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EXECUTIVE SUMMARY 
 
MacDiarmid, A.; Stewart, R. (2015). Ross Sea and Balleny Islands biodiversity: routine 
observations and opportunistic sampling of biota made during a geophysical survey to 
the Ross Sea in 2006.  
New Zealand Aquatic Environment and Biodiversity Report No. 153. 97 p. 
 
From late January to March 2006, RV Tangaroa conducted a geophysical survey of the Ross Sea 
outer shelf and eastern slope. Secondary objectives of the voyage included an opportunistic biological 
sampling programme to be undertaken where and when time allowed. This resulted in some limited 
sampling in the Ross Sea and some extensive sampling around the Balleny Islands during the research 
voyage TAN0602. Although secondary to the main purpose of the voyage, the biological sampling 
programme increased knowledge about the distribution and abundance of a wide variety of surface, 
water column and benthic fauna on the scale of the Ross Sea. At the Balleny Islands, benthic 
sampling dovetailed with sampling conducted in shallow water transects surveyed by SCUBA divers 
on board RV Tiama during January 2006 providing insight on faunal progression from the subtidal to 
depths of 800 m or more.  
 
Experiments during the voyage showed that deep sea cameras have great promise as a survey tool for 
measuring the abundance of one group of benthic fishes, the Notothenidae. By filming with 
floodlights “on” and “off” during video footage at depth, and comparing them with still-camera 
images, we found little evidence of bias in estimates of abundance caused by the use of flood lights 
during video surveys. This result is key to using this method to assess the distribution, size 
composition, abundance and biomass of these fishes in Antarctic waters. 
 
We detected positive spatial autocorrelation of the density of cod icefish (Notothenidae) in about a 
third of the image transects at lags of 2 to 22 images (10–100 m). This may be indicative of systematic 
changes in altitude of the camera system above the seafloor that cause apparent cyclical changes in 
abundance. Alternatively, these patterns may reflect larger scale changes in habitat structure that cod 
icefish respond to, or indicate behavioural interactions amongst fish so that they form clumps on the 
scale of tens to hundreds of metres. Exploration of autocorrelation among images from more recent 
and larger sets of seafloor images from the Antarctic may provide insight into which of these 
explanations is correct. 
 
Our preliminary findings of associations between rattails (probably Macrourus whitsoni) and 
components of the sessile and mobile fauna at a range of whole image and smaller scales is interesting 
and worthy of further investigation, especially given that this species comprises 75% of the biomass of 
medium sized demersal fishes in the Ross Sea and is important in the diet of Antarctic toothfish. 
 
The camera system used during the voyage was a less reliable predecessor of the Deep Towed 
Imaging System (DTIS) developed by NIWA, and now in regular use around New Zealand and in 
Antarctica. Nonetheless, quantitative and semi-quantitative images of the seafloor at depths of 70–
800 m were obtained, particularly around the Balleny Islands, which revealed a diverse and abundant 
sessile and mobile invertebrate fauna in several areas. 
 
The benthic fauna at the Balleny Islands appears to be distinct from other localities at similar latitudes 
within the region. The abundances of sessile fauna, including gorgonians, sponges and ascidians appear 
to be much greater than found at Scott Island and the Admiralty seamount but lacked the high 
abundances of distinct stalked crinoids found at the Admiralty Seamount. This may, in part, be due to the 
very high abundances of asteroid and ophiuroid predators at the Balleny Islands. 
 
Taxonomic investigation of the fauna and flora collected at the Balleny Islands during TAN0602 has so 
far revealed potentially new species of gorgonians and sea stars and several new records for the region. 
Future examination of the four hundred and forty sample lots of faunal and floral groups sampled 
during the voyage may reveal other new species and records from the Balleny Islands. 
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During the voyage, organisms in the water column were imaged using acoustics, sampled using 
horizontal hauls with a large plankton net at a range of depths, and sampled while underway with a 
continuous plankton recorder (CPR) deployed in surface waters for most of the voyage. The three 
methods are complementary but overall the CPR proved the most successful tool.  
 
Interference with other acoustic instruments being run for the geophysical and oceanographic work 
limited the ability of the Simrad EA500 echosounder via hull-mounted 12, 38, and 120 kHz transducers 
to undertake a continuous acoustic survey of the water column. However, these data, reported elsewhere 
by O’Driscoll and Hanchet (2006), provided an overall indication of the spatial distribution and 
abundance of mesozooplankton in the eastern and northern Ross Sea. 
 
Although the plankton net used in this voyage sampled an interesting selection of macro-zooplankton,  
it was inadequate as a tool to target and reliably sample individual layers of backscatter seen at depth 
on the echo-sounders. An opening and closing device such as the MOCNESS is recommended as 
more suitable for this. 
 
The voyage undertook the first deployment of a continuous plankton recorder (CPR) within New 
Zealand waters and extended its deployment in Antarctic waters well to the east of previous Australian 
deployments, which improved CPR coverage around Antarctica. Pinkerton et al. (2010) used the CPR 
zooplankton data from TAN0602 to help describe the spatial and seasonal distribution of adults of the 
cyclopoid copepod, Oithona similis, in the Southern Ocean. 
 
The RV Tangaroa proved an ideal vessel from which to conduct marine mammal sightings with a 
total of 227 observed along the ship’s track, and all but 4% identified to species. Sightings of over 
fifty humpback whales during the voyage, primarily around the Balleny Islands, reinforce the 
importance of this island group for this species. Krill dominated the macro-zooplankton in hauls of 
the plankton net made around the islands, indicating their potential importance as a summer feeding 
ground for whales. 
 
Sea bird data collected along much of the voyage track in the Ross Sea indicated some potentially 
serious biases in the observed counts of birds around the RV Tangaroa. These biases included 
attraction to the research vessel by three of the six main species in the Ross Sea as indicated by their 
clumped log-normal distribution; species specific variation in distribution around the research vessel 
indicating probable differences in flight behaviour around vessels in relation to wind direction and 
wind speed; and autocorrelation of seabird counts conducted within a day suggesting that at least 
some birds follow vessels for long periods. Instantaneous 360o counts are less prone to the problem of 
species specific differences in behaviours around the vessel because birds are more or less 
simultaneously counted in all sectors. 
 
The biological sampling programme carried out during TAN0602 must be judged successful given the 
size of the team (three biologists) and the range of data collected over the course of seven weeks. 
There remain distinct possibilities for data sets collected during this voyage to be integrated with data 
from other voyages to the region so that a broader understanding of Ross Sea wide patterns of marine 
biodiversity, and the reasons for these, emerge. 
 
 
OBJECTIVES 
 
OVERALL OBJECTIVE: 
 

To obtain routine and opportunistic samples describing the abundance, distribution and 
biodiversity of key species in the Ross Sea and Balleny Islands during the RV Tangaroa Ross 
Sea Voyage 2006. 
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SPECIFIC OBJECTIVES: 
 
1. To test the feasibility of obtaining estimates of demersal fish relative abundance using cameras 

with and without  flood lights in areas of high importance for the Ross Sea toothfish fishery 
(principally 800–1200 m).  
 

2. To utilise deepwater camera transects, supported by other direct sampling methods, to 
characterise the relative abundance, distribution, and diversity of demersal fish species 
(assuming Objective 1 yields satisfactory results) and of benthic macro-invertebrates, and to 
examine relationships between demersal fishes and benthic habitats/communities.  Camera 
transects will be deployed opportunistically, with focus on the following high-priority areas (in 
order of high to low priority) wherever possible:    
i)  Areas of the continental shelf break at depths of high importance for the toothfish fishery 

(principally 800–1200 m but also 600–800m and 1200–1500 m if time permits),  
ii) Shallow (50–200 m) water in the immediate vicinity of the Balleny Islands;  
iii) Deeper water in the vicinity of the Balleny Islands; 
iv) seamounts around and between Scott Island and the Balleny Islands; and  
v) at other locations (less than 600 m) as opportunity arises (e.g. around Scott Island, 

western Ross Sea, south-eastern Ross Sea). 
 

3. To collect specimens/tissues of selected benthic and pelagic organisms with priority in the 
vicinity of the Balleny Islands (and to the east/southeast, for pelagic specimens especially 
Antarctic krill species) and deliver specimens to other projects for stable isotope analysis in 
order to contribute to understanding of trophic relationships. 
 

4. To acquire a continuous acoustic survey of the water column, opportunistically undertake 
species verification of acoustic marks, integrate the acoustic marks and produce a GIS map of 
verified and unverified distributions of functionally important mesopelagic species (e.g. krill, 
Antarctic silverfish). 
 

5. To undertake routine identification and abundance estimates of marine mammal and seabird 
species and deliver raw and GIS summarised data to other related projects in order to generate 
spatially and temporally explicit population biomass and foraging distribution estimates for top 
air-breathing predators in the Ross Sea. 

 
6. To undertake automated water sampling in order to monitor the identities and spatial and 

temporal distributions of plankton in the Ross Sea region and to allow ground-truthing of data 
collection from satellites (e.g. surface seawater temperature, and chlorophyll-a concentration). 
 

 
 
1. INTRODUCTION 
 
1.1 Background 
 
The polar regions may contain the last largely intact continental shelf marine ecosystems on planet earth 
and the conspicuous populations of seabirds, seals and whales at the top of the food web are a reminder 
of what the temperate oceans were probably like before human exploitation (Smetacek & Nicol 2005). 
These ecosystems are now threatened by ongoing and increasing exploitation and the effects of global 
warming (Ainley 2002, Smetacek & Nicol 2005, Griffiths 2010). These threats may affect the polar 
marine ecosystem from the top down - in the case of harvesting of marine mammals for instance, or from 
the bottom up – in the case of ocean climate change causing changes in the supply of nutrients and 
primary productivity (Weimerskirch et al. 2003, Smith & Lancelot 2004, Griffiths 2010). Disentangling 
the effects of human exploitation and climate change on these ecosystems may prove difficult however, 
because they are occurring simultaneously, changes in sea ice cover directly affect both primary 
productivity and the dynamics of the top bird and mammalian predators, and the data required to address 
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these questions are often not available over the required spatial and temporal scales (Bradford-Grieve & 
Fenwick 2001a & b, Ainley 2002, Smetacek & Nicol 2005). 
 
This voyage to sample the Ross Sea and the nearby Balleny Islands offered an opportunity to improve 
our understanding of the distribution and abundance of some key components of Antarctic marine food 
webs. This was important for several reasons. First, the area has a largely intact marine ecosystem 
(Ainley 1985, Bradford-Grieve & Fenwick 2001a & b) although past and present exploitation of the 
great whales and more recent exploitation of Antarctic toothfish may change this situation (Ainley 2002, 
Hanchet et al. 2003. Human exploitation of krill in the Ross Sea so far has not occurred principally 
because krill has been thought to occur there in only low abundance although studies (Azzali et al 2000, 
Azzali & Kalinowski 2000) have highlighted high density aggregations in the western Ross Sea and 
around the Balleny Islands. Secondly, the Ross Sea and adjacent area is physically complex comprising a 
deep embayment, extensive shelf and slope areas, banks, canyons, seamounts and islands, a permanent 
ice shelf, sea ice and polynyas (Faranda et al. 2000). This physical heterogeneity along with the obvious 
strongly seasonal variation in environmental factors helps to promote and maintain the considerable 
spatial and temporal variability in primary productivity and subsequent secondary production within the 
Ross Sea on a number of scales (Azzali et al 2000, Azzali & Kalinowski 2000, Innamorati 2000, 
Saggiomo et al. 2000, Saino & Guglielmo 2000, Seibel & Dierssen 2003). This voyage contributed to 
describing and quantifying this daunting complexity which is key to eventually understanding the 
mechanisms by which environmental changes are translated up the food web.   
 
There is much that is still unknown about the Ross Sea and adjacent Balleny Islands. Recent reviews 
on the biodiversity of the two areas by Bradford-Grieve & Fenwick (2001a & b) indicate that the 
patterns of biodiversity that are known arise from sparse sampling and usually incomplete analysis of 
collections dating back over 150 years, that there is a need for wider ranging integrated 
biodiversity/ecological sampling programmes that take into account the important probable forcing 
factors and that much more knowledge is required of the standing stocks and the rates of biological 
processes. These conclusions are underscored by the current efforts to model the Ross Sea ecosystem. 
Pinkerton et al. (2004, 2005) conclude that better information on the number of seabirds and marine 
mammals using the area and how this changes with time is needed, as is an estimate of the distribution 
and biomass of demersal fish including toothfish, mesopelagic species such as squid, Antarctic 
silverfish Pleuragramma antarctium and krill Euphasia superba, zooplankton and the benthic 
community generally. 
 
The BioRoss and Italica voyages in 2004 greatly increased our knowledge of the benthic 
macroinvertebrate and fish assemblages of five transects in 50–750 m along the Victoria Land Coast 
between Cape Adare in the north and Cape Hallett in the south as well as inshore areas (Kröeger & 
Rowden 2005, Cummings et al. 2010). Furthermore, the TAN0402 voyage also sampled the benthic 
macroinvertebrate and fish assemblages of four seamounts that form part of the Balleny Islands chain 
(Kröeger & Rowden 2005). While these voyages have identified new areas of biodiversity and allowed 
insight into the role played by some physical factors there is still much left to achieve before the 
information requirements indicated by Bradford-Grieve & Fenwick (2001a, b) and Pinkerton et al. 
(2004, 2005) are satisfied. 
 
 
1.2 Ross Sea Voyage 2006 
 
The RV Tangaroa undertook a research voyage in the Ross Sea area from late January through March 
2006 (TAN0602) (Mitchell & MacDiarmid 2006). The main objective was to undertake geophysical 
and coastline surveying of the Ross Sea Continental Shelf, on behalf of the New Zealand Government 
- MFAT and LINZ.  In addition, an opportunistic biodiversity research programme was identified as a 
priority by Ocean Survey 20/20 – a New Zealand government initiative which includes LINZ 
hydrographic surveys, MFish marine research in support of the New Zealand fisheries and biodiversity 
strategies, and DoC marine mammal and sea bird studies. 
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1.3 Large scale distribution of ecosystem components  
 
This voyage presented an ideal opportunity to further describe the physical and ecosystem complexity 
of the Ross Sea and adjacent areas and to collect information that can assist to test both bottom up and 
top down hypotheses about the important drivers of species abundance, diversity and distribution. 
Because the ship undertook physical surveys of the outer shelf and slope (see Figure 1), distributional 
data of processes or species at the base (primary production), middle (zooplankton and Antarctic krill) 
and top (marine mammals and seabirds) of the food web were routinely collected on a whole of Ross 
Sea scale from the edge of the sea-ice to considerable distances offshore. Moreover, the routine swath-
mapping of bottom features to scales of a few metres allowed the landscape aspects of the Ross Sea 
environment likely to influence the distribution of benthic and demersal species to be investigated 
concurrently. 

 
Figure 1.1: Detailed voyage track of TAN0602 for the Ross Sea from Mitchell & MacDiarmid (2006). Green 

lines are seismic and multibeam, orange multibeam base data only (no seismics). 
 
 
 
1.4 Demersal fishes and benthic invertebrates 
 
More information in particular is required to contribute to the management of the toothfish fishery and 
associated demersal fishes in the Ross Sea. Non-destructive estimates of toothfish and other demersal 
fish distribution, relative abundance and size frequency are useful as they may negate the need for 
bottom trawl and long-line surveys and thus avoid damage to vulnerable benthic communities 
(O’Driscoll et al. 2005, Parker & Bowden 2010). The opportunities to obtain detailed information on 
the distribution of demersal fishes and benthic invertebrates during the voyage were, however, rather 
limited. Because of other research priorities, camera drops were conducted at locations outside the 
main toothfish area, mainly around the Balleny Islands.  
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Still camera surveys were used to attempt to obtain absolute estimates of localised demersal fish 
abundance, although it is possible fish may have reacted to the presence of the camera system in the 
water column (e.g. Koslow et al 1995). However, due to the small footprint of the still images and the 
likely low abundance of demersal fishes, an alternative photographic approach was also tested. A 
variety of deepwater fish species are attracted to continuous in situ flood lights of various wavelengths 
and intensity (Gilat & Gelman 1984, Yau et al. 2002, Marchesan et al 2005, Widder et al 2005), 
including orange roughy and hoki (MacDiarmid unpublished data), and this reaction may prove to be a 
way of determining the relative abundance of demersal fishes. Baited underwater videos have proved 
successful in determining the relative abundance of shallow inshore species such as snapper (Willis et 
al. 2003) as well as deepwater species (Collins et al. 1999, Yau et al. 2001 & 2002, Jones et al 2003). 
A deepwater video system could therefore be “baited” using light rather than protein. The feasibility of 
such an approach was tested by comparing fish abundances and species compositions in still camera 
images during periods of continuous lighting versus flash lighting during benthic camera transects. In 
particular, if a fish species can be shown not to react to continuous flood lights, then video transects 
can be used to estimate its absolute abundance, considerably expanding the sampling footprint during 
a camera deployment by comparison with analyses dependent on strobe-illuminated still images. 
  
