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EXECUTIVE SUMMARY

Rowden, A.A.; Krdger, K.; Clark, M.R. (2012). Biodiversity of macroinvertebrate and fish
assemblages of the northwestern Ross Sea shelf

New Zealand Aquatic Environment and Biodiversity Report No 101. 111 p.

In March 2004, RV Tangaroa completed a ‘BioRoss Survey’ to assess the biodiversity of selected
marine assemblages in the northwestern Ross Sea. Five transects were sampled on the Ross Sea shelf,
each of which was divided into three depth strata (50-250 m, 250-500 m, 500-750 m), running
perpendicular to the Victoria Land coast between Cape Adare in the north and Cape Hallett in the
south. This stratified random sampling programme allowed geographic and depth-related comparisons
of the benthic assemblages and the testing of a number of diversity hypotheses.

The influence of environmental parameters acting on different spatial scales on the benthic
assemblages was assessed by determining primary productivity (on a large-scale), disturbance
(specifically iceberg-scouring; quantified on different spatial scales) and habitat heterogeneity (on a
small-scale).

More than 820 putative macroinvertebrate species and 43 fish species were identified from the
sampling area. Several species are new to science and the distribution range for others can be
extended because of samples collected in this survey.

Although clear geographic gradients could not be established for either the environmental parameters
nor for the macroinvertebrate and fish assemblages, depth-related differences in the biodiversity and
composition of assemblages were well defined. While depth-related variables were the main
environmental drivers for the fish assemblages of the Ross Sea shelf, the results suggest that a
combination of large-scale oceanographic (i.e., surface chlorophyll a, seasonal ice cover) and local
habitat variables influence the patterns of macroinvertebrate assemblage composition in the
northwestern Ross Sea.. Thus the study served to highlight that multiple environmental drivers
working on varying spatial scales influence the biodiversity and composition of the deeper benthic
assemblages of the Ross Sea shelf.

Future data analysis and the further processing of samples recovered during the study voyage will
continue to improve biological knowledge of the region and provide useful information for
conservation and environmental management purposes.
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1. INTRODUCTION
1.1 Overview

The Antarctic continental landmass is surrounded by a deep shelf and deep oceanic water. It has been
isolated from adjacent shelf environments for approximately 40 million years by these cold deep
waters and by the circumantarctic current systems, which are of importance for the biology and
evolution of the Antarctic benthos (Gallardo 1987). The benthic macrofauna (invertebrates and fish)
of the Antarctic shelf are considered by many researchers to have a circumpolar distribution,
extending along the continent’s entire 35 000 km coastline. This interpretation was supported by early
taxonomic studies of a few faunal groups, but as study of other taxa progressed some suggestion of
geographic sub-divisions emerged (see reviews Knox 1994, Dayton et al. 1994). Examination of the
continent—wide distributional patterns of macrofaunal assemblages has not been possible, owing to the
paucity of complete taxonomic sampling (see review Arntz et al. 1994). However, large regions of the
Antarctic shelf have received intensive sampling and relatively complete identification of the fauna
present (e.g., off the Antarctic Peninsula — Mihlenhardt-Siegel 1988). Most notable among these
large-scale surveys are those conducted along the 2250 km shelf of the Weddell and Lazarev Seas,
where macroinvertebrate assemblages have been identified and described (Galéron et al. 1992, Gerdes
et al. 1992, Gutt & Starmans 1998). Such studies have allowed for consideration of how certain
“environmental drivers” may influence macroinvertebrate assemblages of the shelf (Gutt 2000). Gutt
(2000) systematically examined evidence for a number of those factors, thought to be important
structuring agents in Antarctica, in determining the composition/biodiversity and spatial distribution
of benthic assemblages of Weddell/Lazarev Sea region. Gutt (2000) concluded, like many other
researchers before him, that it is difficult to disentangle the relative importance of a number of
obviously important environmental variables, and that further quantitative investigations are essential.

The relationship between the spatial distribution of benthic macrofauna assemblages and
environmental parameters has been the subject of numerous studies. It seems likely from recent
evidence that the characteristics of organic matter flux derived from primary production, influenced
by oceanographic variables, will explain a great deal about the large-scale distribution of seabed
assemblages (e.g., Levin & Gage 1998). In Antarctica, the flow of organic matter from the pelagic
domain to the seabed represents an important energy source for benthic organisms (Grebmeier &
Barry 1991). Factors such as the persistence of ice cover, and the strength and direction of water
currents, will influence the quality and quantity of organic matter flux and thereby the distribution of
different macrofauna assemblages (Cattaneo-Vietti et al. 1999). In addition to the influence of large-
scale variables on assemblage composition, variables operating on intermediate and small spatial
scales are also likely to control the composition of the macrofauna assemblages. Physical disturbance
of the seabed has been shown to variably influence the composition of benthic macrofauna
assemblages over time (Hall 1994). On Antarctic continental shelves, the physical disturbance caused
by anchor ice or iceberg scour appears to exert considerable influence on assemblage composition
over widespread areas (Dayton et al. 1970). On smaller spatial scales, the provision of habitat
heterogeneity by the biogenic elements of an assemblage has been shown to influence marine faunal
diversity and assemblage composition in a number of benthic environments (e.g., by sponges, Barthel
1992, Barthel & Gutt 1992, Bell & Barnes 2001). Indeed, the importance of the sponge component of
Antarctic benthic assemblages was suggested over thirty years ago (Bullivant 1967a), and the
relationship between habitat forming species and diversity was clearly demonstrated by Gutt &
Starmans (1998).

Benthic macrofauna assemblages of continental shelves can be modified by human activities, even in
Antarctica (e.g., hydrocarbon/PCB/metal pollution at McMurdo Station, see Lenihan & Oliver 1995),
and threats exist for the future as a consequence of increased tourist boat traffic and the opening of the
region to bottom fishing (Arntz et al. 1994, Dayton et al. 1994), increased temperatures from global
warming and acidification from CO, uptake (Clarke & Harris 2003). Understandably, calls have been
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made to set aside marine protected areas of sufficient size to fulfill conservation objectives (Gallardo
1987). Appropriate selection of these areas will require methodological improvements to both
descriptive and experimental research, and that this research be extended around the Antarctic
continent (Gallardo 1987). Within New Zealand’s Ross Dependency, areas which face current and
potential threats (e.g., toothfish fishery and tourism,Waterhouse 2001) and about which relatively
little is known about the benthic macrofauna, that may require the establishment of protected areas,
include the northwestern Ross Sea (Fenwick & Bradford-Grieve 2002).

