.4 ± 4.6) 4705 (39-230) (114.8 ± 55) 
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Figure 6.3. Species-accumulation curves for the ‘reefal’ (a) and ‘lagoonal’ (b) assemblages of 

vertebrates. For definitions of the assemblages names see Table 6.1. 
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6.3.3 Indicator species for assemblages 

The analysis of DLI indicator values was conducted for all nineteen nodes of the regression tree, 

from the root node (representing the entire GBRMP) to the ten terminal assemblages (Figure 

6.4, Table 6.3). The assemblages with few lower DLI values were dominated within the spatial 

hierarchy by the other assemblages with many species indicators – in the sense that all species 

in these terminal nodes also occurred in higher numbers elsewhere. Thus, the indicator species 

with DLI maxima at the root node were generally ubiquitous and widely distributed. Of the 172 

species, only 48 (28%) had moderately high DLI values (between twenty and fifty), and only six 

species had high DLI ≥50.  

 

Inspection of Figure 6.4 shows that assemblage size was not a good indicator of specificity and 

fidelity of member species, with the smallest assemblage (nine sites in ‘megabenthos gardens’) 

represented in DLI analysis by only a single species. The large ‘muddy coastal’ and ‘deep 

carbonate plains’ assemblages comprised over forty percent of all BRUVS sites (Figure 6.3), but 

their member species were ubiquitous in other branches and nodes of the tree and they 

contained no indicator species with moderate to high values. In contrast, the terminal 

assemblages on the offshore, ‘reefal’ side of the tree had almost seven times as many species 

with DLI ≥ 20 (n=20), compared to the inshore, ‘lagoonal’ assemblages. The ‘Halimeda/algal 

banks’ and ‘central offshore shoals’ comprised only 14-17 BRUVS sites, yet they had a diverse, 

abundant vertebrate fauna (Figure 6.3, Table 6.2) including relatively many species recorded 

there in highest numbers (Table 6.3). The lethrinids, mullids, scarids, labrids, lutjanids and 

balistids of the ‘central offshore shoals’ were remarkably similar to the faunal list from coral 

reef bases sampled in Chapter 3.2.2 (see Figure 3.5). The two ‘shoal assemblages’ were 

branches of a more widespread fauna inhabiting topographically complex seafloors 

(rugosity.vid.av ≥ 0.416) with coarse sediments high in biogenic carbonate (node 5). This fauna 

included labrids and lethrinids known to consume benthic invertebrates, two planktivorous 

pomacentrids, and a chaetodontid suspected to eat a wide variety of invertebrates and encrusting 

organisms. 

 

There was also evidence of a fundamental faunal break around the vicinity of the top of the 

Whitsundays-Bowen (along ~0.37), affecting the composition of both inshore and offshore 

assemblages. In the middle branches of the tree there were a wide variety of fish, elasmobranchs 

and sea snakes that had highest DLI to the north of Bowen (see node 14 in Figure 6.1 and Table 

6.3). These included hammerhead sharks and a shovelnose ray as well as pelagic planktivores 

and piscivores. The abundant, gregarious Paramonacanthus filicauda and the small, deep-

bodied Carangoides malabaricus_grp were found almost exclusively south of this position in 
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the ‘southern deep lagoon’ assemblage over smooth, muddy seafloors. Further offshore, the 

presence of Upeneus filifer and Parapercis xanthozona_grp was also limited exclusively to this 

southern region, but their DLI values in the ‘southern offshore shoals’ assemblage were only 

moderate because they were not abundant, or present at all sites in the assemblage. The vicinity 

of Cape Flattery (along ~0.74) represented another faunal break, but this was weaker in terms of 

the DLI values of representative species there. It was notable that the Australian blacktip shark 

(Carcharhinus tilstoni_grp), two planktivorous, pelagic carangids (Alepes and Atule) and a 

small (perhaps juvenile) tetraodontid pufferfish had highest DLI in the warmer, less saline 

waters of the ‘hot far northern’ assemblage. 

 

There was no clear progression of families across the shelf as predicted for tropical shelf 

provinces by Longhurst & Pauly (1987). Instead, there was clear evidence of species 

replacements within genera amongst assemblages. This was particularly evident for the 

nemipterids (Pentapodus, Scolopsis and Nemipterus), small carangids (Carangoides), 

monacanthids and lethrinids. For example, amongst the monacanthid filefishes 

Paramonacanthus japonicus was most abundant in offshore ‘Halimeda/algal banks’, and the 

inshore assemblages were inhabited by P. otisensis (depth<37m), Monacanthus chinensis 

(‘seagrass/algal beds’), P. lowei (‘central mud plains’) and P. filicauda (‘southern deep lagoon’). 

Similarly, the abundance of small lethrinids split between Lethrinus genivittatus (‘seagrass/algal 

beds’), L. semicinctus (‘Halimeda/algal banks’) and L. ravus (‘central offshore shoals’). 

Interspecific differences in these, and other, genera are explored further in the next chapter. 
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Figure 6.4. Node names and top ten species indicators (DLIs) for the terminal nodes (leaves) of the MRT defined by the 19 explanatory variables. 

Terminal node numbers were summarised in Table 6.1 and mapped with abbreviated names in Figures 6.1 and 6.2. 
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Table 6.3. Summaries of the Dufrêne- Legendre Index (DLI) for all 172 species in all nine higher nodes 

(branches – B) and ten terminal nodes (leaves – L). For a given species and a given group of sites, the 

DLI was defined as the product of the mean species abundance occurring in the group divided by the sum 

of the mean abundances in all other assemblages (specificity), times the proportion of sites within the 

assemblage where the species occurred (fidelity), multiplied by 100. 

 

Node name, node number, Species DLI 

 

‘All’ root 1:  Nemipterus furcosus (52), Echeneis naucrates (47),  
Scomberomorus queenslandicus (46), Seriolina nigrofasciata (42), Abalistes stellatus (40), 
Pentapodus paradiseus (37), Nemipterus theodorei (35), Lagocephalus sceleratus (34),  
Saurida_grp (30), Carangoides fulvoguttatus (27), Upeneus tragula_grp (23),  
Parapercis nebulosa_grp (19), Feroxodon multistriatus (12), Lutjanus sebae (11),  
Lutjanus vitta (8), Gymnothorax sp (3), Caranx ignobilis (2) 

Tree branches (nodes) and terminal nodes (leaves) on left side of tree 

B 

‘Reefal’ Offshore 2:  Carangoides coeruleopinnatus (40), Pristipomoides multidens (19),  
Sphyraena forsteri (19), Lutjanus malabaricus (19), Argyrops spinifer (18), Nemipterus sp (17), 
Carangoides chrysophrys (16), Epinephelus coioides (11), Meiacanthus luteus (10),  
Oxycheilinus unifasciatus (10), Lethrinus sp (10), Epinephelus areolatus (9), Choerodon_grp (8), 
Pristipomoides typus (7), Carcharhinus albimarginatus (6) 

B Deep lower mud 4:  Hydrophis ornatus (12), Gymnothorax pale_sp (5) 

L Deep Carbonate Plains 8:  Flatfish_grp (9), Nemipterus balinensoides_grp (7), seasnake sp (5) 

L 

Halimeda algal banks 9:  Amblypomacentrus breviceps (44), Oxycheilinus bimaculatus (42), 
Paramonacanthus japonicus (29), Pentapodus aureofasciatus (27), Lethrinus semicinctus (22), 
Symphorus nematophorus (21), Parupeneus barberinoides (21), Himantura fai_grp (19), 
Gnathanodon speciosus (16), Choerodon gomoni (15), Aprion virescens (14),  
Galeocerdo cuvier (14), Nebrius ferrugineus (11), Lethrinus nebulosus (10),  
Scomberomorus commerson (9), Diagramma pictum (9) 

B 

Offshore rough seabeds 5:  Choerodon venustus (47), Pentapodus nagasakiensis (40), 
Pomacentrus nagasakiensis (22), Chaetodontoplus meredithi (22), Suezichthys devisi_grp (21), 
Gymnocranius audleyi (19), Coris pictoides (16), unknown_grp (15), Lethrinus miniatus (14), 
Pristotis obtusirostris (13), Loxodon macrorhinus (12), Xyrichtys_grp (10),  
Carcharhinus amblyrhynchos (9), Parupeneus heptacanthus (9), Labroides sp (8),  
Choerodon jordani (7), Coris_grp (6) 

L 
Southern Offshore shoals 10:  Parapercis xanthozona_grp (33), Pomacentrus australis (20), 
Upeneus filifer (16), Halichoeres scapularis (8), Halichoeres sp (5), Oxycheilinus celebicus (5), 
Coradion chrysozonus (5) 

L 

Centrl Offshore shoals 11:  Lethrinus ravus (47), Parupeneus barberinus (43),  
Plectropomus leopardus (40), Gymnocranius grandoculis (37), Scarus flavipectoralis (29), 
Cheilinus fasciatus (29), Caesio cuning (28), Pterocaesio marri (27), Lutjanus bohar (21), 
Pseudobalistes fuscus (20), Lethrinus ornatus (20), Parupeneus multifasciatus (19),  
Pomacanthus sexstriatus (17), Triaenodon obesus (16), Parupeneus indicus (15),  
Carangoides ferdau (14), Sufflamen fraenatum (13) 
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Node name, node number, Species DLI 

Tree branches (nodes) and terminal nodes (leaves) on right side of tree 

B 

‘Lagoonal’ Inshore 3:  Selaroides leptolepis (48), Nemipterus hexodon (39),  
Lagocephalus lunaris (17), Epinephelus sexfasciatus (14), Terapon theraps (13),  
Carangoides talamparoides_grp (11), Scomberoides commersonnianus (6), Arius 
thalassinus_grp (2) 

B 
Shallow inshore 6:  Paramonacanthus otisensis (34), Carangoides hedlandensis (21),  
Lutjanus carponotatus (1) 

B 
Inshore southern and central 12:  Carangoides dinema_grp (21), Nemipterus peronii (20),  
Leiognathus longispinis (5) 

L Muddy coastal 24:  Platycephalidae_grp (8), Pomadasys maculatus (4) 

L 
Seagrass/algal beds 25:  Lethrinus genivittatus (26), Choerodon cephalotes (11),  
Selar boops (10), Torquigener_grp (9), Siganus fuscescens_grp (8), Monacanthus chinensis (8), 
Stegostoma fasciatum (5), Chiloscyllium punctatum (5) 

L 
Hot far Northern 13:  Carcharhinus tilstoni_grp (19), Atule mate (17), Alepes apercna (16), 
Lagocephalus_grp (12), Rhizoprionodon taylori_grp (9), Terapon puta (5) 

B 
Deep inshore 7:  Caranx bucculentus (14), Terapon jarbua (12), Gymnothorax dark_sp (7), 
Siganus argenteus (3) 

B 

Deep central section 14:  Cybiosarda elegans (91), Sphyrna lewini (84), Sphyrna mokarran (66), 
Lapemis hardwickii (62), Decapterus russelli (48), Rachycentron canadum (45),  
Rhynchobatus djiddensis (43), Aipysurus laevis (39), Gymnothorax minor (33),  
Carangoides gymnostethus (23), Scolopsis taeniopterus (17) 

L 
Central Mud plains 28:  Nemipterus nematopus (25), Paramonacanthus lowei (23), Ostracion_ 
grp (4),  
Carangoides orthogrammus (4) 

L 
Megabenthos gardens 29:  Leptojulis cyanopleura (12), Carcharhinus dussumieri (10), 
Sphyraena jello (8), Lethrinus lentjan (5), Lethrinus laticaudis (5) 

L 
Southern Deep Lagoon 15:  Paramonacanthus filicauda (52), Carangoides malabaricus_grp 
(27), Choerodon monostigma (6), Parastromateus niger (6), Lutjanus adetii (3) 
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6.4 DISCUSSION 

The application of the BRUVS technique enabled the measurement of relative abundance of 

many functional groups of vertebrates along the major gradients on the GBR shelf. Demersal, 

semi-pelagic and pelagic fish, sharks, rays and seasnakes from several centimetres (e.g. 

Paramonacanthus) to several metres in length (e.g. Galeocerdo, Sphyrna) were recorded in 

standard surveys with enough data to allow the definition of ten assemblages constrained by 

major hydrological, sedimentary and spatial factors. 

 

6.4.1 Cross-shelf patterns 

I propose that cross-shelf variation in sedimentary processes and along-shelf variability in 

oceanic influences described in Chapter 5.4 shaped the boundaries identified here amongst 

assemblages. The wide range of inter-reef habitats is dominated in different regions of the 

GBRMP by combinations of cyclonic events, tides, currents and upwellings, waves, riverine 

inputs and seasonal winds (Larcombe & Carter 2004; Porter-Smith et al. 2004). These forces 

govern the topography, grain size and composition of sediments, the chemical properties of 

overlying waters and therefore the nature of infaunal, phototrophic or filter-feeding epibenthic 

communities (Fabricius et al. 2005; Fabricius & De’ath 2008). In turn, these habitats influence 

the recruitment, feeding success and mortality of fish assemblages inhabiting them. 

 

 The cross-shelf boundaries separating the vertebrate assemblages are related to the three 

sedimentary belts in seabed composition and topography parallel to shore that have been 

generally recognised in the GBRMP. In the central section of the GBR, the terrigenous inner 

shelf prism of bioturbated sand and mud extends 15-20km offshore to water depths of 20-22m. 

The lagoon below those depths (22-40m) is starved of terrigenous sediment and has a thin 

veneer of mixed shelly, muddy sand and shell hash overlying weathered Pleistocene clay, which 

is exposed by cyclones to form outcrops on the seabed. The seafloor amongst the mid-shelf and 

outer-shelf reefs (40-80m) is also starved of terrigenous sediment, but there are Pleistocene reef 

edges and outcrops, accumulations of old reef framework and detrital carbonate sediments 

where modern coral reefs emerge. Local influences, such as tidal jets, cause accumulation of 

carbonate mud or Halimeda algal banks (bioherms) in the reef matrix, whilst elsewhere the flat 

outer shelf plain is covered thinly by shelly calcsand. These zones are maintained through the 

influence of south-easterly trade winds driving along-shelf drift northward, and by the regular 

passage of tropical cyclones causing strong northward currents in the lagoon (Larcombe & 

Carter 2004). 
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The MRT analyses of 172 species reflected this long-term stratification by separation of four 

‘reefal’ assemblages, from six inshore ‘lagoonal’ assemblages, where sediments had less than 

~84% carbonate content and an index of seafloor topography, or grain size, was at the coarser 

end of the spectrum beyond mud. The ‘shoals’ assemblages comprised less than nine percent of 

all sites but were characterised by a high diversity of species normally associated with emergent 

reefs and reef bases such as the parrotfish Scarus flavipectoralis, the coral trout Plectropomus 

leopardus and the fusilier Caesio cuning.  

 

The location of sites in the offshore ‘Halimeda/algal banks’ assemblage reflected the prevailing 

knowledge that meadows of the alga Halimeda occur in clear waters throughout the entire outer 

shelf of the GBRMP, but by far their richest development, into extensive, 15-20m thick 

bioherms is driven by tidal jetting of nutrients behind the chain of Ribbon reefs north of Port 

Douglas (16°S) (Pitcher et al. 2008). A significant number of members of the ‘Halimeda/algal 

banks’ assemblage were not common elsewhere. These included species from families normally 

associated with coral reefs, such as labrids, mullids, pomacentrids, a lutjanid and a lethrinid. 

Many of these were recorded as juveniles in the tape interrogation, and it is highly likely the 

interstitial spaces amongst the algal fronds and skeletons offered both shelter sites and abundant 

food in the form of invertebrate epifauna and infauna. 

 

6.4.2 Along-shelf patterns 

The latitudinal boundaries between the assemblages can be related to the configuration of the 

shelf and reef matrix, currents and tides, which cause notable exceptions to the model of 

Larcombe & Carter 2004. Much of the area south of Bowen is macrotidal, with a maximum 

tidal range of 8.2 metres in Broad Sound near Mackay. Porter-Smith et al. (2004) predicted that 

mobility and grain size properties of the sediment in this region were dominated by tidal 

currents, in contrast with the rest of the GBRMP. Therefore an inner ‘terrigenous fine mud belt’ 

does not occur along much of the coast (particularly in the region of Broad Sound and 

Shoalwater Bay) because of sediment mobilisation and deposition offshore. In this region, the 

water was often too turbid for effective BRUVS sampling, but there were indications of a break 

in the ‘muddy coastal’ assemblage where the ‘southern deep lagoon’ assemblage penetrated 

towards the coast.  

 

Filter-feeding sponges, gorgonians, alcyonarians and sea whips are known to establish ‘gardens’ 

in such waters where high seabed currents expose holdfasts for attachment and bring streams of 

pelagic food (Pitcher et al. 1999; 2000; Haywood et al. 2008). Studies elsewhere suggested that 

these ‘megabenthos gardens’ would be a major habitat for inter-reefal fishes of the GBR. 
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Studies of the indirect effects of fishing on Australia’s Northwest Shelf inferred that the 

reduction in megabenthos by trawling, with heavy gear for fish, may have caused a species shift 

from high value lutjanids and lethrinids to low value nemipterids and saurids. Still-camera 

frames showed more Lethrinus and Lutjanus in remaining areas of large (>25cm) benthos, 

wheareas Nemipterus and Saurida showed a significantly higher probability of occurrence in 

areas without large epibenthos (Sainsbury et al. 1992).  

 

Instead, patches of megabenthos were rare amongst the sites sampled with BRUVS in the GBR 

and the ‘megabenthos gardens’ assemblage was the smallest recognised in the MRT analysis. 

Species accumulation curves suggested that there was a diverse fauna associated with this 

(undersampled) assemblage, but few species showed maxima in fidelity and specificity there. 

There was no indication that economically important lutjanids or serranids were associated 

preferentially with such epibenthos in the GBR, although two uncommon species of Lethrinus 

did have maximum DLI in the ‘megabenthos gardens’. 

 

Deepwater seagrasses (only Halophila spp.) are an extensive but poorly known fish habitat in 

depths of 15-61 metres in the middle of the lagoon and outer part of the shelf where waters are 

clear enough for light penetration (Carruthers et al. 2002; Coles et al. 2009). Seagrass was 

predicted to be present on at least 40,000km2 of the inter-reef lagoon in a recent study by Coles 

et al. (2009), with distributions explained mainly depth, sediment type and turbidity. They form 

extensive meadows in a band from Princess Charlotte Bay to just south of Townsville, within a 

15-25 metre depth band associated with the presence of terrigenous sediments and mid-range 

particle sizes. This region bathes the coastal wet-dry tropics with a moderate tidal range, high 

annual rainfall and numerous mangrove estuaries. There is potentially a large supply of seagrass 

seeds and vegetative fragments, and enough riverine and oceanic nutrient inputs to sustain 

seagrass growth. No major deepwater seagrass meadows exist in the Mackay region of high 

current stress, high turbidity and coarse mobile sediments, but they are dense in some southern-

most parts of GBR south of 23°S (Coles et al. 2009). 

