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Abstract. To better understand the possible relationships between the geology of 
the seabed and the associated biological communities, we conducted a multibeam 
sonar survey over New Zealand Star Bank in the eastern Bass Strait. We applied a 
hierarchical method of benthic habitat mapping to the Secondary Biotope and 
Biological Facies levels at the site (<10 km) scale. Four Secondary Biotopes and four 
Biological Facies have been defined on the basis of geomorphology revealed by the 
bathymetry model and the results of statistical analysis of the sediment and 
underwater video transect data over the bank. The major differences which control the 
distribution of biological communities in the New Zealand Star Bank area appear to 
be related to variations in substrate: (1) Hard-ground features related to high-relief 
granite outcrops are associated with diverse and abundant sessile and motile fauna. 
These faunal communities may be biologically-modified to patchy barrens habitat by 
grazing urchins. (2) Unconsolidated sediment on a flat seabed is associated with 
sparse small sponges on the inner shelf. On the middle shelf and seaward of bank, the 
flat and muddy seabed supports a community dominated by infauna. (3) 
Unconsolidated sediment on a low-relief seabed is associated with an increase in the 
density and sizes of sponges concentrated on any low-relief feature raised above the 
surrounding flat seabed. 
  
Extra keywords: GIS, ecological zonation, ocean policy 
 
Introduction 
 
 The southeastern Australian continental shelf and slope is the location of 
Australia's oldest fishery and has been the subject of extensive benthic and pelagic 
surveys to describe the fish-habitat associations (Bax et al. 1999; Bax and Williams 
2001; Kloser et al. 2001; Williams and Bax 2001). Recently, this area was included as 
part of the Southeast Regional Marine Plan in support of Australia's Oceans Policy 
(NOO 2004). A key step in the development of the plan was an assessment of the 
physical and biological structure of the area, and an examination of the processes that 
link the two components together (Butler et al. 2001). Previous efforts to classify the 
marine ecosystems of the southeastern Australian continental shelf were descriptions 
of bioregions at regional scales of 100s of km, based primarily upon the ranges of 
fishes in conjunction with physical environmental attributes (IMCRA 1998). At a 
finer-scale, a series of transects across the southeastern shelf, in combination with 
fishers' information and physical and biological sampling, defined the boundaries of 
seabed habitats at the local (10s of km) scale (Bax and Williams 2001). Within these 
transects, (1) soft, (2) hard and (3) rough substrate features were examined, and 

1 



generally related to unconsolidated sand or mud, low-relief limestone or sandstone 
slabs, and high-relief granite or limestone outcrops respectively (Bax and Williams 
2001). 
 In the present study, we report the detailed seabed mapping of New Zealand 
Star Bank, a group of granite outcrops on the inner continental shelf of eastern Bass 
Strait and a noted shipping hazard off the Victoria coast. We define the spatial 
boundaries of the benthic habitats and biological communities of the area at the site 
(<10 km) scale. Our study contributes habitat maps of the area, which has until now 
been poorly mapped, and provides a better understanding of the relationships between 
seabed geology and associated benthic communities. The study was conducted as part 
of a co-operative survey between Geoscience Australia and the Royal Australian 
Navy (RAN) aboard the Hydrographic Ship HMAS Melville, and utilized the shallow-
water AtlasTM Fansweep20 multibeam sonar. Geophysical sampling and underwater 
video data collected in this study reveal a complex bathymetry and biological 
structure that complements the limited information of marine ecosystems and 
processes of the eastern Bass Strait. This survey is also timely as New Zealand Star 
Bank is included within the East Gippsland Broad Area of Interest within the 
Southeast Regional Marine Plan (NOO 2004). Candidate marine protected areas are 
being investigated within Broad Areas of Interest to ensure a National Representative 
System of Marine Protected Areas (MPAs; DEH 2003). Because of the difficulty with 
mapping the distribution of benthic biodiversity, MPAs rely upon abiotic factors to 
characterise the seabed and water column, and therefore provide a basis for reserve 
selection (Stevens 2002; Roff et al. 2003). Thus an important question is whether 
geological data can be used as a proxy to predict the occurrence of assemblages of 
benthic organisms? 
 To make our results more applicable to the MPA process and help answer this 
question, we adopted a benthic habitat classification scheme used for the 
bioregionalisation of Australia (Butler et al. 2001). Habitat can be considered as the 
place, or type of site, where an organism or population occurs naturally, and can be 
used as a surrogate for ecological structure in a hierarchical context (NOO 2002). 
Marine ecosystems vary at a range of nested spatial scales, and the classification 
scheme developed by Butler et al. (2001) defined: (1) Provinces, in the order of 1000s 
of km in extent, based upon broad-scale geological patterns, e.g. continental blocks 
and abyssal basins. (2) Biomes, nested within Provinces and at scales of 100s of km, 
which show broad-scale geomorphology, e.g. coast, continental shelf, slope and 
abyssal plain. (3) Geomorphic Units, within each Biome at the local (10s of km) scale, 
are areas of similar seafloor geomorphology and which usually have distinct biotas, 
e.g. seamounts, canyons, sand banks and coral reefs. (4) Primary Biotopes refer to 
soft, hard and mixed substrate-based units, together with their associated floral and 
faunal communities, also at the local (10s of km) scale. Maps to this level can 
generally be obtained by high-resolution acoustic surveys. (5) Secondary Biotopes are 
substructural units within Primary Biotopes, distinguished by the types of physical or 
biological substrate within soft, hard or mixed types at the site (<10 km) scale, e.g. 
limestone, granite, shelly sands or seagrasses. Maps to this level are provided by 
biological and physical groundtruth sampling. (6) Biological Facies are identifiable 
site (<10 km) scale units defined by a biological indicator, such as a species of 
seagrass, or group of corals, sponges or other macrofauna adherent to the facies. 
 This paper presents an interdisciplinary study through the use of Geographic 
Information Systems (GIS) techniques and mapping of available datasets. This study 
aims to: (1) define the spatial boundaries of Secondary Biotopes and Biological Facies 
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at the site (<10 km) scale on the basis of geomorphology, surficial sediment 
composition and the results of underwater video analysis; and (2) explore the possible 
relationships between the geology of the seabed and the associated biological 
communities. 
 