To understand the habitat requirements and associations of Ross Sea demersal fishes, photographic 
estimates were obtained of invertebrate species distribution and relative abundance from the same 
areas surveyed for demersal fishes. Species identifications were aided by the use of epibenthic sled 
tows to capture specimens. Although the primary focus was on determining fish habitat associations it 
was possible to extend sampling to further our understanding of benthic habitats and associated 
biodiversity. In particular, the voyage collected data that in combination with previous (Kröeger & 
Rowden 2005) and more recent sampling (Hanchet et al. 2008a) may assist in further testing of the 
‘diversity–energy’, ‘disturbance–diversity’, ‘habitat heterogeneity–diversity’ hypotheses examined by 
Kröeger & Rowden (2005). These three hypotheses focus on either the level of primary production, 
disturbance levels or habitat heterogeneity as the main driver of diversity. 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 all three hypotheses, and 
ensure that examinations are spatial-scale sensitive. Data collected during the voyage could be 
combined with other data sets from BioRoss 2004 and the 2008 IPY-CAML voyages (Kröeger & 
Rowden 2005, Hanchet et al. 2008a) and the relevance of these hypotheses in explaining benthic 
community composition and species abundance tested using univariate and multivariate analysis 
similar to those employed to analyse the BioRoss 2004 benthic data (see Kröeger & Rowden 2005 for 
details).  
  
 
1.5 Balleny Islands 
 
At the time of this survey, there was a priority need for more detailed biological information from the 
Balleny Islands area. This stemmed from the New Zealand proposal to CCAMLR that the Balleny 
Islands be declared a marine protected area (Burgess at al. 2003, NZ Delegation Report 2005). 
Reviews of information available at that time (Bradford-Grieve & Fenwick 2001b, Varian 2005) 
showed that the Balleny Islands are uniquely situated to provide essential breeding and foraging 
habitat for large populations of top predators dependent on locally high abundances of Antarctic krill.  
Due to tight trophic coupling and the relative intactness of the Ross Sea–Southern Ocean ecosystem 
(Smetacek & Nicol 2005, Pinkerton et al. 2004, 2005, 2009), disruption of predator foraging 
opportunities by human activities, and/or competition between predators and fisheries for available 
prey, can be expected to have considerable indirect effects on other aspects of the ecosystem.  The area 
around the Balleny Islands also includes the only known habitat in the region for juvenile toothfish, 
and perhaps also for early developmental stages of Antarctic krill (Burgess et al. 2003), both of which 
are critical for ecosystem function and for the sustainability of existing and potential fisheries in the 
region. Thus, data on the abundance and distribution of top marine mammal and seabird predators, 
demersal fishes, krill and other mesopelagic species as well as benthic invertebrates are required from 
the Balleny Islands area specifically and the Ross Sea generally. Supplementary information that 
would enable ground-truthing of satellite derived data on sea surface temperature and chlorophyll 
concentration are also required. Collection of tissue samples from a range of species will allow trophic 
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level to be determined by stable isotope analysis and also allow genetic analysis of marine 
populations. 
 
 
1.6 Knowledge gaps 
 
Gathering of data on any or all of the above components will considerably help fill the gaps in our 
knowledge of the Ross Sea ecosystem that have been identified in reviews by Bradford-Grieve & 
Fenwick (2001 a, b) and modelling by Pinkerton et al. (2004, 2005). The sampling undertaken during 
TAN0602 considerably extended the sampling already undertaken by the BIOROSS and Italica voyages 
in 2004 (Kröeger & Rowden 2005). The biological sampling programme also linked to research 
undertaken as part of a FRST funded ecosystems project (Project RSAS064). Subsequent to the project 
reported here, the IPY-CAML voyage took place and the results are reported elsewhere (Hanchet et al. 
2008a). 
 
 
2. METHODS 

 
2.1 Specific Objective 1: To test the feasibility of obtaining estimates of demersal fish 

relative abundance using cameras with and without flood lights in areas of high 
importance for the Ross Sea toothfish fishery (principally 800–1200 m)  

 
2.1.1 Camera deployment  
 
Continuous underwater flood lights used as a light source for video observations at night or in deep 
water may attract or repel particular fish species (Uzmann et al. 1977, Stoner et al. 2008). We tested 
the feasibility of obtaining relative abundance estimates and local density estimates of Antarctic 
demersal fishes using continuous video and floodlights. The potential bias in fish abundance was 
determined by comparing fish abundances in downward facing still camera images illuminated using 
strobe lighting from alternating periods in which floodlighting was either on or off. These images were 
obtained during benthic camera transects when the camera system (Figure 2.1) was actively “flown” 
2–4 m above the bottom while the RV Tangaroa was slowly drifting or underway (about 0.5 knot). A 
downward facing colour video camera recorded fish behaviour during the flood-lit phase and verified 
the period that the floodlight was on (for camera details see Appendix 1). An acoustic device 
transmitted the altitude of the camera system to a colour display on the bridge and advice to raise or 
lower the camera platform was then given verbally to the winch operator via a radio link. The inherent 
delays in this procedure caused difficulties in keeping the camera system within the correct depth 
altitude because of bottom topography and also swell variation but nonetheless sufficient good quality 
images from the target altitude were obtained for the analyses. 
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Figure 2.1: Suspended, self-contained still and video camera system used to obtain images of benthic fish 
and invertebrates during TAN0602. (Photograph by M. Livingston, MPI). 

 
During each camera deployment a clockwork timer turned the flood lighting on and off. The flood 
light phase was timed for the first half then second half of successive deployments. Still camera 
images were taken at 1 minute intervals for the first 2 deployments and at 15 second intervals 
thereafter. 
 
Due to an intermittent still camera fault, either light-phase or dark-phase images were not available for 
nine of the eighteen deployments. This problem with the still camera turning itself off at depths greater 
than 200 m was eventually traced to seawater entering an external data download connector which was 
disconnected for the final deployments around the Balleny Islands. Replacement or surrogate images 
for the floodlit phase were created by obtaining frame grabs of video footage at 15 second intervals.  
 
Spatial autocorrelation analysis of continuous sequences of images of acceptable quality was 
undertaken to determine if the numbers of cod icefish in sequential images were inter-dependent and if 
there was significant higher order spatial structure that might result from procedural, behavioral or 
habitat effects. Images that were missing because of unacceptable image quality were replaced by the 
modal score of the sequence. The sequence was ended if there were more than four missing images in 
succession. Sequences were analysed using the autocorrelation procedure in the NCSS statistical 
package that successively increased lags by one to until reaching five less than the total number of 
images in the sequence. Correlations for each lag were deemed significant if they exceeded the critical 
value calculated for each sequence by the NCSS routine.  
 
If no autocorrelation of sequential images was detected these were assumed to be independent samples 
of fish density and were used to determine the effect of light regime on fish abundance. 
 
The work was planned to take place at randomly positioned stations at depths less than 1000m, in a 
specific area of higher demersal fish abundance identified from existing toothfish catch data. 
However, because of other voyage priorities, camera drops were actually conducted at 18 locations 
mainly around the Balleny Islands, outside the main toothfish area. (see Table 2.1 and Figure 2.2). 
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Only four camera stations were conducted elsewhere. The detailed location of camera stations and 
other sampling carried out in and around the Balleny Islands is shown in Figure 2.3. Other details of 
camera stations are provided in Appendix 2. 
 
 
2.1.2 Still image data extraction 
 
In the laboratory after the voyage, all still images (2760 images) were examined by the same observer 
(RS) to generate data for each individual image as outlined in i – viii below. 
 

i.) Image quality: Image accepted or rejected (based on criteria in Table 2.2). 
ii.) Image timestamp (NZST) from individual image EXIF files: This served as a link to 

the vessel Data Acquisition System (DAS) log files to determine vessel depth and 
position and other environmental data pertinent to that image. No attempt was made to 
quantify the ‘gear layback’ to determine the actual position of the camera frame near 
the seafloor. 

iii.) Depth: Image EXIF file was matched to vessel DAS data to determine seabed depth. 
iv.) Floodlight regime: Still images were matched with video footage to determine the 

exact period floodlights were on or off. 
v.) Image area: Images were imported into ImageJ (see http://rsbweb.nih.gov/ij/) to 

determine the area (m2) of the image by scaling on two parallel laser dots 20 cm apart. 
vi.) Numbers of fish in still images. 
vii.) Fish standard length: Determine by using the ‘measuring line tool’ in ImageJ. 
viii.) Fish identification: Fish were identified using Nelson (2006). The dorsal view proved 

problematic to identify individuals with any confidence to lower than family level. 
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Table 2.1: Location and depth of camera deployments during TAN0602 
 

Date Station No. Location Depth (m) 

    

12-Feb-06 71 Ross shelf 545 

19-Feb-06 148 Terra Nova Bay 680 

5-Mar-06 379 Scott Island 407–431 

6-Mar-06 380 Scott Island 670–990 

6-Mar-06 393 Scott Island 843–823 

8-Mar-06 419 NE Sturge Island, Balleny Islands 98–109 

8-Mar-06 423 NE Sturge Island, Balleny Islands 250–324 

9-Mar-06 425 South Buckle Island, Balleny Islands 73–80 

9-Mar-06 431 NE Buckle Island, Balleny Islands 326–638 

9-Mar-06 432 North Buckle Island, Balleny Islands 759–720 

10-Mar-06 433 West Buckle Island, Balleny Islands 672–625 

10-Mar-06 434 West Buckle Island, Balleny Islands 422–433 

10-Mar-06 443 Eastern Buckle Island, Balleny Islands 217–100 

10-Mar-06 444 West Buckle Island, Balleny Islands 644–656 

11-Mar-06 445 North Buckle Island, Balleny Islands 370–311 

11-Mar-06 446 North Buckle Island, Balleny Islands 134–176 

11-Mar-06 450 NW Young Island, Balleny Islands 672–798 

11-Mar-06 452 NW Young Island, Balleny Islands 670–772 
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Figure 2.2: Location of camera stations during TAN0602. 
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Figure 2.3: The Balleny Islands showing the location of biological sampling stations during TAN0602. 
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Table 2.2:    Image quality selection criteria.  
 

Image 
Quality 

Image category Image area (m 2) 
 

Description 

    

1 
 

Excellent 0.5 – 3  Scaling lasers visible, excellent exposure and 
resolution. 
Substrate and faunal groups easily determined. 
 

2 Good 3 – 6.5  As previous but ‘higher’ off seafloor, features 
not as well defined. 
 

3 Fair 6.5 – 12 Typically a ‘fall off’ of exposure in corners of 
image. Much of the faunal and substrate detail 
is lost. 
 

4 Poor 12 – 35  Image largely underexposed - but scaling lasers 
are still visible. Fish are evident, but only as a 
distinctive outline. Darker benthic fauna are 
generally ‘lost’ but pale objects are still visible. 
 

5 Under-exposed  Laser dots not visible - so image unable to be 
sized. Image is too dark for any faunal or 
substrate description. Image rejected 
 

6 Over-exposed  Both lasers invisible due to camera too close to 
seafloor or seafloor obscured by sediment 
plume. Alternatively, majority of image ‘burnt 
out’ and faunal and substrate detail masked. 
Image rejected. 

 
 
 

 
2.2 Specific Objective 2: To utilise deepwater camera transects, supported by other 

direct sampling methods, to characterise the relative abundance, distribution, and 
diversity of demersal fish species (assuming Objective 1 yields satisfactory results) 
and of benthic macro-invertebrates, and to examine relationships between 
demersal fishes and benthic habitats/communities.   

 
2.2.1 Fish size and depth, distribution 
 
Images analysed and data generated for Objective 1 were also used to achieve Objective 2. The 
approach was to identify and count all fish to examine diversity. ImageJ was used to measure fish 
standard lengths for size frequencies and depth distributions were determined by linking image EXIF 
data timestamps with DAS log files. Trends in the depth distribution of fish were explored using 
regression analysis. 
 
 
2.2.2 Image analysis – Fish habitat and faunal associations  
 
A selection of images for both Family Notothenidae (cod ice fishes) and Macouridae (Rattails) were 
used to explore the possible relationships between demersal fish species and their con-specifics as 
well as habitat and other faunal associations. The low numbers of other species observed did not 
warrant further investigation. 
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For each selected image several zones were defined in relation to each fish:  
a) Zone 1: substrate type / faunal group beneath the fish (e.g. rock, cobble, gravel, mud, 

ophiuroid etc.) (Figure 2.4a). 
 

b) Zone 2:Substrate and faunal groups within 5 cm of the fish (Figure 2.4b)   
 

c) Zone 3 Substrate and faunal groups within one body length of the fish (Figure 2.4c). 
 

d) Zone 4: Substrate and faunal composition of the entire image.  
 

Substrates were analysed by determining their percentage cover in the entire image or within the 
defined zone of interest in that image. Faunal invertebrate groups (were expressed as actual counts 
and standardised to numbers per 10m2. Measurements such as image area calculations, fish lengths 
and regions of interest surrounding fish, were calculated using ImageJ. 

 
Habitat/substrate categories identified were: 

- Boulders 
- Cobbles 
- Pebbles/mud 
- Mud 

 
Invertebrate faunal categories identified were:  

- Sponges 
- Gorgonians 
- Ascidians  
- Ophiuroids 
- Asteroids 
- Holothurians 
- Echinoids 
 

 
Comparisons of faunal species composition and substrate types were made between images with 
Nototheniidae fish present (n = 35) and without fish (n = 29). Comparisons of fauna and substrates 
were also made between the three smaller sub-regions of interest. Regression analysis was used to 
explore relationships in the abundance of macro-invertebrates in the entire image among species and 
with depth. 
 
Similar analyses were completed for rattails, family Macrouridae, from camera deployment 9 (station 
431) also at Buckle Island. For the analysis, 9 individual images with one fish in each were compared 
to 9 randomly selected control images. These images were from a depth range of 320–528 m and 
individual image area in a range from 1.2–14.8 m2. Zones of interest were also determined 
surrounding the fish and examined the same way as Nototheniidae. 
 

 
2.2.3 Other sampling methods 
 
Sampling was carried out using an epibenthic sled (see Section 2.3.1) to retrieve samples of fish and 
benthic invertebrates for tissue sampling and subsequent stable isotope analysis (described in detail in 
Section 2.3 below). Specimens also aided identification of taxa observed in camera images.  
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Figure 2.4: Zones of interest used in the analysis of fish habitat association. (a) Region 1: 
Substrate fish is on; (b) Region 2: Within 5 cm; (c) Region 3: Within one body length. 
 
 
 

a) 

b) 

c) 

Ministry for Primary Industries  Biodiversity observations Ross Sea 2006 • 15 



 

2.3 Specific Objective 3: To collect specimens/tissues of selected benthic and pelagic 
organisms with priority in the vicinity of the Balleny Islands (and to the 
east/southeast, for pelagic specimens especially Antarctic krill species) and deliver 
specimens to other projects for stable isotope analysis in order to contribute to 
understanding of trophic relationships. 

 
2.3.1 Epibenthic Sled Tows 
 
An epibenthic sled with a mouth opening of 1.4 m x 0.5 m with 25 mm inner mesh diameter was used 
to sample the uppermost infaunal and the epifaunal components of the benthic community. The 
epibenthic sled (Figure 2.5) was towed at a speed of 1.5 knots for 20 minutes, a distance of about 0.5 
nautical miles. With towed camera deployments in the same locality, a limited number of paired sled 
and photographic estimates were completed. This enabled comparison of species abundance and 
composition of benthic macro-invertebrate and dermersal fish and their possible associations.  
 
On retrieval, the entire sample was photographed on deck (Figure 2.6) and a sub-sample retained if 
catches were too large to sort entirely. All invertebrate megafauna, fish and algae in the sample or 
subsample were sorted on board to the lowest possible taxonomic level in the time available. Data was 
then entered onto log sheets and then subsequently into an Access database. Sorted samples were then 
labelled and preserved in the appropriate fixative (10% formalin, 99% ethanol or frozen). Fresh 
specimens were photographed prior to preservation to assist with identification.  
 

            
Figure 2.5: Launch and retrieval of the epibenthic sled during TAN0602 (photos M. Livingston, MFish). 
 

  
Figure 2.6: Sample from the epibenthic sled on deck (left) and sorting samples into groups (right) (photos 
R. Stewart, NIWA). 
 
On return to the laboratory, sample lots were arranged into taxonomic groups and stored to await 
further identification by expert taxonomists. 
 
Ten sled tows were undertaken, from the Ross shelf in the south, to Scott and the Balleny Islands to 
the north (see Table 2.3 and Figure 2.7).  
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Table 2.3: Location of epibenthic sled tows during TAN0602. 
 

Station Date Start and end 
depth (m) 

Position Locality 

     

 
70 

 
12 Feb-06 

 
537–544 
 

 
(start)    76o 06.02’ S     166o 01.96’ W 
(finish)  76o 05.87’ S     166o 01.60’ W 

 
Ross shelf 

 
378 

 
5 Mar-06 

 
550 (gear lost) 

 
(start)    67o 21.11’ S     179o 53.33’ W 
(lost)     67o 21.10’ S     179o 53.77’ W 

 
Scott Island 

 
394 

  
6 Mar-06 

 
540–600 

 
(start)    67o 21.01’ S     179o 52.68’ W 
(finish)  67o 21.02’ S     179o 52.34’ W 
 

 
Scott Island 

420 8 Mar-06 103–108 (start)    67o 13.88’ S     164o 42.69’ E 
(finish)  67o 13.59’ S     164o 44.91’ E 

NE Sturge Island 
Balleny group 

422 8 Mar-06 315–288 (start)    67o 12.26’ S     164o 45.66’ E 
(finish)  67o 12.42’ S     164o 45.58’ E 

NE Sturge Island 
Balleny group 

430 9 Mar-06 70–120 (start)    66o 41.80’ S     163o 11.03’ E 
(finish)  66o 41.12’ S     163° 12.00’ E 

N Buckle Island 
Balleny group 

436 10 Mar-06 772 (start)    66o 36.11’ S     163o 05.38’ E 
(finish)  66o 36.21’ S     163° 05.56’ E 

N Buckle Island 
Balleny group 

442 10 Mar-06 140–150 (start)    66o 45.37’ S     163o 03.61’ E 
(finish)  66o 44.92’ S     163° 03.38’ E 

E Buckle Island 
Balleny group 

447 11 Mar-06 130–74 (start)    66o 28.94’ S     162o 42.65’ E 
(finish)  66o 29.07’ S     162° 42.89’ E 

E Borradaile Island 

448 11 Mar-06 85–63 (start)    66o 33.41’ S     162o 34.19’ E 
(finish)  66o 33.32’ S     162° 33.86’ E 

W Young Island 
Balleny group 
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Figure 2.7: Epibenthic sled sampling stations during TAN0602. 
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2.3.2 Mesozooplankton tows 
 
A 2 m × 2 m fine-mesh (2 mm) net was used opportunistically to sample mid-water and surface 
swarms of krill and other mesopelagic species (Figure 2.8). During these sets the net sampled 
obliquely to the target depth during deployment and retrieval but spent the majority of the time at the 
target depth. Depths were targeted using a using a modified CN22 acoustic headline monitor 
displaying distance off-bottom in “real time” on the bridge. The gear was deployed 14 times, with one 
of these aborted due to equipment failure. Nine successful tows were over the continental slope in the 
central Ross Sea while the other four successful tows took place around the Balleny Islands (Table 2.4 
and Figure 2.9). 
 