1.2 The study area, survey and hypotheses
1.2.1 Ross Sea shelf

The Ross Sea (Figure 1) is atypical for Antarctica in having a wide continental shelf, while off other
parts of the continent the shelf is narrow or virtually absent. Due to the weight of the ice, Antarctic
shelves are suppressed and thus the shelf break in the Ross Sea occurs at comparatively great depth
(about 800 m) (Gallardo 1987). The continental shelf of the Ross Sea is covered by sea ice for most of
the year, with growth typically starting in late February and decay beginning in late October near the
ice shelf front. The interannual variation in the length of the ice season appears to be related to
climatic forcing. The large-scale ocean circulation on the continental shelf of the Ross Sea consists of
Antarctic Surface Water, Low Salinity Shelf Water and Modified Circumpolar Deep Water inflows
from the north and east. These water masses are seasonally cooled and warmed, salinised by sea ice
formation and freshened by melt water. On the open shelf, surface circulation generally moves ice and
water to the west and north, and is bounded by a strong, narrow coastal current along the Ross Sea Ice
Shelf and a westward flow near the continental shelf break (see Jacobs & Giulivi 1999). Katabatic
winds and the physical characteristics of the region serve to maintain the large Ross Sea polynya (an
area of low ice concentration or open water surrounded by complete ice cover) adjacent to the ice
shelf front, and the small persistent Terra Nova Bay polynya near 75° S on the Victoria Land coast
(see Jacobs 1985). The irregular topography of the shelf’s seabed is thought to be due to shaping by
glacial action (Kennett 1968). Due to the presence of sub-angular glacial erractics of varying sizes the
seabed sediments are generally poorly sorted throughout the whole area . Gravelly to sandy sediments
are found in the shallower waters (including offshore banks), whilst muddy sediments occur in a
nearshore belt of deep water and in front of the Ross Sea Ice Shelf. The varying amounts of organic
constituents of the sediments are associated with planktonic detritus, terrigenous sources, sponge
spicules, foraminifera and diatoms (Kennett 1968, Anderson et al.1984).

The majority of studies of benthic macroinvertebrates in the Ross Sea have been undertaken in
shallow water (less than 30 m), where samples can be obtained using SCUBA (e.g., Oliver & Slattery
1985). Sampling of macroinvertebrates in deeper water on the shelf has been less extensive. Apart
from some early sporadic sampling by expeditions of discovery and exploration, the first extensive
and systematic surveys of macroinvertebrates of the shelf were carried out by the New Zealand
Oceanographic Institute (NZOI) between 1959 and 1961 (Bullivant 1967b). Some of the results of
these surveys were used to describe macroinvertebrate assemblages of the Ross Sea (Bullivant
1967a). A number of other surveys have subsequently been carried out in the Ross Sea (e.g., Italian
oceanographic voyages 1987-1995, see Faranda et al. 2000) that have included examination of the
benthos. However, there exists a poor appreciation of the large-scale composition and distribution of
macroinvertebrate communities in the region, and no shelf-wide appreciation of the benthic
communities in the Ross Sea similar to that obtained for the shelf on the opposite side of Antarctica
(i.e., Weddell/Lazarev Sea, Gutt & Starmans 1998). Consequently, Bullivant’s (1967a)
macroinvertebrate assemblages are effectively the current benthic community model, and because
there has been no concurrent examination of the environmental variables now thought likely to be
responsible for the pattern observed, it is not possible to understand clearly the reasons for the
apparently heterogeneous distribution of communities observed.
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The Ross Sea fish fauna is also not well known. The benthic and benthopelagic fishes from nearshore
to deep water have only been sporadically sampled, and new species of fish have been described from
material collected as recently as 1996 and 1997 (Chernova & Eastman 2001, Eakin & Eastman 1998,
and Eastman & Eakin 1999). There have been few surveys designed to systematically sample fish
from the area in contrast, for instance, to the Weddell Sea where Germany has maintained a regular
collecting programme for 15 years (Eastman & Hubold 1999). Despite the limited sampling, the Ross
Sea fish fauna appears to be as diverse as that of the Weddell Sea (with at least 80 species in 12
families compared to 83 species in 14 families; Eastman & Hubold 1999). Many of these species have
large depth ranges, possibly because the continental shelf extends out to approximately 800 m in the
Ross Sea, in contrast to other areas where the shelf break is at about 200 m (Angel 1997). No
investigations have taken place to consider the reasons for the apparently diverse Ross Sea fish fauna
and the spatial distribution of assemblages.
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Figure 1: Map showing the Ross Sea and Balleny Islands and their position relative to the Antarctic
continent and New Zealand. Blue areas indicate sea ice shelves (the largest of which is the Ross Sea Ice
Shelf), green areas land ice tongues.
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1.2.2 The BioRoss Survey

With the publication of the reviews by Bradford-Grieve & Fenwick (2001 it was apparent that
relatively little was known about the benthic macroinvertebrate and fish biodiversity of the Ross Sea.
Whilst a number of reasons have been suggested for the distribution of macroinvertebrate (Bullivant
1967a) and fish (Eastman & Hubold 1999) assemblages of the Ross Sea shelf, and the Balleny Islands
(Dawson 1970), no formal testing of any hypothesis thought to account for the region’s benthic
biodiversity has occurred. The New Zealand Biodiversity Strategy (Anon. 2000) suggests that this
deficit of knowledge and understanding should be addressed. After preliminary assessments (Stewart
& Roberts 2001; Page et al. 2002), the New Zealand Ministry of Fisheries (MFish), proposed that a
guantitative survey of the biodiversity of selected marine communities of the Ross Sea region and
Balleny Islands be undertaken in 2004 under the auspices of the Mfish Biodiversity Programmae
(MFish is one of the government agencies responsible for implementing the Biodiversity Strategy).
The ‘BioRoss Survey’ was undertaken in March 2004 using RV Tangaroa.

1.2.3 Study hypotheses

Answering the question as to why assemblages and biodiversity are distributed heterogeneously has
long been an objective for ecologists. Understanding this is a prerequisite to identifying gaps in
knowledge, and making reccommendations about areas or communities that could be the subject of
future research (Currie et al. 1999). A number of general hypotheses have been proposed to explain
the types of patterns observed, a number of which appear to be particularly applicable to the
macroinvertebrate and fish assemblages of Antarctica, including the Ross Sea. The following
hypotheses were chosen for testing during the BioRoss study.

1.2.3.1 The energy-diversity hypothesis

A relationship between a measure of diversity and a measure of the productivity of a system has often
been observed in terrestrial habitats, and this has been formulated into what is known as the ‘energy-
diversity hypothesis’ (see Rosenzweig 1995). However, the nature of the relationship is inconsistent
across habitats and taxa, and further empirical data (particularly for aquatic species) are required
before the mechanisms that explain the relationship can be understood (Mittelbach et al. 2001). The
waters of the Ross Sea display spatial and temporal variations in primary productivity (Arrigo et al.
1998) that could be predicted to have an influence on macrofauna community composition and
diversity on the seabed. However, it is likely that the extent and duration of ice cover, and bottom
currents will influence the arrival and distribution of the organic phytodetritus derived from surface
primary production (Barry & Dayton 1988, Smith & Dunbar 1998, Cattaneo-Vietti et al. 1999), and
thereby moderate the expected pelagic-benthic coupling relationship. Thus, any examination of the
energy-diversity hypothesis in the Ross Sea would need to take into account the interaction of these
variables (e.g., Gutt et al. 1998, Gutt 2000).