Materials and methods 
 
Study area 
 
 New Zealand Star Bank is positioned at latitude 37° 47'S, longitude 149° 43'E 
and lies approximately 10 km southeast of Little Rame Head on the Victorian East 
Gippsland coast (Fig. 1A). The bank is made of crystalline, high-relief (>1 m in 
vertical change) granite that outcrops on the seabed, rising to a minimum depth of 
approximately 10 m (RAN 2002). The granite is an extension of the Lachlan fold belt 
consisting of a multitude of Silurian-Devonian granites found through eastern NSW 
and Victoria (Coney et al. 1990), and is likely lower Silurian (434 - 420 Mya) in age, 
inferred from the similar granite outcrops on the land (DNRE 1999). The shelf in this 
area is known to contain other granite outcrops, e.g. Point Hicks Reef, however these 
banks are smaller and closer to the coast. New Zealand Star Bank also lies at the 
eastern end of an elongate, low-relief (<1 m in vertical change) sandstone outcrop, 
which parallels the East Gippsland coastline and is known as Broken Reef (Fig. 1B). 
These low-relief slabs of rock are likely Quaternary aeolian dune deposits of sand 
similar to dune deposits found along the present Gippsland shoreline (DNRE 1999), 
and possibly formed as sand bodies along palaeo-coastlines (Bax and Williams 2001). 
These hard substrate features contrast with the surrounding relatively flat seabed of 
mainly unconsolidated quartz sands with variable amounts of shell debris (Jones and 
Davies 1983). Seaward of New Zealand Star Bank, the seabed drops steeply to a 
depth of over 120 m where muddy quartzose and calcareous sediments extend over 
the remainder of the shelf to the shelf break. 
 The bank lies within the Twofold Shelf bioregion where the climate is moist 
cool temperate with warm summers and a winter-spring rainfall (IMCRA 1998). The 
near-seabed oceanography in the vicinity of the bank is influenced by coastal trapped 
wave (CTW) energy which is generated in the Bass Strait and propagates northwards 
along the eastern Victoria and southern coast of New South Wales (NSW; Morrow et 
al. 1990; Harris et al. 1991). CTWs propagate along East Gippsland shelf at a speed 
of about 3.1 m sec-1 (Morrow et al. 1990), and coincide with the northerly-flowing 
tongue of cool (~12° C) Bass Strait Water (Lavering 1994; Bax et al. 2001). In 
addition, most of the Bass Strait is well mixed vertically due to wind-induced 
currents. These currents are locally produced and therefore flow in the direction of the 
wind down to water depths of approximately 60 to 70 m (Middleton and Black 1994). 
Wave energy is relatively low, however stalled low pressure systems in the Tasman 
Sea during summer create higher wave energy along the coast (IMCRA 1998), and 
will only reach the seabed in depths of 100 m under rare storm events (Harris et al. 
1991). Surface water masses in the vicinity of the Gippsland Shelf are influenced by 
the southern extremity of eddies belonging to the East Australian Current with 
temperatures of 13° to 16° C, which intermittently intrude over the shelf (Bax et al. 
2001; Young et al. 2001). 
 
Bathymetry data 
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 An AtlasTM Fansweep20, 100 kHz, multibeam sonar system was used to map 
the seabed over New Zealand Star Bank, initially with survey line spacing 140 m 
apart, and then interlined as the morphology of the seabed was revealed (Fig. 2). With 
swath width set at four times water depth, 100% coverage was achieved over the 100 
km2 area of the bank except for a small gap over the shallowest part of the bank where 
rising seas made surveying dangerous in this area. Soundings were reduced to Lowest 
Astronomical Tide (LAT) using predicted tides at Point Hicks. ASCII XYZ data were 
extracted from the raw files using Caraibes seafloor mapping software and 
interpolated using the ESRITM ArcInfo program TOPOGRID to generate a 5 m 
resolution bathymetric model. The resulting bathymetry model was analyzed for 
artificial drainage flow and slope within ESRITM ArcGIS, and viewed as a 3D digital 
terrain model (DTM). Caraibes was unable to extract the backscatter data from the 
raw files, and therefore only bathymetry data was used for this study. 
 
Sediment data 
 
 Seabed samples were collected using a Smith-Macintyre grab at nine locations 
on and around the bank with most sites sampled twice (Fig. 2 and Table 1). Sediment 
recovery varied as the water depth increased and weather conditions worsened 
through the survey, but generally obtained up to 200 g of material in each grab. The 
winnowing of finer-grained material out of the grab GR14, in the south of the survey 
area, led to a rejection of GR14 data for statistical analysis. The grabs GR4 and GR5, 
with a high sediment volume, were selected for wet sieving into gravel (>2 mm), sand 
(2 to 0.063 mm) and mud (<0.063 mm). The percentages of gravel, sand and mud 
were recorded as dry weight. The two sediment samples were analyzed for mean grain 
size using a Malvern 2000 laser particle sizer and calcium carbonate content 
determined as per Harris et al. (2000). These values were compared against previous 
samples obtained in the vicinity of New Zealand Star Bank from the study by Jones 
and Davies (1983). 
 Sediment samples from all the grabs except GR14 were dry sieved and the 
composition of gravel (>2 mm) and very coarse sand (1-2 mm) fractions were 
examined under a stereo microscope. Where fragments could be clearly identified, 
they were assigned to various biogenic and lithoclast categories. When a fragment 
was biogenic but unable to be identified, then it was categorized as unknown bioclast. 
Composition categories were: coralline algae, coral, polychaete, decapod, gastropod, 
bivalve, bryozoa, echinoid, unknown bioclast and lithoclast. The weight of the various 
categories were calculated for each sample, and then standardized into the percentage 
weight of each sample. Multivariate statistical analysis of sediment composition was 
undertaken using the Primer Ver. 5 software package (Clarke 1993; Clarke and 
Warwick 2001). Bray-Curtis similarity coefficients were computed on the square root-
transformed percentage weight data to reduce the emphasis on the dominant 
components. The resulting similarity matrix was analyzed using group-averaged 
cluster analysis, displayed as a dendogram and a non-metric, multi-dimensional 
scaling (MDS) ordination plot to establish similarity in sediment composition between 
sites. 
 
Underwater video data 
 
 Underwater video transects were obtained at nine sites selected as being 
representative of the diverse seabed morphology revealed during the survey (Fig. 2 
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and Table 2). On average, two minutes was recorded at each site over a transect 
distance of 100 m at water depths of between 46 to 120 m. Differential GPS position 
was recorded automatically as an overlay on the video. At every two second interval, 
the video transects were classified into environmental descriptors of: (1) Substratum 
(mud, fine sediments, coarse sediments, gravel/pebble, cobble/boulder, 
igneous/metamorphic rock); (2) Geomorphology (unrippled, current rippled, wave 
rippled, irregular, debris flow/rubble, mounds/pits, subcrop, low (<1 m) outcrop, high 
(>1 m) outcrop); and (3) Fauna (none, large/dense sponges, small/sparse sponges, 
mixed gardens, octocorals, small encrusters/erect forms, sedentary, mobile, 
bioturbators). Not all environmental descriptors were observed in the underwater 
video. The resolution of the video data precluded identification of fauna to a lower 
taxonomic level. The descriptors were mapped within ESRITM ArcGIS as point 
shapefiles for draping on the 3D DTM. Counts were made of each Substratum, 
Geomorphology and Fauna descriptor present, then standardized into the percentage 
occurrence within each transect. Using Primer Ver. 5, a Principal Component 
Analysis (PCA) was conducted on the untransformed descriptors to establish 
similarities in the environmental variables across the study area. PCA ordination using 
Euclidean distance to measure dissimilarity of samples is a suitable method of 
analyzing relationship trends for environmental variables (Clarke 1993). 
 An examination of the geomorphology revealed by the bathymetry model and 
the results of statistical analysis of the sediment and video transect data were used to 
derive maps of the Secondary Biotopes and Biological Facies of the study area. 
 
Results 
 
Geomorphology 
 
 The geomorphic features shown in Fig. 2 are: (1) the high-relief granite 
outcrops of New Zealand Star Bank; (2) the low-relief parallel dune ridges of Broken 
Reef; (3) sediment lobes to the east of the granite outcrops; and (4) low-relief granite 
subcrop in patches around the high-relief granite outcrop. The five distinct outcrops of 
granite reveal a mostly high-relief (>1 m of vertical relief) and structurally complex 
surface of numerous fractures and joints that make up the rocky bank. The outcrops 
rise from a surrounding seabed of between 60 m to the north and 120 m to the south 
of the bank. The majority of the granite outcrop upper surfaces are between 30 to 40 
m depth, while only the larger outcrop to the south rises to the minimum depth of 
approximately 10 m (marked as MD in Fig. 2). 
 To the northwest of the survey area are parallel dune ridges. These are the 
low-relief (<1 m vertical relief) features of Broken Reef, appearing as two discrete 
bands of linear, parallel dune ridges. One band is approximately 2000 m in width and 
the second is 400 m in width, and they abut the northern granite outcrops in depths of 
between 65 to 75 m. Dune ridge crests average about 70 m apart and between 0.25 to 
1.25 m from crest to trough in height. The ridge crests appear to be highly eroded and 
are structurally less complex than the high-relief granite outcrops, but most ridges can 
be followed continuously for over 5 km across the area surveyed. 
 On the eastern side of the granite outcrops are smooth and mounded features 2 
to 3 m high that stretch linearly in a northeasterly direction away from the rocky bank. 
These appear to be sediment lobes of soft unconsolidated sediment forming in the lee 
of the granite outcrops. Clustered around the high-relief outcrops is granite subcrop, 
defined as low-relief (<1 m vertical relief) granite that influences the morphology of 
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the seabed, which is composed of soft unconsolidated substrate. Granite subcrop 
appears as small areas of raised seabed between the high-relief granite outcrops and 
parallel dune ridges, and also amongst the sediment lobes. The remaining seabed 
around these geomorphic features appears as flat and unrippled unconsolidated soft 
substrate. 
 