 

A distinct, diverse assemblage of vertebrates was found in ‘seagrass/algal beds’ wherever they 

occurred amongst the BRUVS sites, but mainly in a mid-shelf belt in the central GBR and on 

the Capricorn-Bunkers sand shelf. Unlike the ‘Halimeda/algal banks’ assemblage there were 

relatively few species indicators in these vegetated sites, with the notable exception of the 

common and abundant Lethrinus genivittatus and the herbivorous Siganus fuscescens_grp. The 

filefish Monacanthus chinensis is thought to include epiphytes in its diet, and this species too 

had maximum DLI in this assemblage. This implied that ‘seagrass/algal banks’ were inhabited 

by a large number of species, but these were also found elsewhere in high abundance. 
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The westward impingement and bifurcation of the South Equatorial Current (SEC) against the 

continental shelf peaks in the central region between 14°S and 20°S provided a further division 

of the GBRMP that explained the cross-shelf and latitudinal boundaries I described amongst 

assemblages. The reef matrix is significantly more ‘permeable’ in this section between the 

Ribbon reefs in the north and the Pompey reefs off Proserpine to the south. The density of 

barrier reefs is much lower and the westward flowing SEC readily traverses the numerous 

passages shoreward in this central region. The bifurcation produces the East Australian Current 

(EAC), with a southerly and stronger set over the summer months. There is direct infiltration of 

the SEC across the central shelf and regional upwelling induced by the southerly-setting EAC 

(Wolanski 1994). The net outcome is an influx of oceanic water which penetrates the reef matrix 

as far as the mid-shelf. The location of contiguous sites in the ‘seagrass/algal beds’ assemblage 

in this region suggests the clear, enriched waters are supporting marine plant growth there. The 

northward flow in the lagoon induced by the trade winds effectively halts this influx, forming a 

coastal boundary layer (Brinkman et al. 2002). The result is a cross-shelf gradient that isolates 

nearshore waters from the outer lagoon in the central section, and the formation of three 

different regions of water movement along the GBRMP. 

 

The amplitude of seasonal variation in sea surface temperature (SST) and salinity were also 

important in splitting the branches and nodes of the MRT. These gradients are undoubtedly 

influenced by the configuration of the reefs; Hancock et al. (2006) found that inner lagoon 

diffusivity was about 2.5 times higher in the central section compared to the north. Water within 

twenty kilometres of the central coast is flushed with outer lagoon water on a time scale of 18-

45 days, with the flushing time increasing northwards. Major rivers of Cape York, such as the 

Normanby, flow out into this constricted northern region. This contributes to the dilution of the 

water column, which is warmer and less dense than the southern extremes of the GBR. 

Salinities in the southern lagoon are significantly higher than those in the central and northern 

sections, and seasonal variation is lower. Summer SST are ~2-3°C lower in the region south of 

Bowen compared to the far north, and in winter a relatively cold coastal water body forms there 

(Condie & Dunn 2006).  

 

There was evidence of northward penetration of a subtropical vertebrate fauna to meet the north 

tropical fauna of hotter climates in the vicinity of the top of the Whitsunday Islands/Bowen 

region (along ~0.37). This boundary was most remarkable for the schooling Paramonacanthus 

filicauda, which is known to occur as far south as Sydney. Sub-tropical sparids (Pagrus auratus, 

Acanthopagrus australis), carangids (Pseudocaranx dentex, Seriola lalandi, S. dumerili), the 

scombrid Sarda orientalis and the glaucosomatid Glaucosoma scapularis were seen in this 

southern region, but were not prevalent enough to be included in the MRT analyses. It is highly 
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likely that the area of the inter-reef lagoon south of Bowen is a biotone, or area of transition 

(IMCRA 1998), and there was strong evidence of this in analysis of species ranges in Chapter 

5.2.3.3. 

 

6.4.3 Comparison with other tropical shelves 

The assemblages described here bear little resemblance to the generalisations predicted by 

Longhurst & Pauly (1987), Lowe-McConnell (1987) and Longhurst (2007) for other tropical 

shelves where there are no barrier reefs, and where slopes are steeper under a permanent or 

seasonal thermocline. These patterns have been inferred under the selectivities imposed by fish 

trawls, which were discussed in Chapter 4.4, so sharks, rays and other large carnivores (such as 

carangids and scombrids) are seldom mentioned. The nature of the fish communities on those 

shelves has been described as being dominated both by deposit type and by water mass. In 

softer sediments of turbid shallows there are ariid catfishes, sciaenid croakers and polynemid 

threadfins in India, West Africa, the Caribbean and Brazil. Further offshore, sandy deposits and 

stony bottoms are inhabited by assemblages characterised by lutjanid snappers, haemulid grunts 

and sparid sea breams. Over fifty percent of the standing stock has been reported to be 

comprised of these families, with the addition of serranids, in the Arabian Gulf (Longhurst 

2007), but these figures were measured from retained commercial catches and the real nature of 

assemblages is unknown. 

 

Instead of cross-shelf replacement of these (or other) fish families in the GBRMP, I recorded the 

same families were represented in different assemblages by different genera or by different 

species within genera. This may indicate interspecific interactions, pressures of predation and 

competition, the vicariance of previous large-scale disturbances, or the long-shore intermixing 

of species from different biomes. Many prevalent species (such as Nemipterus furcosus, Echeneis 

naucrates, Pentapodus paradiseus and Seriolina nigrofasciata), located by indices of fidelity and 

specificity (DLI) in the lower branches and root node of the MRT, occurred in several 

assemblages. It was the differences in abundances of these prevalent ‘shared’ species that 

contributed most to dissimilarity between the large ‘deep carbonate plains’ and ‘muddy coastal’ 

assemblages in which no species had moderate to high DLI values. A differentiation of 

communities based on abundant fishes is considered more robust than one based on uncommon 

species that may represent artefacts of sampling (Williams & Bax 2001; Greenstreet & Piet 2008). 

 

Past insights into the factors structuring tropical assemblages have been gained from extreme 

shifts in communities through ‘fishing down the food chain’ (Pauly et al. 1998; Pauly & 

Chuenpagdee 2003; Laurans et al. 2004; Carbines & Cole 2009) or through natural ‘regime 
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shifts’ caused by inter-decadal climatic cycles (Botsford et al. 1997). Unlike the GBRMP 

(Brodie & Fabricius 2009), the Gulf of Thailand has relatively high primary productivity, 

boosted by rapid increase in nutrients from farm runoff and prawn farm effluent. These inputs 

have been associated with noxious algal blooms in the inner Gulf off Bangkok. At the same 

time, trawl catch rates declined ten-fold from ~ 300kg hr-1 in 1961 and 50kg hr-1 in the 1980s to 

20-30kg hr-1 in the 1990s. The catch composition changed within species (from large to small 

individuals) and between species (toward a mix of predominantly small, short-lived species). 

Rapid value-adding of small ‘trash fish’ as mariculture feed subsidised the continued 

overfishing of larger species. By the mid 1990s the ratios of fishing mortality:  natural mortality 

were ~0.8 to ~0.96 for the major species of lutjanids, serranids, carangids and nemipterids, yet 

biomasses had fallen to below ten percent of their original levels (Stobutzki et al. 2006). Whilst 

the fishing industry perceived ‘pollution’ as the proximate cause, it is now seen as highly 

plausible that the fisheries themselves have contributed to the increase of jellyfish and other 

consumers of herbivororus zooplankton by removing the upper parts of natural food webs. In 

other words, unabated over-fishing has led to a trophic cascade causing phytoplankton blooms 

and the ensuing depletion of oxygen in the enclosed inner Gulf. 

 

Elsewhere the remarkable rise in biomass of some highly evolved balistid triggerfish and 

tetraodontid blowfish cannot be determined because of lack of knowledge of the environmental 

drivers shaping the assemblages in which they occur. Population outbursts have been attributed 

to changes in ocean circulation and upwelling through ‘unknown mechanisms’, or to resilience 

to capture and discarding. In 1972-82, the triggerfish Balistes capriscus came to dominate the 

biomass and ecosystem of the Ghanaian fishery for nearly twenty years. The catch rose from 

only one tonne in 1972 to 13,000 tonnes in 1979 (Joanny & Menard 2002). These triggerfish are 

considered highly edible in West Africa, but the proliferation in the Gulf of Guinea LME of the 

tetraodontid globefish Lagocephalus laevigatus (Koranteng 2001) would not be so profitable 

because it is extremely toxic. In Colombia a similar rise in abundance of B. capriscus and 

tetraodontids has been observed in the last thirty years of the 20th century, but both are discarded 

and their resistance to the effects of capture has been cited as reasons for their population 

growth (García et al. 2007). 

 

Studies of the indirect effects of fishing have also indicated the major importance of epibenthic 

habitats and species interactions in shaping fish assemblages. On Australia’s northwest shelf, 

Sainsbury et al. (1992; 1997) found that Nemipterus and Saurida showed a significantly higher 

probability of occurrence in areas without large epibenthos. In the altered habitat, and under a 

release from predation or competition, the shortlived (~1 year) Saurida species increased by two 

orders of magnitude and their longer-lived (6-7 years) congeners increased by one order of 



168 

magnitude (Thresher et al. 1986). The rise of such voracious piscivores was considered to have 

had a profound effect on the survival of the remaining members of the assemblages on the 

northwest shelf. An increase in populations of Saurida was also observed after twenty years of 

prawn trawling in the Gulf of Carpentaria, accompanied by a 500-fold decrease in the catch 

rates of Paramonacanthus spp. (Harris & Poiner 1991). However, those authors considered the 

decline to be due to changes in the mud content of the sediments on parts of the trawl grounds 

and made no mention of the possible role of a rise in their predators. All these examples 

underscore the need for a better understanding of the factors shaping fish populations and 

assemblages on tropical shelves. 
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7. SPATIAL MODELS EXPLAINING AND PREDICTING THE 

OCCURRENCE OF COMMON INTER-REEF VERTEBRATES 

OF THE GREAT BARRIER REEF MARINE PARK 

7.1 INTRODUCTION 

The ‘extreme deconstruction principle’ (Terribile et al. 2009) proposes that patterns in species 

richness and species assemblages may be viewed as macroecological consequences of 

population-level processes acting on species’ geographical ranges. Chapters 5.4 and 6.2 of this 

thesis have shown that spatial patterns in vertebrate species richness and assemblage structure can 

be explained by mud and carbonate content of the sediments, the topographic complexity of the 

seabed, salinity, temperature, seabed current shear stress and the location and nature of epibenthic 

plants and filter-feeding communities in the GBRMP.  

 

The next logical step in this exploration of vertebrate biodiversity is to determine which species in 

the data set are the most predictable, and to produce a collection of univariate models to relate 

species occurrence to the suite of environmental covariates. This will enable an assessment of 

which species share common responses (either positive, negative or neutral) to the environmental 

predictors, and which species are generalists or specialists with respect to features of the habitat at 

regional scales. Ecological theory predicts that habitat specialists (such as corallivores) are more 

vulnerable to disturbances, especially those events or processes that alter the epibenthic 

microhabitats they rely on for food, shelter or recruitment sites (Jones et al. 2004; Munday et al. 

2008; Pratchett et al. 2008). 

 

Species models incorporating both environmental and spatial information are not common for 

tropical shelves, because most of the spatial information at regional scales is derived using 

catch-per-unit-of-effort (CPUE) data from commercial fisheries logbook programs. Biomass 

estimates were of prime concern in these models, and management interventions are often based 

on spatial or temporal closures to fishing, so there has not been a major need for understanding 

of the extrinsic environmental mechanisms causing spatial patterns.  

 

The advent of ‘ecosystem based’ fisheries management, and the realisation that provincial-scale 

‘regime shifts’ can occur in fished assemblages when environments change (Ehrich et al. 2009; 

Halliday & Pinhorn 2009; Jose Juan-Jorda et al. 2009) have stimulated a much greater 

recognition of the need for an understanding of the intrinsic and extrinsic processes underlying 

spatial patterns (for example, Ehrich et al. 2009 and Jose Juan-Jorda et al. 2009).  Major 

amendments in 1996 to the Magnuson-Stevens Fishery Conservation and Management Act 
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(USA) require fisheries managers to define ‘essential fish habitat’ and address the impact of 

fishing gear in their management plans. It is therefore necessary first to understand the 

association between fish and their habitat before considering what might qualify as essential fish 

habitat.  

 

A major theme of studies on both temperate and tropical shelves has been to identify the subtle 

relationships between fishes and sediment type (Koranteng 2001; Kouame et al. 2008; Sanchez 

et al. 2008; Ordines & Massuti 2009; Svane et al. 2009; Torres 2009) or depth (Garces et al. 

2006b; Katsanevakis & Maravelias 2009). However, this approach does not quantify habitat 

complexity (Kaiser et al. 1998), which may be provided by both abiotic features of the 

substratum and overlying water column and by biogenic structures formed by infauna and 

epifauna. Such biotic complexity can be formed by the live (or dead) shells, holdfasts and thalli 

of plants and animals, and the burrows and excavations of bioturbating infauna (Gribben et al. 

2009; Noji et al. 2009; Webb et al. 2009). Other than coral reefs, notable examples from the 

tropics include ‘shell beds’, ‘megabenthos gardens’, Halimeda bioherms, deepwater seagrass 

beds and Callianassa banks (Siebert & Branch 2006; Chavanich et al. 2009; Pitcher et al. 

2009). ‘Ecosystem engineers’ are now known to excavate shallow depressions in tropical 

seafloors in their search for food in the case of large rays, or establishment of ambush and 

shelter sites in the case of Epinephelus coioides (pers. comm., Thomas Stieglitz, JCU; Marcus 

Stowar, AIMS). There is some speculation that the removal of surficial sediments may facilitate 

the colonisation of some epibenthos by exposing hard sites for post-larval recruitment. 

 

Models of the distributions of tropical vertebrates are lacking on the sub-regional and regional 

scales relevant to conservation, fisheries management and detection of environmental change. 

Identifying robust models may be the first step towards predicting responses of these species to 

changes in the environmental conditions, similar to modeling applications in the terrestrial 

realm (Beger & Possingham 2008). Such knowledge has identified shifts to deeper water or 

cooler latitudes for species in the North Sea (Dulvy et al. 2008) and Northeast United States 

continental shelf ecosystem (Nye et al. 2009) and attributed them to global warming. 

Elsewhere, an awareness of hypoxic ‘dead zones’ (e.g. in the Gulf of Mexico) has produced an 

imperative to predict fish distributions as a function of seasonal or episodic changes in oxygen 

concentration and other physiological constraints on fish growth and survival (Hazen et al. 

2009). Spatial models of biomass in fisheries also benefit when refined with the dual effect of 

the sediment composition and three-dimensional complexity of habitats (Gribble et al. 2007). 

This has been thoroughly demonstrated in deep water for the Sebastes rockfishes at all relevant 

spatial scales from centimetres to entire shelves (Yoklavich et al. 2000; Yoklavitch et al. 2002; 

Anderson & Yoklavich 2007; Yoklavich et al. 2007; Love & Yoklavitch 2008; Rooper 2008; 
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Anderson et al. 2009; Love et al. 2009). When matched with precise maps of fishing activity, it 

is possible to use such species models to assess ‘risk’ of a metapopulation to the removals, and 

habitat disturbance, by fishing activities. 

 

In this chapter I investigate the influence of key environmental covariates on the occurrence of 

the ‘most predictable’ species at scales useful to management of human activities in the 

GBRMP. I have four main aims that extend my investigation of key drivers of patterns in 

species richness and species assemblages down to the level of the individual species comprising 

these patterns. Firstly, I determine which of the more prevalent species in the large BRUVS 

dataset were the most predictable in terms of the full suite of explanatory variables and I 

examine the errors in prediction. Secondly, I compare the performance of models under three 

scenarios incorporating all the predictors, only position and depth, and only the environmental 

covariates. Thirdly, I use partial regression plots to illustrate the shape of individual species 

responses to individual environmental covariates that vary along the cross-shelf and long-shore 

gradients described in previous chapters. These plots provide a visual means of interpreting the 

similarities in responses of species within assemblages, and the differences in responses that 

might be responsible for species replacements along gradients. Finally, I wish to show how the 

spatial distributions of populations at the shelf scale can be coincident with the location of fine 

and coarse sedimentary facies, gradients in properties of the water column, and the epibenthos. 

To do this I present maps of predicted species distributions in comparison to measurements of 

mud, carbonate, gravel, temperature, salinity and marine plants. These maps provide the easiest 

visualisation possible for complex species-environment relationships in the final discussion of 

the results presented in this thesis. 

 

7.2 METHODS 

The survey design, 366 BRUVS sites and environmental covariates have been described in 

detail in Chapter 5.2. The BRUVS data was analysed with all 28 spatial and environmental 

explanatory variables in three main ways. Firstly, the 36 species that occurred on at least nine 

percent (nsites= 34) of the 366 BRUVS sites were selected. These were the most prevalent in 

terms of the number of sites on which they occurred, not necessarily the most abundant nor the 

most widespread in spatial terms. Using boosted trees, the occurrence (presence or absence) of 

each of these species at a site was predicted from the environmental data. Boosted trees are 

widely regarded as one of the best predictive methodologies, and handle complex data sets and a 

broad range of loss functions (see Chapter 2.4.2 for explanation). For the occurrence data 

analysed here, the Bernoulli loss function was used. This is a logistic regression for 

classification problems where the outcomes are between zero and one (Ridgeway 2000). For 
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tree-based methods the approximate ‘relative influence’ of a variable is the empirical 

improvement by splitting on that variable at a particular point (node).  

 

Secondly, logit (log2(p/1-p)) functions of the probability of occurrence (p) of each species 

predicted by the levels of each predictor were plotted together in ‘heatmap’ analysis for all 

species and predictors, and separately for the top eleven predictors and 25 most predictable 

species. The heatmap presented coloured cells (the logit plots for each predictor adjusted to a unit 

value for each species) bordered by dendrograms from cluster analyses of the ‘relative influence’ 

(hereafter termed ‘influence’). The clustering used the complete linkage method to find similar 

clusters in a Euclidean distance matrix. The upper dendrogram in a heatmap clusters the distances 

in influence between the rows of a matrix where the rows were the 28 environmental covariates 

and the columns were the 36 species. The other dendrogram on the left of the heatmap does the 

same clustering on a transposition of the matrix, so rows represent species and columns are the 

predictors. Thus the upper dendrogram clusters the predictors by the similarity in the magnitude of 

their influence on the species, and the dendrogram on the left side clusters the species by the size 

of the influence of the predictors. It should be noted that the clustering indicates similarity in level 

of influence, but not necessarily the direction – so environmental covariates with large positive or 

negative effects can be clustered together by the large size of their influence. The ‘redness’ of the 

individual cells in the heatmap show the relative influence of the particular explanatory variable 

on the presence/absence of the particular species, and the colour (grey to dark blue) of the 

regression line shows the degree and shape of the relationship. 

 

Each cell, or logit plot, in the heatmap is scaled to a unit value so the influence of only major 

predictors is visible for each species and other relationships appear relatively flat. Therefore, 

unscaled partial regression plots centred on the mean were constructed for each of the 25 ‘most 

predictable’ species to view the more subtle influences of the eleven environmental covariates 

that had, on average, the greatest influence on the entire suite of 36 species. Partial regression 

plots distinguish the influence of each predictor by holding all other influences to an average 

value (see Chapter 2.4.2).  

 

Finally, maps were made for selected species showing their actual occurrence (and abundance) 

in comparison with simple smoothed spline predictions (see Chapter 2.4.5) of the probability of 

their presence based on spatial position across and along the GBR shelf. The binomial 

cumulative density function was used with a logistic (logit) link function. These maps are 

presented in the context of maps from Chapter 5.3 of the spatial distribution of the salinity and 

temperature at the seabed, the mud, gravel, and carbonate contents of sediments, and the 

occurrence of marine plants on towed video footage.  
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7.3 RESULTS 

7.3.1 Prediction of species occurrence using environmental explanatory variables 

The 36 species that occurred on at least nine percent of the 366 BRUVS sites were used in an 

analysis of univariate and multivariate boosted regression trees (BRT) to predict the probability 

of occurrence (0 to 1) of a species at a site using all 28 spatial and environmental covariates as 

predictors (Table 7.1), and subsets made up of only the three spatial predictors and only the 25 

environmental predictors. The performance of the three scenarios was assessed by comparing 

the summed influence of the predictor variables (%var.infl) both as an average across all 36 

species, and separately for each species. Species such as Gymnocranius audleyi in Table 7.1 

with low ‘%var.infl’ were the least predictable. For that particular species, the errors reported in 

Table 7.1 hide the fact that presence (as distinct from absence) was predicted successfully, on 

average, for only one of the 34 BRUVS sites on which this species was recorded. The 

classification error did not distinguish between false negatives and false positives. 