1.2.3.2 The disturbance-diversity hypothesis

The relationship between a measure of diversity and a measure of disturbance of a system has been
observed in terrestrial and aquatic habitats, and formulated into what is known as the ‘diversity—
disturbance hypothesis’ or sometimes more specifically as the ‘intermediate disturbance hypothesis’
(see Rosenzweig 1995). However, the nature of the relationship is not consistent for disturbance
phenomena or across habitats nor taxa, and further empirical data are required in order to better
resolve and understand the relationship (Dial & Roughgarden 1998). Many sorts of natural
environmental and anthropogenic phenomena are responsible for disturbances of the seabed in
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Antarctica (Lenihan & Oliver 1995). For the macrofauna assemblages of Antarctic continental
shelves, the most influential natural disturbance is scour from drifting icebergs (Gutt 2001). Ice scour
has generally been thought to influence the seabed and macrofauna of shallow coastal areas of the
Ross Sea (Dayton et al. 1970), but significant ice scour has recently been observed (via acoustic
image data) between water depths of 200—400 m on the northwest region of the continental shelf
(Mitchell 2001). Ice scour at similar depths (300 m) in the Weddell Sea was shown to be associated
with relatively impoverished macrofauna assemblages (Gutt et al. 1996). There is also evidence that
mobile non-benthic species such as fish, especially of genus Trematomus, are associated with certain
recovery stages following iceberg disturbance (Brenner et al. 2001).

1.2.3.3 The habitat heterogeneity-diversity hypothesis

The relationship between a measure of habitat heterogeneity and a measure of diversity has been
observed in both terrestrial and aquatic habitats, and incorporated into a number of ecological
hypotheses (see Rosenzweig 1995). In Antarctic shelf environments, where macrofauna communities
dominated by relatively large habitat-forming epifauna are particularly common, significant positive
relationships between the number of macrofauna species and the abundance of two “types” of sponges
have been shown (Gutt & Starmanns 1998). Other organisms such as bryozoans and gorgonians are
thought, like sponges, to play an important role in providing a suitable habitat for a considerable
number of macrofauna, explaining in part the local community composition and high species diversity
observed in Antarctic waters (Gutt & Schickan 1998, Gutt 2000). In the Ross Sea, evidence for the
importance of the habitat provided by, in particular, sponges (and their spicules) for community
development has been forthcoming (Dayton et al. 1994, Cattaneo-Vietti et al. 1999 since Bullivant
(1967a) inferred the relevance of such structural fauna from bottom photographs of the region’s shelf.

1.2.3.4 Examining multiple hypotheses

Examinations of the relationships between primary production (energy), iceberg scour (disturbance),
structural species (habitat heterogeneity) and macrofauna diversity and assemblage composition have
particular pertinence today. Changes in the climate regime in the Ross Sea could possibly alter the
dynamics of phytoplankton distribution and abundance, increase the frequency of iceberg calving and
initiate changes in the distribution and abundance of benthic macrofauna (see Anisimov & Fitzharris
2001), including populations of the habitat-forming sponges (Dayton 1989). Since it is probable that
such environmental factors will co-vary with the spatial pattern of macrofauna diversity and
assemblage composition, it is necessary (and efficient) to simultaneously test multiple hypotheses,
and ensure that examinations are made at the appropriate spatial-scales (Currie et al. 1999). To date,
no concurrent examination of the above hypotheses as they relate to the macrofauna communities of
the Ross Sea shelf has been reported, even in the post-hoc fashion that Gutt (2000) adopted for the
Weddell/Lazarev Sea. However, the simultaneous investigation of a number of physico-chemical
variables and their relationship to the biological communities of the Ross Sea is the goal of the
Latitudinal Gradient Programme (LGP) (Petersen & Howard-Williams 2001). The marine component
of the LGP project has a focus from Cape Adare in the north to McMurdo Sound in the south. The
study reported upon here provided an ideal opportunity to contribute to the LGP by describing and
quantifying the diversity of the benthic macroinvertebrate and fish assemblages of the northwest Ross
Sea shelf, and examining the effect of environmental variables influencing the observed assemblage
composition.

In this study we had proposed that the nature of the relationship between the spatial distribution of
macroinvertebrate and fish assemblages and environmental variables could be elucidated and
quantified using univariate and multivariate statistical techniques However, if patterns are to provide
insight and predictive power, it is important to ensure that the scale of the sampling and the scale of
the processes that are hypothesized to explain patterns in assemblage composition are closely matched
(Gaston 2000).
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1.3 OBJECTIVES

The overall objective of the project was to carry out a quantitative study of the biodiversity of selected
marine communities in the Ross Sea region. The specific objective was: to describe and quantify the
diversity of the benthic macroinvertebrates and fish assemblages of the northwestern Ross Sea shelf,
and to determine the importance of certain environmental variables influencing assemblage
composition.

2. METHODS

2.1 Study area

The study area comprised the shelf area of the northwestern Ross Sea between Cape Adare at
approximately 70° S and Cape Hallett at approximately 72° S (Figure 2).

2.2 Sampling Design

A stratified random design was selected to address directly two of the three biodiversity hypotheses to
be examined (“diversity—energy’ and ‘disturbance—diversity’) at the appropriate spatial scales. Five
transects running across the shelf (perpendicular to the depth contours and generally aligned SW-NE)
were sampled in the Ross Sea between the Hallett Peninsula and north-west of Cape Adare (Figure 2).
Transect start points (N to S, approximate latitudes, approximate length) were: Transect 1 (Cape
Adare, 70° 20’, 25 km), Transect 2 (71° 35’, 45 km), Transect 3 (Cape McCormick, 71° 50°, 40 km),
Transect 4 (72° 057, 80 km), Transect 5 (Cape Hallett, 72° 20°, 120 km). Each transect was divided
into three depth strata (50-250 m, 250-500 m, 500-750 m). The along-shelf (transect strata)
distribution of sampling effort was to encompass a supposed latitudinal difference in surface primary
productivity along the Victoria Land coast (Peterson & Howard-Williams 2001). The across-shelf
depth strata designations would encompass a difference in the quantity of iceberg scour, based upon
the spatial appreciation of the shelf determined from multibeam mapping undertaken by a previous
survey of the area (Mitchell 2001). Mitchell (2001) revealed that iceberg scour was particularly
evident between depths of 200-400 m in the northwest region of the shelf.