Surficial sediment 
 
 The results of the laser particle sizer on samples GR4 and GR5 show both are 
unimodal, medium to coarse sand, with less than 1% mud. The percentage gravel of 
GR4 and GR5 are 14.6% and 11.36% respectively. The gravel fractions are dominated 
by broken and abraded bioclasts, and rounded and iron-stained quartz granules. Minor 
bioclastic components are modern disarticulated bivalves, broken gastropods and 
bryozoa pieces. A comparison of the mean grain sizes of the samples GR4 and GR5 
with the Jones and Davies (1983) samples BMR1785, BMR1786 and BMR1790, 
reveals a coarsening of sediments in proximity to the bank (Fig. 3). Despite the 
approximate 20 year difference between sample times, we do not believe that the 
hydrodynamic conditions have changed so much as to result in a uniform coarsening 
across the shelf, and so the coarse sediments found in the present study are more 
directly related to proximity to the rocky bank. Classification of the samples using the 
Folk (1954) scheme shows that both GR4 and GR5 are a gravelly sand, whereas 
BMR1785 and BMR1790 are slightly gravelly sand, and BMR1786 is slightly 
gravelly, muddy sand. The mean grain size for BMR1786 show an increase in finer-
grained material seaward of the bank and in the deeper water found southeast of the 
survey area. 
 A comparison of the calcium carbonate content from GR4 and GR5 shows 
they are similar to, or slightly less than, the adjacent BMR samples (Fig. 3). Sample 
BMR1786 shows an increase in carbonate content southeast of the bank. In addition, a 
microscope examination of the sand and gravel fractions from all grab samples 
obtained in the present study revealed interesting patterns for the non-biogenic 
material across the survey area. In samples obtained on the parallel dune ridges to the 
northwest, the non-biogenic material is mostly rounded and iron-stained quartz grains 
with minor, medium-grained quartz sandstone fragments (Fig. 3). We believe the 
sandstone fragments confirm that Broken Reef was formed from aeolian coastal dunes 
(Jones and Davies 1983), and that the sandstone is being eroded and reworked into the 
thin unconsolidated soft sediments overlying the dune ridges. In the southwest study 
area, only rounded and iron-stained quartz particles are found, whereas quartz and 
mafic mineral fragments commonly found in granite are found northeast of the granite 
outcrops. This pattern of mostly quartz to the southwest, and quartz and mafic mineral 
fragments to the northeast is consistent with sediment transport by the prevailing 
northeasterly-flowing current over New Zealand Star Bank, which deposit eroded 
granite particles and create the sediment lobes on the leeward side of the bank (Fig. 
2). 
 The percentage weight of sediment composition in the combined gravel and 
very coarse sand fractions (>1 mm) are listed in Table 3. Multivariate statistical 
analysis of this dataset reveals division into two groups (Figs. 4A and B). The 
presence of coralline algae only within samples GR7 and GR12, results in the other 
samples appearing to cluster together (Fig. 4B). These two samples were obtained 
directly from the high-relief granite outcrops with a high coverage of benthos, with 
the remaining samples collected from mostly unconsolidated soft substrate around the 
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bank. A solution to observing the trends in soft substrate composition around New 
Zealand Star Bank is to split the data and conduct ordination separately on just the 
soft substrate samples after square root-transformation (Figs. 4C and D). In Fig. 4D, 
most samples have a high level of similarity except for GR4 and GR13. Sample GR4 
was obtained from the crest of the parallel dune ridges of Broken Reef in the 
northwest of the survey area and has high lithoclast content. Sample GR13 was 
obtained from a narrow channel between the two westerly granite outcrops, and has 
low lithoclast content, as might be expected for a sample obtained proximal to granite 
outcrop with a high coverage of benthos. 
 
Environmental variables 
 
 The percentage occurrence of Substratum, Geomorphology and Fauna 
descriptors from the nine underwater video transects are listed in Table 4. PCA 
analysis of this dataset reveals division into three groups (Figs. 5A and B). There is a 
clear trend of transects separating a group comprising the granite outcrop sites (CS04, 
CS07 and CS08) from a group of sites collected over the soft substrate around New 
Zealand Star Bank (CS01, CS02, CS03, CS05 and CS06). The high proportion of 
gravelly sand observed in the latter group confirm that surficial sediments landward of 
New Zealand Star Bank are from the inner shelf (Jones and Davies 1983). Seaward of 
New Zealand Star Bank, the transect CS09 was collected in approximately 120 m of 
water and is dissimilar to the other transects due to the increased presence of 
bioturbators (e.g. burrows) observed in the video. The high proportion of finer-
grained sediments observed in CS09 compared to the other transects, confirms that 
this site lies in the middle shelf where muddy sand dominates (Jones and Davies 
1983). 
 This simplified visualisation of similarities (dissimilarities) between the 
environmental variables observed in transects belies the complexity of faunal-
geologic relationships revealed by underwater video. For example, graphs of the 
numbers of small and large sponges, mobile fauna (e.g. crinoids and Black sea 
urchins) and sea whips observed at two second intervals along soft substrate transects 
(Figs. 6A and B), and along granite outcrop transects (Figs. 6C and D), shows that the 
high-relief outcrops are associated with a relatively greater abundance and diversity of 
fauna than flat or low-relief habitats. Transect CS02 (Fig. 6A) was obtained over the 
parallel dune ridges to the northwest, and initially reveals a relatively flat seabed of 
shell hash with sparse large sponges as sessile fauna, which coincides with a trough. 
The video proceeds onto a shell hash-covered, rough and irregular seabed coinciding 
with a crest. At this point, a distinct patch of dense and erect large sponges appears. 
Transect CS06 (Fig. 6B) was obtained in the eastern part of the study area amongst a 
flat or irregular seabed covered in shell hash with the occasional rounded granite 
boulder protruding through the soft substrate. The majority of the flat seabed has a 
fauna of small erect sponges. However, wherever a boulder appears through the soft 
substrate, both large and small sponges cluster on the rock. 
 In contrast to transects obtained over flat or low-relief soft substrate 
environments, the fauna of the CS04 (Fig. 6C) transect obtained over a high-relief 
granite outcrop is a dense coverage of large and small sponges, and scattered 
individuals of mobile fauna, such as crinoids and urchins hiding in the numerous 
cracks and crevices. To show that not all granite outcrop is densely covered in 
sponges, the transect CS07 (Fig. 6D) reveals large numbers (approximately 10 to 14 
m-2) of the Black sea urchin (Centrostephanus rodgersii) apparently grazing low-
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relief granite outcrop so that few sessile fauna are present. Wherever urchins are 
absent or sparse, small sponges and sea whips (Primnoella australasiae) occur. 
Interspersed between the granite outcrops is a flat seabed of shell hash sediment, 
where fauna numbers typically drop. A pattern is repeated throughout the survey of 
sparse small sponges occurring on relatively flat seabed of unconsolidated soft 
sediments; with patches of large sponges appearing wherever the seabed has low-
relief or where rounded granite boulders protrude through the sediment. Wherever the 
seabed comprises high-relief granite outcrop with a structurally complex surface, 
dense mixed sponge gardens appear. 
 