 

I compared BRT models using, (a) all 28 spatial and environmental variables (mean %var.infl 

=13.2%); (b) using only the spatial variables ‘across’, ‘along’ and depth (mean %var.infl 

=12.9%); and (c) using environmental covariates only (mean %var.infl =13.05%). The 

differences amongst the scenarios were visualised by ranking the summed influences of the 

predictors (%var.infl) in univariate BRT from the first, most predictable, species to the least at 

rank number 36, and plotting them together in Figure 7.1. The differences were most evident for 

the first fourteen most predictable species in each scenario (Figure 7.1). These top ranked 

species were different in each scenario. The simple model containing only spatial position 

‘across’ and ‘along’, and depth, performed reasonably well, but use of the 25 environmental 

covariates was better. Performance converged for lower ranked species. The mean variance in 

the species responses explained by the full BRT model was 83% and the average relative 

prediction error was 16.9%. 
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Table 7.1. Results of the univariate and multivariate BRT for the 36 most prevalent species (y) at n=366 

sites using all 28 explanatory variables (x). The species were present at ‘occ’ sites,  and ‘sdt’ was the 

number of correct predictions, on average, over 1,000 univariate BRT with five-fold cross-validation. 

Relative prediction error was ‘rel.PE’ = (1 –(sdt/n))%, and the percentage of the variation in occurrence 

of each  species explained  by the best gbm model was ‘%Var’. The species were ranked in decreasing 

order of their average ‘predictability’, represented by the summed, average influence of all 28 predictor 

variables (‘%var.infl‘). 

 

Species occ sdt rel.PE %Var %var.infl 

Scomberomorus queenslandicus 167 298 18.6 81.4 19.9 

Nemipterus theodorei 127 305 16.7 83.3 18.8 

Selaroides leptolepis 128 301 17.8 82.2 18.7 

Nemipterus furcosus 192 273 25.4 74.6 18.7 

Seriolina nigrofasciata 155 279 23.8 76.2 18.5 

Pentapodus paradiseus 135 289 21 79 18.3 

Abalistes stellatus 147 275 24.9 75.1 17.9 

Pentapodus nagasakiensis 103 310 15.3 84.7 17.1 

Saurida_grp 111 284 22.4 77.6 16.3 

Nemipterus hexodon 80 337 7.9 92.1 15.9 

Echeneis naucrates 171 235 35.8 64.2 15.7 

Lethrinus genivittatus 92 297 18.9 81.1 15.6 

Lagocephalus sceleratus 123 256 30.1 69.9 15.5 

Carangoides coeruleopinnatus 116 260 29 71 15.4 

Decapterus russelli 98 278 24 76 14.9 

Gymnothorax minor 81 303 17.2 82.8 14.4 

Carangoides fulvoguttatus 100 264 27.9 72.1 14.2 

Upeneus tragula_grp 85 292 20.2 79.8 14 

Paramonacanthus otisensis 67 328 10.4 89.6 13.3 

Choerodon venustus 64 323 11.8 88.3 12.8 

Carangoides gymnostethus 70 296 19.1 80.9 12.5 

Parapercis nebulosa_grp 69 300 18 82 12.4 
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Species occ sdt rel.PE %Var %var.infl 

Gnathanodon speciosus 52 314 14.2 85.8 10.5 

Alepes apercna 51 318 13.1 86.9 10.3 

Nemipterus peronii 48 317 13.4 86.6 9.9 

Feroxodon multistriatus 45 321 12.3 87.7 9.5 

Pristotis obtusirostris 44 322 12 88 9.3 

Rhynchobatus djiddensis 40 326 10.9 89.1 8.7 

Lutjanus sebae 40 327 10.7 89.3 8.6 

Symphorus nematophorus 40 324 11.5 88.5 8.6 

Paramonacanthus filicauda 37 340 7.1 92.9 8.5 

Atule mate 38 335 8.5 91.5 8.5 

Scolopsis taeniopterus 36 331 9.6 90.4 8.1 

Carangoides hedlandensis 36 327 10.7 89.3 8 

Gymnocranius audleyi 34 331 9.6 90.4 7.6 

Lagocephalus lunaris 34 330 9.8 90.2 7.6 

Means   16.9 83.1 13.2 
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Figure 7.1. The performance of three scenarios of covariate selection 

in predicting the occurrence of vertebrate species in the GBRMP. The 

heuristic variables “across”, “along” and depth (aad), and 25 

mechanistic, environmental variables (env) were analysed together 

and separately in the three scenarios. The top 36 species present on at 

least nine percent of sites were selected for plotting, and these were 

not necessarily ranked in the same order by prediction success for 

each scenario. The Y axes show the sum of average influences of 

explanatory variables (%var.infl in Table 7.1) from the cross-validated 

gbm models for each species in each scenario. A mixture of spatial 

and environmental covariates produced the optimal predictions (grey 

line), but use of position and depth alone produced reasonable 

prediction success (green line). 
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The most predictable species were mainly small to medium sized (<300mm) nemipterids, 

carangids, lethrinids, monacanthids and labrids. However, larger-bodied pelagic piscivores 

(Scomberomorus queenslandicus) and omnivores (Lagocephalus) were also represented in Table 

7.1. Predictability was generally greater for the more prevalent species in the dataset. The 

average influence of each of the predictors is ranked in decreasing order of importance in Table 

7.2. Across-shelf and along-shelf gradients in sediment composition, seafloor topographic 

complexity, temperature, salinity, and seafloor current shear stress were most important, 

followed by epibenthic cover of marine plants and the amount of bare, or bioturbated, seafloor 

along video transects. Further down the list were variables relating to the epibenthic cover of 

‘megabenthos’ and other covariates that were out-competed by surrogates. Some of these 

surrogates were both complementary and more comprehensive. For example, analysis of stills 

frames was available for only 332 of the 366 BRUVS sites, whereas towed video transect 

analysis was available for 342 sites. Given the stills camera was recording photographs in the 

same field of view as the towed video camera, the video records of the substrata and epibenthos 

were performing as better predictors than some of the still-frame covariates in the multivariate 

BRT models. 

 

A separate multivariate BRT model using the video records to predict the covariates recorded 

from the analysis of stills camera frames showed that the video surrogates (‘vid’ suffixes) 

predicted an average of about 28% of the variation in the eight covariates measured on still 

frames (‘pho’ suffixes). Four of these still-frame covariates at the bottom of Table 7.2 were 

predicted much better than this average (mgbnths.pc.pho 33.7%; othranim.pc.pho 26.1%; 

rugosity.pho.av 47.0%; rugosity.pho.sprd 55.5%), supporting the notion that their relative 

influence was downplayed by the presence of more comprehensive surrogates from the video 

analysis. 
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Table 7.2. The 28 explanatory variables (x) sorted by descending order of  the average influence of each 

explanatory variable (%var.infl) across all the 36 responses (species occurrences). In combination, these 

28 covariates accounted for 83.1% of the prediction success and 86.8% of the variation for the 36 species 

in Table 7.1. The column rel.var.infl% expressed this average influence as a percentage of the grand 

average %var.infl = 13.2 in Table 7.1. Variable names were defined in Table 5.1. 

 

Variable %var.infl rel.var.infl% Variable %var.infl rel.var.infl% 

across 1.13 8.54 gravl.pc 0.46 3.47 

carbnte.pc 0.74 5.59 Temp.sd 0.42 3.17 

depth 0.67 5.06 bioturb.pc.pho 0.41 3.10 

rugosity.vid.av 0.67 5.06 bare.pc.vid 0.41 3.10 

along 0.62 4.68 sand.pc 0.37 2.79 

mud.pc 0.59 4.46 mgbnths.pc.vid 0.37 2.79 

coarsns.pc 0.58 4.38 mgbnths.pc.pho 0.37 2.79 

Salin.av 0.58 4.38 algae.pc.pho 0.35 2.64 

Temp.av 0.54 4.08 othranim.pc.pho 0.29 2.19 

dist.reef 0.53 4.00 bioturb.pc.vid 0.29 2.19 

m.bstrs 0.52 3.93 rugosity.vid.sprd 0.27 2.04 

Salin.sd 0.52 3.93 rugosity.pho.av 0.23 1.73 

plant.pc.vid 0.49 3.70 rugosity.pho.sprd 0.19 1.43 

nobiota.pc.pho 0.46 3.47 seagr.pc.pho 0.15 1.13 
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A complete breakdown of the influence of each covariate on each species is presented in Table 

7.3. An ideal way to view these results is the ‘heatmap’ in Figure 7.2 showing the 36 species 

clustered on the vertical axis by their responsese to the 28 covariate predictors, which are also 

clustered on the horizontal axis by their influences on the species occurrences (Table 5.2). The 

‘hotness’ of cell colours at the top margin reflects the strength of the influence of each predictor. 

For example, the top dendrogram shows that the influence of ‘across’ was so strong for twelve 

species that it formed a separate cluster (red cell), high on the left-hand side where the influence 

of mud and seafloor rugosity clustered together. Similarly, the cell colours at the left margin 

reflect the strength of the influence of all the predictors on each species, and the height at which 

the clusters formed in the dendrogram. Species influenced by similar environmental predictors 

clustered together. 

 

Within the main body of the plot, each cell is a partial regression plot, where the curves are logit 

(‘log-odds’, or log2[p/(1-p)]) functions of the ocurrence of each species explained by the levels of 

each predictor. These partial regression plots express the influence of each individual covariate, 

whilst accounting for the influence of all other variables. For example, Pentapodus 

nagasakiensis was influenced by higher values of carbonate in the sediments for any given 

location across the GBRMP, but was also high in occurrence on the outer parts of the shelf for 

any given value of carbonate. The curve colours range from blue for strong responses and grey 

for little influence. The Y-axes of the cell plots were adjusted to unit value of the most 

unfluential covariate within species, to allow easy comparison of their shapes.  

 

The ‘heatmap’ showed strong clustering that was easy to interpret. For example, 

Scomberomorus queenslandicus, Selaroides leptolepis and Carangoides hedlandensis responded 

similarly to higher variability in salinity and had the highest probability of occurrence inshore. 

The smallest lethrinid Lethrinus genivittatus was highly influenced by the presence of marine 

plants, as were a small pomacentrid Pristotis obtusirostris, and the nemipterid Pentapodus 

paradiseus. This cluster might be termed ‘algal banks’, because the influence of Halimeda, 

‘other algae’ (and seagrass) could not be easily distinguished. Catches from a benthic sled at the 

BRUVS sites showed that ‘Halimeda banks’ were often comprised of a Halimeda matrix 

inhabited by a diverse range of green and red algae, including Caulerpa, Codium and 

Enteromorpha (Pitcher et al. 2007). A ‘cross-shelf’ cluster included the pelagic piscivore 

Scomberomorus queenslandicus and small planktivore Selaroides leptolepis inshore, and 

Pentapodus nagasakiensis offshore. It is possible that the two inshore species were associated as 

predator and prey. At the first split in the clustering of species, Nemipterus hexodon was 

dissimilar to all others in the strength of the positive correlation with percentage of mud in the 

sediments, and the negative response to distance offshore and an index of seafloor rugosity. 
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 The occurrences of most species were not so heavily correlated with a restricted number of 

covariates. For example, the common Pentapodus paradiseus responded positively to higher 

presence of marine plants in the epibenthos and gravel in the sediments, in areas of higher 

currents. In the same family, Scolopsis taeniopterus was influenced most by the higher water 

temperatures and lower, more variable salinity present in the northern waters in mixed muddy-

sand sediments. Specific relationships, such as these, were best interpreted by presenting 

unscaled logit plots in the following sections. 
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Table 7.3. The influence (%var.infl) of 28 explanatory variables (x) on 36 species (y) in the BRT. Cell values show the relative amount of influence by each variable in 

explaining occurrence of species, so row totals equal %Var  in Table 7.1. Variable names were defined in Table 5.1. 
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Nemipterus 
furcosus 

6.7 4.1 1.5 2.2 2.1 4.8 2.2 2.4 2 5.3 3.1 7.6 4.1 2 1.2 2.4 2.3 0.9 1.1 1.8 1.2 1.6 2 2.1 4.2 1.4 1 1.3 

Echeneis 
naucrates 

3.9 2.7 2.9 3.2 1.9 4 2.4 2 2.8 2.2 1.8 3.7 1.3 1.4 4.5 2.1 1.8 3.2 3.7 1.5 0.4 2.1 1.2 1.2 2.2 1.3 1.1 2.3 

Scomberomorus 
queenslandicus 

2.4 5 2.2 1.5 1.6 28.9 2.1 3.6 2 2.6 5.7 1.4 1 2.1 0.5 4 0.6 0.6 2.2 2.2 0.2 0.7 2 0.5 2 1 0.7 1.4 

Seriolina 
nigrofasciata 

3 4.6 1.8 1.4 1.3 11.2 4.4 9 2.1 3.8 2.3 2.4 1.9 3.8 1.9 1.3 1.7 1.1 1.3 1.1 1.1 1.7 1.4 0.5 3.4 0.6 0.8 5.3 

Abalistes stellatus 2 4.1 3.9 2.9 2.2 3 2.3 8.3 1.3 4.3 3 3 1.6 4.4 3.2 1.6 0.7 1.5 2.3 1.7 0.6 2.4 3.7 2.4 4.3 1 0.8 2 

Pentapodus 
paradiseus 

4.2 2.3 10.3 1 4 2.3 4.4 3.4 3.7 1.3 3.2 3.4 1.3 2.3 1.4 1.9 1.8 7.7 1.3 2.8 1.4 1.3 2.3 1.9 1.6 1.5 2.3 1.4 

Selaroides 
leptolepis 

5 4.5 1.6 1.1 1.6 20.1 3.3 3.5 2.3 1.9 8.1 4.5 1.2 3.7 4.6 1.4 1.2 1.2 1 1.2 0.6 1 1.2 0.7 2 1.2 0.5 2 

Nemipterus 
theodorei 

4.9 2.9 2.9 2.2 2.2 4.4 4 14.7 0.7 10.3 2.2 1.8 1.7 4.3 0.8 4.6 0.8 1.9 1.4 1.4 0.2 0.7 2.7 1.3 3.9 0.6 0.4 3.6 

Lagocephalus 
sceleratus 

2.1 4.8 1.9 2.1 2.2 2.4 8.6 2.3 4.1 1.9 1.5 2.9 1.4 1.5 1.3 2.8 1.2 1.4 6.2 2.5 0.5 2.2 1.3 1.6 3.3 1.2 3.7 1.9 

Carangoides 
coeruleopinnatus 

2 3 2.1 3.1 14.7 3.1 2.8 2.5 4.2 3.2 1.4 1.4 1.4 3.3 0.7 2.2 2.7 1.5 2.1 3.6 0.1 1.3 0.8 1.5 1.8 1.6 0.4 3.6 

Saurida_grp 3.9 2.9 2.5 2 1.6 5.3 5.8 5.9 2.3 7.4 2.6 1.7 2.3 3.5 3.3 2 1.2 0.9 1.8 5.4 0.3 1.3 1.7 0.7 1.7 0.5 0.5 6 
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Pentapodus 
nagasakiensis 

1.6 24.9 3.5 0.8 3 13.9 0.8 1.3 0.9 0.6 1.3 1.1 0.9 2 1.3 1.5 1.1 5.3 1.2 1.7 2.6 3.1 2.4 0.9 2.5 1.5 0.7 1.6 

Carangoides 
fulvoguttatus 

4.2 3 2.5 2.3 1.8 4.7 2.8 3.7 1.5 1.9 2.8 2.4 5.4 3 2.5 1.8 1.4 4 3.2 1.5 0.4 3 1.3 2.8 1.5 1.6 1.5 2.7 

Decapterus 
russelli 

4.1 4.1 1.2 1.9 2 3.5 3 5.5 6.1 4 4.3 1.6 1.9 5.5 0.9 2.3 2.7 4.2 0.8 2.7 0.2 1.6 1.4 0.7 3.1 3.2 0.5 3.5 

Lethrinus 
genivittatus 

2.5 2.8 2.5 1.3 2 4.4 6.2 2.4 2.1 2.8 3.5 3.2 1 1.9 1.3 2.5 1.4 12.9 2 2 2.8 2.2 3.6 2.4 2 1.6 2.3 2.8 

Upeneus 
tragula_grp 

5.3 2.5 4.8 3.1 2.1 1.9 2.6 4 5.6 2.2 2.3 5.8 2 2 1.7 2 2.1 5.3 2.2 2.8 2.3 1.6 1.5 3.8 2.2 1.2 1.4 2.8 

Gymnothorax 
minor 

2.9 6.3 2.7 4.4 4.2 5.2 2.1 2.6 6.1 2.2 1.5 1.8 3.8 5 1 2 2.9 1.6 2.3 4.3 0.5 0.9 3.1 0.5 3.2 1.3 0.6 8.2 

Nemipterus 
hexodon 

3 5 1 1.6 15 11.9 1 1.2 1.6 2.2 3.2 1.7 2.7 27.8 0.9 0.6 1.6 2.3 1.1 2 0.1 0.4 1.2 0.3 0.9 0.5 0.1 1.5 

Carangoides 
gymnostethus 

4.7 4.1 1.5 1.9 1 2.2 2.1 2.6 1.3 0.7 3.7 2.6 11 4.2 1 3.7 1.5 0.8 2.5 2.2 6.3 1.6 1.1 1.9 2.1 4.7 4.1 4 

Parapercis 
nebulosa_grp 

4.3 2.5 1.5 3.9 9.5 4.8 2.5 2.5 6.8 2.3 1.3 1.5 3.9 1.4 1.4 2.9 1.4 2.3 2.2 4.4 0.7 2.5 1.4 0.9 2.5 2.7 1.3 6.6 

Paramonacanthus 
otisensis 

4 3.6 1.8 5 8.3 12.1 6.6 8.3 2.3 3.7 2.8 4.8 3.8 0.9 0.3 2.3 2.1 3.4 1.2 1.4 0.7 3.2 0.3 0.4 2.3 0.4 0.3 3.1 

Choerodon 
venustus 

3 7.7 1.2 0.5 1.4 5.4 7.9 1.8 5.3 3.2 2.6 1.3 1.2 9.9 3.3 1.2 0.8 3.8 3.6 3.1 0.1 2.2 5.3 7.1 1.8 1.2 0.6 1.2 

Gnathanodon 
speciosus 

2.6 2.2 4.1 2.5 2.2 1.9 11.5 3.1 4.3 3.8 4.5 3.2 2.5 3.4 1.3 1.4 1.5 2.7 3.1 4.2 0.8 1.7 5.1 4.8 2.1 1.9 1.4 1.9 
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Alepes apercna 3.3 3.1 4.5 4.7 2.3 6.8 4.5 2.3 3.1 3 3.6 9.3 2.6 7.6 0.4 5.4 2.3 0.6 1.1 3.4 0.1 3.3 1.1 0.6 2.4 1.7 0.1 2.6 

Nemipterus 
peronii 

3.5 6.7 2.6 2 3.1 11.6 4.5 6 4.8 2.9 1.8 3.8 3.4 3.6 0.6 2.6 2.7 0.7 3.2 3.4 0.4 3.5 0.6 1 3.9 1.5 0.2 2.3 

Feroxodon 
multistriatus 

8 2.2 5.2 4.1 0.9 2.8 1.2 2.9 0.8 5.9 2.7 2.5 7 4.6 0.9 4.8 3.7 2.4 1.2 5.3 3 1.3 0.8 0.5 2.9 1 0.8 8.5 

Pristotis 
obtusirostris 

2.2 10.4 2.4 6.8 5.3 2.7 1.6 2.6 2.2 1.2 2.6 1.3 1.5 1.6 2.3 2 0.5 11.1 2.1 2.3 2.2 3.6 2.1 3 2.7 2.5 2.3 4.9 