The samples obtained in each deployment were sorted to the lowest possible taxon and preserved 
either in ethanol for later identification or frozen for stable isotope analysis. Where possible krill 
length-frequency and length-weight data were measured for each stage and sex of krill sampled. 
When time permitted these were processed during the voyage. Otherwise they were preserved and 
measured post-voyage. 
 
Station data were entered into Tangaroa’s Trawl Coordinator system for each net deployment. 
 

 
Figure 2.8: Deployment of the 2 m × 2 m krill net during TAN0602. 
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Table 2.4: Location and depth of krill net tows during TAN0602. 
 

Station Date Gear  
depth (m) 

Sea floor 
depth (m) 

Position Locality 

      
10   8 Feb-06 Surface 4223 (start)   72o 18.61’ S      159o 41.18’ W 

(finish) 72o 19.02’ S     159o 40.81’ W 
Ross slope 

11   8 Feb-06 Aborted tow 4000 (start)   72o 18.61’ S      159o 41.18’ W 
(finish) 72o 19.02’ S     159o 40.81’ W 

Ross slope 

12   8 Feb-06 100 4000 (start)   72o 19.54’ S      159o 37.65’ W 
(finish) 72o 19.97’ S     159o 36.00’ W 

Ross slope 

13   8 Feb-06 207 4000 (start)   72o 19.85’ S      159o 34.96’ W 
(finish) 72o 20.50’ S     159o 36.15’ W 

Ross slope 

14   8 Feb-06 250 4000 (start)   72o 20.40’ S      159o 35.51’ W 
(finish) 72o 21.19’ S     159o 33.50’ W 

Ross slope 

15   8 Feb-06 Surface 4000 (start)   72o 20.65’ S      159o 34.71’ W 
(finish) 72o 20.31’ S     159o 33.87’ W 

Ross slope 

16   8 Feb-06 100 4000 (start)   72o 18.20’ S      159o 37.06’ W 
(finish) 72o 19.11’ S     159o 36.21’ W 

Ross slope 

17   8 Feb-06 200 4000 (start)   72o 19.03’ S      159o 36.94’ W 
(finish) 72o 19.45’ S     159o 34.02’ W 

Ross slope 

18   8 Feb-06 260 4000 (start)   72o 19.43’ S      159o 33.02’ W 
(finish) 72o 19.01’ S     159o 29.67’ W 

Ross slope 

19   8 Feb-06 520 4000 (start)   72o 18.94’ S      159o 28.93’ W 
(finish) 72o 18.36’ S     159o 24.07’ W 

Ross slope 

410   8 Mar-06 Surface 1274–1210 (start)   67o 24.33’ S      165o 12.36’ E 
(finish) 67o 24.77’ S     165o 12.60’ E 

E Sturge Island 
Balleny group 

421   8 Mar-06 150 265–370 (start)   67o 12.57’ S      164o 46.14’ E 
(finish) 67o 12.00’ S     164o 46.61’ E 

N Sturge Island 
Balleny group 

449 11 Mar-06 Surface 964–1330 (start)   66o 15.01’ S      162o 04.39’ E 
(finish) 66o 14.78’ S     162o 01.81’ E 

NW Young Island 
Balleny group 

451 11 Mar-06 50 1136 (start)   66o 15.26’ S      162o 03.59’ E 
(finish) 66o 16.58’ S     162o 02.64’ E 

NW Young Island 
Balleny group 
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Figure 2.9: Sampling locations using the 2m × 2m krill net during TAN0602. Note that replicate tows 
were taken at each location. 
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2.4 Specific Objective 4: To acquire a continuous acoustic survey of the water column, 
opportunistically undertake species verification of acoustic marks, integrate the 
acoustic marks and produce a GIS map of verified and unverified distributions of 
functionally important mesopelagic species (e.g. krill, Antarctic silverfish). 

 
2.4.1 Acoustic recording of mesozooplankton in surface 200 m  
 
Multifrequency acoustic data were collected continuously using a Simrad EA500 echosounder with hull-
mounted 12, 38, and 120 kHz transducers. Partly processed (10-m binned) “q telegram” data were 
recorded using SonarData Echolog software. A very slow ping rate (1 ping every 8 s) was used because 
of the water depth (greater than 4000 m) in parts of the surveyed area. The entire RV Tangaroa dataset 
consisted of about 2 GB of data in 20 files. These data covered the western Ross Sea, including the 
Balleny Islands, and also the steam to and from New Zealand.  
 
Calibration of the sounder was not carried out due to time constraints. In addition, the opportunities 
to use the 2m x 2m krill net to directly sample layers in the water column identified by the sounder in 
order to identify acoustic targets were extremely limited. (see Section 2.3).  

 
 

2.5 Specific Objective 5: To undertake routine identification and abundance estimates 
of marine mammal and seabird species and deliver raw and GIS summarised data 
to other related projects in order to generate spatially and temporally explicit 
population biomass and foraging distribution estimates for top air-breathing 
predators in the Ross Sea. 

 
2.5.1 Marine mammals 
 
Marine mammals were opportunistically counted in transects of varying width and length, depending 
on visibility, sea state, and demands on time. In addition, the mate and watch keepers kept a log of 
whales and seals sighted outside the normal count periods. Marine mammals were identified using the 
drawings, photographs and descriptions in Shirihai (2002). The numbers and species of whale and 
whether any calves were present was recorded on a paper count sheet (Appendix 3) and later entered 
into an Excel spread sheet. A full station record of position, time and date was taken at the start and 
end of each count while environmental parameters including wind speed and direction, ice cover, 
weather, sea-state, visibility, etc. were recorded at the end of the count. Other relevant data were 
recorded automatically by the onboard data acquisition system (DAS). These data included air 
temperature, and wind speed and direction, as well as sea surface temperature, salinity, and 
fluorometry. These data were continuously acquired throughout the voyage, and on return to port, 
were transferred to a relational database at NIWA Greta Point in Wellington. These data were passed 
to relevant NIWA staff working on other Ross Sea projects. 
 

 
2.5.2 Seabirds 
 
During daylight hours, an instantaneous count and a 10 minute transect count of seabirds was 
undertaken on the hour every hour (when conditions allowed) using methods based on those 
recommended by Tasker et al. (1984) (Figures 2.10 and 2.11). 
 
For the instantaneous counts, we attempted to investigate the level of attraction of the birds to the 
vessel by counting seabirds from four quarters and three distance zones around RV Tangaroa (Figure 
2.12). The quarters were bow, stern, port and starboard. The zones were: Zone 1 = less than 50 m 
from the ship; Zone 2 = 50–100 m from the ship; Zone 3 = 100–300 m from the ship. Seabirds were 
identified using the drawings, photographs and descriptions in Shirihai (2002).  
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For the transect counts, the number of seabirds crossing a fixed point on the starboard or port side of 
the bridge observation station were counted in a 300m wide transect during 422 ten minute 
observation periods (these were sometimes less than 10 minutes if visibility reduced to less than 
300 m during the count period). Initially observation periods were 15 minutes but these were reduced 
to 10 to accommodate instantaneous counts. Duplicate, independent counts by two observers were 
also taken for a limited number of counts to estimate observer error.  
 
 
 

                           
 

Figure 2.10: Counting birds in a transect count from the bridge of the RV Tangaroa during TAN0602. 
 
The numbers and species of seabirds were recorded on a paper count sheet (Appendix 3) and later 
entered into an Excel spread sheet. The distance and thus area covered varied depending on the ship’s 
speed and was recorded for each sampling station. We also attempted to obtain an understanding of 
the seabird species specific flight paths around the research vessel by recording, on a hard copy of 
Figure 2.12, tracks of the flight path of individuals of the more common species.  
                   
A full station record of position, time, and date was taken at the start and end of each count while 
environmental parameters including wind speed and direction, ice cover, weather, sea-state, visibility, 
etc. were recorded at the end of the count.  
 
Spatial autocorrelation analysis of seabird transect counts was undertaken to determine if the numbers 
of birds in sequential counts were auto-correlated or if there was significant higher order structure that 
might result from methodological, social or environmental effects. Sequences were analysed using the 
autocorrelation procedure in the NCSS statistical package that successively increased lags by one to a 
maximum of n-5 images. Correlations for each lag were deemed significant if they exceeded the 
critical value calculated by the NCSS routine.  
 
If no autocorrelation of sequential counts was detected, these were assumed to be independent 
samples of seabird abundance. 
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Figure 2.11: Distribution of seabird count stations along the ship track during TAN0602. 
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Figure 2.12: Zones used for instantaneous counts of seabirds around the RV Tangaroa during 
TAN0602. Zone 1 = less than 50m from the ship; Zone 2 = 50-100m from the ship; Zone 3 = 
100-300m from the ship. Distances were approximate and judged by eye. 

Zone 3 

Zone 2 

Zone 1 

Port 

 Bow 

 Stern 

Starboard 
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2.6 Specific Objective 6: To undertake automated water sampling in order to monitor 
the identities and spatial and temporal distributions of plankton in the Ross Sea 
region and to allow ground-truth of data collection from satellites  

 
2.6.1 Continuous Plankton Recorder 
 
A continuous plankton recorder (CPR), provided by the Australian Antarctic Division (AAD), was 
deployed to record surface plankton distribution and abundance whenever the vessel was in transit 
and not undertaking seismic surveys (Figure 2.13). The CPR was deployed from just south-east of 
Wellington along a 2200 nautical mile transect to the eastern Ross Sea. It was also deployed during 
the leg from Terra Nova Bay to the central eastern Ross Sea to get a cross-shelf sample, across the 
north-west entrance to the Ross Sea from Scott Island to the Balleny Islands, and from the northern 
Ballenys to 60oS on the return north to New Zealand (Figure 2.14).  
 
The CPR is a plankton sampling instrument designed to be towed from merchant ships at their normal 
transit speed (Figure 2.13). It works by filtering plankton from the water over long distances (up to 
500 nautical miles) on a moving filter band of silk. The filter silk band is wound through the CPR on 
rollers turned by gears, which are powered by a rotor turned by the flow of water over its blades. The 
apparatus filters 0.29 cubic metres of water per nautical mile so a quantitative analysis of the 
zooplankton composition can be made for particular water masses.  
 
On retrieval, silks were removed from the apparatus and stored in 5% buffered formalin and then 
subsequently sent to Hobart for analysis by specialists with the Australian Antarctic Division. Fauna 
trapped within a particular segment within a silk were extracted and microscopically identified to give 
faunal abundances for that segment. No matter what speed the ship is steaming, the segment length 
between markers will always equate to 5 nautical miles due to the internal gearing of the CPR. This 
enabled a quantitative analysis of plankton assemblages to be completed and using the DAS system, 
positional data were confirmed.   
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Figure 2.13: Clockwise from top left: The CPR being deployed, the internal mechanism driven by a rear 
mounted impellor, hyperid amphipods and diatoms trapped on the silk mesh (the silk between adjacent 
black marks represents 5 nautical miles of sampling) and rewinding the silk mesh after retrieval. All 
photographs by M. Livingston, MFish. 
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Figure 2.14: CPR tow lines sampled during TAN0602. 
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2.6.2 Surface temperature, salinity and fluoroscence 
 
A fluorometer, temperature and salinity probes logged data from seawater pumped onboard from 
about 6 m depth every few seconds for the entire voyage. Water samples (500–1000 ml depending on 
local productivity) were filtered at noon each day for post voyage identification of the algal species 
and to calibrate the fluorometer (Figure 2.15). The resulting forty-four water sample locations were 
spread evenly along the ship’s track (see Figure 2.16). Filtered samples were stored in liquid nitrogen. 
The calibration samples were analysed at NIWA’s Christchurch laboratories using standard 
procedures. Phytoplankton samples were preserved in Lugol’s solution for subsequent identification. 
 

 
 

 
 
Figure 2.15: Top: The fluorometer in use. Bottom: Filtration of water samples for calibration of the 
fluorometer. 
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Figure 2.16: Location of fluorometer calibration sampling stations undertaken during TAN0602. 

30 • Biodiversity observations Ross Sea 2006 Ministry for Primary Industries 



 

3. RESULTS 
 
3.1 Specific Objective 1: To test the feasibility of obtaining estimates of demersal fish 

relative abundance using cameras with and without  flood lights in areas of high 
importance for the Ross Sea toothfish fishery (principally 800-1200 m) 

 
3.1.1 Number and locality of suitable images 
 
A total of 2760 images (stills and video frame grabs) of the benthos were inspected to determine if 
they met acceptance criteria (image grade 1 – 4) as outlined in Table 2.2. A total of 2035 images 
(73%) met these standards and were used in the analysis for Objective 1 (see Table 3.1). Of these, 434 
images (21%) had fish present in them for a total of 872 individuals. The majority of fish occurred at 
Station 446 in shallow water (130 m – 180 m) off Buckle Island in the Balleny Island group with 579 
fish observed (66% of the total) - all being representatives of the family cod icefish (Family: 
Nototheniidae). Two other stations (425 and 443) around Buckle Island also had significant cod 
icefish occurrence but numbers were considerably less than at station 446, with 79 and 54 individuals 
observed respectively (see Table 3.2). 
 
3.1.2 Autocorrelation among sequential still images  
 
Significant autocorrelation of the numbers of cod icefish in sequential images at each station was 
detected in only two of fifteen sequences in which they occurred (Table 3.3) indicating that at the 
spatial scale of an image, images were predominantly independent and could be used to test the 
relationship between fish behaviour and camera lighting regime. However, in eight sequences 
autocorrelation occurred at lags of 2 to 23 images indicating some higher order spatial structure at a 
scale of 10 – 100 m. This may be reflect larger scale changes in habitat structure, behavioural 
interactions amongst fish or systematic changes in altitude of the camera system above the seafloor. 
 
3.1.3 Effect of continuous flood lights on fish abundance 
 
There was no opportunity during the voyage to deploy the camera system in areas of high importance 
for the Ross Sea toothfish fishery. Consequently, we obtained no images of Antarctic toothfish and 
could not test the effects of light regime on this species. However, there were nine comparable 
stations for which we obtained both light phase and dark phase images of cod icefish which is a 
smaller species in the same family as toothfish (Table 3.2).  
 
The numbers of suitable images and the total area imaged at these stations were higher during the 
floodlit phases than the dark phases. The mean number of cod icefish per 100 m2 of seafloor was 
4.03+2.42 (SE) during flood-lit periods and 3.90+2.42 (SE) in unlit periods (Table 3.4). This 3% 
difference is statistically and biologically insignificant (1-way ANOVA on log transformed data, F1,17 

= 1.06, P = 0.31) and indicates that cod icefish were not affected by the flood-lights. During video 
sequences, the few times we observed cod icefish moving was when the camera frame was about to 
strike them. Too few data were obtained to test for effects on other species of demersal fish. 
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Table 3.1: Summary of still images/video frame grabs from the benthic camera system suitable to 
determine effects of lights on demersal fish behaviour. *Still camera malfunction – light phase images 
obtained from video frame grabs.  
 
Camera 
drop # 

Station  Locality Depth range 
(m) 

‘Accepted’ 
images for 

analysis 

Total images 
(still and/or video 

frame grabs) 
      
1 71 Ross shelf 545 48 88 

2* 148 Terra Nova Bay 680 8         13 

3 379 Scott Island 407–431 63 114 

4* 380 Scott Island 670–990 105     164 

5 393 Scott Island 843–823 99 190 

6 419 NE Sturge Island, Balleny 
group 

98–109 103 120 

7* 423 NE Sturge Island, Balleny 
group 

250–324 118     133 

8 425 S Buckle Island, Balleny 
group 

73–80 154 155 

9 431 NE Buckle Island, Balleny 
group 

326–638 187 247 

10* 432 N Buckle Island, Balleny 
group 

759–720 143      164 

11* 433 W Buckle Island, Balleny 
group 

672–625 51        64 

12* 434 W Buckle Island, Balleny 
group 

422–433 117      205 

13 443 E Buckle Island, Balleny 
group 

217–100 85 105 

14* 444 W Buckle Island, Balleny 
group 

644–656 100      127 

15* 445 N Buckle Island, Balleny 
group 

370–311 94        166 

16 446 N Buckle Island, Balleny 
group 

134–176 263 325 

17 450 NW Young Island, Balleny 
group 

672–798 164 193 

18 452 NW Young Island, Balleny 
group 

670–772 133 187 

Total 2035 2760 
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Table 3.2: Numbers of images and fish compared to lighting regime. Values obtained from video grabs 
are indicated by *. A dash indicates when no images were obtained because of camera malfunction. 
 