Secondary Biotopes and Biological Facies 
 
 Through an examination of the geomorphology, surficial sediment 
characteristics and results of the video transect analysis, the study area was divided 
into four Secondary Biotopes and four Biological Facies at the site (<10 km) scale, 
showing a high correlation between the predominant types of physical substrate 
observed and the biological communities associated with this substrate (Fig. 7). We 
believe that the patterns observed using the available datasets support the spatial 
boundaries of the mapped units within the context and scales of the hierarchical 
classification scheme developed by Butler et al. (2001). A description of each 
Secondary Biotope and the corresponding Biological Facies is given, which provides 
insights into the possible relationships between the geology of the seabed and the 
associated biological communities. A conceptual model of New Zealand Star Bank 
area is shown in Fig. 8. 
 
 'High-relief granite' and 'deep reef/urchin barrens' 
 
 The 'high-relief granite' Secondary Biotope clearly stands out from the 
surrounding low-relief or flat seabed in the bathymetric model as five discrete 
outcrops. The numerous fractures and joints give the granite outcrop surfaces a rough 
appearance in the model. These outcrops have upper surfaces of between 
approximately 30 to 40 m water depth, and the larger granite outcrop reaches a 
minimum depth of approximately 10 m. Underwater video reveals that not all the 
rocky bank outcrop is high-relief (>1 m in vertical change) granite. At the margins of 
the outcrops are found rounded granite boulders of low-relief (<1 m in vertical 
change) protruding through the soft substrate surrounding the rocky banks. Between 
the boulders at the margins and also observed accumulating in crevices on the high-
relief granite is thin unconsolidated sand and gravel. The overall impression is a 
marine landscape of eroded granite often seen in terrestrial environments where onion 
skin weathering creates a surface of domes in patterns related to joint spacing in the 
bedrock.  
 The 'deep reef' Biological Facies associated with the high-relief granite, 
derives its name from the Deep Reef habitat described in other hard-ground 
environments in southeast Australia (Underwood et al. 1991; Andrew and O'Neill 
2000). This consistent and recognizable habitat of subtidal rock substrate along the 
NSW coast is characterised by large sponges not found at shallower depths and by 
reduced densities of algae, particularly phaeophytes (Underwood et al. 1991). Other 
sessile fauna found on deep reef habitats, in waters deeper than 30m are ascidians, 
cnidarians and bryozoans (Andrew 1999). Underwater video footage from the present 
study reveals a structurally complex surface of crevices and steep slopes, which is 
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densely covered in erect large and small sponges, and encrusting calcareous red algae. 
Encrusting red algae are usually the greatest occupier of space due to tolerance of low 
light conditions (< 1% of surface) found at these depths (Andrew 1999). Mobile 
benthos observed were crinoids within crevices and the Black sea urchin 
(Centrostephanus rodgersii) in low numbers on high slope surfaces. 
 The 'urchin barrens' Biological Facies is a biologically-modified 'deep reef' 
facies, also observed on the high-relief granite of New Zealand Star Bank. It too 
derives its name from a consistent habitat found on NSW subtidal rock substrate 
called a Barrens habitat (Underwood et al. 1991). This habitat is characterised by 
large numbers of the herbivorous Black sea urchin (Centrostephanus rodgersii), 
which graze the surrounding rock substrate (Underwood et al. 1991). Andrew and 
O'Neill (2000) state that the urchins are able to maintain their habitat clear of kelp and 
large macroalgae. The boundaries of urchin barrens are usually distinct, however they 
are patchy and are not depth related (Underwood et al. 1991). Underwater video 
footage from the present study revealed large numbers (approximately 10 to 14 m-2) 
of Centrostephanus rodgersii on low-relief granite outcrop. Where urchins were 
concentrated, sessile fauna was rare or absent and the rock was mostly crustose red 
algae. In places where the numbers of urchins were low, small erect sponges and sea 
whips (Primnoella australasiae) were observed. This species of sea whip is common 
on deep rocky banks around southeastern Australia (Edgar 1997). It is possible that 
where urchins do not graze heavily, sessile animals with small surface area attachment 
points, such as sea whips or small sponges, are able to maintain space (Andrew 1999). 
The density of transects in our study could not differentiate the extent of the 'urchin 
barrens' within the 'deep reef' facies, but is expected to be patchy over the rocky 
substrate, as found in other surveys (Curley et al. 2002; Hill et al. 2003). 
 Another consideration of New Zealand Star Bank is the shallow minimum 
depth (approximately 10 m) that the largest granite outcrop rises to. No video footage 
was obtained at the shoalest area, however the physical environment may indicate the 
type of biological communities found there. Crevices and joints are evident in the 
shallow area that was ensonified by the multibeam sonar. The shallow depth is within 
the influence of wind-induced waves and relatively high light compared to 
surrounding deeper seabed. Off the southeast Australian coast, Crayweed 
(Phyllospora comosa) is the most common large algae in shallow water along 
exposed rock substrate (Edgar 1997). In southern NSW waters, dense forests of 
Crayweed are recognized as a distinct habitat called Phyllospora forests (Andrew 
1999), and we predict that this biological community is found on New Zealand Star 
Bank in depths shallower than 20 m (Fig. 8). 
 
'Low-relief sandstone' and 'patchy large sponges' 
 
 The 'low-relief sandstone' Secondary Biotope represents the two bands of the 
Broken Reef parallel dune ridges in the northwest of the survey area, which abut the 
northern granite outcrops. The presence of medium-grained quartz sandstone particles 
in sediment samples from this area is consistent with the idea that the dune ridges are 
a quartz arenite of aeolian origin (Jones and Davies 1983). The overall impression is a 
marine landscape comprising linear ridges of sandstone approximately 70 m apart and 
about 1 m high, with crests that are eroded and which extend over 5 km beyond the 
limit of the survey area (Fig. 1B). The dunes are covered with a thin layer of 
quartzose sand with minor biogenic gravel.  
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 If the parallel ridges are aeolian dunes formed along a palaeo-coastline (Jones 
and Davies 1983; Bax and Williams 2001), then the water depth at the base of the 
dunes is an indication of sea-level during the period when the dunes were formed if 
proximal to the shoreline. The water depth at the base of the dunes lies at 
approximately 65 m to 75 m, suggesting that the dunes were deposited when sea-level 
was at a maximum of between 65 to 75 m below mean sea-level (MSL). An 
examination of eustatic sea-level curves shows that in the late Quaternary, a midstand 
occurs between 34 to 74 thousand years BP, when sea-level was between 65 to 75 m 
below MSL (Pillans et al. 1998). This time period represents approximately 40,000 
years of possible coastal dune development. If we also include the period when sea-
level fell below 65 m below MSL during the Last Glacial Maximum, when aeolian 
dunes may have developed distal to the shoreline, then the time period for coastal 
dune development increases to approximately 60,000 years. Thus a substantial period 
of time is available for the coastal dunes to form along the edge of a midstand 
coastline. 
 The 'patchy large sponges' Biological Facies is strongly associated with this 
habitat. Underwater video reveals that the dune ridge crests are the preferred habitat 
of distinct patches of dense and erect large sponges. In contrast, the troughs or 
relatively flat seabed between the crests have only sparse large sponges growing on 
the unconsolidated soft substrate. The patches of large erect sponges found on the 
dune ridge crests are possibly taking advantage of a harder substrate afforded by the 
sandstone as an attachment surface, and/or increased water flow due to interference of 
near-seabed currents over the low-relief crests, thus providing favourable conditions 
for increased densities of these large suspension-feeders. 
 