Symphorus 
nematophorus 

2.7 3.2 2.8 0.7 1.4 4.1 2.8 2 2.5 1.1 2.7 2.3 8.2 2.6 1.8 1.1 1.2 3.7 4.5 0.9 0.2 9.3 16.1 1.6 2.5 2 0.9 3 

Rhynchobatus 
djiddensis 

10.5 1.9 1.4 3.3 1.2 1.9 2.4 5.9 3.4 4.5 3.3 0.3 5.4 5.6 0.7 5.5 4.6 6.5 2.3 3.7 0.4 0.6 1.5 7.3 2.1 0.5 0 2.5 

Lutjanus sebae 2.8 3.6 2.1 2 1.9 5.6 1.2 3.7 1.6 6.8 8.2 1.5 3.3 2.4 1.4 2 1.9 2.2 4.2 0.9 0.1 5.3 4.9 4.9 8 2.1 2 2.5 

Atule mate 3.4 2.9 1.9 1.4 0.9 3.2 11.7 1.5 1.9 9.6 5.1 15.1 1.9 3.8 0.6 3.7 2.7 3.7 0.9 2.1 3.4 1.5 1.1 0.4 1.6 0.6 0.3 4.2 

Paramonacanthus 
filicauda 

5 2.2 2.6 1.2 7.1 2.9 10.3 3.7 10 3.3 2.6 0.9 1.7 9.3 0.1 5 0.7 0.7 1.2 0.9 0 1.3 0.8 0.3 2.6 2.2 0.2 15 

Scolopsis 
taeniopterus 

2.4 2.4 2.7 4.1 10.6 2.2 2.3 3.4 6.4 12.5 4.6 10.8 1.6 1.1 0.8 1.6 3.7 2.4 1 3.5 1.2 1.6 0.9 1.2 2 0.7 0.3 2.9 

Carangoides 
hedlandensis 

4 3.7 2.8 2.2 2.6 17.2 2.5 3.8 2.7 2.7 7 4.5 3 3.2 0.4 3.1 3 1.9 1.2 4 0.1 4.1 1.4 1 4.8 0.7 0.1 2.2 

Lagocephalus 
lunaris 

2.1 2.3 3.7 2.3 3.1 12.8 4 8 4.4 2 6.3 2.9 3.4 4.3 0.8 6.2 4.1 0.8 1.2 4.1 0.2 1.3 0.4 0.5 4.5 1.6 0.7 2.5 

Gymnocranius 
audleyi 

3 4.9 1.5 1.1 1.1 4.1 4.9 3.1 2.6 7.7 4.9 2.5 3.9 5.4 4.5 2.5 0.9 1.4 4.8 1.4 0.9 2.9 5.1 7.9 1.5 1.5 2 3.2 
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Figure 7.2. (Page 185) A ‘Heatmap’ plot showing the 36 most prevalent species clustered by their responses to the influence of 28 covariate predictors, which are also 

clustered on the horizontal axis by their level of influence on the species. The ‘hotness’ of cell colours reflects the strength of the correlations. Each cell is a partial regression 

plot, where the curves are logit functions (log2[p/(1-p)]) of the occurrence of each species explained by levels of each predictor. The curve colour ranges from blue for strong 

responses to grey for little influence. The y-axes of these plots were adjusted to the maximum y value for each species; so many minor relationships appear flat. Covariates 

were clustered in the upper dendrogram by their similarity with each other in terms of relative influence on the species, and species were clustered on the left dendrogram by 

the similarity in response to the influence of the covariates. For example, average temperatures and salinities were similar in their levels of influence on species (upper x 

clusters) , and the presence of Upeneus tragula_grp, Pentapodus paradiseus and Lethrinus genivittatus were highly influenced by high records of ‘marine plants’ on towed 

video footage (y clusters). The direction of influence was not always the same amongst species in these clusters. For example, four species clustered by their response to 

position ‘across’ the shelf, but Pentapodus nagasakiensis increased with distance offshore, unlike the other three species most common inshore. 
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Figure 7.2. See caption on page 184. 
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7.3.2 ‘Across-shelf’ influences in species-environment relationships 

In previous sections of this thesis, the cross-shelf position of the BRUVS sites has been shown 

to be highly correlated with, and thus a surrogate for, some major properties of the seafloor, 

such as the percentage of carbonate and mud in sediments and indices of the rugosity, or ‘grain 

size’ of the seafloor. For the convenience of presenting 5 x 5 plots, the 25 most predictable 

species are featured in a series of plots showing the log-odds of their occurrence predicted with 

the covariates of the site position across the shelf (Figure 7.3), percentages of carbonate (Figure 

7.4) and mud (Figure 7.5) in the sediments, and indices of both sediment coarseness (Figure 7.6) 

and seabed rugosity (Figure 7.7). The influences of depth (Figure 7.8) and distance to the 

nearest reef centroid (Figure 7.9) are also included in this section, although they vary along-

shelf from the shallow, narrow waters close to reefs in the north down to the wide, deep 

Capricorn Channel in the south where there can be large distances to the nearest reefs. 

 

Nearshore and offshore species had abruptly sigmoidal curves, often changing steeply about 

two-thirds (across ~0.6) across the shelf of the GBRMP where depth was (on average) about 

thirty to forty metres, mud content was about twenty percent and carbonate composition was 

about sixty percent. This position across the shelf approximates the commencement of the mid-

shelf reef matrix south of Cape Flattery (Figure 5.2). The indices of both coarse fraction of 

sediments and seafloor rugosity at this change were consistently about ~0.4. The offshore 

nemipterid Pentapodus nagasakiensis had relatively very high probability of occurrence (about 

0.65-0.9) offshore from across ~0.8, which includes the mid-shelf reef matrix. The large tuskfish 

Choerodon venustus showed a similar pattern. In contrast, Scomberomorus queenslandicus, 

Selaroides leptolepis and two nemipterids (Nemipterus peronii, N. hexodon) were, on average, 

much more likely to be found close to shore. 

 

A large number of lagoonal species from a wide variety of families had humped curves in the 

wide range of 20-60% mud, 20-60 metres depth and 30-80% carbonate. In the case of the 

nemipterids, nearshore P.paradiseus, N.peronii and N.hexodon had some spatial overlap with 

lagoonal and offshore N.furcosus, N.theodorei and P. nagasakiensis. There was also perceptible 

partitioning of the cross-shelf space by a variety of carangids. Nearshore waters were inhabited 

by Selaroides leptolepis, Alepes apercna and Carangoides coeruleopinnatus, and these species 

overlapped to some degree in the lagoon with Seriolina nigrofasciata, Decapterus russelli and 

the large Carangoides fulvoguttatus and C. gymnostethus. 

 

Species associated with coarse sediments containing high carbonate (>60%), such as Choerodon 

venustus and Pentapodus nagasakiensis, were most common where the ‘rugosity.vid.av’ index 
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(seafloor rugosity) was higher than 0.4. To put this index in context, a complete coverage 

(100%) of any one category on a given video tow would have been ‘mud’ (0), ‘silt’ (0.125), 

‘sand’ (0.25), ‘coarse sand’ (0.375), ‘gravel’ (0.5), ‘rubble’ (0.625), ‘stones’ (0.75), ‘rocks’ 

(0.875), or ‘rocky-reef’ (1). The value of ~0.4 lies, therefore, in the coarse sand-gravel part of 

the spectrum. Responses were mainly sigmoidal and few species showed hump-shaped peaks in 

probability of occurrence in mid-range indices of rugosity (Figure 7.7). The smoothest 

sediments with finest grain positively influenced the occurrence of Nemipterus hexodon, 

N.peronii, A.apercna and C. coeruleopinnatus. 

 

The influence of mud and carbonate in the sediments showed an interesting interplay that 

reinforced the notion of nearshore, lagoonal and offshore faunas. These parameters are not 

mutually exclusive, because muddy sediments can be very high in carbonate content offshore 

amongst the reef matrix and very low in carbonate close to river mouths. The probability of 

occurrences of Nemipterus hexodon, N.peronii, Carangoides coeruleopinnatus and Alepes 

apercna were all positively increased by the proportion of mud in the sediments, but were 

negatively influenced by levels of carbonate above 50-60%. Humped peaks in influence of mud 

on N.furcosus and N.theodorei were matched by a sharply increasing probability of occurrence 

around sixty percent carbonate content. In contrast, the moray eel Gymonthorax minor was 

influenced most by mid-range levels of both mud and carbonate, perhaps related to the sediment 

properties required to maintain burrows as shelter sites.  The grubfish Parapercis nebulosa_grp 

and Paramonacanthus otisensis both showed strongly negative influences of both mud and 

carbonate in the sediments. These were inhabitants of lagoonal sands. Pentapodus paradiseus 

showed a negative response to mud content, and a strongly positive influence of carbonate at 

levels around sixty to eighty percent. 

 

The shape of many relationships suggested major changes in species composition might occur, 

on average, in the GBRMP around two-thirds of the way across the shelf, at thirty to forty 

metres depth, and where sediments were comprised of twenty percent mud (with a sixty percent 

carbonate content) with seafloor rugosity and coarse sediment fraction of ~0.4. This zone of 

change was not due simply to the coincidence of the mid-shelf reef matrix, with only the 

goatfish Upeneus tragula_grp, the tuskfish C.venustus and the nemipterids Pentapodus 

paradiseus and P. nagasakiensis showing any increase in probability of occurrence with 

increasing proximity to emergent coral reefs. 
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Figure 7.3. Species occurrence as a function of location across the shelf. Plots are ranked in 

descending order of relative influence of the predictor variable for the 25 most predictable 

species. The ‘rugs’ on the X axes are 10 percentiles in the distribution of the predictor 

variable. The Y axes (log-odds) are logit (log2[p/(1-p)] and centered (dashed line; y=0) on a 

probability of occurrence of p=0.5. 
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Figure 7.4. Species occurrence as a function of a measure of the percentage of carbonate 

(carbnte.pc) in sediments at BRUVS sampling sites. All conventions follow Figure 7.3. 
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Figure 7.5. Species occurrence as a function of a measure of the percentage of mud 

(mud.pc) in sediments at BRUVS sampling sites. All conventions follow Figure 7.3. 



 

191 

 

 

Figure 7.6. Species occurrence as a function of a measure of the percentage of the coarse 

fraction of sediments (coarsns.pc) at BRUVS sampling sites. All conventions follow Figure 

7.3. 
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Figure 7.7. Species occurrence as a function of a measure of location (rugosity.vid.av) in 

towed video classification of substratum rugosity at BRUVS sampling sites. All 

conventions follow Figure 7.3. 
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Figure 7.8. Species occurrence as a function of a measure of depth at BRUVS sampling 

sites. All conventions follow Figure 7.3. 
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Figure 7.9. Species occurrence as a function of distance to the nearest coral reef centroid  

(dist.reef) for BRUVS sampling sites. All conventions follow Figure 7.3. 
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7.3.3 ‘Along-shelf’ influences on species-environment relationships 

The coarse boundaries in species occurrence described by covariates that varied across the shelf 

were also modified strongly by changes in seawater temperature and salinity that changed along 

the shelf. Cooler temperatures and higher salinities were surrogates for the higher nutrients for 

primary producers (such as marine plants) in cross-shelf intrusion of upwellings at the reef rim 

and in the central section, and vertical mixing of the East Australian Current passing the ‘open’ 

end of the GBRMP in the southern section (Middleton et al. 1994; Furnas & Mitchell 1996). 

Lower salinities inshore were possibly surrogates for similar nutrient enrichment from fluvial 

inputs and resuspension of sediments in macrotidal areas. Higher seafloor current shear stress 

occurred in the macrotidal southern region (Figure 5.5), but the presence of ‘megabenthos 

gardens’ was not so restricted (Figure 5.11). 

 

Presented here are the log-odds of species occurrence predicted with the covariates of the site 

position along the shelf (Figure 7.10), average salinity (Figure 7.11), average temperature 

(Figure 7.12) and seafloor current shear stress (Figure 7.13) at the seabed, and the epibenthic 

cover of marine plants and ‘megabenthos’ (Figures 7.14 and 7.15). 

 

Locations about ~0.2 and ~0.6-0.8 along the GBRMP were associated with steep changes in the 

probability of occurrence for a considerable number of species, such as Decapterus russelli, 

Upeneus tragula and Echeneis naucrates in the south, and Gymnothorax minor, Carangoides 

coeruleopinnatus and Seriolina nigrofasciata in the north (Figure 7.10). These isopleths project 

across the shelf in the vicinity of the macrotidal Shoalwater Bay, north of Yeppoon (along ~0.2), 

and at Cape Grafton, near Cairns (along ~0.6) (see Figure 5.2).  Unlike the strong hump-shaped 

responses described for the across-shelf influences, the position along the shelf was relatively 

weak in competition with the other predictors in Table 7.2. The change in the probability of 

occurrence was cup-shaped for Paramonacanthus otisensis and Decapterus russelli, increasing 

both to the north and to the south, and more or less linear or weakly sigmoidal for the other 

species. Probability of occurrence increased toward the north for Alepes apercna, Nemipterus 

hexodon and N. peronii, and toward the south for Saurida_grp, Abalistes stellatus, Parapercis 

nebulosa_grp and Nemipterus theodorei.  

 

The ‘rugs’ on the horizontal axes of Figure  7.11 and Figure  7.12 show that most of the BRUVS 

sampling sites lay in the relatively narrow annual ranges of 22-27°C temperature and 34.9-35.5 

ppt salinity at the seabed. The dispersion of the data was worse for the covariate representing 

current, as only ten percent of the BRUVS sites were located in regions where seafloor current 

shear stress was moderate to high, between 0.05 and 2.5 Pascals (Figure 7.13). These 
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restrictions may have caused higher leverage of the data (and poorer predictions) in the lower 

and upper deciles. 

 

There was a diverse variety of responses of species to water temperature, salinity and current, 

and these were not always overlain on general north-south trends in these parameters. For 

example, the schooling carangid Alepes apercna and the small monacanthid Paramonacanthus 

otisensis both had a much higher probability of occurrence in the hotter, less saline waters of 

both the southern and northern ends of the GBRMP. Steep changes in the species responses 

occurred below ~35.0 ppt and above ~35.4 ppt. The cup-shaped responses of Nemipterus 

hexodon, Carangoides coeruleopinnatus and Lethrinus genivittatus predicted them to have 

lower than average probability between these bounds, and higher probabilities outside them. 

Response curves were steeply rising through ~35.4 ppt for Nemipterus theodorei, Decapterus 

russelli and Abalistes stellatus, and steeply falling through ~35.0 ppt for Nemipterus furcosus 

and N. peronii (Figure 7.11). The influence of temperature was similarly complex, with some 

steep changes occurring about ~22°C and ~26°C, and peaks (e.g. N.theodorei, A. stellatus) or 

troughs (e.g. C. coeruleopinnatus) at ~24°C (Figure 7.12).  



 

197 

 

 

Figure 7.10. Species occurrence as a function of position along the shelf. All conventions 

follow Figure 7.3. 
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Figure 7.11. Species occurrence as a function of average annual salinity at the seabed 

(Salin.av; ppt). All conventions follow Figure 7.3. 
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Figure 7.12. Species occurrence as a function of average annual temperature at the seabed 

(Temp.av; degrees Celsius). All conventions follow Figure 7.3. 
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Figure 7.13. Species occurrence as a function of the seabed current shear stress (Current; 

Pascals; Newtons per square metre) at BRUVS sampling sites. All conventions follow 

Figure 7.3. 
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Responses to seafloor current shear stress were difficult to interpret in the narrow range where 

most of the sites occurred, but there were clearly species with negative (e.g. N. peronii,  

N. furcosus, C. coeruleopinnatus), positive (e.g. N. theodorei, D. russelli) or neutral responses to 

this predictor. When examined together there were clear along-shelf groupings in responses. For 

example, the lizardfish Saurida_grp, the grubfish Parapercis nebulosa_grp and the tuskfish 

Choerodon venustus all showed steeply increasing probability of occurrence in the southern 

GBRMP, and where temperatures were below 24°C, salinities were higher and seafloor currents 

were stronger. An opposing pattern was evident for the inshore N.furcosus and N. peronii. 

 

Over-dispersion was also present in the percentage ‘cover’ of marine plants and ‘megabenthos’ 

used as predictors. Only ten percent of sites had a combined cover of larger sponges, soft corals, 

sea whips, gorgonians, or sea pens more than 25% of the towed video track (Figure 7.15). The 

pooled cover of Halimeda, seagrass, green, red and brown macroalgae was less concentrated but 

only forty percent of sites had cover of ‘marine plants’ greater than five percent (Figure 7.14). It 

was notable that positive responses to the influence of plants were common amongst the 25 

species. The pufferfish Lagocephalus sceleratus and the moray eel Gymnothorax minor had 

hump-shaped peaks in response to cover of marine plants about ~30%, but most relationships 

were either declining or increasing with greater plant cover. Probabilities above (Lethrinus 

genivittatus, Pentapodus paradiseus, P. nagasakiensis, Upeneus tragula, Paramonacanthus 

otisensis, Choerodon venustus, Abalistes stellatus) or below average (Nemipterus hexodon,  

N. theodorei, Seriolina nigrofasciata, Carangoides coeruleopinnatus) were commonly predicted 

for BRUVS sites where the cover of marine plants was beyond ~40%. Even the ‘bare ground’ 

species N. furcosus and Saurida_grp showed a positive response, only declining in the top 

decile of dense plant cover above eighty percent (Figure 7.14). 

 

Many of the 25 species showed most of the change in influence of ‘megabenthos’ in the 

response space below a fifty-percent probability of occurrence, but the lack of ‘gardens’ of these 

sessile filter-feeders amongst the BRUVS sites where the species were most prevalent made it 

difficult to identify common patterns. The strongest responses with increasing cover of 

‘megabenthos’ were negative for Lagocephalus sceleratus and the suckerfish Echeneis 

naucrates, and positive for Lethrinus genivittatus and Pentapodus paradiseus (Figure 7.15). 
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Figure 7.14. Species occurrence as a function of the percentage of towed video footage at 

BRUVS sampling sites comprised of ‘marine plants’ (plant.pc.vid). All conventions follow 

Figure 7.3. 
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Figure 7.15. Species occurrence as a function of the percentage of towed video footage at 

BRUVS sampling sites comprised of ‘megabenthos’ (mgbnths.pc.vid). All conventions 

follow Figure 7.3. 
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7.3.3.1 Spatial predictions of species occurrence 

It was desirable to reduce the complexity in interpreting the species-environment relationships 

much further by representing them in simple maps of the GBRMP. Whilst it would be plausible 

to use the models developed here to predict the occurrence of species on ‘grid’ cells of 

covariates for the entire GBRMP, this would require advanced analyses of the covariates and 

their interactions on a scale beyond that of this thesis, even if such comprehensive information 

was available. For example, the previous Chapter 5.3.1 showed a clear interaction between 

depth and position across the shelf for prediction of species richness, where ‘hotspots’ of 

vertebrate diversity occurred on the shallow banks and shoals far offshore.  

 

Instead, I have chosen here to use only the values of ‘across’ and ‘along’ as fundamental 

surrogates in portraying patterns of occurrence for a selected number of species to illustrate 

important influences. Grid cells at the scale of one-hundredth of a decimal degree were 

available for these parameters, and smoothed spline fits were applied to the overall grid of cells 

comprising the entire GBRMP, to produce biophysical maps of the occurrence (presence or 

absence only) for nineteen selected species. These maps are provided here as nine panels, 

including a measure of reliability of the predictions and a shortlist of the most influential spatial 

and environmental covariates. Note that the influence of the covariates does not indicate the 

actual shape of the relationship. For example, an environmental predictor may influence 

occurrence of a species positively, negatively, modally or asymptotically. The actual abundance 

[transformed by 4th root] recorded at each BRUVS station is featured as scaled circles. This 

gives some idea of how consistent the predictions were with the real observations. 