To sample different components of the faunal assemblages present (infauna, epifauna, mega-
epifauna), a combination of gear types was employed. Although random replicate sampling within
each of the three depth strata was planned (four sampling stations were assigned per stratum using
random numbers to determine the direction the tow should progress and to select a tow start depth), it
was not always possible to obtain all replicates due to ice and/or weather conditions. Each transect
was mapped using the ship’s swath multibeam technology first (in the offshore direction) to establish
bathymetry and backscatter. Biological samples were taken on the return path along the transect.
Additional opportunistic samples were taken at Adare (Robertson Bay one beam trawl and three
sleds) and close to the Possession Islands (grapnel line). Such additional samples were excluded from
all quantitative analyses.
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Figure 2: Map of the northwestern Ross Sea showing the BioRoss study area in which stations were
sampled along five (numbered) transects. Blue areas indicate sea ice shelves. Multibeam swathed area
marked in light grey. Sampling stations and their depth stratification are indicated by different symbols:
circle= 50-250 m, triangle= 250-500 m, square= 500-750 m.

2.3 Sample Collection
2.3.1 Direct biological sampling

At each station macroinvertebrates and fish were sampled using a bottom trawl, an epibenthic sled
with a video camera and a van Veen grab with a video camera mounted on its frame in order to
sample three major components of the benthos: the mega-epifaunal component with a wider
distribution (trawl), the epifauna (sled) and the infauna (grab) (see Appendix 1 for photographs of
gear used). Additionally, a beam trawl was used on three occasions in the Ross Sea area. Following
the successful retrieval of the sampling gear, the sample volume was recorded and digital images of
macrofauna sampled were taken to provide a visual record to aid later identification of specimens (all
fish specimens but not all macroinvertebrates were photographed). Whenever time constraints
prohibited processing of the total sample, sub-sampling was undertaken (see Appendix 2 for station
and sample details).

2.3.1.1 Bottom trawl

In order to sample the mega-epifaunal invertebrate and the demersal and pelago-benthic fish fauna, an
orange roughy wing trawl (mouth opening 40 by 40 m, 40 mm stretched mesh diameter in cod end)
was employed. The trawl tow length was approximately one nautical mile, depending upon sampling
rate and composition. A cone net (mesh diameter 2 mm) was attached to the trawl to sample the
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planktonic component of the fauna. Samples recovered by the cone net are not included in any
analyses (but were included in the data incorporated into the Ocean Biogeographic Information
System (OBIS) node (http://www.iobis.org/) via the Southwestern Pacific Regional OBIS Node
http://www.nzobis.niwa.co.nz.

2.3.1.2 Epibenthic sled

An epibenthic sled (mouth opening 1.4 by 0.5 m, 2 m long, 25 mm stretched mesh diameter) was
employed to sample the epifaunal and uppermost infaunal components of the benthic communities.
The epibenthic sled was towed parallel to the depth contour at a standard target speed of 1.5-2.0 knots
(actual speed, 1-2.7 knots) and 15 minute duration (actual tow length, 0.12-0.70 nautical miles).

2.3.1.3 van Veen grab

A van Veen grab (surface area 0.2 m? volume 90 I) was deployed to sample the infaunal
macroinvertebrate component of the benthos. After retrieving the grab, sub-samples (approximately
30 ml) for investigating sediment characteristics (see below) were taken through ports on the top of
the grab, using either a cut-off 60 ml syringe or a small scoop, before the sample volume was
established (by emptying contents into a pre-calibrated bin). The contents of the grab were then
removed from the bin and gently washed through a sieve with a 1 mm screen size.

2.3.1.4 Beam trawl

A beam trawl (4 m opening, stretched mesh diameter 30 mm) was deployed when conditions allowed
(relatively flat and soft substratum seabed) in order to sample benthic invertebrates and fishes.
Although the beam trawl is a useful method for obtaining qualitative data, it was not used as a
standard sampling tool because of the limited range of bottom types that it could be deployed on.
Thus, data derived from beam trawl deployments were excluded from quantitative analyses but were
included in the OBIS node.

2.3.2 Video sampling

Video cameras were mounted onto the frames of the sled and the grab (see Rowden et al. 2002 and
Blackwood & Parolski 2001 for details of camera set-up) in order to provide additional information
about abundance/cover/morphology of structural species (such as sponges and corals). The
combination of grab and camera allowed for quantitative assessments of the faunal assemblages
present on and in the seabed, and measurement of some key environmental variables (i.e., sediment
characteristics) at the same small spatial scale. Two parallel lasers were used to project points (20 cm
apart) that were used for scaling video images. Video records from the epibenthic sled were used to
confirm the identity of some species caught by the sled and to assist in the appreciation of the spatial
distribution and structure of particular fauna or habitat.

2.3.3 Environmental sampling

In order to address the influence of environmental variables operating at small to intermediate spatial
scales on the composition of benthic macrofauna assemblages, four separate sediment sub-samples
(approximately 200 g) were taken from the undisturbed surface of each grab sample. The sub-samples
were analysed for sediment grain size distribution and sediment sponge spicule content (per gram of
sediment); sediment particulate organic carbon content (% POC) and particulate nitrogen content (%
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PN); sediment surface phytodetritus (chlorophyll a) content (ng/mg). Samples were also taken for the
analysis of meiofauna.

2.4 Sample Processing
2.4.1 Biological
2.4.1.1 Faunal identification

Macrofauna recovered by the direct sampling methods were identified onboard to the lowest possible
taxonomic level (in the time available), counted and their weight estimated (to plus or minus 0.01 kg).
Length measurements of fish were also taken (to plus or minus 1 mm). Guidance and assistance from
taxonomists was sought for confirmation or adjustment of on-board identifications of the benthic
macroinvertebrate taxa sampled (see Appendix 3 for the list of all taxonomists or parataxonomists
who contributed their skill and time to this project).

2.4.1.2 Sample treatment

Biological samples were fixed, preserved and stored, in a manner appropriate for future sample
identification and management, following best practices used by NIWA and National Museum of
New Zealand Te Papa Tongarewa collections. The majority of biological samples were preserved in
80% ethanol. Where required (e.g., for medusae), samples were fixed in 5% buffered formalin. All
sponge samples and some bulk samples of other taxa were frozen at -20°C (e.g., ascidians,
holothurians). Sub-samples of unsorted material from trawl, sled and grab sampling were also frozen
for potential later analysis (due to time constraints). The sieved unsorted grab samples were fixed in
5% buffered formalin prior to sorting in the laboratory at NIWA. After sorting, samples were
transferred to 80% ethanol for storage. Sediment sub-samples taken for environmental determinations
were transferred to labelled plastic bags and frozen at -20°C for later analysis at NIWA. Meiofauna
subsamples were transferred to labelled containers and fixed with 10% buffered formalin. However,
these samples have not been analysed because this was not part of the project, and thus are not
reported further here. Samples are currently stored in the NIWA Invertebrate Collection facilities and
the National Museum of New Zealand Te Papa Tongarewa (fishes). Collection databases have
recorded the location and MFish ownership of specimens recovered by the sampling.