'Quartzose sand' and 'sparse small sponges' 
 
 The 'quartzose sand' Secondary Biotope correspond to the inner shelf 
quartzose sands of Ferland and Roy (1997). They comprise the majority of the seabed 
of the survey area and are found landward of the approximate 110 m depth contour, 
and also around the high-relief granite outcrops. Sediment grabs obtained from the 
predominantly flat and unrippled seabed contained a relatively high proportion of 
iron-stained, rounded quartz granules. Minor components were biogenic gravel of 
bryozoan and mollusc shell hash. The relatively mature quartz granules are a result of 
reworking during successive sea-level fluctuations in a high-energy, wave-dominated 
environment (Ferland and Roy 1997). In the present survey, no ripples were observed 
on the flat seabed which is generally deeper than 65 m and at the limit of wave-
induced mobilization of sediment (Porter-Smith et al. 2004). 
 An examination of the bathymetry model revealed that the 'quartzose sand' 
biotope is slightly raised due to a variety of low-relief geomorphic features. On the 
eastern side of the granite outcrops are located sediment lobes 2 to 3 m high that 
stretch linearly away from the rocky bank. The sediment lobes are probably formed as 
a result of near-seabed currents sweeping over the bank in a northeasterly direction. 
Our interpretation is that the lobes are the result of a current-induced, bottom stress 
maxima around the prominent edges of the bank, such as occur in other current-
scoured environments (Stride 1982; Harris et al. 1995). The prevailing northeasterly 
flowing currents in the area are considered to be generated from coastal trapped waves 
(CTWs) propagating northward along the Gippsland coast (Morrow et al. 1990; 
Harris et al. 1991). Another geomorphic feature that influences the relief of the seabed 
in this biotope are the small areas of granite subcrop, which appear as raised seabed in 
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between the high-relief granite outcrop and parallel dune ridges, and also amongst the 
sediment lobes. The seabed is comprised of quartzose sand as a layer over the granite 
subcrop, and underwater video reveals an irregular seabed with low-relief, which is 
likely due to the morphology of the granite lying just below the seabed. 
 The 'sparse small sponges' Biological Facies is associated with the 'quartzose 
sand' Secondary Biotope. Video footage shows this facies to comprise mostly low 
numbers of individual small sponges. The flat seabed of the study area tends to have 
low densities of erect small fan sponges or rare large finger sponges that occur at an 
average distance of approximately 10 m apart. Encrusting sponges were not observed. 
An important variation to the predominantly sparse small sponges observed on flat 
seabed is that wherever the seabed became irregular or rises in low-relief, then these 
localised areas corresponded with an increase in numbers of large sponges. Similarly, 
wherever low-relief rounded granite boulders protruded through the quartzose sand 
then concentrations of large finger sponges dominated the sessile fauna on the 
irregular seabed. Another interesting feature of this facies were the accumulation of 
dead New Zealand screw shells (Maoricolpus roseus) observed in the underwater 
video taken in the north of the survey area in water depths of approximately 70 m. 
Numbers of these large (up to 87 mm in length) gastropods were approximately 30 m-

2, however living M. roseus were not observed in the video but may well have been 
infauna in this area. This introduced gastropod has a recorded expansion along the 
southeast Australian coast and is known for its ability to considerably modify the 
habitat that they live in (Allmon et al. 1994; Bax et al. 2003). We were unable to 
resolve the extent of the substrate covered by these gastropods with our video 
transects. 
 
'Muddy sand' and 'bioturbate' 
 
 The 'muddy sand' Secondary Biotope is defined as seaward of the approximate 
110 m depth contour where the seabed deepens rapidly away from New Zealand Star 
Bank and flattens out in depths of about 125 m. Interestingly, the 110 m depth contour 
is also the approximate lowstand for eustatic sea-level during the Last Glacial 
Maximum (Fleming et al. 1998). Therefore, at approximately 19,000 to 22,000 years 
ago when sea-level had dropped to about 110 m below MSL (Yokoyama et al. 2000), 
the coastline in this region would have been close to this biotope boundary. New 
Zealand Star Bank would have appeared as a prominent granite hill at the shoreline. 
Today, sediments in this biotope are more muddy with fine to very fine sand, and 
correspond to the mid-shelf muddy sands of Ferland and Roy (1997). The transition to 
finer-grained sand and increased mud content just seaward of New Zealand Star Bank 
was observed in the underwater video of the area, and from the results of Jones and 
Davies (1983). The proportion of mud is higher due to the seaward transport of fine-
grained sediment from the high-energy inner to middle shelf (Morrow et al. 1990). 
 The 'bioturbate' Biological Facies associated with the 'muddy sand' biotope is 
quite different to the biological communities found on the inner shelf landward of the 
110 m depth contour. Underwater video in the present survey revealed relatively few 
sessile fauna, except for rare octocorals, however burrows from infaunal biota were 
clearly more noticeable compared to the shallower transects. Despite the fact that we 
were unable to sample for soft-bodied infauna using grabs, this facies is named for the 
unseen infauna that were evidenced by the numerous burrows, and which appear to 
dominate seaward of the bank. In this deeper environment the light level is relatively 
low and the seabed is well below storm wave base (Porter-Smith et al. 2004). 
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Discussion 
 
Geology-benthos relationships 
 
 We believe the descriptions and maps of the Secondary Biotopes and 
Biological Facies address the aims of this study, and provide insights into the possible 
relationships between the geology of the seabed and the associated biological 
communities on this temperate rocky bank. By characterising the benthic habitats at 
the Secondary Biotope and Biological Facies levels we can gain a better 
understanding of the controls on benthic biodiversity. The goal is to systematically 
understand the relationships between seabed characteristics and associated biological 
communities at the site (<10 km) scale. An important question asked earlier in this 
paper, is whether geological data can be mapped as a proxy to predict the occurrence 
of assemblages of benthic organisms? The major differences which control the 
distribution of biological communities in the New Zealand Star Bank area appear to 
be related to variations in substrate: (1) hard-ground features related to granite 
outcrops; (2) unconsolidated sediment on a flat seabed; and (3) unconsolidated 
sediment on a low-relief seabed. 
 
 Hard-ground features related to granite outcrops 
 
 It is evident in the present study that there is a vast difference between 
communities that live on hard-ground features such as the granite outcrops of New 
Zealand Star Bank and those which exist on soft substrate surrounding the rocky 
bank. These granite outcrops support a diverse sessile fauna of large and small 
sponges, bryozoa, hydroids and ascidians which prefer stable attachment surfaces 
(Underwood et al. 1991; Andrew 1999; Andrew and O'Neill 2000). Finer-scale 
ecological niches of the granite outcrops are the high-relief fractures and joints that 
provide numerous microhabitats for the diverse mobile fauna observed in this study. 
Another important physical-biological relationship is the prey availability, which is 
dependent on broader-scale hydrodynamic conditions. Substratum heterogeneity 
which interferes with current flow pattern will increase water turbulence and enhance 
particle capture by benthic suspension feeders (Gili et al. 2001). The dense cover of 
suspension-feeders suggests that the availability of food particles is sufficiently high 
within the relatively strong currents passing over these high-relief habitats to support 
a rich and colourful sessile fauna. At a finer-scale, biotic factors such as competition 
for space, predation and larval settlement would also influence the distribution of 
benthos on subtidal rocky substrate (Edgar 2001).  
 Deep reef habitats can also be biologically-modified by grazing urchins to 
produce patchy urchin barrens. In the present study, dense aggregations of 
Centrostephanus rodgersii reduced the sessile fauna to low numbers of sea whips and 
small sponges. This resulted in granite outcrop covered in crustose red algae, and 
devoid of foliose algae and large sessile fauna. In temperate waters, large 
aggregations of these urchins can graze over extensive areas, sometimes in patches 
large enough to cover several hectares and with boundaries that are always clear 
(Andrew and O'Neill 2000; Vanderklift and Kendrick 2004). This urchin species has a 
preference for habitat complexity, occupying crevices during the daytime and emerge 
at night to graze, traveling up to 5 m from the crevice to forage (Hill et al. 2003; 
Vanderklift and Kendrick 2004). Thus the fractures and joints of the granite outcrops 
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of New Zealand Star Bank provide an ideal resting habitat for the Black sea urchin. 
Underwater video in this survey also shows urchins in the open during the day on the 
upper surfaces of granite outcrop, as has been observed in other studies (Andrew and 
O'Neill 2000). 
 