 

Ubiquitous species, occurring on 35-47% of the BRUVS sites, included the piscivorous 

Scomberomorus queenslandicus and the small planktivorous Selaroides leptolepis (Figure 7.16). 

These species were predicted very well by position in the GBRMP and may have overlapped as 

predator and prey. They both responded to similar environmental influences. The scavenging 

suckerfish Echeneis naucrates was recorded both free-swimming and attached to large sharks, 

rays and fishes in the BRUVS field of view. The range of this species would therefore be 

expected to be large and not restricted to particular habitat types. Only about fifteen percent of 

the variation in its occurrence was predicted by position alone, although it was consistently most 

abundant in the central section (Figure 7.16). 

 

Muddy sediments were generally located along the coastal margin north of Bowen, but they 

were advected and deposited offshore in the macrotidal area. The location of populations of 

common nemipterids, monacanthids, carangids and teraponids (Figures 7.17-7.19) reflected this 
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latitudinal variation in some remarkable ways. Nemipterus hexodon and Terapon theraps were 

characteristic of very shallow, inshore muddy sediments for most of their range but populations 

of both species moved far offshore into deeper mid-shelf waters in association with mud 

deposits. The ‘coastal’ or ‘onion’ trevally Carangoides coeruleopinnatus also penetrated 

southward and offshore past Bowen in the same way, but Nemipterus peronii did not (Figures 

7.17 and 7.19). In contrast, the grubfish Parapercis nebulosa_grp was associated with coarse 

sediments and its populations inhabited the coastal margin in the macrotidal southern region 

(Figure 7.19). 
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Figure 7.16. Smoothed spline predictions (± 3 std errors) of the probability of presence of ‘ubiquitous’ 

species across and along the GBRMP. Adjusted r2 values are shown for each fit. Symbols show presence 

(blue) or absence (open) at BRUVS sites, scaled by abundance to the maximum measurement for each 

species. The contribution to the total dataset is shown in terms of occurrence (occ%) and abundance 

(abun%). The top three environmental influences are shown from Table 7.3. 
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Figure 7.17. Smoothed spline predictions (± 3 std errors) of the percentage of mud in sediments (a) and 

the probability of presence of some common Nemipterus influenced by mud (b,c). Other conventions 

follow Figure 7.16. 
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Figure 7.18. Smoothed spline predictions (± 3 std errors) of the percentage of mud in sediments (a) and 

the probability of presence of common demersal and semi-pelagic predators influenced by mud (b,c). 

Other conventions follow Figure 7.16. 
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Figure 7.19. Smoothed spline predictions (± 3 std errors) of the percentage of mud in sediments (a) and 

the probability of presence of some regionally common demersal microcarnivores influenced by mud 

(b,c). Other conventions follow Figure 7.16. 
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The location of the coarser gravel sediments inshore in the macrotidal south, and offshore 

elsewhere, also positively influenced the location of the widespread Pentapodus paradiseus and 

the mullid Upeneus tragula (Figure 7.20). Previous chapters of this thesis have discussed the 

cross-shelf increase in carbonate content of sediments, which was closely followed by the 

occurrence of Pentapodus nagasakiensis in a variety of vegetated or bare substrata along the 

entire GBRMP. The tuskfish Choerodon venustus was also influenced positively by higher 

carbonate levels and rougher seafloor topographies, but there was also a strong preference for 

cooler, more saline waters south of Bowen (Figure 7.21). 

 

Some of the other variations in response to salinity and temperature at the seabed are illustrated 

in Figure 7.22 and Figure 7.23. Nemipterus furcosus and N. theodorei overlapped in their 

distribution only south of Cooktown, and N. theodorei was associated with deeper, cooler, more 

saline waters. The schooling planktivore Atule mate was widespread amongst the sites north of 

Cooktown, and might have been characterised as a resident of hotter, less saline waters were it 

not for its occurrence at the far southern end of the GBRMP. The nemipterid Scolopsis 

taeniopterus did have a distribution restricted to the more tropical waters (Figure 7.23), and the 

monacanthid Paramonacanthus filicauda was locally very abundant in a small southern region 

of muddy sediment offshore in the cooler, more saline waters south of Bowen (Figure 7.19). 

 

The distribution of the small Lethrinus genivittatus closely matched the occurrence and 

coverage of marine plants in towed video footage (Figure 7.24), and there was a similar 

coincidence for Pentapodus paradiseus and Upeneus tragula_grp (Figure 7.20). The BRT 

model for the schooling pomacentrid Pristotis obtusirostris showed a strong influence of marine 

plants, but the smoothed spline prediction by position alone was very poor for this species, 

which occurred on only twelve percent of the BRUVS sites. 
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Figure 7.20. Smoothed spline predictions (± 3 std errors) of the percentage of gravel in sediments (a) and 

the probability of presence of some common benthic microcarnivores influenced by gravel (b,c). Other 

conventions follow Figure 7.16. 
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Figure 7.21. Smoothed spline predictions (± 3 std errors) of the percentage of carbonate in sediments (a) 

and the probability of presence of a common benthic microcarnivore (b) and a demersal macrocarnivore 

(c) influenced by carbonate levels. Other conventions follow Figure 7.16. 
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Figure 7.22. Smoothed spline predictions (± 3 std errors) of the average annual salinity (Salin.av; ppt) (a)  

and the probability of presence of some common Nemipterus influenced by salinity (b,c). Other 

conventions follow Figure 7.16. 
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Figure 7.23. Smoothed spline predictions (± 3 std errors) of the average annual water temperature 

(Temp.av;°C) (a) and the probability of presence of some semi-pelagic and demersal microcarnivores 

influenced by temperature (b,c). Other conventions follow Figure 7.16. 
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Figure 7.24. Smoothed spline predictions (± 3 std errors) of the probability of presence of a small 

lethrinid (b) and a pomacentrid (c) influenced by covariates representing marine plants. The left panel (a)  

shows sampling stations scaled by the percentage cover of plants on towed video footage where red 

symbols indicate measurements higher than the mean values. Other conventions follow Figure 7.16. 
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7.4 DISCUSSION 

The species models presented here once again reinforce the recurrent theme in this thesis of 

strong along-shore changes in the influence on vertebrates of sediments, hydrological variables 

and seafloor habitats that also vary consistently across the shelf in the GBRMP. Gradients in 

these factors were shown not always to be two-dimensional, and the improvement in prediction 

error through the addition of environmental covariates outweighed the penalties associated with 

greater model complexity. The approach using boosted regression trees avoided the 

heterogeneous scatter in species abundances normally observed along gradients, and provided 

informative, predictive models of species occurrence whilst allowing for the asymmetric, non-

linear animal-environment relationships.  

 

Some species were predicted very well, for example, by shallow inshore position for 

Scomberomorus queenslandicus and Selaroides leptolepis, by the presence of terrigenous, low 

carbonate mud in the case of Nemipterus hexodon, and by the presence of Halimeda, algae, or 

seagrass, in the coverage of ‘marine plants’ for Lethrinus genivittatus. The most compelling 

results concerned the fact that most of the prevalent species were not restricted by a limited suite 

of environmental factors, or at least not the ones measured in this study, and the clear evidence 

of partitioning of the environmental space by species within genera.  

 

7.4.1 The influence of depth and position on the shelf 

The log-odds response curves presented here indicates that steep changes in species 

composition might occur, on average, in the GBRMP around two-thirds of the way across the 

shelf, at 30-40 metres depth, and at locations about ~0.2 and ~0.6-0.8 along the shelf. These 

longshore ecotones occurred in the vicinity of the macrotidal Shoalwater Bay, north of Yeppoon 

(along ~0.2), and at Cape Grafton, near Cairns (along ~0.6). The cross-shelf transition zone was 

not due simply to the coincidence of the mid-shelf reef matrix with this position (across ~0.7-

0.8), because only three species showed any significant effect of proximity to emergent coral 

reefs. 

 

The fact that depth was ranked the equal third influence on species occurrence in this chapter 

indicates that disturbance regimes and other factors not measured here remained unaccounted 

for in the BRT models. In contrast, the influence of position along the shelf fell away to a rank 

of fourth in competition with measures of mean (and variability) in salinity and temperature, 

seabed current shear stress and the cover of epibenthic plants. The position across the shelf is 

well known to be a surrogate for a wide range of biotic and abiotic influences (Letourneur et al. 
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1998; Fabricius & De’ath 2001a; Fabricius et al. 2005). Some of these, such as carbonate and 

mud content of the sediments, were included in the full model yet the position across the shelf 

remained as the top influence, on average, for all species. This suggests a variety of prevailing 

and past influences on the fauna remain unmeasured. Some of these, such as chlorophyll a 

levels, might be presumed from knowledge gained elsewhere (Fabricius & De’ath 2008; 

Haywood et al. 2008) but others such as predation, competition and evolutionary history (Fraser 

& Currie 1996) can only be surmised. 

 

Depth, as with elevation in terrestrial ecosystems, is arguably the most common environmental 

factor invoked as an influence on the abundance, composition and variability of marine 

biodiversity (Gray 1997; 2001). It is widely recognised that depth itself may be an easily 

measured surrogate for a variety of other biotic and abiotic factors that co-vary across shelves 

(García et al. 1998; Garces et al. 2006b; García et al. 2007). However, Blaber et al. (1994) 

concluded that only depth itself was significant in explaining community structure of the Gulf 

of Carpentaria fish community because of significant correlations between depth and 

temperature at the seabed, percentage of mud and percentage of sand, as well as between 

turbidity at the seabed, percentage of mud and percentage of sand.  

 

Depth itself does influence the dynamics of shelf seafloor communities through ameliorating 

disturbances. In the GBRMP, the rate and severity of wave-induced disturbances has been 

proposed as the key factor in restricting the enucleation of patches of megabenthos to depths 

below 22-25 metres (Birtles & Arnold 1988), whilst seafloor scouring by Coral Sea currents 

governs northern topographies (Beaman & Harris 2007). Wave motion and scouring at the 

seabed dislodges epibenthos, and also exposes attachment sites for new recruitment.  Shallower 

benthic communities are known to exhibit greater species turnover due to stronger tidal and 

sediment exchanges or cyclones (Kaiser et al. 1998; Thursh et al. 2006).  

 

Marine plants are influenced by depth – through benthic irradiance, stability of sandy sediments 

and nutrient inputs (Coles et al. 2009). The BRT models did not distinguish amongst deepwater 

Halophila seagrasses, Halimeda and red, green or brown algae, and there was no evidence of 

‘plant specialists’ among the 25 most prevalent species. Positive responses to the influence of 

plants were common amongst the most prevalent species. Probabilities above average were 

most notable for the demersal carnivores of small infaunal or natant crustaceans, polychaetes 

and mollusks such as Lethrinus genivittatus and Pentapodus species, especially where the cover 

of marine plants was beyond around forty percent. Even the ‘bare ground’ species N. furcosus 

and Saurida_grp showed a positive response, only declining in the top decile of dense plant 

cover above eighty percent. No doubt the plants provide detrital pools and epifauna as the base 



218 

of local food webs, as well as shelter sites for benthic organisms (and juvenile fish) amongst the 

interstices of stolons, Halimeda skeletons, holdfasts and thalli, but there is no knowledge of 

these functions in the deeper tropical plant beds (Carruthers et al. 2002). Given the results of 

studies in shallow seagrass beds, I would expect strong influences of ‘edge effects’ on fish 

diversity and abundance in the patches of marine plants (Smith et al. 2008). 

 

7.4.2 The influence of sediment composition 

Infaunal invertebrates consumed by fish generally show strong relationships with the grain-size 

characteristics of the sediments they inhabit, particularly where the sediment facies are stable 

(Anderson 2008). Finer muds tend to have higher content of organic carbon and support greater 

densities of organisms consumed by benthic micro-carnivores than coarser sands and gravels. 

On tropical shelves, the lowest infaunal diversities tend to occur in the ‘fluid muds’ at river 

mouths where the very fine sediments are reworked by massive fluvial inputs and re-suspended 

by tidal and wind forcing. These deltaic muds are inhabited mainly by bacteria and invertebrates 

less than twenty millimetres in length (Alongi 1998). In the bay waters outside the deltas the 

influence of outwelling from these tidal rivers is often relatively localised and comprised of 

detritus supporting high bacterial production, which in turn supports penaeid prawn production 

(Alongi 1990).  

 

Further offshore in deeper lagoon waters the sediments are more stable and less frequently 

disturbed, and algal blooms (such as Trichodesmium species) send large amounts of 

phytodetritus to the seafloor, fuelling high densities of surface deposit feeders and microbial 

‘loops’ of decomposition. Bioturbation by polychaetes, deposit-feeding bivalve mollusks, and 

burrowing crustaceans (such as callianassid shrimps) is at a maximum in this zone (Alongi 

1998) and these support the major benthic micro-carnivores of the Indo-Pacific shelves – the 

nemipterids, leiognathids, mullids, haemulids and carangids (Longhurst & Pauly 1987).  

 

Furthest offshore, where the sediment facies are dominated by fine carbonate muds and coarser 

sands, the average primary productivity of the oligotrophic water column is lower in the absence 

of upwelling and rates of sediment accumulation are minimal. Infaunal and epibenthic diversity 

and abundance has been characterised as low in this zone (Alongi 1998), and suspendion-

feeding benthos dominate where re-suspension rates are low and the bivalve mollusk fauna is 

characterised by the occurrence of phototrophic and chemotrophic species, rather than filter 

feeders (Taylor 1997). Where seafloor current shear stress is higher, and sediments are 

reworked, deposit-feeding benthos occurs. A notable feature of these carbonate sediments is the 

presence of a ‘hyperbenthos’ of benthic copepods and mysids that shelter in the interstices by 
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day and swarm at night to feed above the seabed (Longhurst & Pauly 1987). Recent surveys 

have shown highly localised patches of detritivorous echinoderms in great density on these 

carbonate plains in the GBRMP, but their role in vertebrate food webs is unknown (Pitcher et al. 

2007). 

 

Steep changes in the probabilities of species occurrence occurred inn the BRT models where 

sediments were comprised of twenty percent mud (with a 50-60% carbonate content) and with 

seafloor rugosity and coarse sediment fraction of ~0.4. Humped peaks in influence of mud and 

carbonate showed zones of overlap where species co-occurred or were separated. For example, 

the ‘inshore’ Nemipterus hexodon and N. peronii were both predicted to be most commonly 

occurring at sites with a mud content >60% and carbonate composition <50%. However, only 

N. hexodon penetrated offshore and southward into the deep zone of mud deposition offshore 

from the macrotidal Shoalwater Bay and Broad Sound. The ‘mid-shelf’ N. furcosus and  

N. theodorei were both found predominantly where carbonate levels exceeded sixty percent, but 

N. furcosus inhabited a wider range of mud content (20-60%) and occurred along the entire 

GBRMP in coarser sediments. Both species co-habited waters south of Cooktown, but  

N. theodorei was more common over sandier sediments with mud content ≤20%. The ‘pink’, 

monochrome Nemipterus of these flat muddy or sandy seafloors were replaced by multi-hued 

nemipterids in the genus Pentapodus on the rougher seafloor topographies in high-current areas 

and in the densest beds of marine plants. Pentapodus species have thicker, rougher scales and 

adopt a ‘hover, watch and peck’ feeding strategy not displayed by Nemipterus. 

 

As a consequence, seemingly similar positions across the shelf might be inhabited by up to four 

species of Nemipterus and two of Pentapodus, or as few as one species, depending on the 

longshore location. There may have been a role for interspecific competition shaping these 

patterns, because all members of both genera are reported to be generalist carnivores of infauna 

or nekton close to the seabed, such as small crustaceans, mollusks, polychaetes, decapods, 

cephalopods, and fishes (Sainsbury & Whitelaw 1984). Evolution and speciation must also be 

considered, because N. theodorei is endemic only to the shelf between northern New South 

Wales and Cooktown whereas the other nemipterids are much more widespread in the Indo-

Pacific. Endemic species such as this one with limited ranges may be more vulnerable to the 

effects of climate change and effects of fishing. 

 

7.4.3 Positive and negative responses to seafloor complexity 

As well as these benthic micro-carnivores, smooth seafloors of the lagoon and carbonate plains 

between reefs were also inhabited by semi-demersal planktivores, omnivores and carnivores – 
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all with a relatively wide range of dietary opportunism within the trophic levels they occupy. 

The carangid Selaroides leptolepis, for example, might be considered at first glance to be a 

zooplanktivorous planktivore, yet the BRUVS footage recorded them skimming and filtering 

surficial sediments in the field of view as well as picking at plankton in the water column. Gut 

contents have included ostracods, larval gastropods, euphausiids, copepods and larval fish 

(Froese & Pauly 2009). 

 

Shelter sites are not available on these plains, yet slow-moving balistids, monacanthids and 

tetraodontids were prevalent and positively influenced by smooth seafloor topographies and low 

currents. The tetraodontid pufferfishes have teeth fused into very powerful cutting plates that 

allow them to eat a wide variety of plant and animal food sources, such as sponges, 

echinoderms and heavily-armored decapods and sedentary fish. They have toxic flesh, tough 

flexible skin without scales and an ability to inflate their bodies with water when threatened. 

The balistids have scales and skin so thick as to form a rigid casque-like armor, and posess a 

barbed spine on the dorsal fin that can be locked into a rigid vertical position when the fish is 

threatened. They also have powerful jaws and peg-like teeth capable of consuming the 

abundant, armored echinoderms and mollusks that graze the diatom films and detrital mats of 

the sediment plains. Balistes capriscus, for example, consumes large quantities of sand dollars 

in the Atlantic (Eagle et al. 2001). 

  

Monacanthids also have a lockable barbed spine and rough, thick skin with an ability to rapidly 

and completely change colour to become camouflaged with the seafloor. Their small powerful 

jaws and very sharp teeth are used to graze epiphytic algae and benthic epifauna, as well as poor 

but abundant food sources such as bryozoans. Some balistids and monacanthids have rows of 

curved spikes or barbs on the caudal peduncle. In the case of a small Paramonacanthus 

otisensis caught by a Saurida_grp lizardfish, the lizardfish was observed to reject it alive and 

unharmed when the locked dorsal spine prevented it from being swallowed. These defenses and 

dentitions must be important in allowing these three families to thrive without access to shelter 

sites amongst the numerous chondricthyan predators (such as members of the genera 

Galeocerdo, Carcharhinus, Rhizoprionodon and Loxodon) that also inhabit the lagoonal and 

inter-reefal plains.  

 

Complex seafloor topographies can be patchy at a variety of spatial scales (Syms & Jones 2000; 

Syms & Kingsford 2009) with interstices and edges sheltering a variety of crustaceans (such as 

mysids and crabs), polychaetes, mollusks and echinoderms of high nutritional value to benthic 

micro- and macro-carnivores. They also form attachment sites for marine plants and filter-

feeding communities. Larger features such as boulder fields and Pleistocene reef edges shelter 
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dense schools of small nocturnal apogonid and diurnal caesionid planktivores. These small fish 

are consumed by generalist carnivores, such as Carangoides gymnostethus and others not 

normally considered to be piscivorous, such as the red emperor Lutjanus sebae and the large 

wrasse Choerodon venustus (pers. obs.). 

 

Choerodon venustus has massive jaw muscles, stout tusk-like teeth and bony crushing pads in 

the pharynx that enable it to dislodge and consume heavily calcified oysters, clams, gastropods 

and crabs. It has a specialised foraging behaviour that enables it to manouvre tightly with its 

pectoral fins to excavate prey from interstitial refuges, by lifting away rocks or winnowing away 

sediment with water currents from fins or buccal cavity (pers. obs.). This prevalent species was 

highly influenced by the coarser sediments and rougher seafloor topographies amongst the 

carbonate sediments, as was the large carnivore Carangoides gymnostethus. The mullids use 

sensory chin barbels to locate smaller interstitial prey which are sucked into the buccal cavity 

with the sediments and sorted through the gill rakers. The mullid Upeneus tragula_grp and 

Pentapodus paradiseus were also positively influenced by coarser seafloor topographies, as 

well as marine plants. 