2.4.1.3 Image analysis

Sub-samples of the video images from grab deployments were used to identify the visible macrofauna
(typically of size larger than 0.5 cm, Gutt & Starmans 1998) to the lowest possible taxonomic level,
and to determine their abundance. Sub-portions (50 by 50 cm), which were non-overlapping, of good
quality (in-focus and sufficient illumination) and included the presence of both the scaling laser
marks, were selected in Ulead Video Studio 5 software before being imported into ImageJ (a Java
image processing software) for image analysis. Sedentary macrofauna (structural species) taxa were
manually outlined with the freehand drawing tool, and the area covered was calculated by the
software as a proportion (expressed as a percentage) of the sub-portion image. Motile macrofauna
taxa were counted and their size (to plus or minus 0.01 ¢cm) determined using the measuring tool in
ImageJ. Sediment characteristics were also determined from the same sub-portion images. That is, the
percentage cover (of area not covered by macrofauna) of boulders (larger than 25 cm), cobbles (6.5-
25 cm), pebbles (0.4-6.4 cm), gravel (up to 0.4 cm; ‘black’ and ‘pale’ components determined
separately), sand (sediment with a ‘coarse’ appearance; ‘pale’ and ‘dark’ components determined
separately), and mud (sediment with a ‘fine and silty' appearance) was also determined and recorded.
The percentage cover of biogenic elements of the substrate (‘broken barnacle shell’, ‘dead
scleractinian coral’, ‘mixed broken shell/dead coral fragments’, and ‘mud burrows’ — which were also
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counted) were similarily determined. As many 50 cm by 50 cm (non-overlapping) images as possible
were analysed from each deployment of the grab-camera. Mostly, only one image suitable for analysis
was obtained from the video records of grabs deployed at sampling stations. However, there were 17
cases where two, 7 where three, 1 where four, and 2 where six images were obtained and analysed.

An index of biological habitat complexity (BHC) was developed for each image using the following
formula:

N xCNg;
NP
where N= the mean number of ‘patches’ of structural taxa per image, CNg; = the total area (%)

+CS,

covered by N per image, NP= the total number of different patches per image and CS; = the mean
area (%) covered by biogenic substrate per image.

Images obtained by a video camera mounted on epibenthic sleds were used only in a qualitative
manner (e.g., to appreciate the general extent of some fauna, or to assist in the identification of
preserved material).

2.4.2 Environmental
2.4.2.1 Grain size analysis

Aliquots of sediment from the sub-samples were initially wet weighed and dry weights were obtained
after oven drying at 60 °C for approximately 12 hrs. The dried samples were soaked in a washing
solution made of NaH,CO3; and NaHCO; to disperse the particles and then washed over a 63um sieve
using a fine spray of washing solution. The sediment fine fraction (less than 63 um) was allowed to
settle and excess washing solution was siphoned off. This fraction was then run through the
Micromeritics Sedigraph 5100 when sufficient material for this process was available. The coarse
fraction (larger than 63 um) was oven dried and sieved into seven size fractions from 63-125 pum to
more than 4 mm, with each size fraction being weighed separately. Mean and median grain size and
sorting coefficients were calculated using the indices of Folk & Ward (Folk & Ward 1957).

2.4.2.2 Sediment sponge spicule content

Sponge spicule estimates were obtained by counting the number of spicules in a 1 g sediment aliquot
under a dissecting microscope using a 16-fold magnification.

2.4.2.3 Sediment particulate organic carbon and particulate nitrogen

Sub-samples for particulate organic Carbon (POC) and particulate Nitrogen (PN) analyses were
treated with sulphuric acid to remove inorganic carbon before combustion in a pure oxygen
environment at 900°C. Catalysts were used to ensure complete combustion of C and N to CO, and N..
Any carbon monoxide was oxidised further to CO, by passing the gases through a column of copper.
The gases were separated using a chromatographic column and measured as a function of thermal
conductivity (Manual of Analytical Methods Vol 1. The National Laboratory for Environmental
Testing, Burlington, Ontario, Canada. Method 01-1090). Almost all PN values were less than 0.02%
and thus were excluded from further analysis.
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2.4.2.4 Sediment surface chlorophyll a content

The method of Humphreys & Jeffrey (1997) was followed to extract chlorophyll a from sediment sub-
samples. Samples were extracted with the addition of 40 ml of cold acetone into a 100 ml container
which was then sonicated for 20 pulses. After being left for 4 hrs at 4 °C to extract, samples were
agitated, allowed to settle and 10 ml of the sample was removed and centrifuged for 10 min. In order
to detect the total absorption in a visible spectrum, the extract was scanned (340-750 nm) in a
spectrometer before being transferred to a fluorometer where sample readings were taken before and
after acidification (excitation 431, emission 670, band width 5nm).

Calibrations were performed at a 5 nm bandwith from a freshly made stock sample. The chlorophyll a
(ng/g) and phaeopigment a (ng/g) contents of the sediment samples were then calculated using the
following equations:

chlorophyll a (ng/g) = K x Fmxv(Fo — Fa)/[W (Fm -1)]
phaeophytin a (ng/g) = K x Fmx v(Fmx Fo)/[W (Fm -1)]
where
K = fluorescence sensitivity coefficient in extraction solvent (ng Chl a/ml)/instrument flow unit
Fm = maximum ratio Fo/Fa in the absence of phaeopigments and Chl b
Fo = fluorescence before acidification
Fa = fluorescence after acidification.
v = volume of acetone used for extraction (ml)
W = total weight of sample extracted (mg).

Environmental variables that might influence the compositional patterns of macrofauna assemblages
at intermediate to large spatial scales in the study area were also examined. These included
chlorophyll a content of the surface water and ice cover from satellite image data, iceberg scour from
acoustic bottom topography data of the northwest Ross Sea shelf, and bottom water currents from
mathematical models of the Ross Sea.

2.4.2.5 Seabed current velocity

Velocities (cm/sec) for the sampling stations were extracted from the Navy Coastal Ocean Model
(NCOM) real time model runs for the period 1 January 2004 to 31 March 2004. Data were provided
on 35 depth levels between the surface and 5500 m. NCOM has a nominal global resolution of 1/8°,
however, in the Cape Adare region the resolution is 1/8° by 3/14°. In many places stations were close
to each other at spacing less than the model resolution. Because there would be no noticeable
difference in velocities from the model at stations close to each other, one set of model velocities was
used for each cluster of stations. Stations were placed into clusters so that the minimum distance
between stations in any two different clusters was 1.2 nautical mile. The position of each cluster was
taken to be the mean of all the cluster members. As the main focus of the study was seabed velocity,
the deepest velocity at each horizontal grid point inside the study area was found. The seabed
velocities were then linearly interpolated to the cluster position. This gave a velocity time series for
each cluster.