 Unconsolidated sediment on a flat seabed 
 
 Unconsolidated sediment habitats in deeper water have not received the same 
research attention as shallow water hard-ground features (Malatesta and Auster 1999). 
However, a number of habitat studies have been conducted over the soft substrate in 
southeastern Australia (Coleman et al. 1997; Bax and Williams 2001; Kloser et al. 
2001; Ferns and Hough 2002). In the present study, unconsolidated sediments 
landward of the approximate 110 m contour are a quartzose sand with variable 
amounts of biogenic gravel of bryozoa and mollusc. The quartz grains are relatively 
mature, sub-rounded and the high iron-staining suggests reworking during successive 
sea-level fluctuations (Ferland and Roy 1997). This sediment type covers the mostly 
flat seabed of the inner Gippsland Shelf (Jones and Davies 1983; Bax and Williams 
2001). This habitat supports a biological community of sparse small bushy sponges 
and the occasional large finger sponge as sessile fauna. Rare solitary ascidians, 
infaunal anemones and small bryozoa were also present on the flat sandy seabed. 
 Mobile fauna observed in this habitat included hermit crabs and octopus, and 
in the north of the survey area, aggregations of dead Maoricolpus roseus. This 
gastropod was first recorded in Tasmanian waters in the early 1960s and has 
subsequently spread across the Bass Strait to the Victorian and NSW coasts to depths 
of 80 m (Bax et al. 2003). Museum of Victoria records show that this species was off 
East Gippsland by 1990 (Passlow et al. 2004). Bax and Williams (2001) also report 
occasional M. roseus beds of intermediate to sparse density within the soft substrate 
of the nearby Point Hicks Reef. Dense beds of these burrowing and suspension-
feeding gastropods have the ability to dominate the benthic community in 
unconsolidated sediments within its geographic distribution, however it is unclear to 
whether the beds of M. roseus are having a negative effect on native species on the 
southeast Australian shelf (Bax et al. 2003). The gastropod prefers a firm coarse 
substrate, and a moderate to strong current which provides available suspended food 
but does not have a large suspended terrigenous load (Allmon et al. 1994; Bax et al. 
2003). The physical environment of the unconsolidated sediment and flat seabed 
landward of New Zealand Star Bank is therefore quite suitable for the occurrence of 
this species. 
 On the middle shelf and seaward of the approximate 110 m depth contour, the 
seabed becomes relatively flat and muddy. Sediments correspond to the mid-shelf 
muddy sands of Ferland and Roy (1997), and the higher mud component is due to the 
seaward transport of fine-grained sediment from the high-energy inner to middle shelf 
(Morrow et al. 1990). The carbonate content of the sediment is also higher on middle 
shelf compared to the inner shelf, and increases across the shelf due to the bioerosion 
of relict carbonate skeletal debris (Jones and Davies 1983; Ferland and Roy 1997). 
This finer-grained and flat habitat supports a community dominated by infauna, 
resulting in moderate bioturbation observed as numerous burrows. Animals that push 
through soft sediments with body widths up to 10 mm, which might result in burrows, 
include amphipods, callianassid shrimps, bivalves and polychaetes (Edgar 2001). This 
study was unable to determine the infauna producing the burrows. Sessile fauna 
observed were rare individual octocorals upright on the flat seabed. This habitat is 
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relatively stable in terms of low light and the lack of wave-induced currents at this 
depth, and clearly favours infauna over sessile fauna. 
 
 Unconsolidated sediment on a low-relief seabed 
 
 A striking observation in this study was the increase in density and sizes of 
sponges wherever any low-relief feature appeared on the relatively flat seabed. The 5 
m pixel bathymetric model was able to resolve many low-relief features around New 
Zealand Star Bank. Underwater video confirmed the patches of large sponges 
occupying these features and helped explain the origin of the low-relief features. 
These features may take the form of sediment lobes which stretch linearly away from 
the rocky bank, raised seabed due to granite subcrop influencing the morphology of 
the overlying soft substrate, or long ridges of sandstone with a thin cover of 
unconsolidated sediment. Within the limits of this study, there appears to be no 
difference in the preference of certain sponge morphologies to favour one type of low-
relief feature over another, therefore we believe that the common factor is that the 
large sponges prefer areas which are elevated above the surrounding flat seabed. 
Again hydrodynamic factors are likely to be important. Interference in the flow of 
water caused by irregularities in the seabed leads to a concentration near the seabed of 
food and passively dispersing invertebrates (Edgar 2001). These environmental 
conditions would favour the development of populations of sponges as the increased 
turbulence enhances particle capture by these suspension-feeders (Gili et al. 2001).  
 In the present study, the patchy distribution of large sponges on low-relief 
features is closely related to proximity to New Zealand Star Bank. Small areas of 
raised seabed due to granite subcrop are clustered around the high-relief granite 
outcrops, and do not appear to extend beyond several km of the bank before grading 
into the relatively flat seabed. Similarly, the 2 to 3 m high sediment lobes do not 
appear to extend for more than a km to the northeast of the bank, as the current 
scouring caused by near-seabed currents reduce in bottom stress with distance from 
the high-relief granite outcrops. Thus, patches of large sponges on unconsolidated soft 
substrate are likely to be more concentrated closer to the bank as the seabed becomes 
more irregular and raised. In contrast, the long ridges of sandstone comprising Broken 
Reef can be traced for many km across our study area, and is known to extend for 10s 
of km southwest along the East Gippsland shelf (Fig. 1B). Thus, the biological 
community of patchy large sponges associated with this biotope is predicted to cover 
a significant area of the shelf wherever Broken Reef can be mapped. Bax and 
Williams (2001) highlight the vulnerability of low-relief, fossiliferous sandstone 
banks, such as Broken Reef, to damage by bottom trawling. Once eroded these low-
relief reefs may never recover their structural habitat. 
 
Fish-benthos relationships 
 
 This study also provides provide useful links between fish and associated 
benthic habitats, and have been the subject of previous investigations on this shelf 
(Williams and Bax 2001). Habitat-related patterns are usually the rule rather than the 
exception for temperate rocky reef fishes (Curley et al. 2002). Based on fish-benthos 
relationships found on the high-relief granite at the nearby Point Hicks Reef (Bax and 
Williams 2001; Williams and Bax 2001), New Zealand Star Bank should support 
planktivorous Butterfly perch (Caesioperca lepidoptera) and Eastern orange perch 
(Lepidoperca pulchella), and the carnivorous Port Jackson shark (Heterodontus 
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portusjacksoni) and Draughtboard shark (Cephaloscyllium laticeps). Indeed, our 
underwater video showed a Draughtboard shark cruising above the crevices of high-
relief granite outcrop as well as cloud-like schools of Butterfly perch feeding on 
plankton in the water column above the bank. During the period of the survey, large 
numbers of seals were also observed feeding over the bank, presumably on the shoals 
of bentho-pelagic fish observed in the video. These seals were likely Australian fur 
seals (Arctocephalus pusillus) due to the proximity to a known haul-out site on nearby 
Gabo Island and their foraging distribution (Andrew 1999). The presence of these 
higher-level predators demonstrates the importance of New Zealand Star Bank as a 
significant location for food in the eastern Bass Strait. 
 