 

7.4.4 Are influences of the water column surrogates for nutrient inputs? 

Shelf locations south of a line drawn perpendicular to the top of the Whitsunday coast, or 

roughly the latitude of Bowen, were associated with marked changes in the probability of 

occurrence of a number of abundant species. The ‘thresholds’ in parameter space for this change 

were an average salinity and temperature of about ~35.4 ppt and ~23-24°C. These conditions 

occur in a tongue of cooler, more saline water penetrating northward long the Capricorn 

Channel to the lagoon off Yeppoon, and in the cross-shelf intrusion of oceanic water between 

Townsville and Cardwell. Species such as the sit-and-wait ambush predators Saurida_grp and 

Parapercis nebulosa_grp, the zooplanktivorous Decapterus russelli, and the carnivorous 

Abalistes stellatus and Choerodon venustus all showed strong ‘southerly’ responses to 

decreasing temperature and increasing salinity. 

 

I propose that these responses in the south were occurring in relation to an enhanced availability 

of food caused by intrusion of upwelled oceanic water from the ‘open end’ of the Capricorn 

Channel, the northward movement of cold ‘mangrove water’ from the Great Sandy Straits 

(Middleton et al. 1994), and the massive tidal resuspension and transport of coastal and reefal 

sediments. Phytoplankton productivity is known to increase with latitude in the GBRMP from 

354 to 424 gCm-2 (Alongi 1998) and mean chlorophyll.a concentrations in the far northern GBR 

(0.23 µg L-1) were less than half those in the south and central GBR (0.54 µg L-1) (Brodie et al. 
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2007). These conditions may be more favorable for the survival and transport of eggs and early 

life history stages of fishes, as well as bentho-pelagic coupling of food chains supporting adults. 

In response, there are major signals of secondary production in the southern region in the forms 

of major fisheries and seabird breeding colonies (Smithers et al. 2003; Devney et al. 2009). 

There is a major fishery for filter-feeding Amusium scallops off Gladstone and south of 22°S 

(Dichmont et al. 2000; Courtney et al. 2008) and reef fisheries also show profound increases in 

productivity in the south. The average annual commercial harvests of demersal reef fish species 

in 1° latitude around each group of study reefs in the ‘Effects of Line Fishing Experiment’ were 

about 600t in Storm Cay south of Mackay, 450t off Mackay, and 250t in Townsville. About 55-

75% of the harvest is comprised of piscivorous coral trout (Plectropomus species) and 

omnivorous red-throat emperor Lethrinus miniatus, but a wide range of other piscivorous, 

carnivorous and omnivorous serranids, lutjanids and lethrinids is also taken (Begg et al. 2005). 

Growth rates of L. miniatus were also much higher in the Mackay region than the Townsville 

region (Williams et al. 2007). 

 

Whilst ‘outbursts’ of Saurida (Sainsbury et al. 1992) and Abalistes stellatus (Longhurst & Pauly 

1987) have been attributed to be a predictable consequence of heavy fish trawling, I believe that 

the southward increase in the probability of occurrence of these species (and their abundance) in 

the GBRMP is related to higher availability of prey – not an effect of fishing. There is no trawl 

or trap fishery for fishes in the GBRMP, and intensive prawn trawling is confined to relatively 

very small areas, such as the vicinity of Cape Flattery in the north (see Pitcher et al. 2007 for 

detailed maps of effort). The presence of Amusium beds in the south may indicate a more 

general abundance of filter-feeding mollusks commonly consumed by Choerodon venustus and 

Abalistes stellatus. The voracious Saurida_grp were observed to pursue and strike a number of 

species in the field of view of BRUVS. Some of these strikes were directed at fish (such as 

Nemipterus and Lagocephalus) far too big to be consumed. 

  

Abnormally high sea-surface temperatures during the summer of 2002 in the southern GBR 

were accompanied by reduced provisioning, decreased growth rates and reproductive failure of 

wedge-tailed shearwaters Puffinus pacificus in the region. Adult birds were unable to 

compensate for changes in either the availability and/or accessibility of forage-fish (Smithers et 

al. 2003). It may be that the birds were relying on phytoplanktivorous or zooplanktivorous 

engraulins and clupeins at the sea surface, rather than the bentho-pelagic ‘baitfishes’ recorded 

by BRUVS, but the implication for this thesis is that colder, more saline waters of the south 

enhance secondary production throughout the food web. 
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7.4.5 Cryptic species and sampling gaps may explain high predictions at extremes in 

parameter space 

Significant gaps in the coverage of BRUVS samples were present in the Cape York region and 

in the deepest parts of the Capricorn Channel. Cyclonic weather cut short the BRUVS 

deployments in the uncharted waters of the north, and the lack of seafloor irradiance in depths 

below fifty metres in the Capricorn Channel, caused by high chlorophyll levels (Cooper et al. 

2007; Fabricius & De’ath 2008), rendered BRUVS tapes unreadable. Gaps in ‘parameter space’ 

of the rougher seafloor topographies were introduced by the over-dispersion of measurements of 

seafloor current shear stress and the coverage of ‘megabenthos’ at sampling sites. BRUVS 

deployments on ‘pressure points’, reef passes and inshore macrotidal areas were aborted or 

avoided when currents were high because there was an unacceptable risk of losing the gear, or 

the water column was obviously too turbid or dark for filming the bait canister. Complex, 

scoured seabeds or extensive beds of filter-feeding gorgonians, sponges, sea whips and soft 

corals were sometimes present in these areas (such as the Whitsunday channel), and were not 

sampled well by BRUVS in this study. The fact that the most prevalent species were chosen for 

models negated the opportunity to identify ‘habitat specialists’ preferring the least prevalent 

habitat types in the dataset, such as these megabenthos gardens. 

 

The ‘small pelagics’ Decapterus, Alepes and Atule were all predicted to be more prevalent at 

both the southern and northern ends of the GBRMP. This may indicate that zooplanktivorous 

fish benefit from unkown sources of higher primary and secondary production in the far north as 

well, or it may be an artifact of the sampling gaps in the Cape York region. Despite their 

abundance, the taxonomy of the genus Paramonacanthus was only recently clarified (Hutchins 

1997). They are small and difficult to identify, with extreme sexual and ontogenetic 

dimorphism, an ability to change colour patterns, and a propensity to hybridise where they 

overlap. Here I predicted P. otisensis to be an inhabitant of sandier sediments in warmer waters 

of both the northern and southern GBRMP, but it was possible there were cryptic hybrids in the 

north with P. choirocephalus (Hutchins 1997). The parapercids are presently under review and it 

may be that the northern and southern populations of Parapercis nebulosa_grp identified here 

represent different ranges of cryptic species (pers. comm., Dr Jeff Johnson, Queensland 

Museum). 

 

In conclusion I propose that the use of the position and depth on the GBR shelf alone represents 

major environmental gradients in species models at scales useful to management. However, 

partitioning of the environmental space by species within genera can best be interpreted by 

incorporating knowledge of properties of the sediments, water column and epibenthos. The use 
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of these environmental covariates showed species replacements within genera such as 

Pentapodus, Nemipterus, Lethrinus, Paramonacanthus and Carangoides were not always 

occurring simply across the shelf or along shore, nor were they always contiguous. Instead they 

followed the location of sedimentary and hydrological influences to some degree.  
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8. GENERAL DISCUSSION 

In this thesis I have developed ‘baited video fishing’ into a powerful, non-destructive sampling 

method for all shelf depths and habitats inside and outside marine parks. Following my initial 

objectives I have been able to derive standard metrics of relative abundance of fishes, sharks, 

rays and sea snakes that have been peer-reviewed (Cappo et al. 2004b) and explored some of 

the biases in these metrics (Cappo et al. 2003; Cappo et al. 2007b; Harvey et al. 2007). I have 

applied the technique to map species richness and assemblage structure in the GBRMP for the 

largest exploration yet undertaken of seafloor biodiversity in the GBRMP (Cappo et al. 2007a). 

As a result of my initial work, the citation indices show that the ‘BRUVS’ technique is now 

being applied widely to survey reef fishes (Malcolm et al. 2007; Stobart et al. 2007; 

Kleczkowski et al. 2008; Gomelyuk 2009; Moore et al. 2009), assess the stocks of juvenile 

gadoids in nursery areas (Stoner et al. 2008a) , measure the effects of marine park zoning plans 

(Westera et al. 2003; Watson et al. 2007; Kleczkowski et al. 2008; Stowar et al. 2008), and 

compare shark populations of fished and unfished atoll reefs (Cappo et al. 2004a). 

 

8.1 BRUVS AS A POWERFUL SAMPLING TOOL 

Several reviews (Cappo et al. 2003, 2007b; Shortis et al. 2009) and key studies (Stoner et al. 

2008a; Willis et al. 2000) have outlined in detail the advantages and disadvantages of the 

BRUVS technique. Foremost they do not require capture of animals, nor do they disturb the 

seabed, so they can be used in sensitive habitats, irrespective of seafloor rugosity and depth, and 

zones of marine parks where extractive activities are not permitted. They can be used 

harmlessly to gather information on species of sensistive conservation status (such as sharks and 

rays). In clear tropical waters they can be used with only natural daylight in depths to at least 

100 metres. The artificial lighting of the field of view enables nocturnal faunas to be sampled, 

and those inhabiting much deeper waters (down to 7000 metres in the abyssal studies by the 

University of Aberdeen) can also be surveyed by using pressure-resistant housings. The 

sampling time and methods for tape interrogation and analysis can be readily standardised and 

repeated in other studies, and BRUVS can be deployed from small vessels that do not need 

special fittings such as large freezers, trawl winches, booms or pot tippers. One of their major 

advantages is to immediately remove the need for specialist scientific staff at sea to conduct 

standardised sampling. Unlike underwater visual census using SCUBA, or from submersibles, 

there is no need for field staff to be experienced in fish identification and estimation of transect 

boundaries. This  is because a permanent record of the entire sample is stored on tape, providing 

the opportunity for repeated observation at any later stage by skilled staff who can also train 

others using image libraries. If new methods of sample analysis become available, then the 
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tapes can be revisited to derive new metrics or revise identifications and counts. This is not 

possible with UVC or fishing techniques. BRUVS also provide a detailed view of the epibenthic 

habitats in the field of view, allowing fine-scale comparison of the effects of microhabitat type 

on the fauna. 

 

The disadvantages of the BRUVS technique lie in four main areas. They do not provide samples 

for biological analysis or confirmation of identifcation, the field of view varies with turbidity of 

the water column, and there are currently no statistical methods to convert counts of fish in the 

field of view into density estimates. Density estimates are immediately available from trawls 

and UVC, although there are some major caveats with “swept area” and “line transect” theory 

that are seldom addressed in obtaining such estimates (see Cappo & Brown 1996 for review). A 

fourth disadvantage concerns the use of ropes and floats with the light-weight frames used in 

this thesis. These BRUVS designs cannot be relied on to sample consistently (they can be 

toppled) or safely (they can be dragged into snags) in strong currents or where heavy ocean 

swells create extreme turbulence (see Cappo et al. 2007b for further discussion). 

 

Like all other sampling methods, BRUVS do have selectivity with respect to the size and 

species of animals sampled effectively. Cryptic, sedentary species such as pleuronectid and 

bothid flatfish are very rarely seen and cannot be identified. Very small labrids, apogonids and 

pomacentrids can be very difficult to identify, and species that occur in dense schools (such as 

caesionids) very quickly “saturate” the field of view. The use of bait certainly influences the 

abundance and behaviour of fish in the field of view, so BRUVS are applying a “filter” to the 

assessment of the fauna in a different way than other sampling methods. However, this thesis 

has shown that BRUVS can discriminate the same assemblages (with accuracy and precision) as 

other techniques, and that they can provide consistent estaimtes of relative abundance that are 

comparable amongst times and locations. 

 

My BRUVS approach supercedes the tethered, single-camera, look-down technique pioneered 

by Willis and Babcock (2000) in four major ways, outlined in Chapter 2.1. Firstly, I set up to six 

replicate units to sample different sites simultaneously within locations, vastly increasing the 

efficiency and statistical ‘power’ of field sampling. Secondly, the cameras filmed in a horizontal 

plane along the seabed capturing footage of all and any vertebrates visible in the field of view. 

Many of the carcharhinid and sphyrnid sharks, rhynchobatid and dasyatid rays, and schooling 

carangids, forming major components of the tropical shelf fauna would simply not have fit in 

the field of view of the look-down camera system used by Willis and Babcock (2000). Unlike 

those authors and Denny and Babcock (2004) and Denny et al. (2004), I did not focus on a 

small sub-set of carnivorous species but recorded data on all species, rare or common, large or 
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small, in the same standardised manner. Thirdly, my review of the international literature in 

Chapter 2.1.2 showed that the maximum number of fish seen at one time in the field of view 

(MaxN) could be estimated rapidly during tape interrogation as a conservative measure of 

relative abundance, with no loss of information – without the prohibitive costs in time required 

by repeating the same count in numerous subsets of tape time increments. Finally, my 

collaboration to produce the BRUVS2.1.mdb© tape reading interface captured a library of 

reference images that allowed other tape readers, less familiar than myself with the inter-reef 

fauna, to standardise our identifications. Those data are now served to the Ocean Biogeographic 

Information System (OBIS; http://www.iobis.org/) (and hence FishBase, Froese & Pauly 2009) 

in summary form, and in full to the ‘e-Atlas’ (http://e-atlas.org.au/). 

 

The result was a standardised technique that enabled comparisons to be made throughout the 

GBRMP (and other shelves) of many of the major functional groups of the vertebrate faunas 

there – including the large predators and mobile bentho-pelagic carangids and scombrids that 

seldom appear in faunal surveys using common techniques. From 30mm Paramonacanthus to 

~4,000mm Galeocerdo and Sphyrna, the BRUVS recorded over forty thousand individuals from 

347 species in the GBRMP. These were from fourteen Orders, dominated by bony teleosts, but 

the chondrichthyians were well represented and there were five species of hydrophid sea snakes. 

 

An immediate query of the BRUVS approach concerned ‘priority effects’ where herbivores, or 

other groups ‘not enticed by bait’ might be either excluded from the field of view by the 

carnivores around the bait canister or simply not occur there. In Chapter 3 I tested this 

presumption with two compelling results. Firstly, there was no evidence that herbivores, 

corallivores or planktivores were excluded from the field of view of BRUVS. Instead, these 

groups were important indicator species for the reefal assemblages. More individuals and a 

higher species diversity of the families colloquially known as herbivores, corallivores and 

detritivores, as well as the piscivores and predators of large and small invertebrates, were 

recorded by using bait. This was an important finding that contradicted common inferences 

about bait attractants made from fish trapping studies where herbivorous siganids and scarids 

dominated catches of unbaited traps on coral reefs, but seldom appeared in baited traps. 

Secondly, the application of species accumulation curves showed that no matter how many 

replicate, unbaited stations were deployed they would never approach the effectiveness of the 

baited units in distinguishing groups. This implied that the ‘enticement’ of the BRUVS lay not 

only in the bait plume, but also in the attraction of vertebrates to the activity of other species in 

the field of view. 
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However, all sampling techniques have inherent biases and in Chapter 4 I compared the 

performance of BRUVS during both day and night with trawls to assess what species, families 

or functional groups might be more or less susceptible to assessments of seafloor biodiversity in 

inter-reefal plains. The ‘performance’ of different sampling techniques has commonly been 

inferred by qualitative comparison of species lists, where the most comprehensive list was 

sometimes deemed to indicate the ‘best’ technique (e.g. Wantiez 1996; Watson et al. 2005). 

However, my assessments of the performance of BRUVS in both Chapters 3 and 4 provided 

much deeper insight because they examined how well the techniques discriminated amongst 

sampling groups and how high their errors were in allocating sites to these groups.  

 

The somewhat lower taxonomic resolution of the BRUVS might be expected to reduce the 

statistical power to discriminate between community types when compared with trawls, yet the 

BRUVS technique more precisely and accurately described and predicted the fish assemblages 

in the field comparison presented in Chapter 4. The BRUVS detected a different suite of larger, 

more mobile species than the trawls yet there was greater separation amongst groups in the 

BRUVS data. The BRUVS also had only half the error rate of trawls in discriminating between 

sampling locations, and prediction errors occurred only between nearby locations at night. The 

BRUVS were shown to perform better during the day, but they completely overlooked some 

major species and families of special concern as trawl bycatch (see Stobutzki et al. 2001a ).  

Many of these ‘bycatch species’ have small dorso-ventrally compressed bodies, heavy head and 

fin spination, venoms or toxins, armoured scales and specialised mouth parts adapted to a 

sedentary, cryptic life history over soft sediments. There is unlikely to be much potential for the 

use of BRUVS in assessing status and trends in the individual populations of many of these 

small species, especially those that are nocturnal. 

 

 

8.2 BIOPHYSICAL MAPS SHOW ‘HOTSPOTS’ IN SPECIES RICHNESS 

The choice of 28 spatial and environmental covariates for use as predictors of species richness, 

relative abundance and occurrence was made carefully from past reviews about the influence on 

tropical fish communities of depth, grain size, mud and carbonate content of the sediments, 

salinity and temperature, seafloor rugosity/topography, epibenthic cover of plants and 

‘megabenthos’, and distance to land and nearest reefs. These were described and applied at the 

scale of the major gradients across-shelf and along-shore present in the entire GBR. In Chapter 

5 I illustrated how the far northern and southern regions were indeed as different from the 

central section as they were from each other, in terms of shelf width, tidal regime, riverine 
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inputs, sediment composition, epibenthic cover and ‘permeability’ of the outer barrier reefs to 

oceanic inflows.  

 

I found that position and depth alone explained about 71% of the variation in species richness, 

which increased from south to north and with relative distance across the shelf. Sharply modal 

peaks in richness occurred for depths in the 30-35 metre range and at about ‘across’ ~0.8, 

coinciding with the mid-shelf reef matrix south of Cardwell and the outer barrier reef north of 

Cardwell. This position supported about three species above average, and the northward 

increase was only about one species per degree of latitude. Partial regression plots were used to 

show that, at this position, seabed current shear stress was predicted to be lowest, and 

abundance of marine plants and megabenthos highest, with a marked peak in predicted 

coarseness of the sediments.  The measure of the mean roughness and patchiness in the seabed 

rugosity was predicted to be at the higher end of the scale at this cross-shelf position. This 

isobath occurred in the lagoon and on the banks and shoals amongst the reefs. The first order 

interactions showed the peak in richness at ~0.8 occurred for all depths and there was also a 

considerably higher rate of northward increase in species richness at sites ~0.8 across the shelf.  

 

The seabed features are known in some places at this position to comprise extinct reef edges and 

exposed clay banks of the Pleistocene era (Harris et al. 2005; Beaman & Harris 2007). 

Elsewhere, there were seagrass beds, and shoals and banks of accumulated carbonate produced 

by coralline algae and Halimeda species ~0.8 across the shelf. Such patchiness of banks, rocks 

and boulders, and ‘edge effects’ in epibenthic habitats are known to enhance species diversity of 

fishes (Sluka et al. 2001; Smith et al. 2008; Syms & Kingsford 2009). 