Camera 
drop # 

Station # Light 
phase 

images 

Light 
phase: 
Total 

numbers 
of fish 

Total area 
imaged (m2) 

Dark phase 
images 

Dark phase:  
Total 

numbers of 
fish 

Total area 
imaged (m2) 

        
1 71 46 10 439.36   0 - - 
2 148 8 1 97.28   0 - - 
3 379 52 15 603.96 10 1 108.77 
4 380 91 3 319.5* 13 0 215.32 
5 393 45 6 716.92 55 1 549.31 
6 419 103 37 789.63   0 - - 
7 423 118 11 274.8*   0 - - 
8 425 154 77 721.39   0 - - 
9 431 152 26 1198.47 35 18 247.94 
10 432 118 1 190.2* 25 0 236.2 
11 433 51 4 243.8*   0 - - 
12 434     - - 117 6 351.2 
13 443 85 54 414.9   0 - - 
14 444 104 1 310.7*   0 - - 
15 445 75 6 77.2* 19 7 230.19 
16 446 106 260 1222.26 157 319 1367.97 
17 450 114 0 1553.64 50 0 511.98 
18 452 76 3 927.7 57 4 831.35 
Total  1498 517 10101.71 537 355 4650.23 
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Table 3.3: Spatial autocorrelation of the numbers of cod icefish in sequential images from the ten stations 
where this group of fish occurred. 

 
Camera Station 
(no of  frames in 
sequence) 

Image  
interval 

(secs) 

Significant Autocorrelation 
 
Lag 1 frame Longer lags 

    
3 (37) 15 None None 
3 (41) 15 None +5 
3 (28) 15 None +5 
6 (113) 15 None +7 frames 

+14 frames 
+22 frames 

7 (133) 15 None +12 frames 
8 (155) 15 None +2 frames 

+4 frames 
9 (35) 15 None None 
11 (64) 15 None None 
12 (205) 15 None None 
13 (105) 15 None +21 frames 
15 (23) 15 None None 
16 (55) 15 +1 -5 

-6 
-8 
+12 
+13 

16 (57) 15 None None 
16 (15) 15 None None 
16 (181) 15 +1 +2 

+3 
+15 
+23 

 
 
 
Table 3.4: Numbers of stations, numbers of images, and the total area imaged in each light phase used to 
compare the effect of floodlight regime on mean numbers of cod icefish per 100 m2 of seafloor. 
 
 Flood-light Phase 
Metrics On Off 
   
Number of comparable stations 9 9 
Number of suitable images 829 421 
Seafloor area imaged (m2) 6810 4299 
Mean # fish per 100m2 + SE 4.03+2.42 3.90+2.42 
Range # fish per 100m2 0–21.3 0–23.3 

 
 

 
3.2 Specific Objective 2: To utilise deepwater camera transects, supported by other 

direct sampling methods, to characterise the relative abundance, distribution, and 
diversity of demersal fish species (assuming Objective 1 yields satisfactory results) 
and of benthic macro-invertebrates, and to examine relationships between 
demersal fishes and benthic habitats/communities 

 
3.2.1 Fish diversity 
 
We observed a total of 872 fish from 2035 still images obtained during eighteen benthic camera 
transects on the Ross Sea shelf, at Terra Nova Bay, around Scott Island and around the Balleny Islands 
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at depths between 70 and 1000 m (Table 3.5). Five main groups of demersal fish were observed. In 
order of increasing occurrence these were: eelpouts (Family Zoarcidae); eelcods (F. Muraenoleididae); 
crocodile icefish (F. Channichthyidae); rattails (probably mainly Macrourus whitsoni, F. 
Macrourididae), and cod icefish (see Figures 3.1 – 3.3. 
 

 
Figure 3.1: Left and middle – eel pouts, Family Zoarcidae. Right - eel cod, Family Muraenoliedidae.  
 

 
Figure 3.2: Upper panel - Crocodile icefish, Family Channichthyidae. Lower panel – Rattail, 
probably Macrourus whitsoni, Family Macrourididae. Photos R. Stewart, NIWA. 
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Figure 3.3: Selection of cod icefish, Family Nototheniidae, photographed using the towed underwater 
camera system or sampled using the epibenthic sled during TAN0602. Photos R. Stewart, NIWA. 
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Table 3.5: Numbers of each species of fish observed in camera transects in the Ross Sea during TAN0602. 
 

Camera drop # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total 
Station 71 148 379 380 393 419 423 425 431 432 433 434 443 444 445 446 450 452  
                    
Depth (m) 545 680 407–

431 
670–
990 

843–
823 

98–109 250–
324 

73–80 326–
638 

759–
720 

672–
625 

422–
433 

217–
100 

644–
656 

370–
311 

134–
176 

672–
798 

670–
772 

 

Locality Ross 
shelf 

Terra 
Nova 

Bay 

Scott 
Island 

Scott 
Island 

Scott 
Island 

Sturge 
Island 

Balleny 
group 

Sturge 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Buckle 
Island 

Balleny 
group 

Young 
Island 

Balleny 
group 

Young 
Island 

Balleny 
group 

 

Cod Icefish 
F. Nototheniidae 
 

  9   37 11 79 32  2 3 54  9 579   815 

Rattails 
F. Macrourididae 
 

  2 3 3    10 1 2 3   1   6 31 

Crocodile icefish 
F. Channichthyidae 
 

10 1 2      1      2    16 

Eelcods 
F. Muraenoleididae 
 

  2  2    1     1 1    7 

Eelpouts 
F. Zoarcidae 
 

  1  2              3 

Totals 
 

10 1 16 3 7 37 11 79 44 1 4 6 54 1 13 579 0 6 872 
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3.2.2 Depth distribution of demersal fish 
 
The mean abundance of demersal fish over the eighteen camera transects carried out in the Ross Sea and 
around the Balleny Islands declined about 30% between the shallowest (70 m) and deepest (1050 m) 
areas surveyed (Figure 3.4) (r2 = 0.41). However, the variation in numbers of fish per image also 
declined with depth with few data in the upper-right diagonal half of the graph. At depths less than 
200 m demersal fish occurred at densities of up to 20 fish per 10 m2. At depths of 1000 m maximum fish 
densities were 2.6 per 10 m2. 
 
Cod icefish occurred in images from depths shallower than 650 m, rattails occurred between 330 and 
1020 m, crocodile icefish occurred between 330 and 550 m, and eel pouts and eel cod occurred between 
about 400 and 820 m (Figure 3.4). 
 
For two groups of fish there were sufficient data available to explore size distribution by depth. 
Notothenids showed a very weak (r2 = 0.02, p = 0.01) but biologically insignificant positive relationship 
between fish length and depth (Figure 3.5). In rattails (probably Macrourus whitsoni) we found a 
modest (r2 = 0.365, p = 0.033) positive relationship between fish length and depth (Figure 3.5).   
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Figure 3.4: Depth distributions of five groups of fish observed in camera transects during TAN0602. The 
linear trend in overall mean abundance with depth is shown. 
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Figure 3.5: Fish length by depth for Notothenid and rattail fish observed in camera transects during 
TAN0602. 
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3.2.3 Demersal fish distribution and size frequency 
 
Cod ice fish (F. Nototheniidae) was the most abundant group of demersal fish observed, accounting 
for 93% of all observations (Table 3.5). All were observed at either Scott Island or around the Balleny 
Islands with 71% occurring at station 16 off Buckle Island. The nototheniids ranged in size from 6 to 
42 cm standard length with a mean length of 19.2 cm, a median of 18.3 cm and a mode of 16 cm 
(Figure 3.6a). 
 
Rattails (F. Macrourididae) was the second most abundant group of demersal fish observed, occurring 
at nine camera stations around Scott Island and the Balleny Islands group. None were observed in the 
Ross Sea (Table 3.5). Most individuals were identified from the images as Macrourus whitsoni but no 
specimens were caught in the sled for ID confirmation. They ranged in length from 14 to 51 cm, with 
a distinct mode at 20 cm (Figure 3.6b). 
 
Only sixteen individual crocodile icefish (F. Channichthyidae) were observed, although these occurred 
at all four localities surveyed (Table 3.5). This was the only family of fish observed in the Ross Sea. 
Individuals ranged in length from 10.9 to 29.7 cm. 
 
Seven eel cods (F. Muraenoleididae) were observed at Scott Island and the Balleny Island group. None 
were observed in the Ross Sea (Table 3.5). Individuals ranged in length from 12.9 to 42.4 cm. 
 
Just three eel pouts (F. Zoarcidae) were observed at Scott Island; they were not observed at other 
localities (Table 3.5). Individuals ranged in length from 19.7 to 23.2 cm. 
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Figure 3.6: Size frequency distribution of a) cod icefish (Notothenidae) and b) rattails (Macrourididae) 
observed in camera transects during TAN0602. 
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3.2.4 Asteroids 
 
A total of thirty-six asteroid lots were collected from six stations around Scott Island and the Balleny 
Island group. Examination of the specimen lots identified sixty-five Asteroidea, belonging to five 
orders, including representatives from eight families and fifteen genera (Table 3.6). Fifty-seven of the 
specimens were successfully identified to species level. The majority of the species found have 
previously been recorded from the collection areas (McKnight 1976). Collections of note are: 
 

• Diplasterias 
Fifteen specimens were identified as belonging to the genus Diplasterias. Twelve of these fit 
the description of Diplasterias brucei (Koehler), a forcipulate species known from the Ross 
Sea and Balleny Islands. However, a number of the larger specimens were sufficiently 
different from the description to raise interest. Photographs of a representative specimen were 
sent to Dr Christopher Mah at the Smithsonian Institute for examination. Dr Mah confirms 
that the specimens are potentially something different - for the mean time they have been 
identified as Diplasterias sp. 1. These specimens warrant further investigation and Dr Mah is 
keen to assist and would like to utilise genetic techniques. 

 
• Myoraster antarcticus 

One specimen from the Balleny Islands has been identified as Myoraster antarcticus. This 
identification represents a new record for the Balleny Islands. 
 

The three species that were collected from around Scott Island were represented in catches from 
around the Balleny Islands during this voyage and BioRoss 2004.  
 
During TAN0602, 18 asteroid species were caught from around the Balleny Islands from five 
epibenthic sled tows; this compares with 16 species from 18 sled tows around the Ballenys during 
BioRoss 2004. Five of the species caught in 2006 were absent from samples at the Ballenys during 
BioRoss 2004, but were present in the 2004 catches from the north western Ross Sea. This suggests 
that the asteroid diversity at the Balleny Islands is relatively high and that further sampling with the 
epibenthic sled will reveal further new species records.   
 
All samples have been appropriately labelled, stored and archived in the database SPECIFY and are 
held at the NIWA invertebrate collection at Greta Point, Wellington. Additionally, eight sample lots 
with twenty individual asteroidea samples were retained and frozen from three sled stations around the 
Balleny Islands for further isotope analysis. These samples are held in freezers at NIWA Greta Point 
and have not been identified, although they are replicates of samples already identified and held in the 
invertebrate collection.   
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Table 3.6: Asteroid specimens identified from epibenthic sled tows at Scott Island and the Balleny Islands 
during TAN0602. Species marked *  indicates specimen requires further genetic investigation as it may be 
new to science. 
 

Species 
 

  Family Order Class Phylum 

     
Scott Island – from station 394 
 
Diplasterias brucei 

 
Asteriidae 

 
Forcipulatida 

 
Asterozoa 

 
Echinodermata 

Leptychaster spp. Astropectinidae Phanerozonida Asterozoa Echinodermata 
Porania antarctica glabra Poranidae Phanerozonida Asterozoa Echinodermata 
 
Balleny Islands – from stations 420, 430, 442, 447 and 448 
 
Acodonaster capitatus 

 
Odonasteridae 

 
Phanerozonida 

 
Asterozoa 

 
Echinodermata 

Acodonaster hodgsoni Odonasteridae Phanerozonida Asterozoa Echinodermata 
Bathyblaster loripes  obesus 
Cuenotaster involutus 

Astropectinidae 
Solasteridae 

Phanerozonida 
Spinulosida 

Asterozoa 
Asterozoa 

Echinodermata 
Echinodermata 

Diplasterias brucei 
Diplasterias sp 1 * 
Henricia spp 
Labidiaster annulatus 
Lophaster gaini 
Myoraster antarcticus 
Notasterias stolophora 
Odonaster meridionalis 
Odonaster validus 
Peribolaster macleani 
Perknaster fuscus                                                               
antarcticus 
Perknaster sladeni 
Porania antarctica glabra 
Psilaster charcoti   

Asteriidae 
Asteriidae 
 
Asteriidae 
Solasteridae 
Solasteridae 
Asteriidae 
Odonasteridae 
Odonasteridae 
Korethrasteridae 
Echinasteridae 
Echinasteridae 
Poranidae 
Astropectinidae 

Forcipulatida 
Forcipulatida 
Spinulosida 
Forcipulatida 
Spinulosida 
Spinulosida 
Forcipulatida 
Phanerozonida 
Phanerozonida 
Spinulosida 
Spinulosida 
Spinulosida 
Phanerozonida 
Phanerozonida 

Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 
Asterozoa 

Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
Echinodermata 
 

 
 
3.2.5 Cnidarians including gorgonians and octocorals 
 
Coral and gorgonian samples from TAN0602 were examined by Dr. Juan Sanchez of the Universidad 
de los Andes, Columbia during a visit to NIWA in July 2006. A final tally of 94 individual coral and 
gorgonian specimens were identified from thirty-eight ‘sample lots’. This was fewer than originally 
anticipated as several bryozoan samples were originally grouped as scleractinians (stony corals) by on-
board staff during the voyage. 
 
Typically, corals and gorgonians are difficult to identify to species level, requiring in most cases, 
microscopic analysis of polyps and skeletal material. Overall, all samples were identified to at least 
genus, with one sample (Tenuisis sp.) from Buckle Island in the Balleny group, warranting further 
examination to fully identify it (Table 3.7). 
 
The samples indicated a diverse range of gorgonid specimens from around the Balleny Islands such as 
Primnoella spp. (sea whips) and Thouarella spp. (bottle brush gorgonids) and the soft coral 
Anthomastus spp. (Figures 3.7–3.10). Benthic still images from a towed camera station revealed high 
numbers of sea pens (Pennatulaceans -probably Umbellula pallida) (Figure 3.11) on volcanic scree 
slopes of Scott Island in depths of around 380 metres. Unfortunately, no samples were caught in sled 
tows in the near vicinity. Specimens of Acanthogorgia sp. occurred on the harder volcanic outcrops 
(Figure 3.12). 
 
Very few branching hydrocorals from the family Stylasteridae, such as Errina spp. were recovered 
from direct sampling or observed in any of the benthic images.  
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All samples have been appropriately labelled and are held at the NIWA invertebrate collection at 
Greta Point, Wellington. Data are archived in the database SPECIFY. 
 
 
Table 3.7: Coral and gorgonian specimens identified from epibenthic sled stations during TAN0602. 
Specimen marked * indicates it requires further examination as it may be new to science. 
 

Species 
 

  Family Order Class Phylum 

 
Ross Shelf – from station 70 
 
Errina spp 
Flabellum cf. impensum 
Primnoella spp. 

 
Stylasteridae 
Flabellidae 
Primnoidae 

 
Filifera 
Scleractinia 
Gorgonacea 

 
Anthozoa 
Anthozoa 
Anthozoa 

 
Cnidaria 
Cnidaria 
Cnidaria 

  
Scott Island – from station 394 
 
Acanthogorgia sp. 
Anthomastus sp 
Umbellula sp.1 
Thouarella sp.1 
Thouarella sp. 2 

 
Acanthogorgiidae 
Alcyoniidae 
Umbellulidae 
Primnoidae 
Primnoidae 

 
Gorgonacea 
Alcyonacea 
Pennatulacea 
Gorgonacea 
Gorgonacea 

 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 

 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 

 
Balleny Islands – from stations 420, 430, 442, 447 and 448 
 
Callorgorgia sp. 
Mopseinae sp. 
Primnoella sp.1 
Primnoella sp.2 
Primnoella sp. 3 
Primnoisis sp. 
Tenuisis sp.* 
Thouarella sp.2 
Thouarella sp. 3 
Thouarella sp. 4 
Thouarella sp. 5 
Thouarella sp. 6 
Thouarella sp. 7 
Thouarella sp. 8 

 
Acanthogorgiidae 
Isididae 
Primnoidea 
Primnoidea 
Primnoidae 
Isidida 
Isididae? 
Primnoidea 
Primnoidea 
Primnoidea 
Primnoidea 
Primnoidea 
Primnoidea 
Primnoidea 

 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 
Gorgonacea 

 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 
Anthozoa 

 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 
Cnidaria 

 
 
 

 
 
Three hundred and forty-seven sample lots of twenty-nine other groups ranging from algae to sponges 
were collected and preserved (see Table 3.8). These have been either delivered to NIWA’s 
invertebrate collection or forwarded to Te Papa (molluscs and macroalgae). These specimens will be 
identified as part of other projects or when visiting experts work on specific groups. The macroalgae 
samples have been reported separately as part of ZBD200823 (Nelson et al. 2010). Of note were two 
images from 750 m off the north-west of Young Island containing single specimens of a stalked golden 
crinoid (probably an undescribed species), but no examples were obtained in epibenthic sled tows for 
identification. 
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Figure 3.7: Primnoella spp at 85 m, Sabrina Island (station 425), Balleny Islands. 
 