Assessment techniques 
 
 The assessment techniques shown in this survey reveal quite different levels of 
resolution (1 cm up to 5 m), and making the link between these various spatial scales 
and the differing technologies is difficult (Malatesta and Auster 1999). It is only 
through the use of GIS techniques that oceanic themes of varying scale can be 
mapped within a common position datum and easily compared with each other. The 
ability of GIS to present high-resolution bathymetric models as a 3D DTM, which can 
then be draped with thematic layers representing physical and biological datasets, is 
indispensable for scientists and managers of marine environments. Similarly, a new 
age of ocean exploration is underway with the use of multibeam sonar systems that 
can fully ensonify the seabed and provide us with an unprecedented view of the true 
complexity of the seafloor (Exon and Hill 1999; Kostylev et al. 2001; Harris et al. 
2004). In this study, the real-time mapping of the seabed with multibeam sonar 
permitted considered and targeted groundtruthing so that we could add value to what 
was primarily a safe navigation survey by the RAN.  
 The assessment techniques used in this study are recommended for future 
ocean mapping studies. Multibeam sonar data was most useful for revealing the high-
resolution geomorphic features of the seabed. Co-registered backscatter data and 
bathymetry models alone can provide most of the information to characterise the 
geomorphology of the seabed. In the present survey, slope models derived from the 
bathymetric model were also useful for helping delineate the boundaries of various 
features. However, only underwater video, at the resolution of cm to metres, could 
provide the groundtruthing to observe the contrast between a diverse and colourful 
benthos on high-relief granite and the relatively sparse small sponges on 
unconsolidated soft substrate. Single long video transects are recommended as 
biological assemblages can be very patchy on the seabed (Starmans and Gutt 2002; 
Stevens 2005). In this study, the composition of sediment grabs, at the resolution of 
cm, were not able to discriminate benthic assemblages at this scale because of the 
disconnect between the environment for existing biota and the hydrodynamic sorting 
of their skeletal remains until equilibrium is reached (Jones and Davies 1983). 
Nevertheless, the examination of sediment composition was useful in helping to 
explain the environment of deposition. 
 Therefore, each technique by themselves has their merits and disadvantages. 
However, the combination of assessment techniques using multibeam sonar mapping, 
underwater video and sediment grabs complement each other and provide powerful 
tools to characterise the seabed. The integration of high-resolution bathymetry and 
dense and well-targeted groundtruthing was the key to understanding the relationships 
between seabed characteristics and associated biological communities at the site (<10 
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km) scale. As MPAs often rely upon abiotic or geophysical factors to map the 
distribution of benthic biodiversity, our findings add confidence for the use of high-
resolution geological datasets to provide a basis for reserve selection. 
 
Conclusion 
 
 Multibeam sonar mapping has revealed approximately 100 km2 of complex 
physiography on and around New Zealand Star Bank in the eastern Bass Strait at a 
detail not observed previously. Extensive groundtruthing of the area obtained grab 
samples and underwater video transects. In this study, we have characterised the 
seabed of the study area adopting the benthic habitat classification scheme used for 
the bioregionalisation of Australia (Butler et al. 2001). The spatial boundaries of 
Secondary Biotopes and Biological Facies at the site (<10 km) scale were defined on 
the basis of geomorphology revealed by the bathymetry model and the results of 
statistical analysis of the sediment and video transect data. Four Secondary Biotopes 
were observed: (1) high-relief granite; (2) low-relief sandstone; (3) quartzose sand; 
and (4) muddy sand. The Biological Facies associated with these biotopes were: (1) 
deep reef/urchin barrens; (2) patchy large sponges; (3) sparse small sponges; and (4) 
bioturbate. 
 This study also explored whether geological data can be mapped as a proxy to 
predict the occurrence of assemblages of benthic organisms? The major differences 
which control the distribution of biological communities in the New Zealand Star 
Bank area appear to be related to variations in substrate: (1) Hard-ground features 
related to high-relief granite outcrops are associated with diverse and abundant sessile 
and motile fauna. These faunal communities may be biologically-modified to patchy 
barrens habitat by grazing urchins. (2) Unconsolidated sediment on a flat seabed is 
associated with sparse small sponges on the inner shelf. On the middle shelf and 
seaward of bank, the flat and muddy seabed supports a community dominated by 
infauna. (3) Unconsolidated sediment on a low-relief seabed is associated with an 
increase in the density and sizes of sponges concentrated on any low-relief feature 
raised above the surrounding flat seabed. 
 The successful management of the East Gippsland shelf environment requires 
that decisions are made based upon an understanding of the characteristic physical 
and biological structure and processes. We have provided habitat maps of the seabed 
around New Zealand Star Bank at a high-resolution and examined the possible 
relationships between the geology of the seabed and the associated biological 
communities on this temperate rocky bank. New Zealand Star Bank and the adjacent 
Broken Reef is representative of a diverse range of habitats supporting prolific benthic 
and pelagic communities in apparently pristine condition, and may provide a useful 
example for the selection of habitats suitable for inclusion in a marine protected area. 
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Fig. 1. Mercator projection maps of the study area in eastern Bass Strait off the East 
Gippsland coast. The box shows the multibeam sonar coverage over New Zealand 
Star Bank. (A) Continental shelf features from navigation chart AUS358 prior to the 
present survey (AHO 1971). Spot depths and contours are in fathoms. The bank was 
not well defined in previous surveys and posed a significant hazard to shipping. (B) 
Primary Biotopes of the area modified from Bax and Williams (2001), showing the 
inferred extent of the high-relief granite New Zealand Star Bank next to the low-relief 
sandstone slabs of Broken Reef. These features lie within mixed soft and hard 
substrate across the shelf. Depth contours are in metres. Gabo Reef is a high-relief 
limestone outcrop on the outer shelf. 
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Fig. 2. Shaded relief map of the New Zealand Star Bank bathymetry model, at 5 m 
resolution and with grab and underwater video transect locations. MD refers to the 
position of the minimum depth (approximately10 m) on the largest granite outcrop. 
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Fig. 3. Gravel, sand and mud proportions for GR4 and GR5, compared to previous 
samples obtained by Jones and Davies (1983). The samples names are followed by 
mean grain size (mm), then the calcium carbonate percentage of each sample. 
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Fig. 4. (A) Group-averaged dendogram of cluster analysis on the square root-
transformed percentage weight of sediment composition for the samples in Table 3. 
(B) Two-dimensional ordination plot from non-metric multi-dimensional scaling 
(MDS) of all samples, showing the relative size of coralline algae percentage weight. 
The samples are clustered into two groups due to the presence of coralline algae only 
in the two granite outcrop samples GR7 and GR12. The stress value is low, 
emphasizing a good representation of the ordination. (C) Group-averaged dendogram 
of cluster analysis on the square root-transformed percentage weight of the 
composition from just the soft substrate samples, i.e. samples GR7 and GR12 
removed. (D) MDS plot of just the soft substrate samples, showing the relative size of 
lithoclast percentage weight. Most samples are similar within the soft substrate group. 
GR4 was obtained over Broken Reef with a high lithoclast content. GR13 has low 
lithoclast content, obtained proximal to granite outcrop with a high coverage of 
benthos. 
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Fig. 5. (A) Ordination plot of principal component analysis (PCA) using Euclidean 
distance on untransformed Substratum, Geomorphology and Fauna descriptors in 
Table 4, showing the relative size of gravel/pebble percentage occurrence. (B) 
Ordination plot of PCA of the descriptors in Table 4, showing the relative size of 
mobile fauna percentage occurrence. The samples are clustered into three groups due 
partly to the high presence of gravel/pebble in the inner shelf soft substrate group and 
the presence of mobile fauna and igneous rock observed in the granite outcrop group.  
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Fig. 6. Distribution of the numbers of small and large sponges, mobile fauna (e.g. 
crinoids and Black sea urchins) and sea whips observed at two second intervals along 
video transects. Soft substrate transects: (A) CS02 and (B) CS06. Granite outcrop 
transects: (C) CS04 and (D) CS07. See Fig. 2 for locations. ND denotes no data. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 26



Fig. 7. Secondary Biotopes and Biological Facies of the study area. 
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Fig. 8. New Zealand Star Bank conceptual model. 
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Table 1. Grab sample locations and water depth (m) data. See Fig. 2 for locations. 
 