 

In terms of biogeographic models, the important influence of benthic marine plants on 

vertebrate species richness may indicate the role of a gradient in energy supply (Fraser & Currie 

1996; Bellwood et al. 2005; Mora & Robertson 2005) through irradiance supporting 

photosynthesis at the seabed and nutrient delivery from oceanic waters. The role of deep water 

seagrass and Halimeda/Caulerpa algal beds in providing shelter for juvenile vertebrates and 

sustaining the food webs that support them is unknown, but can be inferred from other inshore 

studies (see below). There was no evidence of a ‘mid-domain effect’, where the simple overlap 

in ranges of ‘inshore’ and ‘offshore’ species (or southern and northen counterparts) caused the 

‘hotspots’ of species richness (e.g. Bellwood et al. 2005). Instead, the peaks were produced by 

the occurrence of numerous different species – some ubiquitous, others with restricted ranges 

and many (singletons) that occurred nowhere else. 
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8.3 ECOTONES SEPARATE ‘LAGOONAL’ AND ‘REEFAL’ VERTEBRATE 

ASSEMBLAGES 

Attempts to understand the historical rise and fall of particular members of fish assemblages in 

various large marine ecosystems of the tropics must account for changes in fishing effort, 

pollution, loss of epibenthos and coastal nursery habitats, and climatic shifts in zonal winds and 

associated upwelling events (e.g. Sainsbury et al. 1992; Jeffrey 2000; Koranteng 2001; Joanny 

& Menard 2002; Pauly & Chuenpagdee 2003; Stobutzki et al. 2006a). Distinguishing amongst 

these influences for management interventions requires a definition of the extrinsic and intrinsic 

factors defining the vertebrate assemblages (Garces et al. 2006b). 

 

The discrimination of ten vertebrate assemblages in Chapter 6 revealed the striking presence of 

steep ecotones along the GBRMP, each explained by variations in the cross-shelf progression of 

three general types of sedimentary facies and the influences of tides and oceanic inflows. This 

long-term stratification separated four ‘reefal’ assemblages, defined by coarser sediments high 

in carbonate and rougher seabed topographies, from six inshore ‘lagoonal’ assemblages, 

characterised by high mud fractions, lower carbonate composition and the presence of beds of 

seagrass and algae.  

 

In the shallowest waters closest to shore, the ‘muddy coastal’ assemblage extended from Cape 

Flattery all the way south with a gap in the macro-tidal Broad-Sound/Shoalwater Bay region 

south of Mackay. Further offshore, but still in lagoonal waters, ecotones at Bowen and Cape 

Flattery separated the ‘hot far northern’, ‘central mud plains’ and ‘southern deep lagoon’ 

assemblages from one another. Interspersed amongst those sites, but only north of Bowen, was 

the smallest assemblage – just nine sites in the ‘megabenthos gardens’. The location of the 

‘seagrass/algal beds’ assemblage was spread patchily in groups of sites south of about Cardwell. 

These locations reflect the known distribution of the densest deep water seagrass beds in the 

central section and on the Capricorn-Bunker sand shelf in the south (Coles et al. 2009). 

 

The offshore, ‘reefal’ assemblages were broader, but still showed a strong separation off Ayr of 

the ‘southern offshore shoals’ from the ‘central offshore shoals’ in which sites extended north 

but were most commonly located between Ayr and Cape Flattery. The ‘deep carbonate plains’ 

assemblage was the most widespread in terms of the number of member sites and the spatial 

extent along most of the GBRMP. The ‘Halimeda/algal banks’ assemblage was spread thinly 

south of Cape Flattery. The development of massive bioherms of Halimeda is known to occur 

only in this northern region in the lee of the Ribbon Reefs under the influence of tidal jetting 

through narrow passages (Drew 2001). 
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The explanations I discussed in Chapter 6.4 for the location of these ecotones and assemblages 

fitted well with knowledge about the variation amongst the northern, central and southern 

sections in patterns of sediment composition, influences of fluvial and oceanic inputs, prevailing 

trade winds and tidal forcing. Much of the prior knowledge about seabed biodiversity and the 

response of fish communities have been derived from studies in the central (Townsville) section 

of the GBR where there are a series of relatively linear cross-shelf gradients. The three belts of 

sediments there progress from terrigenous muds to mixed, shelly, muddy sand in the lagoon to a 

thin veneer of carbonate sand of biogenic origin amongst the outer reefs. Turbidity and 

disturbance at the seabed decrease along the same gradient, with depth, because tidal range is 

only moderate (Cooper et al. 2007; Fabricius & De’ath 2008). The loose reef matrix is relatively 

‘permeable’ in the central section, enabling cross-shelf flux of both surface oceanic water and 

upwelled intrusions of nutrient-rich water from below the oceanic thermocline (Lambrechts et 

al. 2008). There are also major rivers of the dry tropics and wet tropics that episodically flood 

the coastal zone, but the prevailing winds and oceanic inflow trap the outflow within a ‘coastal 

boundary layer’ in the central section and move it north (Brinkman et al. 2002; Larcombe & 

Carter 2004; Brodie et al. 2007; Brodie & Fabricius 2009). Zooplankton, and meroplankton in 

the form of larval reef fishes, pre-settlement cephalopods, euphausiids and crab zoeae, are 

known to be passively or actively concentrated in the region of this coastal boundary layer 

(McKinnon & Thorrold 1993; Moltschaniwskyj & Doherty 1995; Thorrold & McKinnon 1995). 

Similar concentrations are known to occur in the plumes of major rivers elsewhere, such as the 

Mississipi (Grimes & Finucane 1991; Govoni & Grimes 1992). 

 

These simple cross-shelf physical ‘rules’ explain well the existence of the ecotones at Bowen 

and Cape Flattery, but they apply poorly in describing the environment to the north and the 

south. For example, about a third of the coastal margin from about Mackay south is sandy, not 

muddy, as is the far northern coast from Shelbourne Bay north. Conversely, much of the mid-

shelf from about Mackay south is muddy, not sandy, as is the far northern inner/mid-shelf from 

about Shelbourne Bay north. The Capricornia section is almost entirely sandy, comprised of 

terrestrial silica sand along the coast and across the shelf in the far south and comprised of 

carbonate to the northeast (Pitcher et al. 2008). These terrestrial sands are moved north from the 

Great Sandy Region, north of Fraser Island. 

 

In much of the southern GBR, and the far northern section where it meets Torres Strait, extreme 

tidal currents create forces on the seabed in both inshore and offshore areas that lead to sediment 

scouring, which in turn exposes gravel and rock holdfasts for filter-feeding sponges and 

gorgonians. These organisms feed and flourish in the steady tidal passage of suspended material 

to become ‘megabenthos gardens’ (Pitcher et al. 2009). Such habitats rarely occur in the 
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Townsville and Cairns Sections, where the epibenthos is often described as ‘isolates’ (Birtles & 

Arnold 1988; Speare & Stowar 2006). 

 

The Ribbon Reefs extending north from about Cooktown to Torres Strait strongly limit 

exchange and upwelling of cooler, saline, nutrient-rich water onto the outer shelf, although there 

is ‘tidal jetting’ of such water through the narrow passages (Drew 2001; Lambrechts et al. 

2008). Lagoon diffusivity was shown by Hancock et al. (2006) to be about 2.5 times higher in 

the central section compared to the northern. In the wide, macrotidal southern GBR the highly 

saline, oceanic intrusions penetrate far north into the Capricorn Channel, up to Yeppoon on 

average (Middleton et al. 1994). This causes a major drop in the summer sea surface 

temperatures, which are ~2-3°C lower in the region south of Bowen compared to the far north, 

and in winter a relatively cold coastal water body forms there (Condie & Dunn 2006). These 

different patterns amongst the northern, central and southern sections govern the position of the 

ecotones reported here and were a recurrent theme in the analysis of vertebrate richness, 

assemblage structure and species occurrence. 

 

The use of Dufrêne-Legendre Indices (DLI) showed where each species lies in the branches of 

the hierarchical multivariate regression trees. Most of the species most prevalent in the overall 

dataset, such as the school mackerel Scomberomorus queenslandicus, the threadfin bream 

Nemipterus furcosus and the suckerfish Echeneis naucrates occurred at the tree stump, implying 

that they did not have high fidelity and specificity to any particular assemblage. The 

Scomberomorus/Selaroides pair, for example, occurred less than half way across the shelf over 

low carbonate sediments all the way along the GBR – no matter if the sediments were sandy 

(Capricorn shelf), coarse (Capricornia), muddy (central) or mixed (far north). Some species 

were restricted to either the north (e.g. Carcharhinus tilstoni_grp) or to the south (e.g. 

Paramonacanthus filicauda), yet others were found along most of the GBRMP but had highest 

DLI in one particular assemblage (e.g. Alepes and Atule in the ‘hot far northern’ assemblage). 

 

The largest ‘deep carbonate plains’ and ‘muddy coastal’ assemblages had no species with 

moderate to high DLI, yet they included over one hundred species each – indicating that they 

were inhabited by many species found in higher branches of the tree. Like estuarine faunas, 

tropical shelf assemblages are characterised by a core group of species through which are 

distributed a very wide variety of resident, or transient, demersal, bentho-pelagic and pelagic 

species. A differentiation of communities based on abundant fishes is considered more robust 

than one based on uncommon species that may represent artefacts of sampling (Williams & Bax 

2001; Greenstreet & Piet 2008). 
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The most notable associations between species and habitat types occurred in assemblages from 

inter-reef ‘shoals’, and both the assemblages characterised by the presence of marine plants. Ten 

species had moderate to high DLI in the ‘Halimeda/algal banks’ assemblage. These included 

large roving predators of natant invertebrates (Symphorus, Himantura, Gnathanodon), juveniles 

of species normally associated with coral reefs, such as the mullid Parupeneus barberinoides 

and Lethrinus semicinctus, and some few species that might be preferentially inhabit such as 

algal banks. These were the small omnivorous Paramonacanthus japonicus, the ‘hover, watch 

and peck’ micro-carnivore Pentapodus aureofasciatus, the planktivore Amblypomacentrus 

breviceps and the small wrasse Oxycheilinus bimaculatus. It is highly likely the interstitial 

spaces amongst the algal fronds and skeletons offered both shelter sites and abundant food in 

the form of invertebrate epifauna and infauna for these species. In contrast, ‘seagrass/algal 

banks’ were inhabited by a large number of species, but these were also found elsewhere in high 

abundance. Notable indicators in this assemblage were the common and abundant Lethrinus 

genivittatus, the herbivorous Siganus fuscescens_grp and the wrasse Choerodon cephalotes. The 

filefish Monacanthus chinensis is thought to include epiphytes in its diet, and this species too 

had maximum DLI in this assemblage.  

 

Marine plants can enhance fish survival in four main ways. Herbivores (such as siganids) and 

omnivores (such as monacanthids and teraponids) consume plants and the epiphytes that grow 

on their surfaces. ‘Hover, watch and peck’ carnivores prey on the crustacean grazers that feed on 

algae, and ‘sediment sifters’ (such as mullids) also feed on the benthic infauna (such as 

amphipods, polychaetes and suspension-feeding molluscs) that dwell around the rhizomes and 

holdfasts (Edgar & Shaw 1995). Marine plants also offer sites for recruitment and shelter for 

juveniles such as lethrinids (Wilson 1998) and ambush sites for predators such as sphyraenids 

(Vanderklift et al. 2007). Finally, detritus accumulated in beds of marine plants (or shifted 

elsewhere by water movement) form the bases of some local or remote food chains (Wernberg 

et al. 2006). The role of such habitats between the coast and outer barrier reefs was highlighted 

by Mellin et al. (2007) for juveniles of some lethrinids, labrids and mullids in New Caledonia, 

and for some scarids, labrids, pomacentrids and a lutjanid by Gullstrom et al. (2008). This 

phenomenon was related by Grol et al. (2008) to lower risk of predation for haemulid juveniles 

in mangrove habitats, although food was more abundant for them on offshore coral reefs they 

inhabited as adults. 

 

The ‘central shoals’ assemblage was characterised by a high diversity of species normally 

associated with the bases of emergent reefs. These included mainly benthic macro-carnivores, 

including those known to consume hard-shelled crustaceans, echinoids and mollusks (Lethrinus, 

Gymnocranius, Cheilinus, Pseudobalistes), large piscivores (Lutjanus bohar, Plectropomus 
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leopardus), sediment sifters (Parupeneus barberinus), planktivores (Caesio, Pterocaesio) and 

even some deep grazing herbivores (Scarus flavipectoralis). Topographic complexity moderates 

major biotic factors, such as predation and competition, contributing to the high diversity of 

fishes on coral reefs (Jones et al. 2004). Many coral-reef fishes that do not depend on live coral 

are nonetheless dependent on the topographic complexity provided by healthy coral growth. The 

complexity of deep shoals may be related more to the presence of eroded Pleistocene reef edges 

and heterotrophic filter-feeders (such as sponges and gorgonians) than live phototrophs, but the 

same moderating influences may be afforded by this structure for some ‘reef-associated’ 

species. It is certainly possible that some of these shoals may play a role in the replenishment of 

reef sharks and reef fishes depleted on nearby emergent reefs (Mapstone et al. 2005; Heupel et 

al. 2009), but neither the mechanisms of such exchange nor the abundance of suitable off-reef, 

shoal habitat are known. 

Studies on the effects of heavy fish trawling on the northwest shelf of Australia predicted a shift 

from larger, more valuable Lethrinus and Lutjanus in remaining areas of large sponges, soft 

corals and gorgonians, towards Nemipterus and Saurida on smoother seafloors denuded of large 

epibenthos (Sainsbury et al. 1992; 1997). Unfortunately, I cannot add much to this hypothesis, 

because patches of megabenthos were rare amongst the sites sampled with BRUVS in the GBR. 

The steepness of the truncated species accumulation curve did suggest that there was a diverse 

fauna associated with the small (undersampled) ‘megabenthos gardens’ assemblage. However, 

there was no indication that economically important lutjanids or serranids were associated 

preferentially with such epibenthos in the GBR, although the uncommon Lethrinus lentjan and 

L. laticaudis did have maximum DLI there. 

 

8.4 SPECIES REPLACEMENTS ACROSS ECOTONES AND ALONG GRADIENTS 

Major reviews of the structure of tropical shelf fish communities invoked a deterministic 

replacement of fish families along the gradient from shallow, turbid waters over muddy 

sediments to deep, cool waters and sandy sediments below a thermocline. At ‘provincial’ scales 

(Greene et al. 1999) of hundreds of kilometres, Lowe-McConnell (1987) and Longhurst (2007) 

suggested that fish communities were influenced most by latitude, hydrology and depth. Neither 

latitude nor depth was a simple proxy for temperature on the shelsves they studied, due to the 

influence of major upwelling and seasonal river discharge. They characterised tropical shelves 

by cross-shelf gradients from muddy coastal waters, dominated by riverine inputs, to sand and 

sponge gardens amongst ‘rock and dead coral’ under influences of oceanic currents. They 

proposed abrupt changes in the distribution of fish families comprising communities along that 

gradient. Inshore ‘brown water’ communities were reported to be dominated by ariid catfishes 

and dasyatid rays over mud, shifting to a ‘golden fish’ zone dominated by sciaenid croakers over 
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sandy/mud. Further offshore, in ‘green water’ (40-60 metres deep), a ‘silver fish’ zone of 

carangid jacks and haemulid grunts was proposed to reside. Deeper still, around one hundred 

metres, and shifting with the thermocline,  a ‘red fish’ zone of lutjanid snappers over hard sand 

and rock shared sandy seabeds with a cool-water ‘sparid’ zone of sea breams.  

 

The nemipterids, lethrinids, siganids and caesionids so prevalent in the Indo-Pacific are 

completely lacking from the Caribbean and the west African shelves from which these 

generalisations arose (Bellwood & Wainwright 2002), so direct comparisons with my results are 

difficult. The water column is fully mixed in the GBR lagoon, and it has a relatively shallow 

slope in waters insulated from oceanic forces by a coral barrier, and perhaps this is why these 

simple models from elsewhere bear little resemblance to the assemblages described in this 

thesis. Instead of sciaenid croakers inshore I found carangids, nemipterids and scombrids. In 

place of a regular progression of fish families amongst assemblages, I recorded species 

replacements within genera. These replacements were particularly notable amongst the species 

of Pentapodus, Nemipterus, Lethrinus, Paramonacanthus, and Carangoides, and they were not 

occurring simply across shelf or along shore, nor were they always contiguous. Instead they 

followed the location of sedimentary and hydrological influences shaping the assemblages. 

 

8.5 THE MOST PREVALENT SPECIES WERE ‘HABITAT GENERALISTS’ 

The risk of a metapopulation of vertebrates to disturbance by the effects of fishing depends, 

amongst other factors, on the proportion of the population exposed to fishing, the extent of the 

exposure in time and space, and the state of the habitat relied on for food, shelter and 

recruitment. Habitat ‘specialists’, such as some chaetodontids feeding on few species of live 

coral, or pomacentrids recruiting into Acropora branches, are considered to be far more likely to 

have lower resilience to habitat disturbances (Jones et al. 2004). As a corollary, habitat 

generalists are more likely to colonise new habitats, and be more resilient to habitat 

disturbances, and some inferences about species flexibility in this regard can be deduced from 

the identities of the Scarus, Nemipterus, Lagocephalus and Lutjanus that have succeeded as 

Lessepsian invaders of the Meditteranean through the Suez Canal (Akyol et al. 2005). Unlike 

specialist browsing and excavating scarids of coral reefs, Scarus ghobban is found in a wide 

array of vegetated and unvegetated, shallow and deep, habitats (pers. comm., J. H. Choat). 

Lutjanus argentimaculatus penetrates freshwaters as far as barriers allow, and also occurs on the 

shelf slope in the Coral Sea (Russell & McDougall 2005). 

 

When surveys of closely related species of the same guild are compared, the species that have 

the highest local abundance tend also to have wider spatial distribution (Brown 1984; Jones et 
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al. 2002). This trend was consistent for the Nemipterus, Pentapodus, Lethrinus and Carangoides 

species examined here, with the most abundant and prevalent species located near the ‘stump’ in 

lower branches of MRT analyses. Species found in deeper waters also tend to have wider ranges 

in both depth distributions and geographic ranges (Stevens 1996; Smith & Brown 2002). 

Measured shifts to deeper waters (Dulvy et al. 2008) and toward the North Pole (Nye et al. 

2009) have been attributed to global warming for a relatively large number of exploited fish 

stocks. In this regard, species sighted on BRUVS in deeper shelf waters of the GBR, such as 

Pomacentrus nagasakiensis and P. australis, inhabited a much wider range of both depths and 

habitat types than congeners known to inhabit reef slopes and reef tops dominated by 

phototrophic hard corals. However, the impacts of habitat loss and warming in shallow habitats 

cannot necessarily be avoided by shallower congeners of these species simply moving 

downslope to ‘equivalent habitats’ in deeper water. It may also be hypothesised that southward 

shifts in the GBR fauna may be manifest first in the species that feed mainly in the water 

column, and those that are not tightly associated with particular sedimentary facies and 

epibenthic habitats. 

 

To help understand the implications of disturbance and the resilience of the inter-reef vertebrate 

populations it was necessary in Chapter 7 to model individual species responses to the major 

environmental influences shaping species assemblages and patterns of richness. The most 

compelling results were that most of the prevalent species were not restricted by a limited suite 

of environmental factors, or at least not the ones measured in this study, and the clear evidence 

of partitioning of the environmental space by some species within genera. For example, positive 

responses to the influence of plants were common amongst the most prevalent species but the 

models did not show evidence of ‘plant specialists’. 

 

Once again, the univariate species response models predicted steep changes in species 

composition might occur, on average, in the GBR around two-thirds of the way across the shelf, 

at 30-40 metres depth, and at ecotones in the vicinity of the macrotidal Shoalwater Bay, north of 

Yeppoon (along ~0.2), and at Cape Grafton, near Cairns (along ~0.6). The cross-shelf transition 

zone was not due simply to the coincidence of the mid-shelf reef matrix, because there were few 

significant species responses to the proximity of emergent coral reefs – in close agreement to 

the abrupt changes in the trawl bycatch fauna next to reefs reported by Watson et al. (1990).  