 
 
Figure 3.8: Thouarella sp. (orange bottle brush gorgonid) at 105 m – Buckle Island (stn 443), Balleny 
Islands. 
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Figure 3.9: Callogorgia sp. (yellow branched), Primnoella spp. (pale erect gorgonid) and Thouarella spp.  
(orange bottle brush gorgonid), 104 m – Sturge Island (station 419), Balleny Islands group. 
 

  
 
Figure 3.10: Anthomastus spp. (centre), 390 m – Buckle Island (station 431), Balleny Islands. 
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Figure 3.11: Pennatulaceans (sea pens) – 380 m depth (station 379) at Scott Island. 
 

 
 
Figure 3.12: Acanthogorgia sp. (gorgonian) – 700 m depth (station 380) at Scott Island. 
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Table 3.8: Invertebrate sample lots held at NIWA Greta Point from epibenthic sled stations during 
TAN0602. Groups in red text have been identified and are archived in the NIWA Invertebrate collection – 
Greta Point, Wellington, New Zealand. 
 

Phylum Class/Order Common name 
Species 
code 

Numbers of 
"sample lots" 

kept 
     
Porifera  Sponges ONG 11 
Cnidarian Hydroidea Hydroids HDR 28 
 Alcyonacea Soft corals SOC 1 
 Gorgonacea Sea fans, Sea whips GOC 37 
 Anthozoa anenomes ANT 2 
 Pennatulacea sea pens PTU 1 
 Scleractinia stony corals SIA 16 
Nemertea  Ribben worms NEM 3 
Mollusca Polyplacophora chitins CHT 4 
 Gastopoda snails GAS 18 
 Bivalvia clams BIV 7 
 Cephalopoda Octopus OCP 2 
 Scaphopoda Tusk shells SPH 4 
  Un ID mollusc MOL 9 
Brachiopoda  Lamp shells BPD 1 
Arthropoda Pycnogonida Sea spiders PYC 16 
 Cirripedia Barnacles BRN 2 
 Amphipoda hoppers APH 7 
 Brachyura crabs CRB 1 
 Isopoda sea slaters ISO 1 
 ‘Natant decapods' shrimps, prawns NAT 4 
 Euphausiidae krill EUP 1 
Annelida Polychaeta Bristle worms, sea worms POL 72 
Sipuncula  Peanut worms SIP 3 
Bryozoa  Lace corals COZ 23 
Echinodermata Asteroidea Sea stars ASR 38 
 Ophiuroidea Brittle stars OPH 35 
 Echinoidea Sea urchins ECN 8 
 Holothuroidea Sea cucumbers HTH 27 
     
Chordata Ascidiacea Sea squirts ASC 23 
     
Algae Phaeophyta brown seaweed PHA 7 
 Rhodophyta red seaweed RHO 13 
  Assorted SEO 1 
     
Miscellaneous  Sediment sample SED 6 
  Sorted 'left-overs' SRK 2 
  Rock with invertebrates ROK 6 
     
   TOTAL 440 
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3.2.7 Effects of iceberg scour on benthic communities 
 
One notable camera transect was undertaken across a shallow ridge on the northeastern end of Buckle 
Island in the Balleny group. In March 2001 this ridge could not be swath mapped because an iceberg 
was grounded over it. By March 2006 the iceberg had disappeared and the camera system was 
deployed in a transect that travelled along and over the ridge (Figure 3.13). Still and video footage 
from this and future deployments along this ridge could be used to detect the possible effects of 
recovery or recolonisation of the benthic community after iceberg scouring. Analysis to undertake this 
assessment was outside the scope of this project. 

 
Figure 3.13: Time stamped track (red crosses) of the camera system as it was deployed during TAN0602 
along and over a shallow ridge of north-east Buckle Island, previously covered by a grounded iceberg. 
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3.2.8 Relationship between invertebrate fauna and substrate 
 
Images from the Balleny Islands were used to examine the relationship between the abundance of 
invertebrate groups in the whole image (all scaled to 10 m2) and aspects of the substrate Figure 3.14). 
Macro-invertebrates were very abundant, occurring at a mean density of 206 per 10 m2. Mobile fauna, 
including ophiuroids, asteroids, holothurians and echinoids, comprised 73% of the fauna overall. 
Ophiuroids were the most common macro-invertebrate occurring at mean densities of 92 per 10 m2 
(Figure 3.15) and up to 480 per 10 m2.  Holothurians were also abundant, occurring at mean densities of 
53 per 10 m2 and up to 300 per 10 m2. Echinoids and asteroids were much less abundant. Ascidians, 
gorgonians and sponges had similar mean densities at 15–25 per 10 m2 (Figure 3.15) although 
occasionally sponges occurred at densities of over 700 per 10 m2.  
 
Of the sessile benthic macro-fauna, only the abundance of ascidians varied with depth, declining 
substantially below 100 to low levels by 160 m (r2 = 0.76, p < 0.05).  Depth explained only 6% and 1% 
of the variance in abundance of sponges and gorgonians respectively. No relationship with depth was 
found for any of the motile fauna. 
 
We found no relationship between faunal elements and any characteristics of the substrate. We found no 
relationships among between faunal components. We found no relationship between the overall 
abundance of erect epibenthic species such as sponges and gorgonians and motile benthic invertebrate 
fauna. 
 
 

 
Figure 3.14: Photograph of the benthos at 90 m off Sturge Isalnd, Balleny Group showing the diverse and 
abundant macro-invertebrate fauna. Each pair of red laser dots are 20 cm apart. 
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Figure 3.15: Mean abundance (number per 10 m2 + SE) of benthic macro-invertebrates off Buckle Island, 
Balleny Islands, March 2006. 
 
3.2.9 Relationship between demersal fishes and benthic habitats/communities  
 
A subset of images from around Buckle Island at stations 443 and 446 were selected to examine 
habitat preferences and possible associations of fish in the family Nototheniidae with other fauna. The 
suggestion was that some fish were closely associated with particular three dimensional objects on an 
otherwise flat seafloor. The image selection criteria were;  
 

1. Presence of Nototheniidae. 
2. Depth range of between 150 – 250 m. 
3. Total image area between 5 – 12 m2. 

 
A total of 35 images met these criteria (about 10% of all images), with a total of 152 Nototheniidae 
present with 1 – 11 individuals per image. A further subset without fish present was chosen to act as a 
control data set, but only 29 images met selection criteria 2 and 3. It became evident through video 
observations that Nototheniidae showed minimal or no reaction to the physical presence of the camera 
with or without floodlights on. Fish only moved if the camera frame was threatening to land on them. 
Therefore we assumed that the habitat/faunal association of the fish observed in the still images was 
unaffected by the method used to obtain the images. 
 
At the scale of the whole image (all scaled to 10 m2) we found no relationship between the abundance of 
Notothenids and any member of the invertebrate community or the percentage cover of boulders, 
cobbles, pebbles or mud. At the scale of the fish, within 5 cm of the fish and within one body length of 
the fish, Notothenids showed no tendency for association with boulders, cobbles, pebbles or mud, or 
with any faunal component.   
 
Rattails were only associated with muddy bottoms; pebbles and cobbles never comprised more than 1% 
of the benthic substrates where they occurred. At the scale of the whole image, the density of rattails was 
positively associated with the density of two erect invertebrate groups; gorgonians (r2 = 0.87) and 
Anthomastus spp, a soft coral (r2 = 0.56), but not with ophiuroids (Figure 3.16). At smaller scales rattails 
were strongly associated with ophiuroids within 5 cm (r2 = 0.94) and within one body length (r2 = 0.86) 
and more moderately associated with gorgonians within one body length (r2 = 0.41) (see Figure 3.17). 
Because of the limited numbers of observations of rattails, these relationships should be considered very 
preliminary. 
 
Too few individuals of other demersal fish species were observed to make any conclusions regarding 
their association with benthic invertebrate fauna or substrate characteristics. 
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Figure 3.16: Relationship between the abundance of rattails and the abundance of three groups of 
invertebrates at the scale of the whole image. 
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Figure 3.17: Relationship between small-scale density of ophiuroids and gorgonians within 5 cm and one 
body length of rat-tail fish at Buckle Island and density of these same invertebrates in the whole image. 
Note that all densities have been scaled to numbers per 10 m2. 
 
 
3.3 Specific Objective 3. To collect specimens/tissues of selected benthic and pelagic 

organisms with priority in the vicinity of the Balleny Islands (and to the 
east/southeast, for pelagic specimens especially Antarctic krill species) and deliver 
specimens to other projects for stable isotope analysis in order to contribute to 
understanding of trophic relationships 

 
3.3.1 Plankton Samples 
 
Thirteen sample lots of a variety of groups obtained from thirteen successful tows of the 2 m × 2 m 
plankton net on the Ross Sea slope and around the Balleny Islands (See Figure 2.9) were frozen 
specifically for stable isotope analysis and are stored at NIWA, Greta Point (Table 3.9). 
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Table 3.9: Pelagic samples retained for isotope analysis and held in NIWA freezers. 
 

Taxa Code Lot # N =  Station # Locality Gear depth (m) 
       
Krill NAT 201 3 410 Sturge Island surface 
Amphipod APH 202 6 410 Sturge Island surface 
Krill NAT 211 6 421 N Sturge Island surface 
Amphipod APH 212 4 421 N Sturge Island surface 
Pteropod (red) MOL 622 2 449 NW Young Island surface 
Pteropod (black) MOL 623 3 449 NW Young Island surface 
Amphipod (red) APH 624 3 449 NW Young Island surface 
Krill  EUP 625 3 449 NW Young Island surface 
Copepod (clear) COP 626 3 449 NW Young Island surface 
Amphipod (grey) APH 627 3 449 NW Young Island surface 
Chaetognath CTG 628 3 449 NW Young Island surface 
Copepod (red) COP 632 3 449 NW Young Island surface 
Myctophid  MYC 645 1 451 NW Young Island 50 

 
 
3.3.2 Benthic invertebrates 
 
Samples of benthic organisms obtained during epibenthic sled tows on the Ross Sea slope, at Scott 
Island and around the Balleny Islands (see Figure 2.7 and Table 2.3) were retained for possible isotope 
analysis. These are appropriately labelled and stored in freezers at NIWA, Greta Point (Table 3.10). 
 
Table 3.10: Benthic samples retained for isotope analysis 
 

Taxa Code Lot # No. Station # Locality  Gear depth 
(m) 

       
Scale worms POL 174 4 394 Scott Island 540–600 
Bivalves BIV 175 14 394 Scott Island 540–600 
Ophiuroids OPH 177 20 394 Scott Island 540–600 
Ophiuroids OPH 184 20 394 Scott Island 540–600 
Urchins ECN 187 4 394 Scott Island 540–600 
Nepyhtyidae  POL 240 3 420 Sturge Island 103–108 
Ophiuroids OPH 237 4 420 Sturge Island 103–108 
Scale worms POL 326 3 430 N Buckle Island 70–120 
Nepyhtyidae  POL 327 3 430 N Buckle Island 70–120 
Ophiuroids OPH 274 3 430 N Buckle Island 70–120 
Ophiuroids OPH 275 3 430 N Buckle Island 70–120 
Holothurian HTH 282 3 430 N Buckle Island 70–120 
Asteroid ASR 289 3 430 N Buckle Island 70–120 
Asteroid ASR 290 3 430 N Buckle Island 70–120 
Asteroid ASR 291 3 430 N Buckle Island 70–120 
Holothurian HTH 324 3 430 N Buckle Island 70–120 
Holothurian HTH 325 3 430 N Buckle Island 70–120 
Notothens FIS 651 9 430 N Buckle Island 70–120 
Holothurian HTH 455 1 442 E Buckle Island 140–150  
Asteroid ASR 456 2 442 E Buckle Island 140–150  
Asteroid ASR 457 1 442 E Buckle Island 140–150  
Notothens FIS 458 8 442 E Buckle Island 140–150  
Asteroid ASR 1452 3 447 E Borradaile Island 74–130 
Asteroid ASR 1456 3 447 E Borradaile Island 74–130 
Asteroid ASR 461 2 447 E Borradaile Island 74–130 
Notothens FIS 514 7 447 E Borradaile Island 74–130 
Notothens FIS 619 1 448 SW Young Island 63–85 
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3.3.3 Demersal fish 
 
Peter Smith (NIWA), Dirk Steinke (Canadian Barcoding Centre), Andrew Stewart (Museum of New 
Zealand Te Papa Tongawera) and Vonda Cummings (NIWA) have been involved post-voyage in 
sampling demersal fish obtained during epibenthic sled tows for DNA barcoding and isotope analysis 
of tissue samples. 
 
Fish specimens were thawed and identified by fish taxonomists at the Museum of New Zealand Te 
Papa Tongawera. Undamaged fish specimens were selected for tissue sampling for DNA barcoding by 
NIWA staff and the specimens registered into the National Fish Collection by Te Papa staff.  
 
Tissue samples were taken from 13 specimens and barcoded following standard procedures. The COI 
sequences (Cytochrome c Oxidase subunit 1 which are regions of mitochondrial DNA) were edited 
and deposited in the FISH Barcode Of Life database. DNA sequence reference numbers, along with 
corresponding fish specimen registration numbers are given in Table 3.11. 
 
Other tissue and gut samples were obtained by Vonda Cummings (NIWA) and are kept in freezers at 
NIWA Greta Point for subsequent isotope analysis. 
 
Table 3.11: Fish specimens collected during TAN0602 selected for DNA barcoding and specimen 
registration into the NFC at Te Papa. FISH-BOL = FISH Barcode Of Life database sequence reference 
number; NMNZ Reg No = fish specimen registration number in the National Fish Collection, Museum of 
New Zealand Te Papa Tongawera. Tissue/gut samples held in freezers at NIWA Greta Point. 
 

FISH-BOL 
(Barcode) 

NMNZ Reg 
No 

NIWA code 
Tissue/gut 
sample 

Sample 
 
Species 

Specimen 
storage 

      
FNZ692-06 
 

P42324 113 447 (1)      tissue, gut Lepidonotothen larseni Te Papa 

FNZ690-06 
 

P42324 122 447 (2) tissue, gut  Lepidonotothen larseni Te Papa  

FNZ691-06 
 

P42324 123 447 (3) tissue, gut  Lepidonotothen larseni Te Papa  

FNZ689-06 
 

P42324 134   Lepidonotothen larseni Te Papa 

FNZ688-06 
 

P42324 141   Lepidonotothen larseni Te Papa 

FNZ693-06 
 

P42326   Lepidonotothen kempi Te Papa 

FNZ694-06 
 

P42327 430 (1) tissue Trematomus newnesi Te Papa  

FNZ695-06 
 

P42328 430 (2) tissue, gut Trematomus hansoni Te Papa 

FNZ696-06 
 

P42329 136 430 (3) (4) (5) tissue, gut Lepidonotothen larseni Te Papa  

FNZ697-06 
 

P42330 (1)   Lepidonotothen kempi Te Papa  

FNZ698-06 
 

P42330 (2)   Lepidonotothen kempi Te Papa  

FNZA031-07 
 

P42330(1)   Lepidonotothen kempi Te Papa  

FNZA032-07 
 

P42330(2)   Lepidonotothen kempi Te Papa  
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3.3.4 Seabirds 
 
Three Antarctic petrels, presumably dazzled by the ships lights, were found dead on deck on the morning 
of 3 March 2006. The location of the vessel at that time was 69° 21.0' S by 172° 59.6' W. The three birds 
were frozen for later possible stable isotope analysis and returned to NIWA Greta Point where they 
remain in long-term storage. 
 
 
3.4 Specific Objective 4: To acquire a continuous acoustic survey of the water column, 
opportunistically undertake species verification of acoustic marks, integrate the 
acoustic marks and produce a GIS map of verified and unverified distributions of 
functionally important mesopelagic species (e.g. krill, Antarctic silverfish). 
 
3.4.1 Acoustic recording of mesozooplankton 
 
The results of the acoustic survey undertaken during TAN0602 have been analysed in conjunction with 
acoustic records from commercial fishing vessels operating elsewhere in the Ross Sea and have been 
reported in detail elsewhere (O’Driscoll & Hanchet 2006). In brief, O’Driscoll & Hanchet (2006) report 
that the data quality collected during TAN0602 was too poor for quantitative analysis because of 
interference with other acoustic instruments being run for the geophysical and oceanographic work. These 
instruments included a Simrad EM300 30 kHz swath mapping echosounder, which interfered with the 12 
and 38 kHz systems, and a RDI 150 kHz acoustic doppler current profiler (ADCP) which interfered with 
the 120 kHz system.  
 
However the simultaneous use of three frequencies (12, 38, and 120 kHz) on during TAN0602 did 
allow O’Driscoll & Hanchet (2006) to comment on the likely responses by different groups of 
organisms. They found that surface layers and surface schools were much stronger on 120 kHz than on 
38 kHz, and weak on 12 kHz, consistent with the acoustic response of krill or other large zooplankton. 
O’Driscoll & Hanchet (2006) also found that pelagic schools and pelagic layers both showed a more 
consistent response across all three frequencies and commented that this type of acoustic response is 
typical of swimbladder and non-swimbladder fish. It was not possible for O’Driscoll & Hanchet 
(2006) to reliably discriminate between these two categories based on the available data, because 
quantitative comparison of the frequency response was impossible (the echosounders were 
uncalibrated and there was the problem of acoustic interference). Also, although non-swimbladder fish 
tend to show increased acoustic response at higher frequencies, the frequency at which this increase 
occurs (“acoustic jump frequency”) depends on the size of the organism (Rolf Korneliussen pers. 
comm.). However, O’Driscoll & Hanchet (2006) conclude that the pelagic marks are more likely to 
contain fish than krill or zooplankton. 
 