Grab 
number 

Latitude Longitude Water 
depth (m) 

GR1 37°45.8'S 149°42.1'E 74.79 
GR2 37°45.89'S 149°41.91'E 76.21 
GR3 37°44.71'S 149°41.23'E 67.39 
GR4 37°44.74'S 149°41.08'E 68.01 
GR5 37°43.99'S 149°41.91'E 70.49 
GR7 37°45.06'S 149°42.93'E 41.23 
GR8 37°44.73'S 149°44.21'E 70.14 
GR9 37°44.76'S 149°44.13'E 70.69 
GR10 37°45.62'S 149°44.47'E 71.39 
GR11 37°45.67'S 149°44.33'E 72.99 
GR12 37°46.37'S 149°44.15'E 36.92 
GR13 37°46.79'S 149°42.86'E 50.87 
GR14 37°40.83'S 149°43.51'E 125.96 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 29



Table 2. Underwater video transect locations, water depth (m) and descriptions. See 
Fig. 2 for locations. 
 

Video 
number 

Latitude 
start 

Longitude 
start 

Latitude   
end 

Latitude    
end 

Water 
depth 

Description 

CS01 37°45.89'S 149°42.12'E 37°45.91'S 149°42.09'E 74.88 gravel and shell hash, irregular seabed, fauna is sparse, occasional 
small erect sponge and bryozoa 

CS02 37°44.78'S 149°40.86'E 37°44.78'S 149°40.83'E 66.92 gravel and shell hash, patchy fauna with initially little fauna then 
garden of large erect sponges on irregular seabed 

CS03 37°44.04'S 149°41.75'E 37°44.04'S 149°41.71'E 70.33 gravel and shell hash, irregular seabed with pockets of New 
Zealand screw shell, fauna is sparse with small erect sponges 

CS04 37°45.11'S 149°42.81'E 37°45.13'S 149°42.77'E 46.49 high-relief granite outcrop, dense gardens of erect and encrusting 
sponges, numerous crinoids and occasional urchins 

CS05 37°44.80'S 149°43.94'E 37°44.81'S 149°43.90'E 69.69 shell hash and rubble, irregular seabed, large erect sponges occur 
on rougher seabed, isolated small sponges occur on sediment flat 

CS06 37°45.73'S 149°44.11'E 37°45.74'S 149°44.06'E 73.12 shell hash and rubble, irregular seabed and granite boulders, large 
sponges on seabed, dense sponge gardens on granite boulders 

CS07 37°46.45'S 149°43.82'E 37°46.48'S 149°43.71'E 49.83 low-relief granite outcrop and shell hash seabed, granite with 
small sponges and sea whips, or dense in Black sea urchins 

CS08 37°46.78'S 149°42.70'E 37°46.81'S 149°42.64'E 62.92 high-relief granite outcrop and shell hash, dense sponge and 
octocoral gardens on granite, little sessile fauna on sediment 

CS09 37°48.98'S 149°43.23'E 37°49.01'S 149°43.17'E 120.1 unrippled, coarse well-sorted sediment, shell hash, fauna very 
sparse, rare octocorals, occasional burrows in seabed 
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Table 3. The percentage weight of sediment composition for grains >1 mm. 
 
Grab number GR1 GR2 GR3 GR4 GR5 GR7 GR8 GR9 GR10 GR11 GR12 GR13 

Coral algae (%) 0.00 0.00 0.00 0.00 0.00 65.46 0.00 0.00 0.00 0.00 87.02 0.00 
Coral (%) 0.00 0.00 0.00 0.00 0.00 0.00 1.75 0.00 0.00 0.06 0.00 0.00 
Polychaete (%) 0.62 0.43 0.40 0.24 0.54 0.90 3.45 4.53 3.00 0.22 0.67 1.09 
Decapod (%) 0.00 0.02 0.00 0.00 0.00 0.00 1.68 0.08 0.09 0.04 0.38 1.12 
Gastropod (%) 11.62 4.13 4.95 2.11 2.25 0.00 3.16 2.23 2.93 3.48 3.24 6.32 
Bivalve (%) 2.24 1.30 6.88 9.60 2.22 1.03 3.93 1.86 2.34 5.08 2.77 1.44 
Bryozoa (%) 3.47 2.91 7.01 2.24 3.98 10.50 12.44 20.66 9.18 9.12 2.19 38.45 
Echinoid (%) 0.32 0.17 1.12 0.28 0.00 0.00 0.05 0.48 1.18 2.30 0.00 0.90 
Bioclast (%) 48.24 46.93 42.30 28.73 54.92 12.24 38.34 31.21 47.19 38.84 0.86 35.35 
Lithoclast (%) 33.50 44.11 37.34 56.80 36.09 9.86 35.20 38.94 34.09 40.85 2.86 15.32 
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Table 4. Underwater video transect Substratum, Geomorphology and Fauna 
descriptors for the nine video transects. Counts were made of the various descriptors 
at two second intervals along each transect and standardized into percentage 
occurrence. 
 
 Substratum   Geomorphology    
Video 
number 

Coarse sed 
(%) 

Gravel/pebble 
(%) 

Igneous rock 
(%) 

Unrippled 
(%) 

Irregular   
(%) 

Low 
outcrop (%) 

High 
outcrop (%) 

 

CS01 0.00 100.00 0.00 0.00 100.00 0.00 0.00  
CS02 0.00 100.00 0.00 72.41 27.59 0.00 0.00  
CS03 0.00 100.00 0.00 62.50 37.50 0.00 0.00  
CS04 0.00 0.00 100.00 0.00 0.00 58.18 41.82  
CS05 0.00 100.00 0.00 42.31 57.69 0.00 0.00  
CS06 0.00 88.89 11.11 20.00 68.89 0.00 11.11  
CS07 0.00 33.33 66.67 0.00 33.33 63.89 2.78  
CS08 0.00 39.06 60.94 34.38 4.69 14.06 46.88  
CS09 100.00 0.00 0.00 100.00 0.00 0.00 0.00  

 Fauna        
Video 
number 

No fauna 
(%) 

Large sponge 
(%) 

Small sponge 
(%) 

Mixed garden 
(%) 

Octocoral 
(%) 

Encruster 
(%) 

Mobile     
(%) 

Bioturbator 
(%) 

CS01 73.68 0.00 21.05 0.00 0.00 5.26 0.00 0.00 
CS02 6.90 37.93 55.17 0.00 0.00 0.00 0.00 0.00 
CS03 65.00 5.00 30.00 0.00 0.00 0.00 0.00 0.00 
CS04 0.00 58.18 0.00 5.45 0.00 10.91 25.45 0.00 
CS05 57.69 13.46 25.00 0.00 0.00 0.00 3.85 0.00 
CS06 26.67 17.78 53.33 0.00 0.00 2.22 0.00 0.00 
CS07 2.78 0.00 0.00 64.81 0.00 0.00 32.41 0.00 
CS08 34.38 37.50 3.13 25.00 0.00 0.00 0.00 0.00 
CS09 84.21 0.00 0.00 0.00 3.51 0.00 0.00 12.28 
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