2.4.2.6 Surface chlorophyll a content

Sea Viewing Wide Field-of-view Sensor (SeaWiFS: Hooker et al. 1992) surface chlorophyll
concentration data (mg/m®) were obtained from the ocean colour ftp archive at
http://oceancolor.gsfc.nasa.gov/ftp.html in Standard Mapped Image format (SMI: Campbell et al.
1995) with a spatial resolution of approximately 9 km. The chlorophyll data were generated from
whole-of-mission atmospherically corrected satellite radiances using the OC4v4 algorithm (O'Reilly
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et al. 1998, 2000), and composited into climatological means for each month (Jan-Dec) using an
arithmetic average. The means for the spring (Sep-Nov) and summer (Dec-Feb) period were
calculated from the monthly values. Because the OC4v4 algorithm was developed for open ocean
systems, it uses ocean colour to generate chlorophyll data. Thus when used for coastal areas, the
algorithm cannot distinguish between surface water coloration due to primary production or to
terrigenous sediment run-off.

2.4.2.7 Ice cover

Sea-ice distributions (% cover of 25 by 25 km pixel) were obtained from the National Snow and Ice
Data Centre (NSIDC), University of Colorado, Boulder, CO, USA (http://nsidc.org). Special Sensor
Microwave/lmager (SSM/I) and Scanning Multichannel Microwave Radiometer (SMMR) brightness
temperatures were used as input to the bootstrap algorithm (Comiso et al. 1997) to derive
climatological monthly sea ice concentrations. These data represent mean ice concentration
(percentage of grid cell covered by ice) for each month averaged over the entire time period of the
data set (November 1978 to December 2003) at a spatial resolution of about 25 km. The annual and
seasonal means were calculated for spring (Sep-Nov), summer (Dec-Feb), autumn (Mar-May) and
winter (Jun-Aug) from monthly values. However, only mean values for spring, summer and annual
ice cover were included for analysis due to their perceived stronger influence on the biological
communities. Due to the relatively large size of the pixels used for ice cover data, land contamination
can introduce some error. That is, the pixels closest to the coast are likely to overlap sea and land ice
and thus might slightly distort the sea ice cover values. The algorithm used distinguishes the different
light refractions of water and ice and thus a melt water pool on the ice would be interpreted as open
water.

2.4.2.8 Iceberg disturbance

The acquired multibeam bathymetry data was post-processed using the Benthic Terrain Modeler v1.0
(BTM) software, which operates as an add-in to ArcGIS. The technique relies on the Bathymetric
Position Index (BPI) (lampietro et al. 2005), which is a measure of seafloor height at a location
relative to the locations surrounding it (based on the Terrestrial Position Index developed by Weiss
2001). The BTM was used to quantify how much of the 5 transects in the study area had been exposed
to iceberg scouring.. The BPIwas applied to a 25 m Digital Elevation Model (DEM) and ‘tuned’ to
detect troughs or depressions on the seafloor. The data set was then methodically scanned by eye to
detect falsely identified scoured areas which were deleted. The result was a spatial data set indicating
for each transect how much of the area was multibeamed (ice cover occasionally prevented multibeam
operations) and the proportion of the multibeamed area that was scoured by icebergs. The dataset was
used to create a set of statistics for each station. In the Weddell Sea, centres of ice scour disturbance
are on average 750-2000 m apart (Potthoff et al. 2006). Thus, for the present study a radius of 1 km
was created around each station and the number of iceberg scours within each radius were recorded as
well as the percentage area scoured by icebergs (of the total area multibeamed). An index of iceberg
scour intensity at a scale of less than one kilometre was obtained by dividing the number of scours by
the % area scoured for each radius (Figure 3). In order to include an assessment of disturbance by
iceberg scour potentially operating on macroinvertebrate and fish assemblage composition at larger
spatial scales, the distance from each station to the nearest scour (independent of the radius) was also
measured.

Ministry for Primary Industries Biodiversity of the Ross Sea shelfe 13



|grab_id

TR

EE Scour

fink Grab 1km Buffer 50

+ Grab Station o
Hiometres ¢
—NIA_— 0 [ = 3 I'TE

Figure 3: Multibeam swath of seafloor (e.g. transect 5, station 77) with the Benthic Positioning Index
(lampietro et al. 2005) applied for quantification of iceberg scouring. For each station the following were
recorded: area multibeamed (%), area scoured (%), number of scours per 1 km radius and,
independently from the radius, the distance to the next nearest scour (m).

2.5 Data Analysis

All biological and environmental data generated directly by the survey were added to the BioRoss
database, and data from bottom trawl samples were also added to the Ministry for Primary Industries
Trawl database maintained by NIWA. All macroinvertebrate and fish data were also incorporated into
the South Western Pacific Regional OBIS portal (http://www.nzbois.niwa.co.nz) and summarised in
the main Ocean Biogeographic Information System (OBIS) node (http://www.iobis.org/).

The survey was not designed to sample taxa such as algae, foraminiferans and nematodes. That is, the
sampling/processing methodology employed precluded knowledge of the live/dead status of
foraminiferans and also precluded the quantitative sampling of nematodes (which are also often
considered to be part of the meiofauna). Thus these taxa are excluded from analyses. Furthermore, the
survey was not designed for the sampling of planktonic taxa such as medusae and copepoda.
Consequently these taxa are also excluded from analyses. Nemerteans have a tendency to fragment,
which makes estimating of abundance problematic. Thus this macroinvertebrate taxon has not been
included in any quantitative analysis in this report.
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2.5.1 Univariate analysis
2.5.1.1 Choice of biodiversity metric

A prerequisite for the description of biodiversity is the need to define it in ecologically meaningful
ways that are practical to measure. The most widely used measures of biodiversity are those based on
the number of species present, sometimes adjusted for the number of individuals sampled, or indices
that describe the evenness of the distribution of the numbers of individuals among species, or that
combine both richness and evenness properties (see review by Magurran 2004). Changes in such
measures are not explicitly linked to changes in functional diversity, and so their ecological
significance is difficult to establish. Traditional diversity measures have disadvantages in assessing
biodiversity change on wide spatial scales because they are often sample method-, size- or habitat-
specific. In response to these limitations alternative measures have been devised to overcome these
problems. Such a measure is average taxonomic distinctness (AvTD), which is based on the degree of
relatedness of species, and is independent of sample size (Warwick & Clarke 1995). Clarke &
Warwick (1998) have also devised a randomisation test to detect a difference in the average
taxonomic distinctness, for any observed set of species, from the ‘expected’ value derived from a
‘master species list” for the relevant group of organisms (Clarke & Warwick 1999). Taxonomic
distinctness also appears to be explicitly related to trophic diversity (i.e., one aspect of “functional’
diversity) (Warwick & Clarke 1998). This diversity measure is beginning to find application in broad
scale geographical comparisons of biodiversity (Piepenburg et al. 1997, Price et al. 1999) and in
environmental impact assessment (Hall & Greenstreet 1998, Rogers et al. 1999) in the marine
environment. Most recently, Clarke & Warwick (2001b) have presented another measure, variation in
taxonomic distinctness (VarTD), which reflects the unevenness of the taxonomic tree. This measure is
particularly relevant for comparing biodiversity at larger spatial scales where, in addition to
anthropogenic environmental degradation, habitat heterogeneity is likely to influence patterns of
diversity. Therefore, the present assessment of biodiversity patterns in the Ross Sea study area
adopted the use of these two biodiversity indices.