O’Driscoll & Hanchet (2006) comment that small mesopelagic fish with swimbladders resonate at low 
frequencies and this leads to a high acoustic response at 12 kHz. They indicate that marks with this 
type of characteristic are common in shelf areas around New Zealand where myctophids and pearlside 
(Maurolicus australis) are known to be present, but were not observed in the Ross Sea. This was 
surprising as myctophids are widespread in Antarctic waters, with a commercial fishery for Electrona 
carlsbergi established around South Georgia in the early 1990s. 

 
 
3.4.2 Biological sampling 
 
A total of 108 sample lots of 14 different groups of organisms were taken during sampling with the 2 × 2 
m plankton net at thirteen stations on the eastern Ross Sea slope and around the Balleny Islands (Figure 
2.9 and Table 3.12). All samples have been appropriately labelled, stored and archived in the database 
SPECIFY and are held at the NIWA invertebrate collection at Greta Point, Wellington. Apart from 
krill (Euphausia superba) which is described in more detail below, these specimens will be identified 
as part of other projects or when visiting experts work on specific groups.   
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The best catches of krill (Figure 3.18) were made at the surface while very abundant large copepod 
species (about half the total biomass) were caught at all depths. Good catches of krill were made over 
a number of life-stages at the Balleny Islands.  
 
Rapid autolysis is a known problem with krill studies and krill samples collected during the voyage 
proved to be poorly preserved which resulted in them being unable to be staged. Due to time constraints 
at sea this could not be done while the material was fresh. However, all krill were measured following 
CCAMLAR observer guidelines (Total body length (AT) – front of eye to tip of telson) (see Figure 
3.19). 
 
Analysis of krill length frequencies in tows completed in both the Ross Sea and around the Balleny 
Islands (Figure 3.20) revealed populations dominated by younger age class cohorts although no 
distinction could be made between sexes. This may have also been a result of larger krill avoiding the 
net. However, it should be noted that ageing krill by length is highly uncertain because they may 
decrease in size over winter and in poor food years (McGaffin et al. 2002). 
 
At a tow around 150 m at Sturge Island in the Balleny group the sample population was bimodal with 
peaks around 15 mm and 25 mm (AT) which correspond to 0+ and 1 + year classes but also included 
larger individuals to 46 mm (AT) which may be from the 4 + year class (Figure 3.21). Tows at the 
surface and 50 m at Young Island had a similar size range but a single large peak of 0+ krill. 
 
Data pooled from the Ross Sea tows revealed a sample population dominated by 0+ and 1+ individuals 
with no krill greater than 38 mm AT. 
 
 
 
Table 3.12: Sample lots held at NIWA Greta Point from plankton tow stations occupied during TAN0602.  
 

Phylum Class/Order Common name Species code Sample ‘lots’ 
     
Cnidaria Scyphozoa Jellyfish (medusae) JFI 2 
Ctenophora  Ctenophores ZTE 7 
Mollusca Cephalopoda Squid SQX 4 
 Pteropoda Pteropods MOL 4 
Arthropoda/ Copepoda Copepods COP 20 
Crustacea Amphipoda Amphipods APH 19 
 Euphausiiacea Krill EUP 15 
  Unknown crustacea CRU 1 
Annelida Polychaetes Tomopteris POL 8 
Chordata Salpida Salps SAL 9 
Chaetognatha  Arrow worms CTG 11 
Vertebrata Osteichthyes Fish larvae FIS 6 
 Osteichthyes Myctophid MYC 1 
     
  Un-identified UNI 1 
     
   TOTAL 108 
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Figure 3.18: Krill taken in the 2m × 2m plankton net at station 421 around the Balleny Islands during 
TAN0602. 

 
 
 

  
Figure 3.19: Measurement of total body length (AT) of krill caught during TAN0602: front of eye to tip of 
telson, to the nearest millimetre below (SC-CAMLR-VIII, Annex 5, Appendix 10). 
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              Krill AT length in mm - (AT) Anterior margin to tip of  telson

Figure 3.20: Krill (Euphasia superba) % size frequency distribution from pooled
stations for the Balleny Islands (top) and Ross Sea (bottom) during TAN0602
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Figure 3.21: Krill (Euphausia superba) numerical size frequency distribution around the Balleny Islands 
during TAN0602. 
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3.5 Specific Objective 5: To undertake routine identification and abundance estimates of 
marine mammal and seabird species and deliver raw and GIS summarised data to 
other related projects in order to generate spatially and temporally explicit 
population biomass and foraging distribution estimates for top air-breathing 
predators in the Ross Sea. 

 
3.5.1 Marine mammals 
 
A total of 227 marine mammals (e.g., Figure 3.22) were observed along the ship’s track (Figure 3.23). 
Minke whales, the smallest of the baleen whales, made up 40% of sightings and occurred 
predominantly over depths of 2000–4000 m on the south-eastern continental slope in an area of broken 
sea ice (Figures 3.23 and 3.24). Over fifty humpback whales (Figure 3.22) were sighted primarily 
around the Balleny Islands and south-east of Scott Island, north of 70oS. Fin whales were also sighted 
south-east of Scott Island and may have been the unidentified species sighted in the south-eastern Ross 
Sea (Figure 3.23). Orca were sighted in both these regions. A pair of beaked whales was sighted north 
of the Balleny Islands on the leg north to New Zealand. No marine mammals were observed in a large 
area of the southern and western Ross Sea (Figure 3.23). 
 
The whale sightings data, if they are to be used for estimating biomass, require standardisation to take 
into account changes in sighting conditions due to the sea-state, proximity to pack-ice edge and 
atmospheric visibility. The station records associated with each sighting provide this information and 
are included in the electronic database. The sightings data could be integrated with similar data 
collected during other RV Tangaroa voyages to the Ross Sea, along with relevant environmental data 
collected by the on-board DAS system, and used to model the predicted distribution of various marine 
mammal species in the Ross Sea region. This task was outside the project brief and funding. 
 

 
 

Figure 3.22: Humpback whale sighted at close quarters from the work boat, Balleny Islands, March 2006. 
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Figure 3.23: Distribution of marine mammal sightings during TAN0602. 
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Figure 3.24: Number (top) and percent occurrence (bottom) of marine mammal species observed south of 
60oS during TAN0602. 
 
 
3.5.2 Seabirds 
 
360o instantaneous counts 
The distribution of bird count stations is shown in Figure 2.11. A total of 2569 individual seabirds in 
seventeen categories were observed during 702 instantaneous counts in a radius of 300 m of the RV 
Tangaroa (Table 3.13). The most abundant species were snow petrels, cape petrels, Antarctic petrels 
and southern fulmars, with fewer than one hundred individuals observed of each of the remaining 
thirteen categories (Figure 3.25).                     
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Table 3.13: Summary of data for 17 categories of seabirds observed in the Ross Sea during 702 360o instantaneous counts of seabirds around RV Tangaroa 
during TAN0602. Zone 1 = less than 50 m from the ship; Zone 2 = 50–100 m from the ship; Zone 3 = 100–300 m from the ship. 
 

Species 
Bow total Starboard 

total 
Port total Stern total Total all 

sectors 
 Zone 1 total Zone 2  

total 
Zone 3 total 

          
Snow Petrel 181 235 156 213 785  186.9 68.9 4.9 

Cape Petrel 65 101 357 172 696  125.1 37.4 8.7 

Antarctic Petrel 237 209 70 138 654  208.2 59.7 1.2 

Southern Fulmar 74 42 33 70 219  29.0 34.2 1.0 

Sooty Shearwater 75 13 2 0 90  0.0 20.0 0.4 

Southern Giant Petrel 8 15 2 31 57  7.1 5.5 0.6 

Black-browed Albatross 0 2 3 7 12  1.1 1.3 0.1 

Wilson's Storm Petrel 5 0 1 4 10  3.3 1.1 0.0 

Antarctic Tern 7 2 0 0 9  0.0 2.4 0.0 

Prion 3 0 3 3 9  3.3 0.8 0.0 

Light Mantled Sooty 
Albatross 

1 3 0 4 8  0.6 8.6 0.1 

Blue Petrel 2 2 0 1 5  1.1 0.8 0.0 

White Headed Petrel 2 0 0 2 4  0.0 0.5 0.1 

Mottled Petrel 1 1 1 0 3  0.0 0.3 0.1 

Wandering Albatross 1 0 0 2 3  0.0 0.5 0.0 

Skua 0 2 0 0 2  0.6 0.3 0.0 

Unidentified 1 0 2 0 3  0.0 0.0 0.1 

Total 663 627 630 647 2569  566.1 242.0 17.3 
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Figure 3.25: Total number of individual seabirds in seventeen categories observed during instantaneous counts within a radius of 300 m of the RV 
Tangaroa during TAN0602. 
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Figure 3.26: Distribution of the six most common seabird species counted in sectors around the RV 
Tangaroa during 360o instantaneous counts during TAN0602. 
 
The overall number of seabirds observed in four sectors around the RV Tangaroa during 
instantaneous counts differed by less than 6% (Table 3.13). Snow petrels followed this general pattern 
but some species were more commonly observed in some sectors than others (Figure 3.26) indicating 
probable species-specific differences in flight behaviour around vessels in relation to prevailing and 
apparent wind direction and speed. Cape petrels were especially common in the port sector, Antarctic 
petrels were most common in the bow and starboard sectors, southern fulmars were more common off 
the bow and stern than the port and starboard, sooty shearwaters occurred mainly off the bow, while 
southern giant petrels occurred predominately off the stern. These differences in behaviour indicate 
the potential bias that can occur if seabird transects are conducted from a single standpoint on a 
vessel. 
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Figure 3.27: Density (numbers per ha) of the main seabird species in three zones around the RV Tangaroa 
during 360o instantaneous counts during TAN0602. Zone 1 = less than 50 m from the ship; Zone 2 = 50–
100 m from the ship; Zone 3 = 100–300 m from the ship.  
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The 360o instantaneous seabird count data were useful for describing the clumped distribution of 
seabirds around the RV Tangaroa (Figure 3.27). The data for snow petrels, which are vivid white and 
highly visible, are shown in Figure 3.28. The graph indicates that the mean change in density with 
distance from the ship appears to closely follow a log-normal distribution which would be expected if 
birds are strongly attracted to the ship. There was no significant fit of the data to linear, square root or 
cube root relationships which were expected if the drop in density with increasing distance from the 
ship was due to a decrease in the apparent size (i.e. visibility) of the birds. Cape petrels, Antarctic 
petrels and giant petrels showed a similar log-normal decline in density with distance from the ship 
although their r2 values were slightly smaller at 0.94, 0.96 and 0.91 respectively. Southern fulmars and 
sooty shearwaters showed a different pattern with a peak density in Zone 2, 50–100 m from the ship. 
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Figure 3.28: Snow petrels (top) and their mean abundance at different distances from the research vessel 
(bottom) during 360o instantaneous counts conducted during TAN0602. 
 
 
Transect counts of seabirds  
A total of 8031 seabird sightings were made over all the 422 transect counts undertaken. For analysis, 
all counts were converted to numbers per 1 km2 to take into account the distance covered during the 
count period. We found a negative exponential relationship between ship speed and numbers of seabirds 

64 • Biodiversity observations Ross Sea 2006 Ministry for Primary Industries 



 

observed during transects, that appeared to be due to inflation of counts at speeds less than 3 knots 
(Figure 3.29. This inflation at slow ship speeds was probably due to the propensity of some species to 
continuously circle the vessel during counts and thus to be counted numerous times during the 10 
minute observation period. At higher ship speeds the likelihood of this occurring was reduced. For data 
collected at ship speeds greater than 3 knots the relationship between ship speed and total seabird count 
explained less than 1% of the variance and thus we used just these data to plot the abundance 
distribution of seabirds (see below). 
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Figure 3.29: Relationship between total seabird count per transect and ship speed during TAN0602. 
 
We also found significant (p < 0.05) spatial autocorrelation of seabird counts (adjusted to numbers per 1 
km2) at lags of 1, 3, 4, 5, 7, 8 and 11 hours. The counts lagged two hours were marginally non-
significant. Lags of up to eleven hours typically included observations made within a single day. At the 
start of observations in the eastern Ross Sea up to sixteen consecutive hourly counts could be made 
within a single day. At the end of the observational period, as the vessel transited north to New Zealand, 
day length had reduced and a maximum of eleven consecutive hourly counts could be undertaken. On 
some days observations were curtailed or interrupted because of poor visibility. Autocorrelation on these 
scales has two explanations; it could indicate that birds follow ships for long periods during a single day, 
or that birds occur in larger scale clumps, perhaps as a consequence of underlying patterns in the 
distribution of prey species. This latter explanation is questionable as the ship’s track was unlikely to 
consistently coincide with patches of prey each day. 
 
Seabirds in total were patchily distributed along the ship’s track (Figure 3.30). Seabirds were absent at 
18% of count stations but occurred in densities of almost 1500 per km2 at others. The highest seabird 
abundances occurred in the south-eastern Ross Sea, at the northern approaches to the Ross Sea and 
around the Balleny Islands. Some species were widespread while others had more restricted 
distributions. Snowbirds (Pagodroma nivea) occurred predominately in the eastern and southern Ross 
Sea (Figure 3.31). Small numbers encountered around the Balleny Islands were likely to be a separate 
species or subspecies, P. confusa (Shirihai 2002). Cape petrels (Daption capense) were restricted to the 
northern approaches to the Ross Sea and did not occur south of 73oS (Figure 3.32). Antarctic petrels 
(Thalassocia antarctica) had a similar distribution to snow petrels but were less abundant in the western 
Ross Sea and more abundant north of 70oS (Figure 3.33). Southern fulmars (Fulmarus glacialoides) did 
not occur south of 71oS and were particularly abundant around the Balleny Islands (Figure 3.34). Giant 
petrels (Macronectes giganteus) occurred at low abundances along the ship’s track in the eastern and 
northern Ross Sea (Figure 3.35). 
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Figure 3.30: Abundance (number per 1 km2) of all seabirds at observation stations along the ship’s track 
during TAN0602 where the ship speed exceeded 3 knots. 
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Figure 3.31: Abundance (number per 1 km2) of snow petrels at observation stations along the ship’s track 
during TAN0602 where the ship speed exceeded 3 knots. 
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Figure 3.32: Abundance (number per 1 km2) of Cape petrels at observation stations along the ship’s track 
during TAN0602 where the ship speed exceeded 3 knots. 
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Figure 3.33: Abundance (number per 1 km2) of Antarctic petrels at observation stations along the ship’s 
track during TAN0602 where the ship speed exceeded 3 knots. 
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Figure 3.34: Abundance (number per 1 km2) of southern fulmars at observation stations along the ship’s 
track during TAN0602 where the ship speed exceeded 3 knots. 
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Figure 3.35: Abundance (number per 1 km2) of southern giant petrels at observation stations along the 
ship’s track during TAN0602 where the ship speed exceeded 3 knots. 
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3.6 Specific Objective 6: To undertake automated water sampling in order to monitor 
the identities and spatial and temporal distributions of plankton in the Ross Sea 
region and to allow ground-truth of data collection from satellites (e.g. surface 
seawater temperature, and chlorophyll-a concentration) 

 
3.6.1 Continuous Plankton Recorder 
 
TAN0602 provided an opportunity to make a deployment in the rarely-surveyed eastern Ross Sea 
(tow 5). A total of eight deployments were made during the entire voyage, with the gear towed for 
over 260 hours and a combined distance run of 2918 nautical miles (see Appendix 4). Sea water 
temperatures during these deployments ranged from almost 20oC near Wellington to -1.2oC in the 
southern Ross Sea (Figure 3.36). 
 
Tows 1–4 were made on the transit south through the Antarctic Convergence (Polar Front) at about 
58o S, to the Antarctic divergence; a zone at approximately 65o S where opposing currents result in 
upwelling. Typically, zooplankton diversity is higher in the convergence and lower south of the 
divergence (Hunt & Hosie 2005, Gutt et al. 2010), and tows 5, 6A and 6B were within this more 
southern zone (see Table 3.14 and Figure 2.14). Tow 7, north of the divergence, ran in an east-west 
direction from Scott Island across to the Balleny Islands and tow 8 continued on the northern transit to 
New Zealand until 59o S. The only issue was with ice conditions, resulting in deployments being 
curtailed or fragmented, as was the case with tows 5, 6A and 6B. 
 
The abundance of total zooplankton was greatest around 58o S and 63o S in and south of the Polar 
Front (Figure 3.37). Overall, the tow composition was not greatly different from previous tows further 
west in the same zone south of Australia (Hunt & Hosie 2005, Graham Hosie, AAD pers. com). Tow 
1 was different to the others in composition with its proximity to New Zealand and a dominance of 
calanoid copepods and the euphausiid Nyctiphanes (Figures 3.38 and 3.39). 
 
Tows 2, 3 and 4, north of the divergence, were similar to previous tows in the region (Hunt & Hosie 
2005). However, the abundance of the cyclopoida copepod, Oithona sp. was surprisingly low 
(Pinkerton et al. 2010). It usually makes up some 50% of individuals captured during high summer 
and on this occasion their abundance ranged from 14% to 40% of individuals present. Interestingly, 
tow 4 was the only deployment that realised any significant numbers of Antarctic krill Euphausia 
superba (n = 86), and a large proportion of these were in a single five nautical mile segment at about 
66o S which reflects the swarming behaviour of this species. 
 