 

Steep changes in the probabilities of species occurrence occurred in the BRT models where 

sediments were comprised of twenty percent mud (with a 50-60% carbonate content) and with 

seafloor rugosity and coarse sediment fraction of ~0.4. Humped peaks in influence of mud and 

carbonate showed zones of both species overlap and species separation in parameter space. As a 



 

237 

consequence, seemingly similar positions across the shelf might be inhabited by up to four 

species of Nemipterus and two of Pentapodus, or as few as one species, depending on the 

longshore location. Perhaps the most compelling result was the biophysical map clearly 

showing how some species highly responsive to mud content of the sediments shifted from 

being restricted to the shallowest sites (less than twelve metres deep) in the central section to 

follow similar mud content far offshore to the zone of mud deposition in Capricornia. It was 

quite a surprise to find Terapon theraps and Nemipterus hexodon in offshore waters ~30-60 

metres deep in the cooler southern region. Species that feed mostly on benthic infauna would be 

expected to respond more to the distribution of sedimentary facies than those that feed mostly in 

the water column, such as Scomberomorus and Selaroides. 

 

The differences between full models and the use of only position and depth as predictors 

indicated fact that a variety of prevailing and past influences on the fauna remain unmeasured. 

There may have been a role for interspecific interactions shaping the differeneces in species 

response. There were some remarkably similar morphotypes amongst the species in the inter-

reef. Deep-bodied Carangoides hedlandensis, C. coeruleopinnatus, C. talamparoides_grp and  

C. malabaricus_grp were extremely laterally compressed – to be almost as high as they were 

long. Such a shape is thought to enhance manouvreability in tight turns to chase nektonic prey 

or escape predators. The fusiform Selaroides leptolepis, Atule mate and Alepes apercna in the 

same family were also remarkably similar in appearance, if not size. The diets of all these 

carangids are poorly known, but it would be worth re-examining their distributions in the light 

of competitive exclusions. In similar fashion the species pair Nemipterus furcosus and N. 

peronii and the species group N. hexodon, N. theodorei and N. nematopus are very similar in 

appearance. Many Nemipterus and Pentapodus may compete with congenerics because they are 

all reported to be generalist carnivores of infauna or nekton close to the seabed. Predator-prey 

relationships may have been evident in the overlapping occurrences of Saurida_grp and 

Paramonacanthus otisensis / P. filicauda, and Scomberomorus queenslandicus and Selaroides 

leptolepis. 

 

8.6 HIGHER PRIMARY PRODUCTIVITY IS REFLECTED IN REGIONAL 

SPECIES RESPONSES 

Phytoplankton blooms induced by upwelling through reef passages, sediment resuspension and 

flood plumes might support fish communities in two major ways. Firstly, a ‘rain’ of dead 

plankton fuels microbial loops in sediments and is also consumed by infaunal and epifaunal 

detritivores and filter feeders. In turn, the infauna (such as polychaetes and bivalves) and the 

microbial mats and floccs on the seabed are consumed by penaeid prawns and other organisms 



238 

consumed by demersal fish (Alongi 1990). Secondly, the blooms are grazed by pelagic 

copepods and other small zooplankters (McKinnon & Thorrold 1993). Small zooplankters are 

eaten by clupeids and engraulids and by larger carnivorous meroplankton (such as fish larvae 

and crustacean zoeae) (Thorrold & McKinnon 1995). In turn, these larger plankters and smaller 

nekton are consumed by a wide range of bentho-pelagic carangids, clupeids and small 

scombrids from the seabed to the surface. Classic, ‘upwelling-driven’ food chains are not 

evident in the GBR, but nonetheless small pelagic ‘baitfishes’ are known to support 

aggregations of seabirds, scombrids, billfishes, small cetaceans and carcharhinid sharks. This 

phenomenon is most notable on the ‘billfish grounds’ near Hayman Island, Cape Bowling 

Green, Dunk Island and Cairns (Cappo & Kelley 2001).  

 

As a corollary, the southern Capricornia region known to consistently have higher chlorophyll 

and phaeophytin levels would be expected to have higher abundance of families and species 

known to consume filter-feeders and zooplankton. This was indeed the case in my study. Shelf 

locations with a rise in average annual salinity of about ~35.4 ppt and a drop in average 

temperature to ~23-24°C were found in a tongue of cooler, more saline water penetrating 

northward along the Capricorn Channel to the lagoon off Yeppoon. There were steep positive 

responses to these conditions in the presence of zooplanktivorous Decapterus, the ‘ambush 

predators’ Saurida and Parapercis, and the mobile demersal carnivores of hard-shelled 

mollusks, crustaceans and echinoderms in the form of the balistid Abalistes stellatus and the 

labrid Choerodon venustus.  

 

The cross-shelf intrusion of oceanic water between Townsville and Cardwell comprises both 

clear, nutrient poor, surface water from the Coral Sea and nutrient-rich upwellings through 

major passages with the same signature of lower temperature and higher salinity. These 

conditions produce both higher irradiance at the seafloor on the mid-shelf and higher nutrient 

delivery, allowing the growth of a vast belt of marine plants on the seabed as well as 

phytoplankton growth (Coles et al. 2009; Furnas & Mitchell 1987; Furnas et al. 2005). In turn, 

both zooplankton biomass and copepod numbers are known to be be high in the central section 

(Liston 1990). Higher zooplankton biomass may add an extra dimension to the arrangement of 

sedimentary facies and epibenthic plants invoked here as an explanation of the diversity and 

abundance of major functional groups found in the central section. Sites with high zooplankton 

biomass were also found by Liston (1990) off Cape York, and this may explain why the 

zooplanktivorous carangids Decapterus, Alepes, and Atule showed peaks in predicted 

occurrence at both ends of the GBRMP. Unfortunately, no such surveys of plankton have been 

published for the Capricornia section inshore of the Swains. 
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There were no indications of an effect of fishing on the inter-reef vertebrates analysed in this 

thesis, mainly because there was no specific sampling design incorporating contrasts in fishing 

effort. Line-fishing and its effects on reef-associated predators is restricted mainly to reef edges, 

reef bases and uncharted ‘shoal’ ground, which were not the focus of the survey of seafloor 

biodiversity comprising my study. In regard to the declines of some predators removed by line 

fisheries (e.g. Robbins et al. 2006; Heupel et al. 2009) it can be stated only that there were not 

large reservoirs of reef sharks (Carcharhinus amblyrhynchos, Triaenodon obesus) and coral 

trout (Plectropomus species) in the inter-reef plains. Subsequent to my study, sampling designs 

aimed specifically at complex ‘shoal grounds’ have documented effects of fishing on lutjainds, 

lethrinids and reef sharks (e.g. Stowar et al. 2008). 

 

To date, only penaeid prawns, scyllarid ‘bugs’ and scallops have been the focus of demersal 

trawling, and all these activities are localised, sparse and infrequent in terms of effort in the 

GBRMP. This trawling may pose serious risk to some members of the ‘bycatch fauna’, but those 

families most vulnerable to trawling (such as flatfishes) were not sampled adequately by 

BRUVS. Most of the trawlable ground in the GBRMP receives less than one pass of a trawl net 

per year, indicated by the fact that seventy percent of six-minute grid cells recorded less effort 

than needed for a coverage of once per year (Pitcher et al. 2009). Elsewhere, the ‘rise’ of 

Balistes and Lagocephalus has been ascribed to an effect of removals of predators and 

competitors by trawling (Longhurst 2007), but there was actually little empirical evidence to 

select this explanation over others involving environmental change.  

 

Instead of an effect of fishing in the GBRMP, I believe that the prevalence and abundance I 

observed amongst the inter-reef tetraodontiformes were related to the defenses and dentitions 

that allowed the three families to thrive where shelter was absent and food of poor quality was 

abundant. It was interesting to note that Longhurst and Pauly (1987) considered the 

tetraodontids to be ‘outliers of the coral reef fauna’, whereas Bellwood (1998) and Bellwood 

and Wainwright (2002) showed that ‘coral reef fish’ families originated not on reef themselves, 

but evolved from off-reef forms. The removal of sponges by trawling with very heavy gear on 

Australia’s northwest shelf was accompanied by a rise in populations of Saurida, which are 

small, voracious piscivores (<500 mm long), and their predation had the potential to depress 

successful recruitment of other species there (Thresher et al. 1986). My findings indicated that 

the distribution of Saurida in the GBRMP was related not to any effect of habitat alteration by 

fishing but rather in response to the food-chain signatures of higher productivity in the water 

column. 
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8.7 CROSS-CHAPTER COMPARISONS OF HEURISTIC AND MECHANISTIC 

PREDICTORS 

A cursory cross-chapter summary (Table 8.1) shows that heuristic, spatial variables accounted 

for much of the influence of sediment composition, seafloor rugosity and properties of the water 

column in explaining patterns of richness, assemblage structure and occurrence of the more 

common species. In contrast, the mechanistic environmental covariates relating to the 

epibenthos and the sediments showed little consistency in influence amongst these three indices 

of fish biodiversity. For example, covariates representing the rugosity and topographic 

complexity of habitats supported higher predictions of species richness, but had generally low 

and variable influence on the occurrence of the most common species. Secondly, the mud and 

carbonate composition of sediments was of low importance in predicting species richness, but 

had strong influence on some major components of the fauna and distinguished some spatially 

extensive assemblages in both deeper and coastal waters. The high influence of both marine 

plants and filter-feeding megabenthos on species richness was reflected in the separation of 

three important vertebrate assemblages, but not in prediction of species occurrence. Few of the 

more common species (most notably Lethrinus genivittatus) appeared to be closely related to 

beds of marine plants and none showed specificity to high cover of megabenthos. Properties of 

the water column were more consistent in their moderate to low influence across the three 

chapters, but all measurements covered either a very narrow range (salinity and temperature) or 

were skewed towards low values (current).  

 

The lack of consistency of responses to these covariates may have been due to the fact that only 

the most predictable, common species were chosen for univariate analysis. Rarer species with 

much higher associations with epibenthic cover (eg small labrids and pomacentrids) contributed 

to the measures of richness but were overlooked in the single-species models. Sites with high 

epibenthic cover were relatively rare compared with the vast inter-reef and lagoonal plains, and 

so relatively little knowledge was gained about their roles by modeling the more common,  

generalist components of the fauna.  Despite these limitations, it can be confidently concluded 

that measurements of sediment grain size and composition, measurements of seafloor rugosity 

direct classification of epibenthic “cover” will  be fundamental in future explorations of 

richness, assemblage structure and species abundance on tropical shelves – especially if  those 

shelves can also be represented by heuristic, spatial coordinate systems.
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Table 8.1. Summary of the importance of the families of heuristic, spatial variables, and the mechanistic, environmental covariates used in data exploration and predictive 

models of richness, assemblage structure and species occurrence in the final three data chapters. Importance is expressed as increasing rank of influence (in models), primacy 

or surrogacy as splitting variables in regression trees, and qualitative notes on the strength of responses. Comments are also made on the sources of influences of the variables 

and some key species and assemblages associated with each variable. 

  

covariates 
Richness (Ch 5) 
(rank importance) 

Assemblages (Ch 6) “Primary”, or 
“Surrogate” splitting variables 

Species occurrence (Ch 7) 
(rank importance) 

Major influences 

Heuristic, spatial variables 

Across 

(11); sharp break and 
“hotspots” in richness at 
~0.8 across. “Hump-
shaped” response of 
richness about this point 

Primary; split at ~0.53 separates 4 reefal 
offshore assemblages from  6 “lagoonal” 
inshore assemblages; steep changes in 
nemipterid representatives 

(1); Sharp changes within genera across-
shelf (eg Pentapodus paradiseus 
inshore, P. nagasakiensis offshore) 

Accounted for many known (and 
unmeasured) environmental 
gradients – outcompeted 
%carbonate, % mud surrogates in 
models 

Along 
(12); northward increase 
in richness; “hotspots” 
offshore  

Primary; “Southern Deep Lagoon” ; 
higher currents, rougher seabeds and more 
megabenthos in the south 

(5); “break points” at 0.2, 0.5-0.6, 0.7-
0.8; some sharp changes within genera 
(eg Nemipterus furcosus in the north and 
N. theodorei in the south) 

Defined ecotones around Bowen in 
the south and Cooktown in the north, 
due to “permeability” of central 
section of GBRMP 

depth 
(9); peak and “hotspots” 
in richness at 30-
35metres 

Primary; major break around ~ 37 metres 

(3); Mostly complex relationships, but 
strong for Paramonacanthus otisensis 
(shallow) and Choerodon venustus 
(deep). Steep changes around 20-40, and 
~50-60 metres 

Attenuated light and wave 
disturbance at the seabed (and 
therefore enhanced plant growth at 
30-35 metres in clearer waters) 

Mechanistic covariates relating to sediments and the seafloor 

Rugosity 

(2,5,8,10); rougher, 
patchy seafloors at 
across~0.8 had higher 
richness 

Primary; “Cntrl.Offshore.shoals” had 
highest diversity – higher carbonate and 
rougher seafloor. Assemblage included 
some “reefal” serranids, labrids, lutjanids, 
lethrinids 

(4,25,26,27); Strong positive and 
negative responses – eg most 
Nemipterus spp associated with smooth 
seafloors; Pentapodus spp parapercids, 
and labrids associated with roughest 
seafloors 

Rougher, patchy seafloor 
topography supported food and 
shelter for fishes – stronger 
influence on richness than 
occurrence of (common) species  
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covariates 
Richness (Ch 5) 
(rank importance) 

Assemblages (Ch 6) “Primary”, or 
“Surrogate” splitting variables 

Species occurrence (Ch 7) 
(rank importance) 

Major influences 

Coarseness 
(4); coarser sediments at 
across~0.8 had higher 
richness 

Surrogate 

(7) benthic microcarnivores of motile 
and epifaunal invertebrates had strong 
responses (eg Upeneus tragula_grp, 
C.venustus) 

Finer sediments had higher organic 
content and infaunal populations 
(prey). Finer shallow muds more 
mobile and unstable for epibenthic 
colonies. 

Carbonate 
content 

(14); low Primary ; “Deep carbonate plains” 

(2); Strong positive and negative 
responses – eg. P.nagasakiensis (+ve) 
and Scomberomorus queenslandicus (-
ve) 

Very close surrogate for across-shelf 
position 

Mud, sand, 
gravel 
fractions 

(26,22,15); low 
Surrogate ; “Cntrl.Mud.plains”; “Muddy 
coastal”; high mud in “lagoonal” 
assemblages 

(6,15,19); Some teraponids and 
nemipterids very closely associated with 
mud, 

Mud was also a close surrogate for 
across-shelf gradients., but inshore 
and offshore fine muds have 
different carbonate content 

Mechanistic covariates relating to epibenthic cover of the seafloor 

Marine plants 
(1,17,28); very high 
influence on richness 

Primary ; “Halimeda/algal banks”; 
“Seagrass/algal beds” ; more plant beds in 
“lagoonal” assemblages 

(13,22,28); mainly small species and 
juveniles (eg mullids, lethrinids) – 
especially Lethrinus genivittatus 

Beds of fleshy and calcareous algae, 
and seagrass, supported food chains 
and provided shelter 

Megabenthos 
(3,13); moderately high 
influence on richness 

Primary; “Mgbnths.gardens”; relatively 
rare habitat type in the form of beds  

(20, 21); Mixed responses, but generally 
low – probably a function of the 
selection of the more ubiquitous species 
for analysis 

Filter-feeding sponges, gorgonians 
and alcyonarians provided shelter, 
but were rare habitat types. Few sites 
had high cover of megabenthos 

Bioturbation (24,27); low - (17, 24) 
No influence as an indicator of 
infaunal prey abundance  

Bare habitats (19,23); low - (14,18) 
Occurred in vast expanses; notable 
fauna of tetraodontids, and 
monacanthids 
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covariates 
Richness (Ch 5) 
(rank importance) 

Assemblages (Ch 6) “Primary”, or 
“Surrogate” splitting variables 

Species occurrence (Ch 7) 
(rank importance) 

Major influences 

Mechanistic covariates relating to the properties of the water column 

Salinity (18,25); low 
Surrogate ; “Southern offshore shoals” - 
higher salinities, higher current, much 
lower mud content 

(8,12); weak responses; (eg 
Gnathanodon speciosus, Alepes apercna 
(-ve);  N.theodorei, Saurida_grp (+ve)) 

Low contrasts in the salinity data 
(range < 1 ppt) 

Temperature (7,16); low Surrogate ; “Hot far northern” 
(9,16); Strongest responses positive with 
increasing temperature in range 22-26oC 

Intrusions/upwelling of cooler water 
supports food chains; hotter water in 
lower flushing regimes 

Current 
(6); higher richness in 
lower currents  

Surrogate split 
(11); Responses difficult to interpret; 
low density of high values for current 

Positive influence on filter-feeders, 
negative for plants 
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8.8 CONCLUSION 

Tropical shelf ecosystems are complex in terms of environmental forcings, sedimentary facies, 

epibenthic habitats and the diversity of species and functional groups in vertebrate assemblages. 

The development of the BRUVS technique has allowed powerful insights into the patterns of 

relative abundance of this fauna, without the selectivity and need for extraction implied by the 

use of normal fishing techniques. To analyse the responses of these vertebrates to key spatial 

and environmental predictors, I used approaches based on boosted classification and regression 

trees. These techniques were robust and flexible, because model outcomes were unaffected by 

transformations and different scales of measurement of the predictors, they were not sensitive to 

outliers, and they handled missing data in predictors with little loss of information. This allowed 

me to represent simple modelling of complex, non-linear interactions in a visual way that was 

easy to interpret.  

 

I found that the most parsimonious descriptions of both vertebrate assemblages and species 

occurrences were made in terms of position along and across the GBRMP shelf. This was no 

doubt because these heuristic, orthogonal metrics of the geographic bounds of the GBR shelf 

covered the major known (and unknown) gradients associated with temperature, depth, 

sedimentary composition, epibenthic habitat types and disturbances that govern vertebrate 

distributions. Two major ecotones along the GBR were described around Bowen in the south 

and Cooktown-Cape Flattery in the north, and interpreted in terms of the flushing regimes and 

intrusion of cool, saline, nutrient-rich waters. A mid-shelf  (across ~0.5-0.8) ecotone was shown 

to separate ‘lagoonal’ and ‘reefal’ species further subdivided by ‘hump shaped’ species 

responses to seafloor rugosity, the presence of seagrass and algae, and the carbonate and mud 

content of the sediments. The most prevalent species were habitat generalists, but there was also 

clear evidence of species replacements within genera along some gradients. The position ‘across 

and along’ can be simply constructed for most shelf shapes, and will prove particularly useful in 

preliminary analyses to define faunal boundaries that might be interpreted further in terms of 

hypotheses about the influences of measurable environmental covariates. 

 

The seascape of the GBRMP has evolved relatively recently over the past five to twelve 

thousand years through processes of sediment accretion and sorting by cyclones, tides, zonal 

winds and floods on top of drowned relicts of Pleistoecene reefs, riverbeds and coastlines. 

Fishes, sharks, rays and seasnakes live in this complex mosaic of seafloor topographies and 

epibenthic habitats supported by regional variations in primary and secondary production in the 

water column. Unlike the heavily trawled shelves of other tropical countries where removals by 

fishing have caused major species shifts, the major drivers of vertebrate richness, species 
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assemblages and species distribution in the GBRMP are related to strong cross-shelf and long-

shore gradients in properties of the sediment, water column and epibenthos. Species evolution 

and species interactions, through predation and competition, would also play a major role in 

shaping the species replacements along these gradients, but these were outside the scope of the 

thesis. These findings build on other studies emphasising how criticial biological and physical 

habitats are in structuring shelf assemblages, and provide a baseline to measure the impacts of 

changing regimes in fisheries and climate of the GBRMP. 
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