In consideration of the sampling methods employed, the presence-absence forms of the biodiversity
indices were used based on data obtained from the three main gear types from stations associated
with the a priori sampling design and number of species greater than one. The taxonomic categories
used in the analysis were: species, genus, family, order, class and phylum (phylum was only used for
macroinvertebrate biodiversity). The weightings of the path lengths between hierarchical taxonomic
levels were standardised so that two species connected at the highest (taxonomically coarsest)
possible level would have a weighting of 100. Steps between each level were set as being equal. 1t has
been found that for some taxa an inherent correlation (either positive or negative) can exist between
AvTD and VarTD (Warwick & Clarke 2001). If a correlation between the two indices is inherent,
then the indices cannot be interpreted separately because one is a surrogate of the other. The
macroinvertebrate and the fish data were examined for the existence of a linear correlation. No such
correlations were found, and therefore the values for both indices are reported.

See Appendix 4 for additional information on the use of taxonomic distinctness metrics.

2.5.1.2 Predictions and tests

Studies have shown that species richness and taxonomic distinctness are not generally related in their
response to environmental variables (e.g., Heino et al. 2005) and thus it is not possible to simply
replace predictions based on diversity hypotheses for species richness with those for taxonomic
distinctness. Hence, it is necessary to make specific predictions for taxonomic distinctness based upon
a qualitative understanding of how the taxonomic composition of an assemblage may be expected to
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react to various forcing factors (Bates et al. 2005). Below, the hypotheses being tested in the present
study are examined with respect to how measures of taxonomic distinctness may respond.

It has been argued that a continuous low or high supply of energy-limiting parameters (e.g., light,
nutrients, primary productivity) results in steady-state assemblages, where some species able to
compete for the energy resource develop in high abundances, while weaker competitors are scarce or
completely excluded (Sommer 1985, Capblancq 1995). On the other hand, a discontinuous or
moderate supply of an energy resource would encourage the coexistence of species and thus would
support high species richness (Mittelbach et al. 2001), with species being distributed relatively evenly
among a large range of taxonomic groups. The results of a study examining the influence of nutrient
supply on phytoplankton assemblages in lakes have demonstrated that high and low nutrient inputs
were associated with assemblages dominated by relatively few closely related taxa (low measures of
AVTD and high VarTD) whilst moderate nutrient inputs stimulated the growth of different taxonomic
groups (high AvTD) and increased the evenness of assemblages (low VarTD) (Spatharis et al. 2007).
In the present study the potential supply of energy to benthic macrofauna was primarily assessed
using a proxy measure of surface water primary productivity (which peaks or is highest primarily in
spring and summer months). It would be reasonable to expect that where productivity is low (or
extremely high — if such a situation should exist in the northwestern Ross Sea) assemblages will be
dominated by a few species within a limited number of taxonomic groups, and hence AvTD would be
low and VarTD high. However where productivity is relatively high (i.e. at moderate/intermediate
levels), assemblages would be expected to have relatively high values of AvTD and low values of
VarTD. It is possible that because the proxy measures of productivity are better suited for examining
relationships with macroinvertebrate assemblages than fish assemblages, such a prediction may not
necessarily be expected to apply to the latter taxonomic group.

Benthic communities that have been subjected to anthropogenic or natural disturbance are generally
composed of relatively few, often closely related, species. That is, disturbed assemblages will have
low measures of AvTD, and because some taxa will be over-represented and others under-
represented, high measures of VarTD. In contrast, less disturbed communities tend to be composed of
a range of different species belonging to many different taxonomic groups, and will have the converse
measures of AvTD and VarTD (Warwick & Clarke 1995). While there have been studies that support
this argument (e.g., Warwick & Clarke 1998 — pollution stress on nematode communities, Brown et
al. 2002 — physical stress on coral communities, Gristina et al. 2006 — fishing pressure on fish
communities, Marchant 2007 — anthopogenic disturbance on stream insect communities), there have
also been studies that provide evidence that measures of TD and disturbance do not always follow the
predicted relationship (Hall & Greenstreet 1998 — fishing pressure on demersal fish communities,
Somerfield et al. 1997 — oil field related disturbance on macroinvertebrate communities, Machias et
al. 2005 — impact of fish farms on fish communities). The reason for this discrepancy may relate to
the nature of the stress-generating factor and the disturbance history of the assemblages studied, and
therefore the use of TD measures as a diagnostic indicator of disturbance should be treated with
caution (Wlodarska-Kowalczuk et al. 2005). Another reason for the lack of a consistent pattern almost
certainly relates to the non-linear relationship between disturbance and diversity (the so-called
intermediate disturbance hypothesis). That is, intermediate levels of disturbance can result in benthic
communities of high diversity, and high AvTD and low VarTD measures (Cusson et al. 2007). Thus,
interpretation of the results of an analysis that involves measures of TD might need to include a
qualitative assessment of the relative level of disturbance the study assemblages are/have been
subjected to (unless a large disturbance range is actually measured), as well as a prediction of the
response of such assemblages to the disturbance in question. In the case of the BioRoss study, the
scale of iceberg scouring received by the shallow depth stratum was found to be very low (see
Results). As far as can be determined from the few estimates that exist for the spatial frequency of
iceberg scouring in deep-water in Antarctica, the level of iceberg disturbance for the middle and deep
depth strata was of a relatively high level. However, because of the nature by which the disturbance
operates on each of the two study assemblage types, the relative level of ‘high’ for these strata is
different for each assemblage type. Iceberg disturbance directly (e.g., physical disturbance) as well as
indirectly (e.g., changes in local current patterns and therefore also in sedimentation patterns, Conlan
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et al. 1998, Barnes & Conlan 2007; and even levels of primary production, Arrigo & van Dijken
2004) affects the macroinvertebrate assemblages, whilst the fish assemblages sampled will only be
indirectly affected by the disturbance (e.g., via altering benthic food resource availability). Thus, the
level of disturbance in the deeper two strata for macroinvertebrate assemblages is likely to be high,
whilst for the fish assemblages iceberg scouring in these strata probably represents a lower level,
perhaps even an intermediate level, of disturbance. Thus, it is reasonable to predict for the
macroinvertebrate assemblages that measures of AvTD for the shallow stratum will be higher than
those for the deeper strata, with measures of VarTD being the converse. Whilst for the fish
assemblages measures of AvTD for deeper strata will be higher than those for the shallow stratum,
and measures of VarTD the converse.