For tow 5 and the fragmented tow 6, south of the divergence, the abundance of surface zooplankton 
species dropped, but this is usual amongst the sea ice (Gutt et al. 2010). Surprisingly neither 
Euphausia crystallorophis nor Euphausia superba were present in these tows. Tow 6 had a very high 
count (up to 97% of individuals) of the pelagic pteropod Limacina retroversa while transiting east 
from Terra Nova Bay beyond the extensive pancake ice zone (Figure 3.40). Previous studies have also 
reported high abundances of Limacina sp in the western Ross Sea (Foster 1989, Seibel & Dierssen 
2003, Hunt et al. 2008). 
 
Tow 7 from Scott Island across to the Balleny Islands generally had low species diversity and 
abundances. The cyclopoida copepod Oithona was more common than the previous south bound tows 
encountered at these latitudes during earlier stages of this voyage (tows 2–4). 
 
Species composition for tow 8 from the Balleny Islands north across the Antarctic divergence was 
similar to previous tows in the region (Hunt & Hosie 2005) with Oithona making up to 45% of 
individual abundances. Foraminifera were patchily distributed with highest abundances between 55° S 
and 60° S, in the south-western Ross Sea and just north of the Balleny Islands (Figure 3.41). Species 
that were present in tows 2–4 became more evident again further north, including calanoid copepods 
such as Calanus simillimus. 
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Figure 3.36: Surface seawater temperatures (oC) along the track of CPR segments collected during 
TAN0602. 
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Figure 3.37: Distribution and abundance (total per 5 nautical mile segment) of total zooplankton along the 
track of TAN0602. 
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Figure 3.38: Distribution and abundance (total per 5 nautical mile segment) of copepods along the track of 
TAN0602.  
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Figure 3.39: Distribution and abundance (total per 5 nautical mile segment) of euphausids along the track of 
TAN0602. 
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Figure 3.40: Distribution and abundance (total per 5 nautical mile segment) of pteropods along the track of 
TAN0602. 
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Figure 3.41: Distribution and abundance (total per 5 nautical mile segment) of foraminifera along the track 
of TAN0602.  
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3.6.2 Fluorometer data 
 
Fluorometer data collected along the ship’s track indicated significant changes in primary productivity 
with highest values south of 63oS (Figure 3.42). Samples of phytoplankton taken at 13:00 hrs each day 
and analysed for chlorophyll-a concentration back in the laboratory were only weakly (r2 = 0.2) 
correlated to fluoresence levels as recorded by the on-board fluorometer (Figure 3.43). 

 
Figure 3.42: Fluorometer values along the ship’s track during TAN0602. 
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Figure 3.43: Relationship between fluoresence and chlorophyll-a concentration in the Ross Sea measured 
at 13:00 NZST each day during TAN0602. The power curve, equation, and r2 values are shown. 
 
 
4. DISCUSSION AND CONCLUSIONS 
 
The biological sampling programme undertaken during TAN0602, although secondary to the 
geophysical survey, has allowed insight into the distribution and abundance of a wide variety of 
surface, water column and benthic fauna on the scale of the entire Ross Sea. 
 
We obtained strong experimental evidence for the absence of bias in estimates of abundance of one 
group of benthic fishes, the Notothenidae, caused by the use of flood lights during video surveys. 
This result is key to using this method to assess the distribution, size composition, abundance, and 
biomass of these fishes in Antarctic waters. To our knowledge this is the first experimental in situ 
investigation of the reaction of any Antarctic fish species to the methodology used to assess its 
abundance. The result is also unusual in that a review of the reactions of forty-eight demersal fish 
species worldwide to underwater imaging platforms found that almost all fish react in some way to 
underwater vehicles (Stoner et al. 2008). Earlier Uzmann et al. (1977) concluded that negative and 
positive phototaxis by fish could lead to under- or over-estimates of their abundance when sampled 
with underwater imaging equipment using artificial light sources. Recent work by Ryer et al. (2009) 
on seven species of northern Pacific ground fish suggests that active species may react to the looming 
lights of an approaching vehicle while the least active species remain stationary. Nothothenids are 
typically inactive. Previous experimental studies in New Zealand waters found that orange roughy, 
and especially hoki, are strongly attracted to underwater flood lights rendering unbiased video 
assessment of their abundance impossible (MacDiarmid unpublished data). In a review of the use of 
underwater vehicles to assess the abundance of fish, Stoner et al. (2008) highlight the dearth 
worldwide of studies that investigate potential assessment bias, and recommend that a proportion of 
vehicle time be devoted to experimental evaluation of methods in all future studies.  
 
The same experimental approach should be used to ascertain the potential bias in video assessment of 
other demersal fish, including Antarctic toothfish which has been imaged underwater (Eastman & 
Barry 2002 and see http://www.peterbrueggeman.com/nsf/fguide/chordata21.html), as has the closely 
related Patagonian toothfish (Collins et al. 1999). Unfortunately, the cruise track and higher research 
priorities during the voyage did not allow targeting of core toothfish areas during TAN0602. A 
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dedicated voyage targeting toothfish in their area of highest abundance may be required to assure 
completion of this objective at some later date. 
 
We detected positive spatial autocorrelation of the density of notothenids in about a third of the 
strings of images at lags of 2 to 23 images or about 10–100 m, indicating some higher order spatial 
structure. This may be indicative of larger scale changes in habitat structure that Notothenids respond 
to, though we could not detect any association between Nototheinids and any aspect of habitat 
structure at the scale of whole images. Alternatively, these lagged autocorrelations may indicate 
behavioural interactions amongst fish so that they display regular patterns in abundance on the scale 
of tens to a hundred metres. On the other hand, the spatial autocorrelation at longer lags may be 
indicative of systematic changes in altitude of the camera system above the seafloor. The slow 
feedback of camera altitude to the winch operator during this voyage, for periods caused the camera to 
be closer then further from the seafloor than the optimal 2–4 m. NIWA’s present Deep Towed 
Imaging System (DTIS) may be less susceptible to this problem as it has a live video link that 
provides the camera winch operator with a more immediate indication of altitude and so can be flown 
more reliably at the target height above the seafloor. Exploration of autocorrelation among images 
from more recent and larger sets of seafloor images from the Antarctic collected using DTIS may 
provide insight into which of these explanations is correct and allow reliable inferences to be made of 
the roles that habitat structure and behavioural interactions play in the spatial organisation of demersal 
fishes. 
 
Our preliminary findings of associations between rattails (probably Macrourus whitsoni) and 
components of the sessile and mobile fauna at a range of scales is interesting and worthy of further 
investigation, especially given that M. whitsoni comprises 75% of the biomass of medium sized 
demersal fishes in the Ross Sea and is important in the diet of Antarctic toothfish (Pinkerton et al. 
2009). The strong association of rattails with ophiuroids within 5 cm (r2 = 0.94) and within one body 
length (r2 = 0.86) may be related to increased prey availability near ophiuroids. Based on recent 
stomach content analysis M. whitsoni probably does not prey upon ophiuroids directly, but may make 
use of their activity to prey on benthic amphipods and isopods (Hanchet et al. 2008b). In images of the 
seafloor ophiuroids left characteristic arm movement marks on the sediment surface and were often 
situated in a slight depression indicating regular and active disturbance of the sediment thus increasing 
the chances of prey being exposed to nearby fish.  
 
At the scale of the whole image, the density of rattails was positively associated with the density of two 
erect invertebrate groups; gorgonians (r2 = 0.87), and Anthomastus spp, a soft coral (r2 = 0.56), but not 
with ophiuroids (Figure 3.16). The reasons for this association were not obvious but these erect species 
may provide cover from Antarctic toothfish, the main predator of Macrourus whitsoni (Pinkerton et al. 
2005). The modest positive relationship between rattail (probably Macrourus whitsoni) length and 
depth (Figure 3.5) suggests that they either move deeper as they grow or attain larger sizes at deeper 
depths. 
 
The camera system used during the voyage was a predecessor of the Deep Towed Imaging System 
(DTIS), now proven by use around New Zealand and in Antarctica, but was less reliable. 
Nonetheless, spectacular images of the seafloor at depths of 70–800 m were obtained, particularly 
around the Balleny Islands, which in many areas revealed a diverse and abundant sessile and mobile 
invertebrate fauna. Echinoderms, especially ophiuroids and holothurians, dominated the mobile fauna 
while ascidians, gorgonians and sponges were about equally abundant. These sessile fauna all rank high 
according to Parker & Bowden’s (2010) vulnerability to fishing criteria. 
 
The benthic fauna sampled at the Balleny Islands was similar to that recovered during BioRoss 2004 
and appears distinct from other localities at similar latitudes within the region. The abundances of sessile 
fauna, including gorgonians, sponges and ascidians appear to be much greater than found at Scott Island 
and Admiralty seamount (Bowden et al. 2011). Asteroids were about twenty times more abundant than 
at Admiralty seamount and about five times more abundant than at Scott Island. Echinoids were about 
400 times more abundant than at Admiralty Seamount and about twenty times more abundant than at 
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Scott Island. Ophiuroids were common at all depths around the Balleny Islands at mean densities of 9 m-

2 but, other than the large suspension-feeding species Ophiocamax gigas, were abundant only on the 
summit plateau of Admiralty seamount and common only on some peaks at Scott Island (Bowden et al. 
2011). Very few branching hydrocorals from the family Stylasteridae, such as Errina spp. were 
recovered from direct sampling or observed in any of the benthic images. This was in contrast to some 
locations in the western Ross Sea during BioRoss 2004 where stylasterid corals covered extensive 
areas. The high abundances of holothurians at the Balleny Islands were not observed at the other 
localities but at the Balleny Islands we found only two isolated specimens of stalked crinoids. Bowden 
et al. (2011) suggested that predation by benthic invertebrates restricted high densities of stalked 
crinoids to isolated knolls with few predators at Admiralty Seamount. This same mechanism may 
account for their apparent rarity at the Balleny Islands although further exploration, especially of deep 
isolated rock knolls, may find further populations.  
 
Identification of the fauna and flora collected at the Balleny Islands during TAN0602 have so far 
revealed possible new species of gorgonians and sea stars and several new records for the region. 
Further examination of the four hundred and forty sample lots of faunal and floral groups sampled 
during the voyage may yet reveal other new species and records for the Balleny Islands. 
 
During the voyage we sampled organisms in the water column using acoustics, horizontal hauls with 
a large plankton net and high speed horizontal sampling of near surface zooplankton with a 
continuous plankton recorder (CPR). The three methods are complimentary but overall the CPR 
proved the most successful tool.  
 
Interference with other acoustic instruments being run for the geophysical and oceanographic work 
limited the ability of the Simrad EA500 echosounder via hull-mounted 12, 38, and 120 kHz transducers 
to undertake a continuous acoustic survey of the water column. However, these data do provide an 
overall indication of the spatial distribution and abundance of mesozooplankton generally in the 
eastern and northern Ross Sea. These data have been analysed by Richard O’Driscoll along with 
acoustic data from the Ross Sea collected by several commercial vessels seeking toothfish. These 
data have been reported separately (see O’Driscoll & Hanchet 2006) and suggest that multifrequency 
surveys of the water column should routinely be carried out in the region whenever interference from 
geophysical surveys is absent. Calibration of RV Tangaroa‘s hull mounted transducers should be a 
priority for further research activities in the Ross Sea. 
 
The plankton net used in this voyage, although it did sample an interesting selection of 
macrozooplankton including krill, was inadequate to target and reliably sample discrete depth layers. 
In the future, NIWA’s MOCNESS will be used for this purpose. 
 
We undertook the first deployment of a continuous plankton recorder (CPR) within New Zealand 
waters and extended its deployment in Antarctic waters well to the east of previous Australian 
deployments, assisting to fill a gap in CPR coverage around Antarctica. Overall, deploying the CPR 
during transits on this voyage was very successful in obtaining an overview of the zooplankton 
distribution and has helped build on the knowledge in areas where few CPR deployments have been 
made previously. Pinkerton et al. (2010) used the CPR zooplankton data from TAN0602 to help 
describe the spatial and seasonal distribution of adults of the cyclopoid copepod, Oithona similis, in 
the Southern Ocean. For two of 12 Southern Ocean sectors, data from TAN0602 were the only CPR 
data then available. 
 
Deployment of the CPR was achieved with minimal impact on ship time while working around the 
main geo-seismic objective of the voyage. The CPR units worked perfectly for every deployment and 
success with this sampling technique during the voyage has been instrumental in gaining support for a 
research project that deploys a CPR from a commercial toothfish fishing vessel each summer during 
transits to and from the Ross Sea (ZBD200815). 
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The RV Tangaroa proved an ideal vessel from which to conduct marine mammal sightings, with a 
total of 227 observed along the ship’s track. Minke whales, the smallest of the baleen whales made up 
40% of sightings and occurred predominantly in the south-eastern Ross Sea in an area of broken sea 
ice. Fin whales also occurred in these areas. Interestingly, marine mammals were not observed in a 
large area of the southern and western Ross Sea. Sightings of over fifty humpback whales during the 
voyage, primarily around the Balleny Islands, reinforce the importance of this island group for this 
species. Krill dominated the macrozooplankton in hauls of the plankton net made around the islands, 
indicating their importance as a summer feeding ground for whales.  
 
The whale sightings data if they are to be used for estimating biomass require standardisation to take 
into account changes in sighting conditions due to the sea-state, proximity to pack-ice edge and 
atmospheric visibility. This task was outside the project brief and funding. 
   
The seabird data indicated some potentially serious biases in the observed counts of birds around the 
RV Tangaroa. These biases included attraction to the research vessel for three of the six main species 
in the Ross Sea as indicated by their clumped log-normal distribution, species specific variation in 
distribution around the research vessel, indicating probable differences in flight behaviour around 
vessels in relation to apparent wind direction and speed, and autocorrelation of seabird counts 
conducted within a day suggesting that birds follow vessels for long periods. The 360o instantaneous 
counts are less prone to the problem of species specific differences in behaviours around the vessel 
because birds are more or less simultaneously counted in all sectors. Gaston et al. (1987) caution, 
however, that the limited time taken to undertake a full 360o degree survey may still allow some bias 
to occur. Attraction to, and following of, the vessel remain serious issues. These biases probably do 
not influence identification of larger scale patterns of distribution such as we observed at the scale of 
the Ross Sea (e.g. Figures 3.30–3.35) but they may strongly influence inferences made about seabird 
distributions on spatial scales sampled within a day. The problem of attraction to ships must be 
addressed if sightings of seabirds from vessels are to be used in estimating seabird biomass, for 
example (Schneider 2007). This especially applies to remote areas such as the Ross Sea where 
alternative approaches, such as aerial surveys from small planes or helicopters (e.g. Certain & 
Bretagnolle 2008), may not be possible. 
 
The sightings data could be integrated with other similar data collected during other voyages to the 
Ross Sea along with relevant environmental data and used to model the predicted abundance 
distribution of various seabird species in the Ross Sea region. This task was outside the project brief 
and funding. 
 
The biological sampling programme carried out during TAN0602 must be judged successful given the 
size of the team (three biologists) and the range of data collected over the course of seven weeks. Data 
collected during TAN0602 have already been used in several journal publications (e.g. O’Driscoll & 
Hanchet 2006, Pinkerton et al. 2010) and more may eventuate. There remain distinct possibilities for 
data sets collected during this voyage to be integrated with data from other voyages to the region so 
that a broader understanding of Ross Sea wide patterns of marine biodiversity, and the reasons for 
these, emerge. 
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APPENDIX 1: VIDEO EQUIPMENT AND ANALYSIS 
 
a) Video equipment 
 
The video camera and associated equipment consisted of: 
 

- Sony Handicam with miniDV tapes of 60 minute duration but set on long play to give 90 
minutes of recording. 

- Titanium camera housing with perspex port rated to about 1200 m depth (vertically 
orientated) 

- Floodlight controller with manual timer 
- 3 x 24 volt Deep-multi Sealites rated to 6000 m and a combined output of 600 watts. 
- 2x Deep Sea Power & Light 12 volt lead-acid batteries wired in series to power 

floodlights. 
- 2 x Underwater Video System scaling lasers rated to 2250 m mounted 20 cm apart. 

 
 
b) Video Analysis 
 
Although no direct analysis and interpretation of results from video are documented in this report, 
video was important for confirming when the floodlights were ‘on or off’ for the demersal fish 
abundance experiment as described in Specific Objective 1.  
 
Events occurring on video were matched and calibrated with time stamps on still images to accurately 
determine. 
 
A. Time of deployment/hauling. 
B. Time on/off the seafloor. 
C. Time when floodlights were turned on/off and which still image corresponded to the specific 

floodlight phase.  
D. By determining specific times we could approximate the ships position and camera depth for 

later analysis. 
 
Video was also used to derive replacement stills by frame grabbing for use in the analysis of specific 
objective 1 when the primary still camera was plagued with intermittent faults on some deployments. 

 
In summary, just over 9 hours of footage from 18 deployments on this voyage was achieved when 
floodlights were on. This proved a useful tool to broadly characterise habitats, invertebrate and fish 
communities. No evidence of toothfish or skates was observed on these archived tapes.  
 
Seafloor video footage in many of the transect areas revealed a high overall diversity of invertebrate 
species, and on occasions, high densities of ophiuroids, holothurians and anemones. The distribution 
of many species within faunal groups seemed to be depth related but this requires further analysis.   
 
In areas with harder substrates; sponges, hydroids and gorgonians dominated the sessile taxa whereas 
in silty soft-sedimented regions, detritus grazers such as ophiuroids, holothurians and polychaete 
worms were common. 
 
MiniDV tape copies of the original tapes were completed at sea and then later backed up at the 
highest possible resolution to fit on to one DVD disc on shore. These tapes/DVD’s are held in archive 
cabinets at NIWA, Greta Point. 
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APPENDIX 2: VIDEO LOG AND DESCRIPTION FOR ROSS SEA AND BALLENY 
ISLANDS - TAN0602 
 
 
Camera drop 1  Station 71  Depth: 550 m  
 
Locality: Ross Shelf  Start  76o 05.12’ S  166o 01.45’ W  
     Finish 76o 04.15’ S  166o 03.23’ W 
 
Substrate:  Gravel, cobbles, boulders with some soft sediment 
 
 Fish:  Crocodile icefish - Family Channicthyidae 
 
Invertebrates:  Sponges, stylasterid corals, sea whips, gorgonians, sea pens, bryozoans, asteroids,   

ophiuroids, crinoids 
 
 
Camera drop 2  Station 148  Depth: 664 – 700 m  
 
Locality:   Terra Nova Bay Start  74o 44.88’ S  164o 32.27’ E   
    Finish 74o 45.26’ S  164o 32.60’ E 
 
Substrate:  Silty sediment, cobbles, boulders  
 
 Fish:  Crocodile icefish – Family Channicthyidae  
  
Invertebrates: Sponges, anemones, hydroids, asteroids, ophiuroids, crinoids  
 
 
Camera drop 3  Station 379  Depth: 405 – 431 m  
 
Locality:   Scott Island  Start  67o 21.18’ S  179o 54.45’ W   
    Finish 67o 21.18’ S  179o 54.05’ W 
 
Substrate:  Volcanic scree/gravels, cobbles  
 
Fish:  Crocodile icefish – Family Channicthyidae 
  Cod icefish – Family Nototheniidae 
  Rattails – Family Macrouridae 
  Eel pouts – Family Zoarcidae 
  Eel cods – Family Muraenolepididae 
  
Invertebrates: Sponges, Pennatulaceans (Sea pens), many crabs (Paralomis spp), asteroids, 

ophiuroids, echinoids 
 
 
Camera drop 4  Station 380  Depth: 673 – 990 m  
 
Locality:   Scott Island  Start  67o 20.76’ S  179o 50.26’ W   
    Finish 67o 20.92’ S  179o 49.41’ W   
  
Substrate:  Scree, gravel, shell rubble, bedrock   
 
Fish:  Rattails – Family Macrouridae 
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Invertebrates: Sponges, gorgonians (Acanthogorgia), bryozoans, crabs (Paralomis), ophiuroids, 

echinoids  
 
 
 
Camera drop 5  Station 393  Depth: 843 – 823 m  
 
Locality:   Scott Island  Start  67o 23.76’ S  179o 58.01’ W   
    Finish 67o 23.53’ S  179o 57.52’ W   
  
Substrate: Gravel, shell rubble, bedrock (rugged – camera came fast for a period)    
Fish:  Rattails – Family Macrouridae 
  Eel pouts – Family Zoarcidae 
  Eel cods – Family Muraenolepididae 
  
Invertebrates:  Sponges, anemones, gorgonians (Acanthogorgia), soft corals (Anthomastus), 

hydroids, bryozoans, crabs (Paralomis), asteroids, ophiuroids, crinoids (including 
stalked), holothurians  

 
 
Camera drop 6  Station 419  Depth: 98 – 109 m  
 
Locality:   Sturge Island  Start  67o 13.91’ S  164o 42.79’ E             Balleny 
Islands        Finish 67o 13.57’ S  164o 41.68’ E  
      
Substrate: Mud and isolated cobbles   
 
Fish:  Cod icefish – Family Nototheniidae 
  
Invertebrates:  Sponges, anemones, gorgonians (Thouarella, Primnoidea), sea whips, sea pens, 

hydroids, bryozoans, ophiuroids (Astrotoma), ascidians 
 
 
Camera drop 7  Station 423  Depth: 250 – 324 m  
 
Locality:   East Sturge Island  Start  67o 12.75’ S  164o 45.72’ E        
Balleny Islands   Finish 67o 12.33’ S  164o 46.29’ E  
      
Substrate:  Mud, gravel/cobbles, isolated boulders  
 
Fish:  Cod icefish – Family Nototheniidae  
  
Invertebrates: Sponges, gorgonians (Thouarella, Primnoidea), sea whips, sea pens, ophiuroids 

(Astrotoma), echinoids, holothurians   
 
 
Camera drop 8  Station 425  Depth: 73 – 80 m  
 
Locality:   South Buckle Island  Start  66o 55.28’ S  163o 14.29’ E                                                                            
       Balleny Islands  Finish 66o 55.45’ S  163o 14.04’ E  
      
Substrate:  Mud with isolated boulders  
 
Fish:  Cod icefish – Family Nototheniidae 
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Invertebrates: Sponges, gorgonians (Thouarella, Primnoidea), hydoids, bryozoans, asteroids (many 

spp), ophiuroids (many individuals), ascidians   
 
 
Camera drop 9  Station 431  Depth: 326 – 638 m  
 
Locality:    Buckle Island   Start  66o 40.16’ S  163o 13.34’ E                                                                             
Balleny Islands  Finish 66o 38.60’” S  163o 13.47’ E  
      
Substrate:  Mud with isolated boulders   
 
Fish:  Crocodile icefish – Family Channicthyidae 
  Cod icefish – Family Nototheniidae 
  Rattails – Family Macrouridae 
  Eel cods – Family Muraenolepididae 
 
  
Invertebrates:  Sponges, anemones, gorgonians (Thouarella), sea pens, sea whips, soft corals 

(Anthomastus), Scale worms, asteroids, ophiuroids (Astrotoma), echinoids, 
holothurians 

 
 
Camera drop 10  Station 432  Depth: 759 – 720 m  
 
Locality:    East Buckle Island   Start  66o 36.11’ S  163o 05.32’ E                                                                            
       Balleny Islands  Finish 66o 36.43’ S  163o 06.01’ E  
      
Substrate:  Fine silt  
 
Fish:  Rattails – Family Macrouridae 
  Eel cods – Family Muraenolepididae 
 
  
Invertebrates: Anemones, gorgonians, scale worms, pycnogonids, shrimps, ophiuroids, crinoids, 

holothurians (many). 
 
 
 
Camera drop 11  Station 433  Depth: 672 – 625 m  
 
Locality:    East Buckle Island   Start  66o 45.00’ S  162o 50.73’ E                                                                            
       Balleny Islands  Finish 66o 44.92’ S  163o 51.15’ E  
      
Substrate:  Fine silt  
 
Fish:  Rattails – Family Macrouridae 
  Cod icefish – Family Nototheniidae 
  
Invertebrates: Sponges, anemones, gorgonians (Primnoidea), sea pens, asteroids, ophiuroids, 

echinoids.  
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Camera drop 12  Station 434  Depth: 422 – 433 m  
 
Locality:    Buckle Island   Start  66o 44.53’ S  162o 52.88’ E                                                                            
       Balleny Islands  Finish 66o 44.41’ S  162o 55.23’ E  
      
Substrate: Fine silt   
 
Fish:  Rattails – Family Macrouridae 
  Cod icefish – Family Nototheniidae 
  
Invertebrates: Anemones, soft corals (Anthomastus), gorgonians (Thouarella), polychaete worms, 

bryozoans, ophiuroids, holothurians. 
 
 
Camera drop 13  Station 443  Depth: 217 – 100 m  
 
Locality:    Buckle Island   Start  66o 47.68’ S  163o 04.28’ E                                                                            
       Balleny Islands  Finish 66o 47.67’ S  163o 05.21’ E  
      
Substrate:  Silt, gravel/cobbles.  
 
Fish:  Cod icefish – Family Nototheniidae 
  
Invertebrates: Sponges, anemones, gorgonians (Thouarella, Primnoidea), sea pens, hydroids, 

polychaetes, gastropods, bryozoans, octopods, asteroids, ophiuroids (Astrotoma), 
echinoids, holothurians, ascidians. 

 
 
Camera drop 14  Station 444  Depth: 644 - 656 m  
 
Locality:    Buckle Island   Start  66o 45.02’ S  162o 50.56’ E                                                                            
       Balleny Islands  Finish 66o 44.88’ S  162o 51.01’ E  
      
Substrate: Fine silt   
 
Fish:  Rattails – Family Macrouridae 
  Eel cods – Family Muraenolepididae 
  
Invertebrates: Anemones, gorgonians (Primnoidea), sea pens, sea whips, bryozoans, pycnogonids, 

shrimps, asteroids, ophiuroids, echinoids, holothurians. 
 
 
Camera drop 15  Station 445  Depth: 370 – 311 m  
 
Locality:    Buckle Island   Start  66o 35.94’ S  163o 03.11’ E                                                                            
       Balleny Islands  Finish 66o 35.08’ S  163o 00.25’ E  
      
Substrate:  Fine silt, gravel/cobbles, isolated boulders.  
 
Fish:  Cod icefish – Family Nototheniidae 
  Rattails – Family Macrouridae 
  Eel cods – Family Muraenolepididae 
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Invertebrates: Anemones, gorgonians (Thouarella), sea whips, soft corals (Anthomastus), scale 
worms, asteroids, ophiuroids, echinoids. 

 
 
 
Camera drop 16  Station 446  Depth: 134 – 176 m  
 
Locality:    Buckle ridge    Start  66o 38.52’ S  163o 05.38’ E                                                                            
       Balleny Islands  Finish 66o 37.69’ S  163o 02.45’ E  
      
Substrate: Fine silt, gravel/cobbles, isolated boulders.    
 
Fish:  Cod icefish – Family Nototheniidae 
 
  
Invertebrates: Sponges, anemones, gorgonians (Thouarella, Primnoidea), sea pens, soft corals 

(Anthomastus), hydroids, bryozoans, polychaetes, asteroids (Labidiaster), ophiuroids 
(Astrotoma), echinoids, holothurians, ascidians. 

 
 
 
Camera drop 17  Station 450  Depth: 672 – 798 m  
 
Locality:    Young Island   Start  66o 14.57’ S  162o 05.06’ E                                                                            
       Balleny Islands  Finish 66o 14.96’ S  162o 04.43’ E  
      
Substrate: Mud, gravel/cobbles, shell rubble, isolated boulders, rock ledge.   
 
Fish:  None seen 
  
Invertebrates: Anemones, stylasterid corals, gorgonians, sea whips, polychaetes, pycnogonids, 

bryozoans, shrimps, bivalves, ophiuroids, crinoids, holothurians. 
 
 
 
 
Camera drop 18  Station 452  Depth: 670 – 772 m  
 
Locality:    Young Island   Start  66o 15.01’ S  162o 08.91’ E                                                                            
       Balleny Islands  Finish 66o 14.78’ S  162o 04.72’ E  
      
Substrate:  Mud, cobbles, isolated boulders, rock ledges.  
 
Fish:  Rattails – Family Macrouridae 
  
Invertebrates: Anemones, stylasterid corals, gorgonians (Acanthogorgia), sea whips, polychaetes – 

scale worms, pycnogonids, bryozoans, shrimps, asteroids, ophiuroids (Astrotoma), 
crinoids including stalked, holothurians 
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APPENDIX 3: MARINE MAMMAL AND SEABIRD DATA SHEETS USED DURING 
TAN0602 
 

Count of marine mammal abundance through sector off Tangaroa 
TAN06-02 
 

Station 
No: 

Transect No: 
 

Stratum 
No: 

Port/Starboard: Count duration: 

Observer: 
 

Date:   Observed 
range: 

Distance over 
ground (nm): 
 

      
Marine mammals 

Species No. adults observed No. calves 
observed 

Behaviour 

Blue     
Sei/Brydes    
Minke    
Southern Right    
Humpback    
Unidentified baleen  
whale 

   

    
    
Sperm whale    
Killer morph A    
Killer morph B    
Killer Morph C    
Dolphins    
    
    
    
Leopard Seal    
Weddell Seal    
Ross  Seal    
Unidentified seal    
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Count of seabird abundance through sector off Tangaroa 
TAN06-02 
 

Station No: Transect 
No: 
 

Stratum No: Port/Starboard: Count duration: 

Observer: 
 

Date:   Observed 
range: 

Distance  over 
ground (nm): 
 

 
Seabird guild 
 

Species if know n Number counted 

Great Albatrosses Royal/Wandering  
Great Albatrosses Other  
Mollymawks A Large Shy/Whitecapped 

Salvins/Chathams 
 

Mollymawks B Medium Blackbrow/Campbells 
White-head/orange beak 

 

Mollymawks C Medium Greys/Bullers/Pacific 
Grey head & yellow/black 
beak 

 

Mollymawks Unidentified mollymawk  
Sooty Albatrosses Various spp.  
Petrels Southern Giant Petrel  
Petrels Cape Petrel/Pigeon  
Petrels Antarctic Petrel  
Petrels Snow Petrel  
Petrels Blue Petrel – prion like with 

white tail tip 
 

Petrels Unidentified petrel  
Storm Petrels Various spp.  
Fulmars Southern Fulmar  
Skuas Skuas  
Sooty Shearwaters Various spp.  
Prions Various spp.  
Terns Antarctic Tern  
Tern Unidentified terns  
Penguins Emperor  
 Adelies / Chinstrap  
 Gentoo  
 Crested spp.  
 Unidentified penguin  
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APPENDIX 4: CONTINUOUS PLANKTON RECORDER (CPR) DEPLOYMENTS: START, FINISH AND DURATION TIMES TAN0602 
 
 
CPR # Date Time 

(GMT) 
Duration 
(hrs:min) 

         Position (lat, long) 
 

Distance 
Run (nmi) 

Five mile 
segments 

Locality 

        
1 30/1/06  

31/1/06 
0305  
1215 

33:10 (start)   41o 57.28’ S       175o 19.66’ E 
(finish) 48o 11.02’  S      179o 59.07’ W 

423 1 – 85 Chatham Rise to southern 
ocean 

2 31/1/06 
2/2/06 
 

1245  
1010 

45:25 (start)   48o 12.07’ S       179o 59.02’ E 
(finish) 54° 30.66’ S       176° 10.47’ W 

424 86 – 170 Southern ocean - south 

3 2 /2/06       
3/2/06 
 

1025  
2023 

33:58 (start)   54o 31.94’ S        176o 09.13’ W 
(finish) 60o 42.09’S         169o 38.0’ W  

421 171 – 255 Southern ocean - south 

4 
 

3/2/06  
5/2/06 

2034  
0822 

35:48 (start)   60o 42.09’ S        169o 38.0’ W 
(finish) 66o 56.81’S         164o  01.59’ W  

411 256 – 337 Southern ocean - south 

5 
 

5/2/06 
6/2/06 

2322  
1132 

12:10 (start)   69o  02.31’ S       162o 01.20’ W 
(finish) 71o 01.01’S         159o  01.03’ W 

135 338 – 364 Eastern Ross Sea 

6 A 
 
 
6 B 

18/2/06 
19/2/06 
 
19/2/06  
20/2/06 

2228  
0142 
 
0340  
0545 

  3:14 
 
 
26:05 
 

(start)   74o  45.07’ S       164o 39.06’ E 
(finish) 74o 35.33’S         166o  44.76’ E 
 
(start)   74o  37.10’ S       167o 49.03’ E 
(finish) 75o 50.  0’S         174o  42.04’ W 
 

34 
 
 

286 

365 – 371 
 
 

372 – 429 

Eastward  transit from  
Terra Nova Bay  
 
 
Eastward transit from  
Terra Nova Bay 

7 6/3/06 
7/3/06 

1424  
2115 

30:51 (start)   67o  16. 0’ S         179o 55.05’ W 
(finish) 67o  24. 02’S        165o 14.01’ E 
 

349 430 – 499 Transit from Scott Island 
to Balleny Islands 

8 11/3/06  
13/3/06 

1103  
0526 

42:23 (start)   66o  14. 70’ S       162o 04.24’ E 
(finish) 59o  27. 98’S        167o 11.78’ E 
 

435 500 – 586 Transit north from 
Balleny Islands  
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APPENDIX 5: FAUNAL COUNTS PER CUBIC METRE FROM CPR DEPLOYMENTS (1 – 8) DURING TAN0602 
 
 
 
Faunal Group CPR # 
 1 2 3 4 5 6A 6B 7 8 
          
Foraminifora 0.32 0.3 3.48  0.59 0.79 3.90 1.52 2.72 
Hydromedusae 0.02         
Polychaeta   0.03 0.03 0.03     
Mollusca          
   Pteropoda 0.24 0.50 3.01 0.08 0.33 205.45 25.42  0.06 
   Cephalopoda   0.02       
Crustacea          
   Branchiopoda 0.16         
   Cirripedia (larvae)       0.17   
   Ostracoda 0.05 0.25 0.32       
Copepoda          
   Calanoida 15.82 8.73 68.81 62.77 8.35 0.59 19.70 2.09 11.95 
   Harpacticoida   0.02 0.02    0.01 0.01 
   Cyclopoida 4.26 4.13 13.30 44.90 9.37 0.20 8.70 22.06 12.91 
Malacostraca          
   Amphipoda 0.29 0.72 0.30 0.18 0.03  0.01   
   Decapoda (larvae) 0.02         
   Euphausia 1.58 0.55 1.40 1.47 0.36  0.02 0.07 0.21 
Chordata          
   Chaetognatha 0.44 0.14 0.23      0.07 
   Appendicularia 2.73 1.32 0.68 2.75 1.02 0.79 1.52 0.41 0.64 
   Salpida 0.60   0.37 0.05     
   Fish (larvae) 0.02 0.02 0.01  0.03 2.68 0.13   
Total fauna /cu m3 26.54 16.41 91.60 112.57 20.15 210.51 59.57 26.17 28.58 
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