Heterogeneous environmental conditions allow for a range of species that are adapted to distinct
conditions to coexist. These taxa with contrasting ecological requirements are often distantly related.
That is, high habitat heterogeneity leads to high biodiversity, both in terms of species richness and
taxonomic distinctness (high AvTD) (Warwick & Clarke 1998). Conversely, when habitat
heterogeneity is low, the number of species supported is also low and these species are likely to be
more closely related (low AvTD). Because some higher taxa are associated with specific habitats
(e.g., most species of the phyla Porifera (sponges) live attached to hard substrate), if such habitats are
absent then the assemblage may contain gaps in the taxonomic spectrum, leading to high VarTD
(Clarke & Warwick 2001b). With an increase in habitat heterogeneity, the increase in species richness
could be represented by congeneric species which are either able to avoid direct competition or are
adapted to slightly different niches — which would result in a decrease in VarTD. However because
such taxonomic structure patterns do not always follow, taxonomic distinctness may not be a
particularly useful metric for habitat heterogeneity-diversity studies, something which Warwick &
Clarke (1998) noted when they examined the influence of habitat heterogeneity on the average
taxonomic distinctness of free-living nematode communities. These authors concluded that measures
of species richness are more strongly affected by relative levels of habitat heterogeneity than
measures of taxonomic distinctness. Thus for the BioRoss, no attempt was made to relate values of
AvTD and VarTD for macroinvertebrate assemblages to values of the habitat heterogeneity variables
measured (measures of habitat heterogeneity relevant to fish assemblages were not obtained).

In order to test and examine the energy and disturbance hypotheses thought likely to explain the
patterns of macrofauna biodiversity composition on the northwest shelf of the Ross Sea, the following
analyses were undertaken. Differences in AvTD and VarTD among the a priori defined sampling
groups (i.e. transects and depth strata) were identified using univariate methods. Means of AvTD and
VarTD for each sampling group were computed (using the Taxdisc sub-routine of the DIVERSE
routine in the statistical software package PRIMER v 6.15; Clarke & Gorley 2001, Clarke & Warwick
2001a) and tested using one-way ANOVA models (STATISTICA 7.1, StatSoft, Inc.). The Shapiro
Wilk W test and Cochran’s test were used to assess data assumptions of normal distribution and
homoscedasticity, respectively. In most cases such assumptions were violated and thus the one-way
ANOVA was conducted using ranked data. For multiple post-hoc comparisons Tukey’s Honestly
Significant difference (HSD) test for unequal n was used.

2.5.2 Multivariate analysis
2.5.2.1 Choice of statistical methods

Multivariate statistical techniques that utilise similarity measures have long been employed in benthic
ecology (e.g., Stephenson et al. 1970) to describe assemblages, and have been successfully used to
nominate Antarctic assemblages (e.g., Gerdes et al. 1992). Numerous similarity measures and
associated multivariate techniques have been applied and the rationale for the choice of particular
methods used is rarely given. The rationale for adopting the suite of multivariate statistical procedures
contained within the PRIMER software package (Clarke & Gorley 2001) used in the present study
relate to convincing arguments made in the book that supports the package (Clarke & Warwick
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2001a). Peer-reviewed arguments have also been made by these and other authors in the primary
literature concerning the comparative usefulness of the PRIMER procedures (e.g. Warwick & Clarke
1991, Clarke 1993). A recent textbook on ecological statistics supports the contentions by Clarke &
Warwick (2001a) regarding the applicability of non-metric multidimensional scaling (NMDS)
ordination (the technique promoted by PRIMER) to the type of study undertaken (Gotelli & Ellison
2004, see Chapter 12).

For all multivariate analyses of invertebrate and fish assemblage compositional patterns, only data
derived from the three main gear types from stations associated with the a priori sampling design and
with more than one macroinvertebrate or fish species were included in the analysis. For initial visual
comparisons of data from different gear types and for analyses of the macroinvertebrate assemblage
compositions, data were presence-absence transformed. Fish abundance data were standardised and
square-root transformed to down-weight the influence of dominant taxa and increase the weight of
rare taxa. Similarity matrices were constructed for these data using the Bray-Curtis Index (Bray &
Curtis 1957). Non-metric multidimensional-scaling ordination (NMDS) plots were produced to
visualise the (dis)similarity of macroinvertebrate assemblages. The different gear types were used in
order to sample different components of the macroinvertebrate assemblages (mega-epifauna, epifauna
and infauna) and thus it can be expected that an analysis of assemblage composition may reveal gear
type to be a significant factor which could override differences caused by latitude and/or depth. Thus
it was seen as prudent to test for gear differences (one-way ANOSIM) and to subsequently analyse the
different faunal components separately.

2.5.2.2 Predictions and tests

According to the hypotheses examined by the study, and the findings of previous studies in the region
(see Introduction), the composition of the benthic assemblages is predicted to be different among
areas presumed to represent different productivity (transects) and disturbances (depth stata) regimes,
and sites with different levels of habitat heterogeneity (variously quantified). The influence of other
potential drivers of assemblage composition (some of which are likely to interact with the main
variables e.g. ice cover) were also predicted to exhibit some influence on the compositional patterns
observed.

In order to test and examine the energy, disturbance and structural heterogeneity hypotheses thought
likely to explain the patterns of macrofauna assemblage composition on the northwest shelf of the
Ross Sea, the following analyses were undertaken. A two-way crossed ANOSIM (Analysis of
Similarities) (Warwick et al. 1990) was performed to test for significant differences in assemblage
composition among the a priori sampling groups of transect and depth strata. The null hypotheses
tested were (Ho1) no difference of assemblage composition among transects, allowing for differences
among depth strata, and (Ho2) no difference of assemblage composition among depth strata, allowing
for differences among transects.

A two-way crossed SIMPER analysis (similarity percent analysis, Clarke 1993) was employed to
calculate the assemblage similarities and dissimilarities within and among the a priori sample
groupings, and to identify those species contributing most to the average similarity for each grouping
(typifying species) and dissimilarities among such groups (discriminatory species; only for groups
being significantly different). Relatively high ratios (greater than 1.3) of the average (dis)similarity to
standard deviation of the (dis)similarity were used to identify typifying and discriminatory species.

To assess the possible effect of perturbation or stress on the macroinvertebrate and fish assemblages,
the PRIMER routine MVDISP was employed to calculate the relative dispersion of replicate samples
within the depth strata sampling group (Warwick & Clarke 1993). The assumptions underlying the
use of 